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Vinyl-terminated polymers, including for the purposes of this application
oligomers, homopolymers and copolymers synthesized from two or more
15 monomers, are known to be wusefol for post-polymerization (or post-
oligomerization) reactions due to the available ethylenic unsaturation in one
polymer, at one chain end, or both, Such reactions include addition reactions, such
as those used in grafting other ethylenically unsaturated moieties, and further
insertion polymerization where the vinyl-terminated polymers are copolymerized
20 with other monomers such as o-olefins and/or other insertion polymerizable
monomers. In this latter instance the vinyl-terminated polymers are often called
MACrOMONOMErs, Of MACTOmers.
Early work with metallocene transition metal catalyst compounds activated
with alkylalumoxanes such as methylalumoxane led to observations that their use in
25 olefin polymerization gave rise to unsaturated end-groups in 2 greater percentage
of polymer produced than had typically been true of insertion polymerization using
traditional, pre-metallocene Ziegler-Natta catalysts. See EP-A-0 129 638 and its
U.S. patent equivalent 5,324,800. Later work by Resconi, et al., reported in Olefin

Polvmerization _at Bis(nentamethvlcvclovehtadienvl‘)zirconium and -hafnium

30 centers: Chain-Transfer Mechanisms, J. Am. Chem. Soc., 1992, 114, 1025-1032,
yielded the observations that the use of bis(pentamethylcyclopentadienyl)
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and a non-sol uti
15 macromers into polyethylene chains where the macromers have critical molecular

into

weights greater than 3,800, or, in other words contain 250 or more carbon atoms.

Conditions said to favor the formation of vinyl terminated polymers are high

temperatures, no comonomer, no transfer agents, and a non-solution process or a

dispersion using an alkane diluent. Increase of temperature during polymerization

20 is also said to yield P-hydride eliminated product, for example while adding

ethylene so as to form an ethylene “end cap”. This document goes on to desctibe a

large class of both mono-cyclopentadienyl and bis-cyclopentadienyl metallocenes

as suitable in accordance with the invention when activated by either alumoxanes

or jomizing compounds providing stabilizing, noncoordinating anions. The

25 examples all illustrate the use of the Lewis acid activator tris(perfluorophenyl)

boron with bis(cyclopentadienyl) zircomium dimethyl at a polymerization

temperature of 90°C. Copolymerization was conducted with ethylene and the two

macromers, respectively, using the same catalyst systems as used to form the
macromers.

" 30 Additional art addresses the preparation of chain-end unsaturated polymers

with various metallocenes under various conditions, each of vinyl-, vinylidene-,
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functionalization and insertion in subsequent polymerization reactions than are the
other types and are more highly preferred. Therefore, polypropylene macromers

15 with a high percentage of vinyl terminal bonds would be desirable for use in the
preparation of branched polymers. In addition, stereospecific polypropylene (i.e.
isotactic and/or syndiotactic polypropylene) is more desirable than atactic
polypropylene.  Stereospecific polypropylene has a more crystalline structure
which imparts greater strength properties to the polymer. Accordingly, 2 need still

20 exists for polypropylene macromers which are stereospecific to impart strength and
have a high percentage of vinyl terminal bonds for improved utility in the
preparation of branched polymers.

SUMMARY OF THE INVENTION

The present invention meets that need by providing a method for producing

25 stereospecific polypropylene macromers having a high percentage of vinyl groups.
These stereospecific polypropylene chains have number average molecular weights

{Mp) of about 2,000 Daltons to about 50,000 Daltons, and the total number of
vinyl groups per 1000 carbon atoms is greater than or equal to 7000 + M.
The method for preparing polymers having a high percentage of vinyl

30 terminal bonds involves:
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The present invention involves forming polypropylene chains which can be
used for a variety of purposes such as addition reactions and further insertion

15 polymerization where the vinyl-terminated polymers are copolymerized with other
monomers such as o-olefins and/or other insertion polymerizable monomers.
These chains will be described in this application as macromonomers or
macromers. The polypropylene macromers of the present invention are
stereospecific and have a high percentage of vinyl terminated end groups.

20 Unlike polyethylene macromer which can be made with high vinyl end-
group selectivity, vinyl terminated polypropylenes are rare, especially isotactic
polypropylenes. While regular B-H elimination gives vinyl terminal bonds in
polyethylene, it requires B-methyl elimination to give vinyl terminal bonds in
polypropylene. Atactic vinyl terminated polypropylene has been produced by

25 Resconi, et af using a (CsMes),MX; catalyst (M=Zr and Hf, X=halides). It is
possible that the steric congestion created by the bulky pentamethylpentadienyl
ligands favors B-methy! elimination as opposed to B-H elimination which; in torn,
gives high vinyl end-group selectivity (86-98%). However, the polypropylene
macromers produced using this method have low molecular weight and are atactic.

30 The polypropylene macromers of the present invention, on the other hand, are
stereospecific and have relatively high molecular weights.
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The stereospecific polypropylene macromers of the present invention may
be isotactic polypropylene, syndiotactic polypropylene, or a mixture thereof.

20 As used herein, “isotactic polypropylene” is defined as polypropylene
having at least 70% isotactic pentads according to analysis by 13C-NMR.
“Syndiotactic polypropylene” is defined as polypropylene having at least 70%
syndiotactic pentads according to analysis by 13C-NMR. “Highly isotactic
polypropylene” is defined as polypropylene having at least 90% isotactic pentads

25 according to analysis by 1I3C.NMR. Preferably, the macromers of the present _
invention are highly isotactic polypropylene.

The number-average molecular weight (My) of the polypropylene

macromers of the present invention typically ranges from greater than or equal to

2,000 Daltons to less than about 50,000 Daltons, preferably less than 40,000

30 Daltons, more preferably less than 30,000 Daltons, most preferably less than or
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"Highly isotacti ginyl groups are needed.
Preferably, the ratio of vinyl groups to total olefin groups in the
15 polypropylene macromers is greater than or equal to 0.60. This is represented by
the following formula:

_vinyl groups > 0.60
olefin groups

More preferably, the ratio of vinyl groups to total olefin groups is greater
20 than or equal to 0.75.
The method for preparing the stereospecific polypropylene vinyl-containing
macromers of the present invention involves contacting propylene monomers with
a catalyst solution composition containing a transition metal catalyst compound
and, preferably, an activator compound. More preferably, the activator is
25 alumoxane. The catalyst solution preparation typically comprises contacting an
alumoxane activator with a transition metal compound in a suitable solvent so as to
form a solution of activated catalyst. Suitable solvents are those which are capable
of solvating to a significant extent both the activator and the tramsition metal
compound, as can be readily determined empirically. Both aliphatic and aromatic

30 solvents will be suitable so long as the transition metal compound and the
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Dal tons, nost prehgnabl y greater than or equal to 10, 000 Dal t ons.
5 The pol ypropyl ene nmacroners thus described exhi bit high
nunbers of ¥i nyl The metgeth ofprgpargioatfar the Holimerip &/inybeqitainieg (aeremer

reacti on product . _i.ncl udi I chal V4 ur at ed
groups and thosep{/?nd?%(’gg{fg 5?%#@%%9%%@.%%&%%&gaugfomwgrﬁﬁﬁeeast 50
percent of the stenperaspecsed ifar thopojymenipatioan Tesmperataresds Angostast betaugd it hay ni nal
bonds. More preferably, at |east 60 percent of the stereospecific

pol ypropyl ene 102 Slgmﬁ%&ﬂ’?eﬁﬁﬁeﬁn@? theMy of \the yacrogers; prafucsd n daenerphly ¢ lower
preferably, at |least 70 percent of the.,,. ster eckfi
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reactive vi nyl groups are needed. Preferably, the

rati o of vinyl gpeteosdt Merstpasferahlpfthe tempstape rgngesom about 95°C to about
115°C, even more preferably from 100°C to 110°C. Most preferred are
temperatures in the range of 105°C to 110°C.

The pressure and time of reaction depend upon the selected process but are

15 generally within the normal ranges for the selected process. The pressures of the

reaction generally can vary from atmospheric to 305x10° kPa, preferably to

182x10* kPa. For typical solution reactions, pressures can range from ambient to

3450 kPa. The reactions can be run batchwise. Conditions for slurry-type

reactions are similar to solution conditions except reaction temperatures are limited

20 to the melt temperature of the polymer. In some reaction configurations, a

supercritical fluid medium can be used with temperatures up to 250°C and

pressures up to 345x10° kPa. Under high temperature reaction conditions,
macromer product of lower molecular weight ranges are typically produced.

Batchwise reaction times can vary from 1 minute to 10 hours, more

25 preferably 5 minutes to 6 hours, and most typically from 15 minutes to 60 minutes.

The reactions can also be run continuously. In continuous processes the average

residence times can similarly vary from 1 minute to 10 hours, more preferably 5

minutes to 6 hours, and most typically from 15 minutes to 60 minutes.
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activator ard th f it d ARBE . . %mslg . ily
determ ned grrpi rﬁ]ééa%.ﬁhB% ari g‘h%e{?% anlé aa?}%@tl C Blaﬁngmcggfi ents wll
be suitable so | goigtituted] bedekivaivs theteoNwhit by leaateitbed, MiglaiGiéup 4, 5, or 6 '

WD 99/ 29743 s " . . . ‘e
PCT/ US98/ 24078  transition metal, for example titanium, zirconium, hafnium, vanadium, nipbium,

al unoxane act i vatghangh €cit bR RiokBHinimS 8ldu L,%té,t k}earﬂr‘, 0Byt rgtures
utilized. Tol’'uene 1s” a pre erreél sofvent for e cdtalyst solution
due to the high dwdratrirbixyerafp having from omel ten2fk canteoni atotp| Xiéne halbgenaadi t i on,

T Ay °n, B BRSO Rt e b B
product of the i nuesddnanetslepends upon several factors. An inportant factor
|5 the t becauss T ChEIMCrY 2! O hE HROh TR ZA i o SRS LS 1S
example, metallocenes are detailed in United States Patent Nos. 4,530,914;
4,542,199; 4,769,910; 4,808,561; 4,871,705; 4,933,403; 4,937,299, 5,017,714;
15 5,026,798; 5,057,475, 5,120,867; 5,278,119, 5,304,614; 5,324,800; 5,350,723;
and 5,391,790.

Preferred metallocenes are those that are stereorigid and comprise a Group

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

metallocene components having the following general structure:

10
R'0),

(
RBRY)
RS 5 \
' R1\ R6 4
) )

RZ/
R CRERY)

20

-
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a si gnifi cant’ effeé-t on the Merr] of the macroners produced. Cenerally,

| ower tenperatures result in macroners with higher nol ecul ar
wei ghts. For the present 10 invention, tenperatures in L%ﬁu KTl T=R of
from about 90[WPPY¥70 about 120[err]C are " preferred. e

preferably, the temperature ranges from about 95[err]C to about

115[err]C, even nore preferably from 100[err]C to 110[err]C  Most
preferred are tenperatures in the range of 105[err]C to 110[err]C
The pressure and {ine .reactiop.depe upon e C but are
15 general ly THE r%\?{ fFe? WSMT&FGF‘) ﬁg‘{;g’ f gg ?fthtge g%&ed?ct E%Q%B%ﬁéggxilewe
pressures of thetitanium zrcohi@ACt haffiugeNednadihni, CABbiAY Y tahtalum, atchRaplagri c to
305x10[err] kPa, preferably to 182x1Q[ err]. .kPa. For .ltnxpi cal

sol ution react i omelybdsmam agf Jungsien, prefrpdlyy TR afiiup and titanium,” m@stoy K pa.
The reactions cap..pe,fUR-DAlE MY SR ONdi tions for slurry-type '
reactions are simlar to solution conditions except reaction tenperatures
are limted 20 t Rt 3 PG4 idbRRQF aihdreht, Bife onb 6f PBJdydERA atol)a £9+Tyor €act i on
configurations, a supercritical fluid mediumcan be used with
tenperatures up iRyl 2epeprefef@bigndC)-Cs alkyl groupy & €3+Cpliopy goudbeitblear | kPa.
Under high tenperature reaction conditions, macr omer product of

| ower ol ecul ar GeiCghikoxperpup, €6 Cry pivtatony: nreferably eCs-Cg aryl group, 2 Cg-

Bat chwi se reaction tinmes can vary from1l mnute to 10, hqur

S re 25
preferably 5 ni nGl@eaviosy grmpupecabiie Gobs aNSVEPRy 2162 qglk?ﬁr;ﬁﬁ‘i"}é% to 60
m nut es. he, react,) ops can al s e rup.contin nti nuous
processes the avBﬁ%&glyaéz'E‘*a e’W@%’P&%ﬁc 7‘Eﬂ%‘§’g§‘§ﬁ£’ P%Fﬁ?eg%{;%fy %ab%/(’c rom 1
mnute to hou € ' P and nost
Typical 1y 1 om G s &R0 AN group, preferably MR, AfiagEuts. o
€ p

t he macroner product of t resent invention include all catalysts
whi ch are capabl stonf prefecilychlognest er eospeci fi c

R3 and R#4 are hydrogen atoms;
RS and RS are identical or different, preferably identical, are one of a
15 hydrogen atom, halogen atom, preferably a fluorine, chlorine or brormine atom, 2
C1-C1o alkyl group, preferably a C1-C4 alkyl group, which may be halogenated, a
Cg-C1p aryl group, which may be halogenated, preferably a C¢-Cg aryl group, a
Co-Cyp alkenyl group, preferably a C5-C4 alkenyl group, a C7-C4p -arylalkyl
group, preferably a C7-Cj ¢ arylalkyl group, a C7-C4g alkylaryl group, preferably a
20 C7-C1y alkylaryl group, a Cg-Cy4g arylalkenyl group, preferably a Cg-Ci2
arylalkenyl group, a -NRp1S, -SR1S, -OR15, -OSiR315 or -PRp15 radical,
wherein R15 is one of a halogen atom, preferably a chlorine atom, a C1-Cqp alkyl
group, preferably a C1-C3 alkyl group, or a Cg-Cy ¢ aryl group, preferably a Cg-

Cg ary! group;



¥

pol ypropyl ene. Preferably, netallocene catal ysts are used. ¢
As used herein "netall ocene" refers generally to conpounds represented by
5 - the formula [err] wherein Cp is a cycl opentadi enyl ring which may be
substituted, owodetdryative thereof which may be substit ut edpopidsssarsa oup
4, 5, or 6 transition nmetal, for F@<arrpl e titanium zirconium

hal ni um vanadi um ni obi um tantal um chrom um nol ybdenum and
tungsten, R is a hydrocarbyl group or hydr ocar boxy group havi ng
fromone to 20 carbon atons, X is a hal ogen, and 10 m=1- 3, n=0-3,
q=0-3, and the sum ofRfisn+q i s equal to the oxidation state of the
transition netal. Met hods for naking and using netall ocenes
are well known in theRddt. For RM R¥hnpl e, merall ocenes are detail ed
in United States PateTt Nos. 4, 53p, 914; 4, %42,199; 4,769, 910;
4,808, 561; 4,871, 705; 14,933, 403; #4,937,299; 5,017, 1714, 5, 026, 798;
5,057, 475; 5, 120, 86—7—:—1\42 278, 119+ 12364 M4——5, 3247351)-;-——5,(@@,13)23;— ,

and 5, 391, 790. I Preferred tall oceneg are those that are
stereorigid and conprilse a G oup 4, 5, or transition netal,

bi scycl opent adi enyl d&lRvative, pR&2eraRld bis-ind@ifl met al | ocene
conponents having the foll ow ng general structure: [err] WO
99/ 29743 11 11 1 CT/ US98/ 24078
wherein Merr] is a met alR'of Group 4, 5, Bor' 6 of the PeRi'ddic Table, for
exanpl e titanidm zirconium hgfnium vanadiu ni obi um

tantal um chrom um nol ybdenum'tand tungsten, preferably,

zi rconi um haf ni um aRd th%ml U st C ' o M2

|

R12 R12 R12

=BR1L=ARIl -Ge. -Sn-, -0-, -S-, = SO, =804, =NR11, =CO, PRI, or
=P(O)R1L;

wherein:
R11, R12 and R13 are identical or different and are 2 hydrogen atom, a halogen
atom, a Cj-Cq alkyl group, preferably a Cy-Cyo alkyl group, a Cy-Cog
flyoroalkyl group, preferably a C1-Cqg fluoroalkyl group, a Cg-C30 aryl group,
10 preferably a Cg-Cyg aryl group, a Cg-C3q fluorcaryl group, preferably a Cg-Cog
fluoroaryl group, a C3-Cqq alkoxy group, preferé,bly a C1-Cyg alkoxy group, a
Cyp-Cqp alkeny! group, preferably a C»-Cyg alkenyl group, a C7-C4q arylalkyl
group, preferably a C7-Cpo arylalkyl group, a Cg-Cyo arylalkenyl group,
preferably a Cg-Coo arylalkenyl group, a C7-Cy4q alkylaryl group, preferably a Cq-
15 Cy( alkylaryl group or R11 and R12, or R11 and R13, together with the atoms
binding them, can form ring systems;
M?2 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;



preferably zirconiumand hafnium 5 Rlerr] and Rerr] are
identical or different, are one of a hydrogen atom a (err]-Cerr]
al-kyl group, preferably a CJerr]-Clerr] alkyl group, a (err]l-Clerr] alkoxy
group, preferaBPy¥3743 Clerr]-Jerr] al koxy group, PRI err]
aryl group, préferably a (err]-Cerr] ar% group, a (err]-
Clerr] aryloxy group, preferably a (JQerr]-Cerr] aryloxy group, a
Cerr]-Cerr] alkenyl group, preferably a CJerr]-Cerr] al kenyl
group, a Cferr] - err a8 ¥ hlehlenflEP BPairRteRs8 2Rl ¥roa1 gﬁ,rﬂrlféﬁ%@%r]o or 0
arylal kyl group, a (ferr]-(err] alkylaryl group, preferably”a
Cerr]-Cerr] al rypleatnybeingrzetpp} on2, preferably zero oxf;@and | - C err] aryl al kenyl
group, preferably a Cerr]- r] .aryl al kenyl group, or a hal ogen
atom preferably chl o F?éi],‘“lgR% ate ideritical or differentgnd haye t&ﬁ&Wrs‘-%teérféf
hydrogen atons; 411 ni2 3 Rl er and. Rlecr] .are identical or
different, pref eRabi i’ﬂl_gr%]i calwo %q’aé’RL'gr]fgbché}‘é#S%"rbe%mW&% eftit%% 2 hal ogen
atom prefesabl Yriﬁ? Eystef praferabBhy rﬁll’glsf&nQﬁonﬂﬁ fféin MoRfA-6@arbon atoms.

a

Clerr]-Clerr] alkyl group, preferab Clerr]-Cerr] al kyl group, which
may be hal ogenat ed, aAlv refers to S@fléa/tr pr dratchyd %‘% gpbstitpentsahi Eglogeny be

hal t ed, : ] - | .
L0l . P APt LS bl B ety et
Cerr]-derr] - ar yhlafidey| group, preferably a (err]-Cerr]

| al kyl : - ] al kyl I : f h . 20
Syl A ko) 0roun 2, Ol St S i B oL ESAOHY Pl

preferablyig C epfeferfeli @fefallocenes are compouris ¥ @k ki@ilresgr oup, a -NRlerr],

-SRerr], -ORerr], -CSiRerr] or -PRerr] radical, wherein
Rlerr] is one of a hgbogep~atom preferably a chlori
Cerr]-Cerr] alkyl @
R8RS i (R¥¥)4
ml
PSR A s
R11R12¢c ! RB

wherein;
M! is Zr or Hf, R1 and R are methyl or chlorine, and RS, RS R8, R9,R10,
R11 and R12 have the above-mentioned meanings.

15 Most preferably, the catalysts used to produce the isotactic polypropylene
macromers of the present invention are dimethylsilyl-bridged bis-indenyl
zirconocenes or hafnocenes such as dimethylsilyl bis(tetrahydroindenyl)zircontum
dichloride, dimethylsilyl bis(indenyl)hafnium dimethyl, dimethylsilyl bis(2-
methylindenyl)zirconiom  dichloride, and  dimethylsilyl  bis(2-methyl-4-

20 phenylindenyl) zirconium dichloride.



group, preferably a (Jerr]-Clerr] alkyl group, or .-a Cerr]-C[érr] aryl

group, preferably a (Jerr]- Cerr] aryl group; 25

WD 99/ 29743 _ :
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Most preferably, the catalysts used to produce the syndiotactic
polypropylene macromers of the present invention are those disclosed in U.S.
Patents 4,892,851, 5,155,080, and 5,132 381.
The terms "cocatalyst” and "activator” are used herein interchangeably and
5 are defined to be any compound or component which can activate a bulky ligand
transition metal compound or a metallocene, as defined above. Alumoxane may be
used as an activator. There are a variety of methods for preparing alumoxane, non-
limiting examples of which are described in U.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,

10 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, It may be
preferable to use a visually clear methylalumoxane. A cloudy or gelled alumoxane
can be filtered to produce a clear solution or clear alumoxane can be decanted from
the cloudy solution.

15 It is also within the scope of this invention to use ionizing activators,
neutral or iomic, or compounds such as tri(n-butyl)ammonum
tetrakis(pentaflurophenyl)boron, which ionize the neutral metallocene compound.
Such ionizing compounds may contain an active proton, or some other cation
assoctated with but not coordinated or only loosely coordinated to the remaining

20 ion of the ionizing compound. Combinations of activators are also contemplated by
the invention, for example, alumoxane and ionizing activators in combinations, see
for example, WO 94/07928.

Descriptions of jonic catalysts for coordination polymerization comprised
of metallocene cations activated by non-coordinating anions appear in the early

25 work in EP-A-0 277 003, EP-A-0 277 004 and US patent 5,198,401 and WO-A-
92/00333. 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.

30 The term "noncoordinating anion” means an anion which either does not

coordinate to said cation or which is only weakly coordinated to said cation



wher-ei n: ’ "Rlerr], Rerr] and Rerr] are identical or different and
ar.e -a hydrogen atom a hal ogen atom a (err]-Cerr] alkyl group,

preferably a (Jerr err] alkyl group, a (err] err

f 1 uor oal kyl grc{ﬁ(e?p?f’)zﬁ%ferabw a derr]-Cerr] flugoal Lyl gFGapSo8pe078
Cerr]-derr] aryl group, 10 preferaBfy a err]-err] aryl group, a
Cerr]-Cerr] fluoraryl group, preferably a (Jerr]-(err]

fluoroaryl group, a Cferr]-(err] alkoxy group, preferably a Cferr]-(err]

al koxy group, a thereby remainfrlgCéufficierllf ldblle 36 %%naﬁplﬁé@%p a RERRP LR Ybage.
Jerr]-Cerr] al kenyl tg’goup, a Jerr]-(err] K roup
preferably a C[er'lq0 q"] nepcgdrdinating gnmpareathqeemc grerndt @ﬁgpﬂdefgléényl

O o) ot B TR SRR P A Ao gy
al kyl aryl group Qfot Rlagsfer]an anidniRssstituentdr ﬂ%@ﬁnéﬁt]toamicdﬁbmso}as td eqped heo Wit h
t he atons blndﬁﬁﬁ%them can formrin

Merr] is sili corf°m¢;ér’ﬁﬁ deordingte petakosenerg PQ?’F’I @@EF BrtgL PERAN  nost

preferably silicOpsm the anion, Noncoordmatmﬁr@&{s]us QE&fr&a]nc@{ivﬁh e plbggh or
di fferent and have the neanings stated for err];

are those which are compatible, stabilize the metallocene cation in the sense of

balancing its ionic charge in a +1 state, yet retain sufficient lability to permit

displacement by an ethylenically or acetylenically unsaturated monomer during
10 polymerization.

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

15 which are initially neutral Lewis acids but form the cation and anion upon ionizing
reaction with the metallocene compounds, for example the wuse of
tris(pentafluorophenyl) boron. See EP-A-0 520 732. Ionic catalysts for addition
polymerization can also be prepared by oxidation of the metal centers of transition
metal compounds by anion pre-cursors containing metallic oxidizing groups along

20 with the anion groups, see EP-A-0 495 375.

Where the metal ligands include halogen moieties (for example, bis-
cyclopentadienyl zirconium dichloride) which are not capable of ionizing
abstraction under standard conditions, they can be converted via known alkylation
reactions with organometallic compounds such as lithium or aluminum hydrides or

25 alkyls, alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944 and EP-A1-0
570 982 for in situ processes describing the reaction of alkyl aluminum compounds
with dihalo-substituted metallocene compounds prior to or with the addition of
activating anionic compounds.

Useful activator compounds include organometallic compounds containing

30 metals of Group 1, 2, 12 and 13 of the periodic table. Preferred activator

compounds include alumoxanes such as methylalumoxane (MAQO) and non-
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PCT/ US98/ 24078 11 mand n are identical or

different and are zero, 1 or 2, preferably zero or 1, m pl us n
bei ng zero, 1 wooizw eferably zero or 1; and PCT/U$9824028]i cal s

Rlerr] are identical or different and havps t he neani ngs stated for
Rlerr], Rerr] and Rlerr]. Two adjacent R err] radicals can be joined
together to forma 5 ring system preferably a ring system containing

from about 4-6 carbgn atons. . Al kyl refers to straight or
branched chai n sﬁ%&‘f‘%"’&@nt 5. AWON 4| PEREHrsOrS  sucl pg) Sbenaflﬁ%ﬁhyiagﬁf“gﬁori ne,

chlorine, bromn - A 04 Fﬁ(@&g; leyy FJuori ne or chl ori ne.
Preferred transi ﬁt%%s%@rﬁgé}g%r@bg yes s ar @ﬁ?@lfalé]and stereorigid.
Particularly 10 PeRfred rcefibiiiiond |08CRANBSEt ARE LHVRR URAE I Idirhdiig/silyl

structures: [err! wher ei n:
bis{indenyl)hafnium dimethyl with [DMAH]}" [(CsFs)s Bl and dimethylsilyl bis(2-

5 methyl-4-phenylindenyl) zirconium dichloride with MAO. Most preferably, the
catalyst/activator system is and dimethylsilyl bis(2-methyl-4-phenylindenyl)
zirconium dichloride with MAO,

When an alkyl alumoxane activator is used, the molar ratio of aluminum in
the alkyl alumoxane activator to transition metal can be considered. Preferably that

10~ levelis =20 and < 175; more preferably > 20 and < 140; and, most preferably > 20
and £ 100,

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.

15 The most preferred support materials are porous inorganic oxide materials,
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
particularly preferred. Other inorganic oxides that may be employed either alone
or in combination with the silica, alumina or silica-alumina are magnesia, titania,

20 zirconia, and the like.

Preferably the support material is porous silica which has a surface area in
the range of from about 10 to about 700 m2/g, a total pore volume in the range of
from about 0.1 to about 4.0 ce/g and an average particle size in the range of from
about 10 to about 500 pm. More preferably, the surface area is in the range of

25 from about 50 to about 500 m2/g, the pore volume is in the range of from about
0.5 to about 3.5 cc/g and the average particle size is in the range of from about 20
to about 200 um. Most preferably the surface area is in the range of from about
100 to about 400 m2/g, the pore volume is in the range of from about 0.8 to about

3.0 cc/g and the average particle size is in the range of from about 30 to about 100

30 um. The average pore size of typical porous support materials is in the range of



Merr] is Zr O0r H,"Rlerr] and Rl err} are nethyl or chlorine, and Rerr],

Rlerr] Rerr], Rerr],Rerr], Rlerr] and R err] have the
above-nmenti oned neani ngs. 15 Most preferably, the catal ysts
used to producWo@dMsot acti c pol ypropyl ene macr oneEETEISYHR8

present invention are dinmethylsilyl-bridgd8 bis-indenyl
zi rconocenes or hafnocenes such as dinethylsilyl
bi s(tetrahydroi ndenyl ) zi rconi um di chl oride, dinethylsilyl

bi s(i ndenyl ) haf ni ' ' yhsi i - .o
met hyl i ndenyl ) zi 08, BP0 goofd @??‘ge?%fé%dr%gsgﬁgp:‘r’&’ﬁﬁ%ﬁl f5,jfeed that has an
bi s(2- met hyl - 4- 2Rerage porp Hiemgtet ofcfemydboutz 50 abbutri0dA L fidanest preferably from

\é\gl-? 8/333/7320 7g  about 75 to about 350A. It may be particularly desirable to dehydrate the sllica at a

Most preferably, ififraaldl #ohabslte00°CooRHAR 6GCL AGwRNEFbR WG BGo about

pol ypropyl ene macroners of the present invention are those disclosed in

u. S 5 Patrosrs4, 892, 851, 5, 155,080, and 5, 132, 381.

The terns "cocatal yst',and yactivat.or" are used er.c?i n intcgr h(p eably and
Qﬁmgcﬁiav

5 are defined tg‘hggeﬁ.ﬂ@ceﬁe&% &ﬁg{%ﬂd SEB‘??FOW%SW \}Wé’ﬁ te a

bul ky Iigand number S vdyS] SuitdbleGapFdrt COKHMRIes areQlesdibeRindll] © Pat, NS
defi ned above. Al unbpxane nma sed as an activator. There are a

, be u )
variety of net hods8%8eflged éﬁ”i"f‘?&- Arderably the metaligeenes and activatqriaps gombgied x anpl es
of which are desqgtj W 21, thed i
5,001 352, 5, 206?‘%@@5{’%%%%@%?@74, 7§ﬁ@‘§,§%§4, i’lét?na%?’ élo%?izglsgﬁl?edm
4, 968, 827, 180 U.5S. Baent@¥E 5,280,8%404n0 Y90 94/ 23434, 30Q 96/80243 5and SN0 96/00845. 137,
5,103,031 and EP

TR LA CHMNRE S M- TR W e T
met hyl al unoxane. vithcthe Udypodr mgedidl @ithe sepiexeyn6r together. If thamebilodentst@eed t o
produce a clear solution or clear alunpxane can _Edeth(gg%g%he}edd ;sré)ngwder
the cloudy sol ut i sgpparately supported, then preferably, they are dri p

before use in polymerization.

15 Regardless of whether the metallocene and activator are separately
precontacted or whether the metallocene and activator are combined at once, the
total volume of reaction solution applied to porous support is preferably less than
about 4 times the total pore volume of the porous support, more preferably less
than about 3 times the total pore volume of the porous support and even more

20 preferably in the range of from more than about 1 to less than about 2.5 times the
total pore volume of the porous support. Procedures for measuring the total pore
volume of porous support are well known in the art. The preferred method is
described in Volume 1, Experimental Methods in Catalyst Research, Academic
Press, 1968, pages 67-96.

25 Methods of supporting ionic catalysts comprising metallocene cations and
noncoordinating anions are described in WO 91/09882, WO 94/03506, WO
96/04319 and U.S. patent 5,643,847. The methods generally comprise either
physical adsorption on traditional polymeric or inorganic supports that have been
largely dehydrated and dehydroxylated, or using neutral anion precursors that are

30 - sufficiently strong Lewis acids to activate retained hydroxy groups in silica

containing inorganic oxide supports such that the Lewis acid becomes covalently



15 It is also within the scope of this invention to use’

I oni zi ng activators, neutral or ionic, or conpounds such as
tri(n-butyl)ammonium t et raki s( pent af | urophenyl ) boron, which ionize
t he neutral newadagrne conmpound. Such ioni zi ng coRPOURRSZITRAY
contain an active proton, or sonme other cpion associ ated with but
not coordi nated or only | oosely coordinated to the renmaining 20 I on of
t he ionizing conpound. Conbi nations of activators are also contenpl ated by

the invention, for exa e,  al unoxane d ionizi activators i
conbi nati ons, se und B kS W@‘Pgﬁ&ﬁﬁ&%ﬁy Py %g%‘faﬁ;“’lle o ‘protonalt the
Descriptions of pRil6cerddordpysids. f or coordination pol ynerization conprised
of metal |l ocene cations activated by non-coordinating ani ons appear, in the
early 25 wor k i n Br-spprorted qtaysesysem maybe nwer dyedly impphmsrisatioa ot ths 198, 401

and VIO A cara 8 SRRy WAGSSERAELN s BHSHE S8 KRLAGH o cpripar at | on

wherei n netal | ocene aré protonated by an anion
precursor ssich t Bethilsatgarding prepolynsekikation,hged United Srawes Paterst Ndas4,62%;833canfir om a
transition netal to it h cationic and char ge-bal anced by

t he non- coor di naﬁﬁﬁb%}%&q_ﬂgg& and%&?0354 893. The term " noncoor di nati ng

ani on” neans an ani ongUBIGE NedlibPond O8HtallOt for the prese@OGVEHHLAL GndhflleSai d
cation or which is only weakly coordinated to said cation WO

99/ 29743 continuous, batch and semi-batch reactors. Solution-phase, gas-phase, slurry-

PCT/ US98/ 24078 . P . :

t her eby remaini namss?jfa*1 c|I %%Pgr????l-? 15 i éldltngnsbaée ‘é%eishé) ozli.gggn B‘Q‘y‘g"“ﬁé‘%‘?‘r“a‘l“ gLevm' S
base. 10 " Cehegeadatayisis! Additionsily, bombinhticgs afithe aovareacton ges inhidtiplar e not
degraded to . neutrali when the initially forpged c | e
deconposes. Furt FEFs rF??épr%\rﬁnéf\f/?r thﬁgple reaction - qonditipns, Au r“ﬁ‘ﬁﬂ’gen icéﬂlﬁ
substituent or fagigRafiors reledflickRidt@ded0 as to cause it to 5 forma
neutral four coordinate netallocene cofrggound and a neutral by-product

from the ani on. NoncoRsefeiahli theaaciemern of the presant myention e Madeusing splytionyi s
VOO0 e Bl SRR HOAGR: R RORPRALh s BB, IR | o0
yet retai nisuffi tednsis lofipolymérysolubilityp wolatility and safety/health considerations. Non-
polar alkanes or aromatics are preferred. More preferably, the solvent is aromatic.
Most preferably, the solvent is toluene.
For supercritical fluid reactions, the reaction medium is generally composed
of polymer, monomer, and comonomer with, optionally, suitable supercritical
20 cosolvents. For shurry reactions the diluent may be an inert liquid or bulk liquid
comonomer. Solvents, cosolvents and comonomers are typically purified by
treatment with absorbent material including aluminas and molecular sieves.
Impurities can also be deactivated by the addition of suitable scavengers well
known in the art, including but not limited to metal alkyls and alumoxanes.
25 INDUSTRIAL UTILITY
Branched polymers wherein at least some of the branches are derived from
the vinyl macromer-containing product of the invention will be particularly useful,
for example, for improved processing propylene copolymers having macromer
derived branches. Also, the stereospecific polypropylene macromers of the present
30 invention may provide improved strength and melting point characteristics to

propylene copolymers in which they are incorporated.  Vinyl macromer
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di spl'acement by an ethylenically or acetylenically unsaturated nmononer
during 10 pol yneri zati on. The use of ionizing ionic
conmpounds not g¢ontaining an active proton but capabl e of produci ng
the both the a@tqa?ébﬁ%t al | ocené cation and. an nonc SRR g
anion is also known. See, EP-A-0 426 637 khd EP-A- 0 573 403. An
addi tional nethod of making the ionic catalysts uses ionizing anion
pre-cursors 15 which are initially neutral Lewi s acids but formthe
cation and ani onind@eratifoz braskhed polymer prép@@tidd &Hb%&&n:?ﬁ%ef%@ddin i
conpounds, for exanple the use of . . _tris(pentafluorophenyl’) boron.
See EP-A-0 520 78entipp polymen pepdydtistofasy ingeetitint polymerization envirgrateptreith zat i on
can al so be prep ' | e of ,transiti.on
nmet al conpounds gﬁyﬁ%ﬁ%ﬁgﬁng?égh%o%b%%ﬁp{agﬁ %‘ﬁéﬁgﬁ%ﬁ‘gﬁ‘?"ﬁ‘c égffdfz\”ﬁgbegr oups
al ong 20 wapiparethto anei oforginanypskill metke Eff-thatOthd YimyB hacromer-containing
Where the tal |igands.include hal ogen noieties !%for exanpl e, bis-
cycl opent adi enyl prf&?%(?ﬁflﬁr?f%ff"gﬁ‘?v&?tf%é’f“%%"ﬁ a3 insertigh MASHIELTSAN 3RY P8¢ zi ng
abstraction undeplefi pohdeeridation Mékcdidn@nNs, they can be converted via known
al kyl ation reactions with organonetal lic conpounds such as lithium
or al umi num hydri des Sfection of metallogsries corpaupdsa formmse rte smake iisptasticl ereagent s,
etc. See EP-A-0 - . 570 for.ip situ ocesses
descri bing the rgg@%)%ﬁb @%ﬁ%ﬁéa dut%elﬁsr%hg%e%p%ﬁﬁ%g'ﬁmwnmtﬂe %SP??H{C
di hal 0- subst i t ut eferenet alal be erde co b umatkat fietatire amd dadihithsebfer addiplei on of
activating_anionjc Cf)(r&m@ Usef activator conpounds

c

nds. . ) ul .
i ncl ude or Yanone o & eamstadicc Ghemistr 369 :’3_@9'370 (1983p¢ Aymically wpssup 1, 2,
12 and 13 of t hecapsystsQid Gerb@DiCasyitmertie! dhedl o?%ﬁé(l%éﬁtcﬂi?al metallocenes. SQTRUNAS
i ncl ude al unbxanes such as net hg al unoxane (MAQ) and non-
99/ 29743 example, U.S. patent 4,892,851, U.S. patent 5,017,714, U.S. patent 5,132,381,
PCT/ US98/ 24078 s patent 5,155,080, U.S. patent 5296434 US. patent 527834
WO-A-(PCT/US92/10066) WO-A-93/19103, EP-A2-0 577 581, EP-Al-0 578

15 838, and academic literature "The Influence of Aromatic Substituents on the

)

Polymerization Behavior of Bridged Zirconocene Catalysts", Spaleck, W., et o,

Organometallics 1994, 13, 954-963, and "ansa-Zirconocene Polymerization

Catalysts with Annelated Ring Ligands-Effects on Catalytic Activity and Polymer

Chain Lengths", Brinzinger, H., et al, Organometallics 1994, 13, 964-970, and

20 documents referred to therein. Though many above are directed to catalyst systems

. with alumoxane activators, the analogous metallocene compounds will be usefil

- with non-~coordinating anion activators for active coordination catalyst systems,

when at least one of the halogen containing ligands of the metals (where occurring)

are replaced with ligands capable of protonation, for example, via an alkylation

25 reaction as described above, and another is a group into which the ethene group -

C=C- may insert, for example, hydride, alkyl, or even the less effective silyl. Also,

WO 94/07930, addressed in the background, - describes the advantages of
macromer incorporation and means of doing so.

For both vinyl macromer product and branched copolymer preparation, it is

30 known that many methods and permutations of the ordering of addition of

macromer and monomer species to the reactor are possible, some more
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coordi nati ng ani on precursors such - as di et hyl ani |'i ni um
tetraki s(perfluoroaryl)borate [DVAH [(Cerr]Flerr])[err] B]-

Preferred conbi nati ons of catalyst and activator include dinethylsilyl |

bi s(i ndenyl ) hawoiowma7es et hyl with [DMAM [err] [(C err] F[ err potresasp4o® - and
di met hyl silyl bis(2- 5 met hyl - 4- pfgenyl i ndenyl ) zirconium dichl oride
with MAO. Most preferably, the catal yst/activator systemis and

di met hyl silyl bis(2-methyl - 4 phenyl [ ndenyl ) zi rconiumdi chl ori de
wi th MAG aF al um)xane activator js used t he
mol ar ratio of aPHAMAGHAS ﬁha“ others. qrh%a'ap Iy Tt 18 7Vidh% XAeM a1 ithes B thito

transition metal pradivionCsRd MetaRsene i Qﬁﬁ@)’mﬁe biate aligitlo to L%F nub > 20

and < 175; nore preferably > 20 and < 140 nost pre erab
and < 100. solution-phase’ reppter riisidsl higbem egtivities cmarbemntlrewes raddutlen pmfef erably

supported using I cul ate mat eri such .as f
exanple, talc, | %8%8‘%%‘% and agwatcrluﬁﬁ‘?éan El‘ﬁ“(g?"?sde urthermore i g’ﬁ&qﬂﬂesi nous

material s such asdvpmdagmhsafm Bordfol PRAcHirEIting tRRMAOMMNGEize Lhtalyst effectivenesdhe nost
preferred support materials are por(%us i norgani ¢ oxi de,materi al s,

whi ch incl ude th8§ea‘f‘¥‘ "E"ﬁ@s‘lf%?ﬁ“@dzl thepgiiyats Gﬁtalﬂté‘ﬁ’épﬂsgméf Goups 2, 3, 4.
5, 13 or 14 prefeabd %cﬂ%égolyﬁ‘nér& Sftthe ﬁ{r g?d geﬁ cﬁﬂdﬁ%ﬁx@rs and

m xtures thereof are Icularly pre erre gani c
oxi des that may & @gyp]ymy@@f @rqpm]gme withotweo or more comooomérs Thermostateadily Wi t h

the silica, alu are n tani a
zirconia, and t hnaé‘;l?&b%rm%on&ﬁ&s %e't'ﬁ@ 15 eﬂeg% %%#?}‘é’tl;%m?ﬁ’p’ﬁm‘%?%lerl al is
porous silica whhexend)asd Boctetef Eﬂﬂibraﬂil&alelcﬁmonomers shall intlage thd REELOmifei oM about

Shour 05 o anolit ieredl aleth e et bBistL pleks] BHply SubseHEo iR oo of
from abgdt arl)Qxaﬁ@ oﬁﬁ&u"sué:o& tiokd ]dggcnliy\éar Shoké {’)reﬁ@bh)(ijl th 1” face

area is in the ran from about to about /g, the
pore vol ume is i Prodpsss r@mrg@omrs precseiecisbior use based on the)deSiradprogeaties Oﬁthé ccl/g

and the average he 1 84 to
about 200 [err] n?%ésrﬁ;rgdre eratt%% @h%cegeurrﬁagye ar%% e&%o#%uétgg%]r‘itée of from
about 15 ﬁxeﬁpdmtealmmmed(a&om[tefblkﬁzg, the pore volune is in the range
of from about 0.8 to about O_.cc/lg and t eaverae article si ze

is in the range of f dlﬁ?t%?nﬁor‘faﬁn%ofﬂr i) molecular weight P group-

containing polymeric products include those based on thermal or free radical

addition, or grafting, of vinyl-group containing compounds and ethylenically
unsaturated compounds. A typical, industrially usefiul example is subsequent
20 grafting reactions with maleic acid, maleic anhydride or vinyl acids or acid esters,
e.g., acrylic acid, methyl acrylate, etc. The addition of these groups allows for
additional functionalization through amidation, immidization, esterification and the
like.
It is preferable to use the high vinyl-unsaturation polymeric products of the
25 invention such that they are promptly functionalized or copolymerized after
prepared. The highly reactive vinyl groups appear to be susceptible to by-product
reactions with adventitious impurities and, even, dimerization or addition reactions
with other unsaturated group-containing polymeric chains. Thus maintaining in a
cooled, inert emvironment after preparation and prompt subsequent use will
30 optimize the effectiveness of the use of vinyl macromer product of the invention.

A continuous process utilizing series reactors, or parallel reactors will thus be
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30 ¢, [err]in The average pore size of typical porous support materials
Is.in the range of WO 99/ 29743

PCT/ US98/ 24078

from about 10 WO9¥34#t 1000A. Preferably, a support mat erlafq@s%%sthat

has an average pore di aneter of I%om about 50 to about 500A, and
nost preferably from about 75 to about 350A. It may be
particularly desirable to dehydrate the silica at a terrperature of

fr,0m about 1001 eCfl o Gy pBORLE" P AT SR LGN ABUY cHrdoBiPL S

24 hours. ocenes I vat or mat eri al
may be conbi ned infro&u¢d into the other. nunber of ways. Suitable support t echni ques
are described in U Pat en

4, 808, d 4,701, 432,
Preferably the netal %&51%%@%3@6 HRenton M3y b&ﬁ@rﬁéﬁgﬁ?%%@nemw‘l re}m‘ﬁﬁéls their

reaction product naipRQk! eflofiie el Ghi3: SARAIEd IR maddfBabIbed | N
10 U. S. Patent No. 5,240,894 and WD 94/ 28034, WD 96/ 00243, and WD

96/ 00245. 5 notto}itnnéhmope\lbﬁrsof the netal |l ocenes may be preactivated
separately and t%méned
General
All polymerizations were performed in a 2-liter Zipperclave reactor

equipped with a water jacket for temperature control. Liquids were measured into

10 the reactor using calibrated sight glasses. High purity (>99.5%) toluene was

purified by passing first through basic alumina activated at high temperature in

nitrogen, followed by molecular sieve activated at high temperature in nitrogen.

Propylene was purified by passing through activated basic alumina and molecular

sieves. Methylalumoxane (MAO, 10% in toluene) was received from Albemarle

15 Inc. in stainless steel cylinders, divided into 1-liter glass containers, and stored in a

laboratory  glove-box at ambient temperature. Dimethylanilinium

tetrakis(perfluoroaryl)borate [DMAH]" [(C¢Fs)s B]" was obtained from Boulder
Scientific Co., Mead, Colorado,

Propylene was measured into the reactor through a calibrated container.

20 To ensure the reaction medium was well-mixed, a flat-paddle stirrer rotating at 750

rpm was used,

Reactor Preparation
The reactor was first cleaned by heating to 150 °C in toluene to dissolve
any polymer residues, then cooled and drained. Next, the reactor was heated using
25 jacket water at 110 °C and the reactor was purged with flowing nitrogen for a
period of ~30 minutes. Before reaction, the reactor was further purged using 3
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.

30



wi th the suppor
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dried then conb

t material either separately -or together. If the
e separatély supported, then preferably, t
i ned as a powder before use in polynerizat
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hey are
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Regar dl ess of whebheks t he netal |l ocene and activator are seppeaUsdsy47s
precontacted or whether the netall ocene aggpd activator are conbined at once,

t he t
is preferably |
t he porous supp
total pore volu
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total pore volu
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preferred netho
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ed hydroxy groups in silica
catalyst as adde toa stamless steel tube by pipette and transferred to the reactor.

Example 1

The synthesis was conducted in a 2-liter autoclave reactor. The reactor
was charged with toluene (300 mL), propylene (75 mL), and triisobutylaluminum
(2.0 mL of IM solution in toluene). The reactor was heated to 120 °C and
equilibrated for 5 min. Then 2 mg of dimethylsilyl bis(indenyl)hafnium dimethyl
and 3 mg of [DMAH]" [(C¢Fs)s BT in 5 mL of toluene were injected using a
catalyst tube. After 10 min, the reactor was cooled to 25 °C and vented. Solvent
was evaporated. The polymer was collected and dried in a vacuum oven for 12
hours. Yield: 18g.
Example 2

A 2-liter autoclave reactor was charged with toluene (300 mL), propylene
(75 mL), and triisobutylaluminum (2.0 mL of 1M solution in toluene). The reactor
was heated to 105 °C and equilibrated for 5 min. Then 3.5 mg of dimethylsilyl
bis(indenyl)hafnium dimethyl and 4.5 mg of [DMAH]" [(C¢Fs)4 B] in S mL of
toluene were injected using a catalyst tube. After 10 min, the reactor was cooled
to 25 °C and vented. Methanol (500 mL) was added to the polymer solution to
precipitate the polymer. The polymer was collected by filtration, washed with
acetone (50 mL), and dried in a vacuum oven for 12 hours. Yield: 23 g.
Example 3

A 2-fiter autoclave reactor was charged with toluene (300 mL), propylene
(150 mL), and triisobutylaluminum (2.0 mL of IM solution in toluene). The

%
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contai ni ng i norgani t oxi de supports such that the Lewis acid becones
covalently WO 99/ 29743
PCT/ US98/ 24078

6
bound and t he WP#PBYEh of the hydroxy group is avail able torﬁé?%?"g t he

nmet al | ocene conpounds. Th&l supported catal yst system may be
used directly in polynerization or the catal yst system nay be
prepol yneri zed usi ng nmethods well known in the art. For 5 details

regardi ng prepol ge%%%égg ;}%%e%ggeldslmé gg%gtqgﬁlﬁ.gteg%egltmhbs Thén 9231?83.13 and

4,921,825, EP O 0 354 React o

configurations sdinfethplsity! bigindem®hafiemeihethy) uedd ingiof [DMAHYE(CsFs)s BT in 5
conti nuous, batch and sem -batch reactors. Sol ution-phase, gas-phase,

slurry- mptefdeluengricres iseted niing & aatalpst sehe. Giedlitd imit Sheareactorswasul  f or
| ef i I [ o

goﬁb: Ea?iooﬁge(r):‘ z ole%r{gg\g} ;@ rgré%'g Berd. Ma?xgl (zﬁirﬁ%sya%hgd to'%ﬂgf)&ing&as&u!{on to

reactors argd/ or pfubxpﬁaoé exermmdronm(pwmam calmdfedrbyniltrauqnl evasiaﬂ amhst

configurations are ex o I Nt erably, the
macromers of the2¢5H@ ZWP"#;V%‘H &r"é"‘Wﬁb‘E’eﬁgqf%h%F u¥ﬁ°§ %5 g phase

conditions. Prefgifdlegol vents for solution phase reactions are selected on
15 the basis™of polymer solubility, volatility and safety/health

consi derations. Non- A 2-liter autoclevsi regcteiviea chasgedwith tohwane (@ 3.)aprepyhne (EX0r ed.

More preferably, Vi fﬁ tiC MBE t he

sol vent is tol ueﬂ%‘?’%nép 1so§&§rl nﬁ&%@dmgful%?%?t}o bef) éfeg%%{‘?éagns t he

reaction nedi um hatedaBersadd yndcapiibmed for 5 min. Thed 2pﬁg yiemethiybitdrtis2- and
conononer with, optionally, sujtable supercritical Eosol vents. For

slurry reacti onsmetig-4iphenidindenylyztsaniam dichioride | and d“Ior"ftMlAQ ot tegin
COMDNONET. SO VERlino) GAPOINKEIRN AR AP AREEAReA Py ihb falkl¥ v Edldaed DY

treatnent with a ent ter| I ncludi ng um nas and nol ecul ar si eves.
| mpurities can ates2b t amtbwantedy aethhnbl/ (500 el ovahis tadded tofthespalymads|selutiaratpenger s
wel |

precipitate the polymer. The polymer was collected by filtration, and dried in a
15 vacuum oven for 12 hours. Yield: 67 g.
Example 5 '
A 2-liter autoclave reactor was charged with toluene (1 L), propylene (150
mL), and triisobutylaluminum (2.0 mL of 1M solution in toluene). The reactor was
heated to 105 °C and equilibrated for 5 min. Then 2 mg of dimethylsilyl bis(2-
20 methyl-4-phenylindenyl) zirconium dichlotide and 1 mL of MAO (10wt% in
toluene) were injected using a catalyst tube. After 15 min, the reactor was cooled
to 25 °C and vented. Methanol (500 mL) was added to the polymer solution to
precipitate the polymer. The polymer was collected by filtration, and dried in a
vacuum oven for 12 hours. Yield: 58 g.
25 Example 6
The synthesis was conducted in a 2-liter autoclave reactor. The reactor
was charged with toluene (1 L), propylene (150 mL), and triisobutylaluminum (2.0
mL of IM solution in toluene). The reactor was heated to 75 °C and equilibrated
for 5 min. Then 2 mg of dimethylsilyl bis(2-methyl-4-phenylindenyl) zirconium
30 dichloride and 1 mL of MAO (10wt% in toluene) were injected unsing a catalyst

T




known in the art, including but not limted to netal alkyls and al uiroxanes. .«

25 | NDUSTRI AL UTILITY Branched pol yners wherei n at

| east some of the branches are derived from t he vi nyl

macr omer - cont ay@bR@rar oduct of the invention will be parti cedmEwdsgzaezsef ul ,
for exanple, for inproved processing propgl ene copol yners havi ng macroner
derived branches. Al so, the stereospecific polypropyl ene macroners of the

present 30 i nvention may provide inproved strength and nelting point
characteristics to propyl ene copoIeerers in which they are
i ncorporated.  WhhyAftergls r@ﬂeﬁm reactor was cooled 2§ J/Comvpnted. Solvent was

PCT/ US98/ 24078 orated The oljrmer was collected tration, was d with acetonT: é'ﬂ7m%)
I ncor poration fof “Branche B preparation’can e acconpl I'sh by

addi ng the mddm@mﬁacmmmhmzhmmdmm i78g0 an insertion

pol ymeri zation epvironnmenf W th_a cat al yst compound capabl e of
bul ky monomer ingg&mm o, it wll be apparent to one of
ordinary skill in therigrdmthdRtwdst8ndticfl lin ABCHEMRACEAB kcidl. N The Feactor
product of the present invention can be used as insertion macroners in any

ot her owes ¢harged withrtoluene(li Ionpropdenei(bYPoml), and triisobutylaluminum €bPect i on

of metal | ocene coymeuiaal misfel? THkukatAGkkE 50 10 e cromBYadl Of 20t €

pol ypr opyl ene, n 't he ar Specific
reference may befoRBdsint Theos hnmdaﬁ&hﬂsﬁlymmwn@nmmﬁew end Sag dfor
exanpl e 10 Jour nal of Or%anorret allic Chemstry 369, 359-370 (1989).
Typically those [DMAH] [(Cdaudlydn s xdpefsqlwe@feregmﬁctaéymﬁw@ystcmbq al or

4 599,851, 10 5. BeFehl Bhois, 0 Biscogst n2Ss 0 498 aged ol Sy o

patent 5, 155, 080&vabbr§ted PIhEPYlynter S cclidded AAdIrield &t £dcmim 3veéh, 8610 hours.
WO A- (PCT/ US92/ 10066) WO A- 93/ 19103, EP-A2-0 577 581, EP-Al1-0 578 15

838, and acadeni ¥4 23 at ure "The Influence of Aromatic Substituents on the
Pol yneri zati on , ﬁk&"ﬁ ? xﬁgﬂ:lgged Zi rconocene Catal ysts", Spaleck W, et

al , Orgg' 242 4, 13, 954-963, and "ansa-Zi rconocene

Pol yneri zati on - The synthesis was conducted in a 2-liter autoclave reactor. The reactor

15 was charged with toluene (1 L), propylene (150 mL), 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-4-phenylindenyl) zirconium
dichloride and 1 mL of MAO (10wt% in toluene) were injected using a catalyst
tube. After 30 min, the reactor was cooled to 25 °C and vented. Solvent was

20 evaporated. The polymer was collected filtration, washed with acetone (50 mL),

and dried in a vacuum oven for 12 hours. Yield: 70 g.

Example 9
Polypropylene macromer was produced in a 5 gallon stirred tank reactor.

The reactor was charged with toluene (15.15 liters), propylene (2.27 liters), and
25 Triisobutylaluminum (30 mL of 1M solution in toluene). The reactor was heated
to 105 °C and equilibrated for 5 min. Then 60 mg of dimethylsilyl bis(2-methyl-4-
phenylindeny!) zirconium dichloride activated in 50 mL of toluene and 15 mL of
MAO (10 wt% in toluene) was injected using a catalyst tube. After 30 min, the
reactor was cooled to 25 °C and vented. The content was transferred to a steam

30 stripper where the solvent was stripped out under vacuum, The polymer was

Y oA



Catal ysts with Annetated Ring Ligands-Effects on Catalytic Activity and

Pol yrer Chain Lengths", Brinzinger, H, et al, Oganonetallics
1994, 13, 964-970, and 20 docunents referred to therein. Though nany
above are di r ewbegrares cat al yst syst ens wi t h al unox ZEEUREEH78L or s,
t he anal ogous netal | ocene conpounds w || 28 usef ul W th

non- coordi nating anion activators for active coordination catal yst systens,
when at | east one of the hal ogen containing |ligands of the netals (where

occurring) ar e l.aced with |liga capabl.e of protaonation, for
exanpl e, via an &?%W‘iﬁ?%ﬁ%één a vacp Y eR gﬁqggmﬁlgsgﬁflg'eﬁsgbcﬁ%ﬁ t%ﬁ‘ﬁ'gi;not her
S a group i NLO h6iBdshe MeiNonoo gngus °C. C=C- may insert, for
exanpl e, hydride, alkyl, or even the less effective silyl. Also,

WD 94/ 07930, addEredustichanacterizaliengr ound, describes the advantages of
macr onmer incorporati a n dgi S shot h

vi nyl macroner produg?heaﬁ%h%rﬁgn@ﬁgjcft cop ?n&erepragggegt ib%n,geli IP el:ﬁ%a%%

known that smany oebinedgraphydusingrariiaters t50€ high tdnpentude systegn efuippediwithan of

rECT OMer and OGR! HREC) ©Shd ek " AR coflh RSP YpBhfig “RTF HRI

PCT/ US98/ 24078  temperature of 145°C. The solvent used was 1,2,4-trichlorobenzene, fromX#hich
advant ageous than others. For exanple, it is wdely known in the art that

preactivation of polymensamplelsolutions ofiil Smglinlipanzentiationevere erepargtl forgpiegtion.g

cont i nuous Lyt i on-phase reactor. yj e Is I Vd ot 4 t han
conti nuous addi tiT8?1 t%tfsﬂo SO%enPBOQ &?ree?%ﬁ ?oce@éﬂtlgnggztg?iuggaﬁﬁé? %:fzh ‘%;A\Roﬁ@:par ate
streams. Fugt her midréfiterst Afey eladion of the polynfet wangiag druesulting cardmatdgrams
precontacting tinme to maxin ze cgtal yst effectiveness, e.d.,

avoi di ng excessi VereREgdgrrgdhe o _cFé‘F%lPSS’g’Eamc‘i?n‘Bl?B‘iafei B .mdeculgf
Preferred branchygoROkwERIRNAhd bRCor ARV MY, And M)PeRBS. hTHEDAMinETET S
and copol yners of propylene with two or noré conononers. The nost readily
avai | abl e cononopsirsofahepdlyifer pkadhttsamples acdetdrinined biny IDSTE2910 Diffiirentiel,

i sobutyl ene, 1- 10 hexene, and 1- octen% Q her sui tabl e, conononer s
shal | incl ude butScasingpGalpsimeters (TA Instruments). The reported “melting points were

15 recorded at second melt with a temperature ramp of 2 - 10 °C/min.

'H-NMR analyses were performed using a 500mHz Varian Unity model
operating at 120°C using tetrachloroethene as solvent. BeNMr analyses were

performed using at 100mHz frequency, a Varian Unity Plus model under the same '

conditions.



to: internal olefins
substituted ol efins
above for the vinyl

nmet al | ocene enpl oyed

, cyclic ol

and aromatic ol efins,
products.
use based on tWwessisssar ed properties of the

be selected forgits ability to 15

macr oner

wi |

t he desired anpbunt of ol efins.

for | ow nol ecul ar we

i ght vinyl

efins,

gr oup-

substi.tut ed. ol efi ns,

mH tiply
such as those descri bed
Conononers are sel ected for

pol ymer pgxtresysredorsand t he

i ncor porate

Functionalization reactions
cont ai ni ng pol yneric

or free radical

products include those based on thernal addi tion,

or grafting, of vinyl-group containing conpounds and ethylenically

unsat urated conpounds. A typical, indushﬁhgily useful exanple is subsequent

20 grafting reactions with mal ei cacrd, mal eic anhydride or vinyl

acids or acid esters, GPC Mdeoylar Vigightl and Nacalstr Saminfayy acryl ate, etc.
— et ———

ol l o £~y

The addition of thege—gtotps—ait-ows—+-oH .
functionalization trroébﬁmiﬁidetion?hﬁnnicizatm@h, esteri fY¥¥Ri on gnd the
i ke. 't §{S preafer TO[USE g » R Mg vimytgumsatdr ati on
pol ymeric products dqf the125 gi%zgention gﬁgﬁ t hat the?jgre prgnptly
functionalized or cdpol yn2rized af 6882 16, pdepaned. Theshi ghly
reactive vinyl grougs—appear—t+g—be—suscepiible-to byiproduct

reactions with advedtitiots inpuritb®€ and, e¥e7 di freri za®i%n or dddition
reactions W tTh ofher UnsajgiEggr ed|[oro ot T 11y 5 T|C
chains. Thus maintailning in a ’ cofl ed, "1 nert [environnent afjter
preparation and prornpt subsequent 26B3w | | 3044,066 o¢pti m 283t he

ef fecti veness of the—usejg%—vkwy{ FREFeHe—prodaet—et—t-he—-nventiod.

A continuous procesd utilfzinglserteSor eatt o983 paral | eP%Peact orfs wil |
thus be VOGP 743 162,824 306,393 1.88

PCT/ US98/ 24078 : 19
effective, the vinyl] ndompndr proRici82bei hg [(4épZt ed|i n oné.7dnd

conti nuously atrotucetd—at-o—thelother HA order
that the invention nmay be nore readily understood, reference is

made to the foll owm ng exanples, which are intended to illustrate the

i nventi on but

Table2
Melting Point Summary
Example Tm (°C)
1 57.0
2 103.0
3 112.0
4 151.8
5 152.3
6 155.0
Comp. 7 137.0
Comp. 8 149.8
-
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5
Al

into 10
(>99.5% toluen

e was

-~

not to limt the scope thereof
pol yneri zations were performed in a 2-liter Zipperclave reactor
equi pped with a water jacket for tenperature control.

Propyl ene was purified by passing throu

EXAMPLES

ni trogen,

Gener al

Hi g BCHUB8(2¢4078
purified by2jassing first through basic
al um na activated at high tenperature in
nol ecul ar sieve activated at high tenperature in nitrogen.

a ti vated basi c al um na and

Li qui ds were neasured
t NOP¥ZI430r usi ng cal i brated sight gl asses.

fol | owed by

nmol ecul ar si eves. Met hyl al unox MAO, 10%in toluene) was
received from Al bemarl e 15 thpolyﬂxestﬁ\h&kc@s&mﬁa@?l cylinders, divided
into 1-liter glass containers and star in_a | ahoratory

gl ove-box  at | Emwmplet| Vioglideoe/a} (Viayl/ Tﬁtuhet/ hyViaplehé/ny Ghvinyl | Mn
tetraki s(perfluproaryl)jbor B ry err rr err]|{B][err]} was
obt ai ned(1l‘orom Bpul de%/ : %&:[ lg%(?f | ]l(’(h,ég[ I\/EI]ZQEBECO Lgado]. I ]
Propyl ene was ngpasur ed fi nt cp.3ohe reggggzor Urugh a oxdl 1 by azgd cbnbgoper. 20
To ensure the rpactionjnediumwals well -im xed flat -paddle stlrrer
rotating at 750 2 r P2 was| ud&f. 0.11 l ROMt or| P6EPar pt SSAO

The reactor wasffrrst——te Hbyteatt W

di ssol ve any pgol ;ﬂég repi gﬁgs t Bl cdol and drAnef Xt ,| the
reactor was heafed qising 2b.o1 aoiet matoais ai 13W2[ err] g28nd| tesopeqct or
was purged withiflowing nitrogenf for a periodjof -30 nut es
Before reaction| the rdact 8413was fO7Bhgr PMged udi®dg 3 794 15400 ggen
pressuri ze/ ventfcyctes{{to | 2) L Hrg—served—t PO PEEG: (D)
to thoroughly pgnetratd a P éead ends sluch "as pressure jgauges f o purge
fugitive Cofi@N¥ gmi na.ms andop2) [t oomnessur @.oiest]| t he7r epcdauoo 30
WD 99/ 29743

PCT/ US99/ 24078 | Comp. 8 0.14 0.02 0.01 0 11.8  p82,400

10

15

Polymer Analyses
The molecular weight, molecular number and molecular weight distdbution

of the reaction products are reported in Table 1. The melting points of the reaction

products are reported in Table 2. The NMR data related to unsaturated-group

structural distributions of the reaction products are reported in Table 3. The

reaction products of Comparative Examples 7 and 8, which were polymerized at

50°C, have significantly higher M, values and significantly lower vinyl percentages

than the other reaction products.

While certain representative embodiments and details have been shown for

the purposes of illustrating the invention, it will be apparent to those skilled in the

art that various changes in the process and products disclosed herein may be made

without departing from the scope of the invention, which is defined in the

appended claims.
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Cat al ysts Al'l catalyst preparations were performed’in an

i nert atnosphere with <1.5 ppm H20 content. The catal yst systens
used in the synthesis of nacromer were di et hyl si | yl

bi s(i ndenyl ) hafypioyyssrgd net hyl and di net hyI silyl bis(2-nethyl pdrusosrdors

phenyl i ndenyl ) zirconium dichloride. e di met hyl silyl

bi s(i ndenyl ) haf ni um dimelhvl vvas actlvated with [DMAH][err]
[(C[err]Flerr])[err] B], and the di |SI bi s(2-

net hyl - 4- phenyl i ndenyl ) zirconiumd 'Mﬂ ivated with MAO To
maxi mi ze sol ubi | mgthe met al | oc "mL used as a solvent. The

catal yst as added to a stainless steel tube By i)l Pette and transferred to
the reactor. 10 Exanmple 1 The synthesis was conduct ed

ina 2-liter autaclavA composition. of hatef @aipriding stereospecificVyulypedpilese chaist h
tol uene (300 nL), pr opyI ene (75 nlL), and triisobutylal um num (2.0

nL of 1M sol uti oheving il geswey Wherpin theemumber aveeage imoteculer weighte Mpefistic and

ot hyl 15 sEeReng, SapPpeRey e ST apat ket YOO Phkgnt i 5 e of

tol uene were inj eethedwherei Ghetotal number of vir§Pérd S@éSp*er 1000Qarbod s is%ré&é? the
reactor was cooled to 25 [err] C and vent ed I'vent

evaporated. The B8 9nemaliad0Q0siMact ed and dried in a vacuum oven for 12
hours. Yield: 18g. Example 2 20 A 2-liter autoclave
reactor was charged with tol uene (300 niL), propylene (75 m.), and

triisobutylal um pum (BheGtombosonldy!chih l]!tvlrlféfbxd mett&lll‘lﬁﬂxﬁér of 1 gx%ﬁ
was heated to 105 Jerr]C and equilibrated f

di et hyl si B§] 10 carbowtg(nwm}hqapmqynhtqﬁm&m and 4 5 ny of
[DVAH] [err] [(Clerr]F[err])[err] Bl in 5 nL of t ol uene were
injected using a catalyst tube. After 10 mn, the reactor was cool ed 25

to 25 [err] C and3ventBg. coMpbshndlf claid? WiHedein RS t&ﬁidﬁﬂlbé&ftﬁ}m g&hm]%

solution to precipitate the polynmer. The polymer was collected by
filtration, washé@o\m@ﬁnmmﬂsgﬁ“@&ﬁ@{lmﬂ@%1%_0? Mnd dried in a vacuum
oven for 12 hours. Yield: 23 g. Exanple 3 A
2-liter autoclave reactor was charged with toluene (300 m.), propyl ene

15 4, The composition of claim 1 wherein said stereospecific polypropylene
chains have number average molecular weights of from 5,000 Daltons to 40,000
Daltons.

5. The composition of claim 1 wherein said stereospecific polypropylene
20 chains have number average molecular weights of from 7,500 Daltons to 30,000
Daltons.

6. The composition of claim 1 wherein said stereospecific polypropylene
chains have number average molecular weights of from 10,000 Daltons to 20,000
25 Daltons.

7. The composition of claim 1 wherein the ratio of vinyl groups to total olefin

groups is greater than or equal to 0,60,

Sheet Has Been Replaced

T R

REPLACED




30 (150 nl), and triisob | i m. of 1M solution in
tol uene). The mmmﬂﬂm!ﬁ L
21 react or c [err]C and equilibrated fbr
5 mn. Then Woppastss di met hyl si-lyl bi s(i ndeﬂ?’?’?ﬁ?ﬁ’?ﬂ%m

dinethyl and 3 ng of [DVAH| [err][(C[err]RBferr] B] in 5
of toluene were injected using a catalyst tube. After 15 mn, the reactor

was cooled to 25 [err]C and vented. Methanol (IL) vvas added
to the polyner | ut i t PRLITES

pol ymer was col Isé;ct eg% g ?’P?stlt%ogt ?foﬁamwas ad- i ?E %gosb%c 9& yimacetone
(100 n), and drdh&ds&rﬂxs&ta&tﬁipolymdpylemefor 12 hours. Yield: 53 g.

Exanpl e 4 A 2-liter autocl ave react or was charged
with toluene (1 L), pr opyl ene (150 and

triisobutylal umgum @ge QGoffhodfonldf SRl Wikrdid sﬁx@'dﬂ&@&kecﬂ':hﬁolw e was

10 heated to 9 Cand equilibrated for 5 mn 2 ng o

di met hyl si Isyl bichéils are syndiotactic polypropylengret hyl - 4- phenyl i ndenyl ) zirconi um
dichloride and 1 nL of MAO (10wt % i n tol uene) were

injected using a catalyst tube. After 10 mn, the reactor was cool ed

to 25 [err] C andioventieslethddfohprpiring pOIgmers havivigsa Hghtietcettage dfvirybiesnmimal
solution to precipitate the polynmer. The pol ymer was
col  ected by fi |Ropgs$WrsBSd dried in a 15 vacuum oven for 12

hours. Yield: 67 g. 4  contacting, in solufiR P4 Rmperature from 90°C to A
2-liter autoclave reattor was cgharged with toluene (1 L), propylene (150

m.), and twiisbutylal uni mlﬂﬁ"(?m qarmocﬁprml@emmmsvvﬁh siteEtie) . The react or

was heated to . f #. Then 2
mg of dinmethylsilyl bi s(z“"“f‘1’°s“°Jrl g B ?%%h% EIﬁ’gny eny%
zi rconium di chl oride and Zorfifoufid cayle éﬂﬁnﬂ%ngismreo@peaﬁngyﬂympﬂenemx@ct ed

using a catal yst tube, After 15 mn, eact ooI ed

to 25 C and vented. Wt haFﬁ?PV%‘%ﬁerﬁ?sPe‘?}g%P l%?%&'%;% WEEHEPsol ution to
precipitate the pol yner. R@aggg{oyégagr tg:&igl@gmﬁmﬁyofso boo ati on, and dried
in a _ vacuum oven for 12 hours. Yield: 58 g. 25

Conpar ati ves Exanpl e 6 Daltons. The synthesis was conducted in
a 2-liter autoclave reactor. The reactor

11.  The method of claim 10 wherein said stereospecific polypropylene chains

are isotactic polypropylene.

20 12.  The method of claim 10 wherein said propylene monomers are contacted at

a temperature from 95°C to 115°C.

13.  The method of claim 12 wherein said propylene monomers are contacted at

a temperature from 100°C to 110°C.

25
14.  The method of claim 13 wherein said propylene monomers are contacted at
a temperature from 105°C to 110°C.
15.  The method of claim 11 wherein said catalyst composition further
30 comprises a non-coordinating anion precursor.
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was charged with tol uene (250 L), and triisobutylal um num
(2.0 “I muﬂmﬂ" Tﬂﬂ t ol uene) The reactor was heated

to 75 [err] C and eqU|I|bra't*edc L mn. Then 2 ng of

di net hyl si |yl woa¢d7get hyl - 4- phenyl [ ndenyl ) zi rconl um PCHOs98/24078
dichloride and 1 nL of MAO (10wt % in tol ygne) were injected using a

cat al yst WD 99/ 29743

PCT/ US98/ 24078 22

tube. After e re or. was cool ed to 25 [err] C and vented. Sol vent
was zTﬁor atr"g ﬁél%%r Lhapdherein |saidt eatalyst | compositinn, fthehed wit h
acetone (50 rrL) ,compnsesanaluﬁ&gngrn ed in a vacuumoven for 12 hours. Yield:
76 g. Conparative Exanple 7 5 The synt hesis was
conducted in a 2-liter autoclave reactor. The reactor was charged

with toluene (14y), 53 i.i sobut | um num (1.0
nL of 1M sol uti olh m%é)%ehﬁg) iﬁr IF?J‘SIE sa\‘kiag"%fz %gng teggsitiony and
equilibrated  catalyst burldl igiselecteBedin &

bi s(i ndenyl ) haf ysd(ic’hrrgth " and 3. Seros) ﬂk‘%{gwﬁh&mﬂ?‘]t’“dg‘ﬂ

[(C[err] F[ err]) Er‘? engl ]Z“'c‘f“ﬁ"ﬂﬁewhé@mieéﬁuene were injected using a catalyst
t ube. After 10 mn, the reactor was cooled to 25 [err]C and
vent ed. SoI vent was evapor ated. The polynmer was col |l ected and

dried in a vacudfh ovEre methodiof dhairuil € wherein said transifioniniktal 28alyst compound is

Conpar ati ve Exappis 3 The synthesis was conducted in a
2-liter autoclave ret%lsf]%l bnd%%lbls’%de@{’lﬁmofgc et was charged wth toluene (1

L), propyliene (150 nmL), and triisobutylal um num (2.0 nm. of 1M
solution in tol ne) The re or was heated to 50 [err]C and equili brated
1 Ty mciparietie

for 5 min. Then 19 yhergin sqid tragsitiopn imetal pitalysp comphund Is)
zi rconi um dmet@lsﬁillbﬁ(z—ﬂ&hﬁmbhénﬂﬂxdeﬁyf}) MRGhiteh Qhfegisd t ol uene) wvere

injected using a catalyst
20.  The method of claim 15 wherein said transition metal catalyst compound is

15 a dimethylsilyl-bridged bis-indenyl hafnocene.

21.  The method of claim 15 wherein said transition metal catalyst compound is
dimethylsilyl bis(indenyDhafnium dimethyl.

20 22.  The method of claim 10 wherein said stereospecific polypropylene chaing
have number average molecular weights of from 7,500 Daltons to 30,000 Daltons.

23.  The method of claim 10 wherein said stereospecific polypropylene chains

have number average molecular weights of from 10,000 Daltons to 20,000
25 Daltons.

24.  The method of claim 10 wherein said stereospecific polypropylene chains

are syndiotactic polypropylene.
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t'u-be After 30 @y b@F reactor was cooled to 25 [err]C and vented. Sol vent

was 20 evapor ated. The poI ymer was collected filtration, washed with
acetone (50 ni), and dried in a \F/%&Icuum oven for 12 hours. Yield:
70 g. Exanpl e 9 ypropyl ene macroner was
produced in a 5 gallon stirred tank reactor. The reactor was

charged with toluene (15.15 liters), propylene (2.27 liters), and 25
Triisobutyl al unresstor( @@s rieael V165|190 and dquilibrataddbe)s. mife Th &ct:brmgvasf
heat ed to 105 gﬂs C and eqw librated for 5 mn. Then 60 ng o

di met hyl si |yl bdimethylsityh lelm dimatiopl gpnd 3, mﬂ,ﬂ[;)MAH]:c[Mﬁ«B]&mén de

tivated in 50 t ol 10 % t ol
was i nj ected us oﬁioe%@iai%%%@lusmwmﬁm My 13 i, ot ol o e
led to 25 30
cooled to [e ] Syésvem%mweuggghgm E‘@rasehi&ﬁ% e Qﬂl&foﬁat@

stripper where t vent was strip I vacuum e pol ymer was
WD 99/ 297433 precipitate the polymer. The polymer was collected by filtration, washed with

PCT/ US95/ 24078
col l ected and dffang 400 mie ans drirdina vaquurpovss forsl2 hougs, ine‘f‘i%Q & Vi nyl

term nal ﬁmw 80.5% Mnh: 17,100. Tm 145 [err]C Pr oduct
characterizatio The poI ymer product sanples were anal yzed

t)y gel t)ermeatlt)n 5 AZ-hter:btuulmtngnmpmsuhﬁg@abxeﬂ:w?em (lﬁ.g,cpﬂﬁbgb%_(lggews
enperature sys e ect or ex -

col utm and operﬁ'ﬁr% %ﬁ%ﬁ Q”&!F“m(zoni?g%é?@?%’ét@fm 5%?&@0%

sol vent uge e&e% rd npl e
sol ti ons of 1. ? néjggor%gir’l?%l on Were prepar ee&r? 5 nfixgé@onﬁﬂuﬁ

The total sol vemaﬂﬁ-@phenﬂhdmé) irgdnium Ndistdoridedmidne il of IMAD {1Gwt%%eim 300
10 mcroliters. After elution of the polyner sanples, the resulting
chromat ograns  toluene) were injected using a catalyst tube. “After 10 min, the reactor was cooled
t0 25 °C and vented. Methanol (500 milL) was added to the polymer solution to
precipitate the polymer. The polymer was collected by filtration, and dried in a
15 vacuuriiroven for 12 hours. Yield: 67 g,
xample
A 2-liter autoclave reactor was charged with toluene (1 L), propylene (150
mL), and triisobutylaluminum (2.0 mL of IM solution in toluene), The reactor was
heated to 105 °C and equilibrated for 5 min. Then 2 mg of dimethylsilyl bis(2-
20 methyl-4-phenylindenyl) zirconium dichloride and 1 mL of MAD (10wt% in
{ toluene) were injected using a catalyst fube. After 15 min, the reactor was cooled
to 25 °C and vented, Methano! (500 mL) was added to the polymer solution to
precipitate the pelymer. The polymer was collected by filtration, and dried in 2
vacuum oven for 12 hours, Yield: 58 g.
23 Comparative Example &
The synthesis was conducted in a 2-liter autoclave reactor. The reactor
was charged with toluene (1 1), propylene (150 mL), and triisobutylaluminum (2.0
mL of IM solution in toluens). The reactor was heated to 75 °C and equilibrated
for 5 min. Then 2 mg of dimethylsilyl bis(2-methyl-d-phenylindenyl) zirconium
30 dichloride and 1 mL of MAO (10wt% in toluene) were injected using a catalyst
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vier e anal yzed Ugjggesicie Waters Expert Fuse programto calculate the

nol ecul ar wei ght distribution and one or nore of Merr] Merr] and
M.err] averages. The nelting poi Rfy of the pol yner product sanples
wds determined on a DSC 2910 Differenti al . Scanni ng Cal orineter (TA
I nstruments). The reported nelting points were 15 recorded at second
nmelt with a tenperature ranp of 2 - 10 [err]C/ m n.

[err] H NMR anal yses were perforned using a 500nHz Varian Unity nodel
operating at 120[err]C using tetrachl orogthene as solvent. [err] G NWR

anal yses were perfornmed using nHz frequency, a Varian Unity

Pl us nmodel under the same Lefd
ba GPC Molecnfaf Whikhfiin Number Spmmary

GPC Mol ecul ar Wi ghtt argkabdgil®er | SUMmBmy Mw M®IDanpl e
Mh Mv \MAD. 1
3, 377 6, 530 1 1, 93,377 6,530 1.9
6, 732 16, 394 43 :
14, 856 29, 74] 2 b’ 005732 16,394 243
30, 688 65, 34] 3 - 1314,856 29,747 2.00
20, 133 44, 06 2. 33 Conp b4, 236 108, 3y7
2.00 4 Conmp. 730 688 €E2 B5H41 306 333
1.88 Corp as ) ALt
1. 77 5 20 133 44,066 2.33
( Comp. 6 54,236 108,377 2.00
Comp. 7 162,824 306,393 1.88
Comp, 8 81,782 144,474 1.77
5
Table 2
Melting Point Summary
Example Tm (°C)
1 5§7.0
2 103.0
| 3 112.0
( 4 151.8
5 152.3
Comp. 6 155.0
Comp. 7 137.0
Comp. 8 149.8
10
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Table 2.
Exanpl e
57. 0

37

151. 8
Conp. 6
137.0
10
Table 3
Exanpl e
1000C
20

66

34

01

13

06

coooro

$7B073.FCT Mel ting Point Summary
Tm ([err] C 1
282 103.0
112.0 4
5 152. 3
155. 0 Conp. 7
' Ishled o 149. 8
t y 2
H-NMR ’f"é?‘?ﬁém&"ﬁcﬁmﬁmm yses Sunmary
Vi ny| [ @x@fnple/] Vihglidents | UPinyl/ | THIubEE| Vibylnedh] % vi Mn
1000 f(!)eo C " 1opoC Y | 1 ”'11@0 3
0.0 1. 4600C 2| cUHOLC | 1000C 1060C 0.7
0. . 668 Ll 35 3
0 6 1 10130 0 382 0205719 007, an.li 2,600
0. 4y .00 U0 YA T
0. 73| 2. oli 0.72, ob 1:65 79.023i 150,'%0 66.0 Oosrr%qoes
0.f8 3 ) 0.34 062 0.1075J0 0,038, §0057.0 12,800
4 0.01 0.47 0.05 0.02 723 21,500
5 0.13 0.73 0.04 0.02 794 15,200
Comp. 6 0.06 0.13 0 0 75.0 58,000
Comp. 7 0.08 0.04 0.02 0,01 26.7 94,000
Comp. 8 0.14 0.02 0.01 0 1.8 82,400
olym, palys

1]

10

The molecular weight, molecular number and molecular weight distribution
of the reaction products are reported in Table 1. The melting points of the reaction
products are reported in Table 2. The NMR data related to unsatorated-group
structura! distributions of the reaction products are reported in Table 3. The
reaction products of Comparative Examples 7 and 8, which were polymerized at

than the other reaction products.
While certain representative embodiments and detzils have been shown for

50°C, have significantly higher M, values and significantly lower vinyl percentages

the purposes of illustrating the invention, it will be apparent to those skilled in the

art that various changes in the process and products disclosed herein may be made

15

appended claims.
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RCV,, VON: EPA—bﬂ}E.NCHEN 05 :28- 1- 0 28:87 281 834 0805~ ___+49 B8 23994465:# 9

'C’Orrp 7 0. 08 0.04 0.02 0. 01 26. 7 94 000
Conmp. 8 0.14 0. 02 0.01 1178

Pol ynmer Anal yses 5 The nol ecul2#r wei ght nﬂmm” Hﬁﬁ

nol ecul ar wei ght distribution ofthe reaction p ﬂ"mm Hmt ed
in Table 1. The nelting points of the reaction profluct s Maré *

reported in TabCEAIMShe NMVR data related to unsaturat ed gr oup
structural distributions of the reaction products are reported in Table 3.
The rea tionAproducts of Conpar at i.V,

giol %Irr]elr L;ﬁ?l at I @F‘QHF%&%’%WW%%B&W@VH’ &S?‘B%s and
prgducts. Y %WWe cer a| n rem?eése*{%?l ve en%hgrelr% gﬂﬁ%d]y

details havg be 8F'Eaifl Yfereospecific R&Iggro?zfeﬂf’ﬁgéné)ﬁre'ib&@ﬁa%ﬂd% SG@OO

invention, 1t wll "be apparent to t n theé

various changesDaltorishaendpfunthers; swirensin theotbtal trminbies of wingt ghoepeiper 1690 bs*bcmde 15
wi t hout departi from oeof t i nven n, ich,i efinaed in the
appended cl ai msr}gm @y ‘ﬁ'ﬁl\iﬁ) gf or equaﬁ % 70%' RI.,. wherem tha

26 o stereo ecific chaifis C%pis%tahh@n s@ididtBdtice lor Cﬁ!ﬂ?ﬁﬂe&' L} Fropylene

st ereospecific ypropylene chai ns havi ng_vi nyl groups
‘wherein the nung@'ﬂ polpmegy o ropelymeesrof psopyliens andiethylgnepthe polymers hmss at GPQ)

Dol tons. andr ur P, 0% Bbu R b Upupted of Sufticipdls Bidpvitnd BiSadiceyi 68
car bon NMR). atons (by [err]HNWR) is greater than or equal to

7000 [err] Merr], and wherein the st ereospeci fic chains are
i sotactic, synd| otactic or mxtures, ,of propyl ene

hormopol yrrers or 2copoFhersPmpesition @ alaime 1 swberain pide sareosnasifico PYIRIOPYIRRS| ng

at {
o opyl ene pent aﬁhéﬁﬂv[emxﬁbef EvaEEe inifabitar %xgkﬁ/%f%&ﬁ §,080 IaY3fl} & 361006
15  Daltons.
3. The composition of claim 1 wherein the ratio of vinyl groups to total olefin
groups is greater than or equal to 0.60.

20 4 The composition of claim 1 wherein said stereospecific polypropylene
chains are isotactic polypropylene,

5, The composition of claim 1 wherein said stereospecific polypropylene
( chains are syndiotactic polypropylene.
25
6. A method for preparing polymer chaing according to claim 1 comprising:
a) contacting, in solution, at a temperature from 90°C to 120°C, two
or more monomers sclected from propylene or propylene and ethylene
with a catalyst composition comprising & chiral, stereorigid metallocene
30 catalyst compound capable of producing stereospecific polypropylene; and
b) recovering szid chains ,

7. The raethod of claim 10 wherein said stereospecific polypropylene chains
are isotactic polypropylene.
35
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2. The corrp05|t|on of cI aiml wherein said stereosHec ific po ypropyl ene

chai ns have nunber average nol ecul ar wei ghts of fr mmmmmn f
tion o

40, 000 15 Daltons.
claim1l wherein the ratio of vi nyI groups to total olefl'h hoos

groups is greater th or equal 0. 60. 4. The
conmposi tion of ai mﬂ‘wﬁ'@ﬂ&d mstlér@@i@ﬁ@mmﬂccﬁdb’ﬁﬁpﬁmpwm further

chains are i Sot ahinfisdQl NN IDNIRL reqursor 5 The composition
of claim1l wherein sa st ereospec f| c orypr opyl ene chains are
syndi otactic pol ypropyl ene. 6. A net hod for

prepari ng pol ynmgy ch S r 10 m .l cagpri Sing:.

a) contacti ng, in shgl “}%ﬁg’ﬁ ggt # llg bF&l“uF@Hp%ﬁwomP?%'%ﬁﬁm t Wo
or nore nondner sosprisstardiimexdngr opyl ene or propyl ene and et hyl ene

with a catal yst conposition conprising a chiral, stereorigid netall ocene

30 cat al yst conpound capabl e of produci ng st ereospeci fic
poI ypropyl ene; 3gd V. hal
o P IR Mt hodUor  HS;methest of daim 11 wherlh sid GAE Wby Ropefig
chau ns catalyst conapcmn'd simeiedwﬂ:ﬁmhh@m'ceﬂﬁsﬁ ng of dxmethyﬁﬁyl-bnd
8. The net ho% EI m 11 wher sai d catal yst conposition furtgh
conpri ses a non- E:"‘&f’ ¥ AT PRRYOEATE 8h ?ssor
10
11.  The method of claim 16 wherein said transition metal catalyst compound
( is dimethylsilyl bis(2-methyl-4-phenylindenyl) zircontum dichloride.

12.  The method of claim 10 wherein said stereospecific polypropylene chains
15 are syndiotactic polypropylene.
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compri ses an al unoxane. . 10. The nmethod of claim 11l * in said
chiral, .stereor |ggi[t ransiti Q&LmigmALPRomﬁﬁ&gmn&pnpound MM el ect ed
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(57) Abstract

Stereospecific polypropylene macromers having a high percentage of vinyl terminal bonds and a method for preparing them are
provided. The stercospecific polypropylene macromers have number average molccular weights (My) of about 2,000 Daltons to about
50,000 Daltons, and the total number of vinyl groups per 1000 carbon atoms is greater than or equal to 7000 <+ My, The method for
preparing the macromers involves: a) contacting, in solution, at a temperatare from about 90 *C to about 120 °C, two or more propylens
monomers with a catalyst composition compzising a chiral, stereorigid transition metal catalyst compound; and b) recovering stereospecific
polypropylene chains having number average molecular weights of about 2,000 Daltons to about 50,000 Daltons and significant vinyl
unsaturatipn.




