Et hyl ene El astoner Conpositions Field [0001] This
di scl osure relates to olefin polynerization processes
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conononer and di enes, especially vinyl norbornene
(VNB), and especially processes for producing
anor phous or sem -crystalline polyners such as
et hyl ene propyl ene di ene (EPDM rubber. Background
[ 0002] Ethyl ene el astoner conpositions typically
contai n ethylene, an al phaol éfin such as propyl ene,
and a third conponent, such as a diene, to facilitate
vul cani zati on. ThE cggi of a third conmponent can
greatly infl uencebylensdtiasiamgr CBRRREHPAY r eact i ons
and resul tant nol ecul ar architecture of the pol yner.
g@i exanpl e, when et hylidene norbornene (ENB) is used
Figld { pe di ene, as is commonly done, |ong chain
branching through the diene is facilitated through
catai oni c coupling reactions in Ziegler-Natta (Z-N)
08y mer lelatdpagfp,sumela@em tp ipdefin pallymnesizaticr propesselufoe golymerizing
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Hi gh levels of LCB inprove processability, but my
ghdpair physical properties of the final product after
co

ersion of the pol ynmer by extrusion or nolding.

O her met hods of EPDM production are described in
9/ 00434, WD 99/45062, U.S. Patent 6,806,336, U. S
B ent O_é'?’d&@?s%ftmaﬁfd cpMBosipape PE2 $ouben cflpde an alpha-
olNB- siehi e hrERMAD DM 8 Ehird "BERYSEnEULRN & @ alde, to facilitate

v&%&rﬁi‘z’éﬁr} Qﬁlel ghoicg of a third component can greatly influence the nature of
branching reactions and resultant molecular architecture of the polymer. For example,
when ethylidene norbornene (ENB) is used as the diene, as is commonly done, long
chain branching through the diene is facilitated through cataionic coupling reactions
in Ziegler-Natta (Z-N) polymerization, while linear polymers are produced with

metallocene catalysts.

[0003) EPDMs containing VNB, which is a non-conjugated diene, are known
from EP843698; EP843702 and EP8437dl. These polymers typically have a high
level of long chain branching (LCB) when synthesized using Ziegler-Natta catalysts.
High levels of LCB improve processability, but may impair physical properties of the
final product after conversion of the polymer by extrusion or molding. Other
methods of EPDM production are described in W099/00434, WO 99/45062, U.S.
Patent 6,806,336, U.S. Patent 6,096,849, and U.S. Patent 6,319,998,

[0004] VNB-derived EPDM provides improved cure rate and performance in
free-radical curing, improved processability from the highly branched structure, and
requires a low level of diene to provide suitable physical properties in the final
product comparable to ENB-derived EPDM.
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final product conparable to ENB-derived EPDM [ 0005]
The [ack of branching in netall ocene pol ynerization of
ENB is believed to be due to the inability of the
pendent double bond to incorporate into the polyner
backbone due to steric effects. \Wien the sane
met al | ocene catalyst is used 2o pol ynmerize other third
conponents such as divinyl benzene (DVB) or VNB, the
pendant doubl e bond incorporation is facile and | eads
to copious amobunts of branching and gel. Wen used as
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netall ocene catal yst conprising a cycl opent adi enyl
is @FPIVSADl ex having two ring systens for |igands:
wherein these Cp conpl exes have the general fornula:

wherein Cp 1 of ligand (Cp 1R1 ) and Cp2 of |igand
JWHPRY p) are the same, Rl and R2 each is,

[0006] “An embodiment of this disclosure is a process comprising: contacting a
-bridged bis-indenyl transitional metal metallocene catalyst compound and a non-
coordinating anion (NCA) activator with alpha-olefin, ethylene, and at least one
diene. The bridged bis-indenyl transitional metal metallocene catalyst compound is
preferably a bridged bis-indenyl transitional metal metallocene catalyst comprising a
cyclopentadienyl (Cp) complex having two ring systems for ligands; wherein these
Cp complexes have the general formula: (Cp'R')R*(Cp’R%,)MX,; wherein Cp' of
ligand (Cp'R'y) and Cp® of ligand (Cp°R%,) are the same, R' and R? each is,
independently, a halogen or a hydrocarbyl, halocarbyl, hydrocarbyl-substituted
-organometalloid or halocarbyl-substituted organometalloid group containing up to
about 20 carbon atoms, mis 1 to 5, pis 1 to 5, and two R' and/or R? substituents on
adjacent carbon atoms of the cyclopentadienyl ring associated therewith can be joined
together to form a ring containing from 4 to about 20 carbon atoms; R? is a bridging
group, such that the number of atoms in the direct chain between the two ligands is 1
to 8, M is a transition metal having a valence of from 3 to 6, from group 4, 5, or 6 of
the periodic table of the elements and is in its highest oxidation state, each X is a non-

cyclopentadienyl ligand and is, independently, a hydrocarbyl, oxyhydrocarbyl,



i ndependently, a hal ogen or a hydrocarbyl, hal ocarbyl,
hydr ocar byl - substituted organonetal | oid or
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contai ning up to about 20 carbon atons, mis 1 to 5, p
is 1to5 and tw Rl and/or R2 substituents on
adj acent carbon atons of the cyclopentadienyl ring
associated therewith can be joined together to forma
ring containing from4 to about 20 carbon atoms; R3 is
a bridging group, such that the nunber of atons in the
direct chain between the two ligands is 1 to 8 Mis a
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contai ning up to about 20 carbon atons, and q is equal

to the valence of Mmnus 2. Description EPDM Pol yner

HP@Rd Polsiher et hyl ene, al pha-ol efin, and di ene pol yners,

whi ch are the products of the process descri bed

herein, conprise units derived from ethyl ene,
[@opiha-Bheettimykeme, alptia-ehedfin, 200 BdneThaymeey, abHicliraroterproducts of

0 sitjon..of,.the ethylene, .al pha-ql.efin nd diene
the Pl descrives hetSipy sompys® eyt yromm, Sthyfimyaphaolefin and
aatierieai ns 40 to 80 wt % of et hyl ene-derived units, nore
preferably from40 to 75 wt % et hyl ene-derived units,

and from 0.3 to 15 wt% of one or nore di ene-derived

jeoos)t . The ohéghehomdrhéiacoadpkition! (ITtHS cilyerl ahipALBlefinNal diene
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t he pol yr¥gr wt % iogé\b%)gt%%g%)wnﬁ?ﬁieﬁ?\g?? wel gﬁlﬁg?e Eiﬁréved units,
apg|fiare0:3 to 15 W% of one or more diene-derived units. The higher alpha olefin

forms the balance. In a preferred embodiment, the polymer contains preferably from

0.3 to 3 wt % diene, and more preferably from 0.3 to 1.5 wt % diene. As used herein
when referring to the polymer, wt% is based on the total weight of the polymer.

[0009] ‘The alpha olefin is preferably one or more C; to Cg alpha olefins, more
preferably propylene or butene, and most preferably propylene. The amount of alpha-

- olefin in the polymer may vary from about 95 wi% to about 15 wt%, preferably from
about 80 wt% to about 20 wt%, and most preferably from about 60 wt% to about 20
wt%.

{0010} The diene is preferably selected from the group consisting of: 1,4-
hexadiene, 1,6 octadiene, 5-methyl-1,4-hexadiene, 3,7-dimethyl-1,6-octadiene,
dicyclopentadiene (DCPD), norbornadiene, S-vinyl-2-norbornene (VNB), ethylidene
norbornene (ENB), and combinations thereof, most preferably VNB. The amount of
diene in the ethylene, alpha-olefin, and diene polymer may vary from 0.3 to 6 wit%,
preferably from 0.3 to 3 wt%, and more preferably from 0.3 to 2 wi%.



f 00091 The al pha olefin is preferably one or nore C3
to C al pha olefins, nore preferably propyl ene or
wheaoene730and nost preferably propyl ene. The anpCmUSING6/044052

al phaol efin in the polynmer may vary from about 95 wt %

to about 15 w% preferably from about 80 w % to about

20 Wt % and nost preferably from about 60 wt %t o about

20 wt% [0010] The diene is preferably selected from

the group consisting of: 1,4- hexadiene, 1,6

octadi ene, 5-nethyl -1, 4-hexadt ene,

3, 7-dinethyl -1, 6-octadi ene, dicycl opentadi ene (DCPD),

nor bor nadi ene, 5-vinyl -2-norbornene (VNB), ethylidene

nor bornene (ENB), and conbi nati ons thereof, nost
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are the products of the process describ

wép:e (W) lsaﬁ@mmbeflé? AP poaw: 1 i rgane\preferrbly gm am@t 0.5 to about 1.0,
MAQRR e preferably from about 0.9 to about 1.0.

| [0013] ‘The EPDM polymers described herein preferably have a MWD of from
about 2 to about 20. As used herein, MWD (Mw/Mn) is determined according to well
known methods, for example by GPC (Gel Permeation Chromatography) on a Waters
150 gel permeation chromatograph equipped with a differential refractive index (DRI)
detector and. a Chromatix KIMX-6 on line light scattering photometer. The system is
used at 135° C. with 1,2 4-trichlorobenzene as the mobile phase using Shodex (Showa
Denko America, Inc) polystyrené gel columns 802, 803, 804 and 805. This technique
is discussed in "Liquid Chromatography of Polymers and Related Materials IIL" J.
Cazes editor, Marcel Dekker. 1981, p. 207, which is incorporated herein by reference..
No corrections for column spreading are employed; however, data’ on generally
accepted standards, e.g., National Burean of Standards Polyethylene 1484 and
anionically produced hydrogenated polyisoprenes (an alternating ethylene-propylene
copolymers) demonstrate that such corrections on MWD are less than 0.05 units.

Mw/Mn is calculated from elution times. The numerical analyses are performed using



index (Bl) is fromabout 0.1 to about 1.0, nore

preferably fromabout 0.5 to about 1.0, and even nore
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EPDM pol ymers descri bed herein preferably have a MAD

of from about 2 to about 20. As used herein, MAD
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[0015] An average branching index (i.e., branching index as used herein) is
defined as:
BI — Mv,br XMW,DRI

M., orc Laws XM, Gre brr

where, My pr =(IV/k)""® ; and "a" is the Mark-Houwink constant (=0.759 for ethy.lene,
propylene diene elastomeric polymers in decalin at 135° C.). From equafion (1) it
follows that the branching index for a linear polymer is 1.0. For branched polymers,
the extent of branching is defined relative to the linear polymer. Since at a constant
number average molecular weight M, (Mw)pranch >Mw)iinear, BI for branched
polymers is less than 1.0, and a smaller BI value denotes a higher level of branching.
In place of measuring IV in decalin, it is also acceptable to measure IV using a
viscosity detector in tandem with DRI and LALLS detectors in the so-called GPC-3D



Pol ymer Sci ence and Engi neering, 6, 2nd edition
(1986). These are: (i) Mwv GPC LAXJILS wei ght average
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light scattering (LALLS) technique in conmbination with

Gel Pernmeation Chromat ography (GPC) (ii) weight

average nol ecul ar weight (MAMXRI) and viscosity average

nol ecul ar weight (M/ DRi) using a differenti al

refractive index (DRI) detector in conmbination with

GPC and (iii) intrinsic visco8ity (I1V) neasured in

decalin at 135 C. The first two neasurements (i and

i) are talned na GPCusing a filtered dil ut
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LALLS X v GPC DRI where, M, br —(rV7k) 1l/a ; and "a"
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Bl val ue denotes a higher |evel of branching. In place
]ﬁlfg asurlnglvln decalin, it is also acceptable to
P89 V usi ng a viscosity detector in tandemwth

067 and THY termderhealledene’” intien&BHE@hE @Gtalyst precursor” are terms
GPC- 3D|tggtrument In this case,,"k" _and "a"_ val ues

B 1P Srcen camepE S e ing o SrPIY . Yo 80 M fapsigion metal

MO WAt QBFélbﬁéiﬁadlé&Q J(@b? TiB&nEbhY gﬁm wﬁhﬁ) B@ay%eédb@nm?é&ﬂ at least
di ene pol ymner ree from gel uséd herein,

one pRN-FYJRpguadiend-deayed digand X mﬂl reere ogiogs dietarpaam-containing
HtinaNYi $hel HEMR b} coordinated to M and corresponding in number to the

valence thereof. The metallocene catalyst precursors generally require activation with
a suitable co-catalyst (referred to as an activator) in order to yield an active
metallocene catalyst which refers generally to an organometallic complex with a

vacant coordination site that can coordinate, insert, and polymerize olefins.

[0018] Preferable metallocenes are cyclopentadienyl (Cp) complexes which have
two Cp ring systems for ligands. The Cp ligands preferably form a bent sandwich
_complex with the metal and are preferably locked into a rigid configuration through a

bridging group. These cyclopentadienyl complexes have the general formula:
(Cr'R'mR¥(Cp"R*)MX,

[0019] Wherein Cp' of ligand (Cp'R',) and Cp® of ligand (Cp’R%,) are preferably
the same, R' and R? each is, independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometaltloid or halocarbyl-substituted organometalloid
group containing up to about 20 carbon atoms, m is preferably 1 to 5, p is preferably 1

to 5, and preferably two R' and/or R? substituents on adjacent carbon atoms of the



pol ynmer in a hydrocarbon sol vent such as cycl ohexane,
typically used to dissolve EPDM Wen gel is present
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even at elevated tenperatures. Metall ocene [0017] The
term"netall ocene” and "netal |l ocene cat al yst
precursor" are terns known in the art to nean
compounds possessing a Goup IV, V, or VI transition
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Oglg@aqim%jnggg group containi ng up to about 20 carbon
atons, mis preferably 1 to 5, pis preferably 1

.[0020] Illustrative, but not limiting examples of preferred biscyclopentadienyl
metallocenes are: ethylenebis (indenyl) zirconium dichloride, ethylenebis
(tetrahydroindenyl) zirconium dichloride, ethylenebis (indenyl) dimethylzirconium,
and the like, and the above wherein the transition metal is hafnium or titaniumr,
including ethylene-bis-indenyl-zirconium dimethyl and ethylene-bis-indenyl-hafnium

dimethyl.

Non-coordinating anions

[0021] As already mentioned the metallocene or metallocene catalyst precursor is
activated with a non-coordinating anion. The term "non-coordinating anion" (NCA)
means an anion which does not coordinate to said transition metal cation thereby
remaining sufficiently labile to be displaced by a neutral Lewis base. "Compatible"
NCAs are those which are not degraded to neutrality when the initially formed
complex decomposes. Further, the anion will 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 from the anion. NCAs are preferably those which

are compatible, stabilize the metallocene cation in the sense of balancing its ionic



to 5, and preferably two Rl and/or R2 substituents on

adj acent carbon atons of thecycl opentadienyl ring
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ring containing from4 to about 20 carbon atonms, R3 is

a bridging group, such that the nunber of atons,

preferably carbon atons, not including hydrogen atons,

in the direct chain between the two ligands is

preferably 1 to 8, preferably 1 to 3, and nost

preferably R3 is "-CR 2-CRV'.8wherein R independently

is selected from hydrogen, alkyl, aryl, hal ogenated
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rative, but not. |limting.exanples.of .preferyr .
%#é@bf”opentaﬁ%li enfoﬁ?%'if%‘ﬂ ocegré1 ar e:p%{eﬁrfflenebiag{lggor 18
dinrdemdijinititepddis(estaflbdbronaptehylytiorytb enedtiish  is  commercially
(tetrahydrai ndenyl ) zirconiumdigchl orjde, ethylenebis
FyaraRis %‘néi“i’r%{li’é‘f EZWPW%?H A Lﬁﬁ‘e, and the

~above wherein the transition netal is hafniumor
titanium, including ethylene-bis-indenyl-zirconium
Bioseshyl and et hyl ene- bi s-i ndenyl - haf hi um di met hyl .
Non- coordi nati ng ani ons [0021] As already nentioned

the netal |l ocene or netall ocene catal yst precursor _is ]
06221 v at EPRM pompesitiorsoetnipipiag sygstaniial pmords VB as the third

cRPoAP A 3 irOfhred N cORANDUE Hrablseusthl GNmetalloce
?j%ggor%g? agéog)r%flef]hgjtly’e”ﬁrg&ggi él t rgnsi ti gnrbmet al c.égigl pnmea _c ne
cdtalystbylt is believed that substituting hafhium (Hf) in place of zirconium (Zr) in the

catalyst would allow operation at higher reactor temperatures for the production of

equivalent or higher molecular weight products.

[0023] Generally speaking, any process may be used to prepare the polymers of
this disclosure including a single reactor or by mechanical blending. The preferred
process employs the use of a single continuous flow stirred tank reactor (CSTR).
Other modifications such as the use of two reactors in series or parallel to tailor the

MWD of the polymer are also contemplated.

[0024} It may be desirable to increase sulfur curable unsaturation along the
polymer chain. ENB may be added during polymerization, to obtain a sulfur curable
-polymer. Generally, to impart sulfur curability, from about 0.5 to about 10 wt % ENB
(based on the weight of the feed) is preferably added to the reactor.



remai ning sufficiently labile to be displaced by a

neutral Lewi s base. "Conpatible" NCAs are those which
wae@706130tegr aded to neutrality when the initiBCT/¥S2006/044052

formed conpl ex deconposes. Further, the anion will not

transfer an anionic substituent or fragnent to the

cation so as to cause it to forma neutral four

coordi nate netal | ocene conpound and a neutra

by- product fromthe anion. NCAs are preferably those

which are conpatible, stabiliZe the metall ocene cation

in the sense of balancing its ioniccharge, yet retain

sufficient Lability to pernit displacenent an . .
W01 eni E@BM ng§’@%¢‘§¥ éﬁ?ceén_eflgle{m% a%l’r&?“éﬁb_kigfﬁﬂ??é?d in a single
OSITRNG: P UnvpRatueAtdn@B -of At 20BOP G, d PRs@ite WTabeeE5012000 psi
in this disclosure are preferably large or bulky in
tabauts B HAG00 kg and resifienge Himeniaboyt 45 mynpigs.gel vy
inhibit or prevent neutralization of the netall ocene

cation by Lew s bases other than the pol ynerizabl e

W82 e r sAnh aumpres atsb typeaxfadditives miry brotgmpeundsdivoith the polymer

Qéxﬁgﬁﬁons-ré?ﬂhﬁadigtﬁogupg 11%%89,% %{ hotglﬁ}{ﬁe@ t&r%la%lﬁl lﬂgck, plasticizer

st ze of greater than or equaf to about 4 angstrons.

Nig\paye fleria bilngroaessiaids sich asffatthacidy pexde str,idnéidxidants, curatives,

77004 _are .nre . Jhe preferred.activator is_ ..

AR af Fir Rl orile bR o8 PR BROBS hed o sipgkitior, and

sdurchinhibigogagmed. al | y avai | abl e from Al benarl e

Cor poration (Baton Rouge, LA). Process [0022] EPDM

conposi tions contai ning substantial anounts of VNB as

fdog7)t hi r Theze paopaat caqnpoﬁtieﬁﬁﬁrail@: be mnm@abﬁdvlu'loanizecli according to
onti nuous. process ysing a netall ocene catalyst. It is

KRTvR PR A FOR BHREET f o §7aTS UG as mesoxide Hiah fymsa C--C bond

&t HSafisudtide fibati forinkea (AL 81-XS thonBUAL i ldb iMbRA SMmAt VAR anization”,

at higher reactor tenperatures for the productjon of .

£GaPI6E7e0h: "Ssense gndr Terhmelogy9f Rebbmsi. By ddu¥t Sorqng§BaR Birich,

C8iRsS: AlchdersiR @35 THe., PR Process may be used to prepare

the polyners of this disclosure including a single

react or or by nechanical blending. The preferred

[0028] The composition can be formed into bales or pellets for subsequent

processing, compounding and mastication. In certain embodiments, the polymeric
blends are formed into polymer pellets. In one embodiment of the disclosure, the
polymer is directly extruded through a die plate and pelletized as it leaves the
devolatizer. The polymer is cut into little pellets using an under-water pelletizer. The
pellets are conveyed to a spin dryer to remove the water. The pellets then make their
- way into a fluidized bed dryer to remove moisture and other volatile components.
The dry product is then packaged for sale. In one embodiment of the disclosure, a bale
press is used to recombine the pellets into large bales, typically weighing about 11 to

about 45 kilograms.

{0029] The ethylene, alpha-olefin, and diene polymers of this disclosure can be
used in a variety of peroxide-cured EPDM applications such as weather seals, coolant
hoses, roofing membranes, wire and cable insulations, dynamically vulcanized alloys,

power transmission belts, engine mounts, thermo plastic olefin blends and the like.



process enploys the use of a single continuous flow
stirred tank reactor (CSTR). OQther nodifications such
w@sooler3ose of two reactors in series or paral PE/UBIN0G/044052
tailor the MAD of the polyner are al so contenpl at ed.
[0024] It may be desirable to increase sulfur curable
unsaturation along the polyner chain. ENB nay be added
during polynerization, to obtain a sulfur curable
polymer. Generally, to inpart sulfur curability, from
about 0.5 to about 10 wt % ENB (based on the wei ght of
the feed) is preferably added to the reactor.[0025]
The EPDM pol yners descri bed herein are preferably
f2d in a single CSTR at a tenperature range of
about 20-200 C, a pressure of about 50-2000 psi (about
350- 14000 kPa) and residence tine of about 5-15
Tashivteslods] 0026] Any number and type of additives may
be conpounded wi th the pol yfRjje gonpositions of this
di scl osure including but not irmted to: carbon bl ack,
., «, ,::r' ’ 3
THilyicBE oAb N @S cal Ci Uil car bonawey Cl ay, S| AST™M D9t
1 INF@meWVNBYOshaat S,| tackifiets, and scpFOR
D Thdek Rexgp (ROBIFRS (I fIH047] TheseNpel yner coppsB¥ID-12A&F and
may be cured or vul canilzed according to knbhdBTYRE1288HE
For exanpl e using agents such as peroxide that forns.a )
[@30LC borikheoratioydf dailk ds iknewrhas theormelt andexsrato (MHR)-asMIR is

. ori Y E , N P
SR aRAsh eyt A% A APWD. SUAEREn bbya HGALERAR woud
tiypicallf imphyi 4 lnigher 18w df hong dhagsbrahelong. 1978. [ 0028] The
conposition can be fornmed into bales or pellets for
subsequent processing, conpoundi ng and mastication. In .
Eeabples 1e2bodi nents, the polyneric blends are forned

into polyner pellets. In one enbodi nent of the

di scl osure, the polyner is directly extruded through a

@A) Pl atExadifflePElah@ i mesussl propértiay 68 exibing commercially available

polymers. Certain properties were measured as outlined in Table 2. The polymer of

Example 1 was an ExxonMobil Chemical EPDM elastomer with a Mooney viscosity

'"of 24, an ethylene content of about 76 wt%, a VNB content of about 0.9 % and was
pr;epared bj a conventional Ziegler-Natta process. The polymer of Example 2 was an
ethylene propylene copolymer, with a Melt Index of about 1, an ethylene content of
about 72 wt% and was produced with a metallocene catalyst. The polymer of
Example 2 was substantially linear as indicated in Table 3 by a branching index of
0.67.

' Examples 3 - 4

[0032] The polymers of Examples 3 and 4 were made under the process
conditiéns as shown in Table 2 to produce polymers tested under the same parameters
as the comparative Examples 1 and 2 as shown in Table 3. The production rate was
measured by timed collection of a known weight of effluent and by measuring the

solids concentration by evaporating the solvent.



devol ati zer. The polymer is cut into little pellets

usi ng an upder-water peHetizer. The pellets are
w@eoweysd7to a spin dryer to renove the wat er. Pah@s2006/044052

pellets then make their .way into a fluidized bed

dryer to renove noisture and other volatile

conponents. The dry product is then packaged for sale.

In one enbodi nent of the disclosure, a bale press is

used to reconbine the pellets into | arge bal es,

typi cally wei ghing about 11 tl& about 45 kil ograns.

[ 0029] The ethyl ene, al pha-olefin, and di ene pol yners

of this disclosure can be used in a variety of

per oxi de- cured EPDM applicati ons such as weat her

6033 S, qpehauB- olyBefs JFEXIRIPAELN SR 4We|§&?g§:§5!red as follows.

cabl e insul ations, dynam cally vul canized a
ThsvBpnemsarsswrwsmixedouith solvenyg{hexane) andsdelivieeadnte the reactor as a

mked ks gtehin ’I‘Hlf %g;%&@_?_ﬂ%ﬁ%&“‘%;ﬁ%@i%%dﬁﬁ%o cc of toluene

Met hods Table 1 ratio o I's "known
and ddiivernd) to itheddxlitentGHIR VeRtor MifR Rsmgeriag apumyp.a Ethylene-bis-

588 O M O, Wy U e

dbmetiny FinmlgniubtetraiisfiseptafluoPorfapAdiy] ) beraephse shd  anivatdr, and tri-n-

> r j €S, 0f existi (of0) rciall vai | abl i
BB RO S8 sefieity 1B SRR Grd et pR fed in o
molailedtloso 2l toT heThpoprpoass vals daxdetiphe at S08E. dhe rxiadiyb Rivhe in the

Ch<§rri cal EPlE)M?eda}i}orrer with a Mooney viscosity of 24,

TSR ST TRETUBH At MBS hout 76 W% a VNB content of

about 0.9 % and was prepared by a conventi onal

Zi egl er- Nat t rogess. The pol yner of Exanple 2 was an

(G355 ond BBy R GACE doPSHEPIES W < 1 18 SREVD Thrkhble B¢ The MLRA
dabout Thblea® sRHWY RAans Yol &f EﬁQﬁ—?fe % %ang/s"sq{}gnéi‘@xfgf than the

produced with a netal |l ocene cat al ﬁ . The polyner o
polymer of Example 1 at the same level of . Examples 3 and 4 have a higher

branching index (BI) than the polymer of Example 1, which means they were more
linear polymers. The polymer at higher VNB level (Example 4) was long chain

branched.

[0035]  As seen in Table 3, comparison between Examples | and 4 shows that the
inventive ‘process (Example 4) produces a polymer that not only matched the desired
branching level of the conventional Ziegler-Natta catalyéed EPDM product (Example
1), bﬁt surpassed it and was more linear. The inventive process allows the addition of
twice the VNB (1.8 wt%) as the Z-N process (0.9 wt%) with still no undesirable gel

formation.



Exanple 2 was substantially linear as indicated in
Table 3 by a branching index of 0.67. Exanples 3 - 4
wQ 0@32§73The pol yners of Exanples 3 and 4 were PEI®S2006/044052
under the process conditions as shown in Table 2 to
produce polyners tested under the sane paraneters as
the conparative Exanples 1 and 2 as shown in Table 3.
The production rate was neasured by tinmed collection
of a known wei ght of effluent and by measuring the
solids concentration by evaperating the solvent.[00331
The VNB- EPDM polyners of Exanples 3 and 4 were

prepared as foll[g JTIE] nononer[sowere mKed with
sol vent (hexane)l. R vered tjf _quag;{gr as a
m xed feed streg Cpt al yst [@hi&Ea¢Tvae pr were
pre-m xed in 90 tpl uene gEddelli yerefl to the 1
liter CSTR react|c SR neterimgipgip] |
Et hyl ene- bi si nddnyT S|F|TEoni um démed Byl LRTiTd)
2ZrMe ) was usedas j{ne rcatal ystiy #2153 gl
di et hyl ani | i ni UmgiZ|AAEE( hept af} namapht hyl ) bor at e
as the activator,. af?¥ -noctylngﬂEEun TINOA) as the
scavenger. The gatalys{ hnd act|Va%§£; et added in a
mol ar ratio of 1 tB.g [The procdgss WESS¢HE(F|ed out at
50 C. The residenpé:igﬂ@ in the |f eagtos (&g mai nt ai ned
at 7 minutes. [OOS’Q]E 18| pol yner| d&ia &J)‘@ Ekanples 1 -
4 is shown in Tabl®"3. | The M.RA dat: 9? Fibl e 3 shows
that the pol ynerfof-E bl e 3 hds 1@8sxbneRchi ng t han
the pol ymer of Hxamif at the isak ?Eiléjﬁ Sof VNB.
Exanpl es 3 and 4-h# wahilng—1-ndex (Bl)
than the pol ymer|-og: §an =1 hey were
more |inear pol yjners I ShEuBeR | VNB | eve
(Exanpl e 4) was [L.ONgG: 180035} | As seen in
Tabl e 3, conpari|$g; ‘glgggigﬁ shows
that the 2 g g § é
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i nventive process (Exanple 4) produces a pol yner that
not only matched the desired branching | evel of the
wa@oeoweetsdonal Zxegl er-Natta catal yzed EPDM pr oBOT/US2006/044052
(Exanmpl e 1), but surpassed it and was nore linear. The
i nventive process allows the addition of twice the VNB
(1.8 % as the Z-N process (0.9 wt% with still no
undesirable gel formation. Table 2 to Table 3[0036]
VWil e the present disclosure_has been described in
consi derabl e detail with reféfence to certain
preferred versions thereof, other versions are
possi bl e. Also di fferent types of nmenbers and

fi be f
o VSRR ol RIS b s 00 G i

réfBthcdith | cob@ind prdresd veiqBr gefsof) aitien ovesiatisn anfeypsdsmw Also,
in the art. Therefore, the %ng .t and scope of tq) £ d
diffgsenid &ypes| af mrenabss 2nd, 6pn ipRs O PEPR can be formed in

ag&ﬁ'&éﬂo@t\*/ﬂptlﬁfdlédi‘@supé §h arduechet O i SntGRRsah el be appaxent to
herein. 10037 docunments cited herein are ful

DPeYSeD? Juvite grdi efl%lrl eficEher ait- diersfene; e cPirEnand gope of the

@géxﬁﬁdséf ithsl HORIPREEHE Whitedl REMHY &és@lqpt%’dj of hd PRferred versions
ey are not I nconsistent wth th

copeietiheaginon. Cl ai ns What is clained is: 1. A process

conprising: contacting a bridged bis-indenyl

transitional netal netall ocene catal yst conpound and a

o301 coorrd! datumentaivited Hexen) alacfullyampmfttgdp &yy reference for all

l. | ef
Jaﬂ%ﬁ%ﬁﬁlselﬁl Cl? \échfjﬂ% g:fb?atﬁyl at‘r?lés&ls cgﬁyg 1! (BT t they are not

iﬁ@drﬁiskm&ﬁmthatspbgﬁtammnpound conprises a

cycl opent adi enyl (Cp) conplex having two ring systens
for ligands; wherein these Cp conpl exes have the
general formula: (CplRL m R3(Cp2R2




p) MXq; wherein Cpl of ligand (CplR1 ) and Cp2 of
l'igand (Cp2R2 p) are the sane, Rl and R2 each is,

WO p@epersaent | y, a hal ogen or a hydrocarbyl, haPCUasingé/44052
hydr ocar byl - substi tuted organonetal | oi d or

hal ocar byl - substi tuted organonetal | oi d group
containing up to about 20 carbon atonms, mis 1 to 5, p
is 1to5 and tw Rl and/or R2 substituents on

adj acent carbon atons of the cycl opentadi enyl ring
associ ated therewith can be jldined together to forma
ring containing from4 to about 20 carbon atonsj R3 is
a bridging group, such that the nunber of atons in the
direct chain between the tweldM§ands is 1 to 8, Mis a
transition nmetal having a valence of from3 to 6, from

grgvl]patq imQfis6 of the periodic table of the el ements
and 1s 7?115}1?3 ﬁl ghest oxidation state, each Xis a

non-Cp ligand and is, independently, a hydrocarbyl,

~pxyhygr .0ca . rQG Vi zeS h t .
gr gan%nglt%gf:%% ft%lmplgé(l%y é%%%t}% gsu @%élat hlts‘;igggfwl thiflional metal
or ganmewllabére chtaystltampoandyid s nbsicobrdivating anion (NCA) activator
organonet al |.oi d Qup_ containin t o _abput 20 carhon .
ot omeoi o B FOYAe YRPu Bad it Sy B bricgec
The pbiedadenydftraisaionnll medea r ietallobenen cadabyst @bmpbomd comprises a

the direct chain batween the two |igands in the.. i .

br i dg?wgorgqna%?nyhgép) complex aylggztwoyng-ﬁ%st%p%goerslégands, wherein
accor ghesd CP dondléRet MARRS ten geerhh dofnldg€dp'R' )R’ (Cp°R%)MX,;
Componaei g EL TP TS ShEne B Cp ) e s,
i ndepaplat? lech Ss,S @ldRpéRRndly,0M HM@F&QEH}, adhydtbearByly Ihalocarbyl,

hal ogenat ed_al kyl,. hal ogenat ed ar¥, and any m xtures X
t her ebydrogarbyhgibstiwess s~ fradgramsialiqid angrof hplgearbyl-substituted

pr ecegidifockaiioRi WG ebitaidhte & %‘Qb&lteﬁfo' dhrbon atoms, m is 1 to 5, p
is 1 to 5, and two R! and/or R? substituents on adjacent carbon atoms of the
cyclopentadienyl ring associated therewith can be joined together to form a
ring containing from 4 to about 20 carbon atoms; R? is a bridging group, such
that the number of atoms in the direct chain between the two ligands.is 1 to 8,
M is a transition metal having a valence of from 3 to 6, from group 4, 5, or 6
of the periodic table of the elements and is in its highest oxidation state, each
X is a non-Cp ligand and is, independently, a hydrocarbyl, oxyhydrocarbyl,
halocarbyl, hydrocarbyl-substituted organometalloid, oxyhydrocarbyl-
substituted organometalloid or halocarbyl-substituted organometalloid group
containing up to about 20 carbon atoms, and q is equal to the valence of M

minus 2.

2. The process of claim 1 wherein the number of atoms in the direct chain

between the two ligands in the bridging group, R?, is equal to 2.-

3. The process accérding to claim 1 wherein in the bridged bis-indenyl

transitional metal metallocene catalyst compound, R3, is -CR'2-CR'>—; and



Is propylene. 5. The process according to any of the
precedi ng clainms wherein the bridged bisindenyl

wo ec@n®sivonal nmetal netal |l ocene catal yst conpoR@TUS2006/044052
conpri ses ethyl enebi s- indenyl-zirconiumdi nethyl. 6.
The process according to clains 1-4 wherein the
bri dged bis-indenyl transitional netal netall ocene
cat al yst conmpound conpri ses et hyl ene- bi si ndenyl -
haftum di net hyl . 7. The process according to any of
the preceding cl ai nrs wherein she NCA activator is
di met hyl ani |i ni unt et raki s( hept af | uor onapht hyl ) bor at e.
8. The process according to any of the precedi ng
cl ai nehéngint Rbindepensiendy ayselectet Eepmbydrogemn.yalisyl, aryl, halogenated

conpr jisin ] ' = fn, ethyl ene,
and d?gﬁ%gﬂ@g&%ﬁgpg&%%gggﬁéﬁﬂ%ﬁggﬁ?@agﬁerein t he
pol ymer has a MAD from about 2 to about 20. 10. The
roc of claim@8.or. 9 wh in th Q r4s.free
' om By Dropsas SR tocnlf 13 1he BrobgfioB RLATE bl featpha-otefin
wher eispréfydenol ymer has a branching i ndex of about 0.1
to about 1.0. 12. The process of any of clains 8 - 11
further conprising recovering a pelletized pol yner. 13.
5. TheTRs paRess Ae6RNSE yofaRy pikedifg chiife edichdn Ehetbridzed bis-
wherein the al pha-ol efin, ethyFene, and at | east aqne
di enelndeRylgEngiHonALwgtaf gretallortng cpisled comReugf capprifes cthylene-

5- 15 pishHi&S1-zidonihRediBlefSs according to any of the
precedi ng clains wherein the al pha-olefin, ethylene,
and at | east one diene are polynerized at a

§ eNMPeTRL UsRcb@NAecHfling to claims 1-4 wherein the bridged bis-indenyl
transitional metal metallocene catalyst compound comprises ethylene-bis-

indenyl-haﬁlium dimethyl.

7. The process according to any of the preceding claims wherein the NCA

activator is dimethylaniliniumtetrakis(heptafluoronaphthyl)borate.
8. The process according to any of the preceding claims further comprising
Tecovering a polymer comprising units derived from alpha-olefin, ethylene,

and diene.

9. The process of claim 8 wherein the polymer has a MWD from about 2 to
about 20.

10. The process of claim 8 or 9 wherein the polymer is free from gel.

11.  The process of any of claims 8 - 10 wherein the polymer has a branching
index of about 0.1 to about 1.0.

12. The process of any of claims 8 - 11 further comprising recovering a pelletized

polymer.



about 20-200 C. 15. The process according to any of
the preceding clains wherein the al pha-ol efin,
wetbdwloerse7 and at | east one diene are pol yneri 2€DUS2006/044052
pressure of about 50-2000 psi (about 350-14000 kPa).
16. The process according to any of the preceding
clains wherein the diene is selected froma group
consi sting of: 1,4-hexadi ene, 1,6 octadiene, 5-nethyl-
1, 4- hexadi ene, 3, 7-dinmethyl -1, 6-octadi ene,
di cycl opent adi ene (DCPD), nor¥or nadi ene,
5-vi nyl - 2- nor bornene (VNB), ethylidene norbornene

ENB .
3.cor Fhagracessacspidinb oy alithe pieseding fleims Wé‘FW_\}‘P fhgelpha-olefin,

and conbi nations thereof. 17. The process

n or bogg I& e (%MB«)JI led<? ond QfenB ra?é: E§l§m§:§&9& %rnsgretsg?leﬁé@ﬁﬁ% of about

14.

15.

16.

17.

18.

wher In t

ene 1s vinyl nhorbornene (VI

5-15 minutes.

The process according to any of the preceding claims wherein the alpha-olefin,
ethylene, and at least one diene are polymerized at a temperature range of
about 20-200° C.

The process according to any of the preceding claims wherein the alpha-olefin,
ethylene, and at least one diene are polymerized at a pressure of about 50-2000
psi (about 350-14000 kPa).

The process according to any of the preceding claims wherein the diene is
selected from a group consisting of: 1,4-hexadiene, 1,6 octadiene, 5-methyl-
1,4-hexadiene, 3,7-dimethyl-1,6-octadiene, dicyclopentadiene (DCPD),
norbornadiene, S-vinyl-2-norbornene (VNB), ethylidene norbornene (ENB).

and combinations thereof.

The process according to claim 16 wherein the diene is ethylidene norbornene
(ENB).

- The process according to claim 16 wherein the diene is vinyl norbornene

(VNB).



