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especially vinyl norbornene (VNB), and especially
processes for produci ng anorphous or sem -crystalline
pol ymers such as et hyl ene propyl ene di ene (EPDM

rubber. Background 10002] Ethyl ene el astoner
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nly done, long chain branching through the diene

is facilitated through cataionic coupling reactions in
Ziegler-Natta (Z-N) polynerization, while |inear
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processablllty, but may |npa|r physi cal properties of
gh al product after conversion of the polyner by

or nolding. Gther nethods of EPDM production
are described in W99100434, WD 99145062, U.S. Patent
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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 throngh 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 (1.CB) 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 W(099/00434, WO 99/45062, U.S.
Patent 6,806,336, U.S. Patent 6,096,849, and U.S. Patent 6,319,998,

{o004] 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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meri zation of ENB is believed to be due to the

inablllty of the pendent double bond to incorporate
into the polynmer backbone due to steric effects. Wen
the same netal |l ocene catalyst is used to polynerize

ot her third conponents such as divinyl benzene (DVB) or
VNB, the pendant doubl e bondzincorporation is facile
and | eads to copious anmounts of branching and gel.
When used as the third conmponent, such nononers produce
a polymer with very desirable vul cani zati on
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[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'm) and Cp? of ligand (Cp’RZ%;) 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, m is 1 10 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-
cyclopentadienyl ligand and is, independently, a hydrocarbyl, oxyhydrocarbyl,
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- valence of Mmnus 2. Description EPDM Polyner [00071
Dhgcrfdtion! ene, al pha-ol efin, and di ene polyners, which
are the products of the process described herein,
conprise units derived from ethyl ene, al pha-olefin and
%ﬁﬁhﬁ@%l 0081 The overall nononer conposition of the
en al pha-ol efin, and diene polyner can range
broadl y. Preferably the pol ynmer contains 40 to 80 wt%
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tahe poI ymer contains preferably from 0.3 to 3 w %
di ene, and nore preferably fromO0.3 to 1.5 w % di ene.
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and from 0.3 to 15 wit% 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 % dienc. As used-herein
when referring to the polymer, wt% is based on the total weight of the polymer. ‘

(00091 ‘The alpha olefin is preferably one or more C; to Cy alpha olefins, more
preferably propylene or butene, and most preferably propylene. The amount of alpha-

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

{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-octadiens,
dicyclopentadiene (DCPD), norbornadiene, 5-vinyl-2-norbornene (VNB), ethylidene
norbomene (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 wt%,
preferably from 0.3 to 3 wt%, and more preferably from 0.3 to 2 wt%.



olefin in the polyner may vary from about 95 wt%to

about 15 wt% preferably from about 80 wt% to about 20
wt % and nost preferably fromabout 60 w%to about 20
g Iﬂg 1 The diene is preferably sel ected frﬁgthe.

‘gﬁ %Pﬂ sr sting of 1,4- hexadieng, 1,6 oct adid ,2006/044052

5-net hyl - 1, 4- hexadi ene, 3, 7-di nethyl -1, 6-oct adi ene,

di cycl opent adi ene (DCPD), norbonadi ene,

5-vi nyl - 2-nor bonene (VNB), ethylidene norbonene (ENB),

and conbi nati ons thereof, nost preferably VNB. The

anount of diene in the ethylgne, alpha-olefin, and

di ene polyner may vary fromO0.3 to 6 wN o, preferably

from0.3 to 3 W% and nore preferably fromO0.3 to 2

w % WO 2007/067307 PCTI US2006/ 044052 4 [0011) In a

preferred enbadi nent, the angount of ene t!h &le
dIt) eneln aprsfatred fmahqdiment, the amowat p REtylene, alpha-
[ e Wary>frih’ A
S U8R Py BELG B ANt Mo oy o

vm%)maﬁé witis qufmbbrrfmmy!bo'ftﬂ@rwt%@mboutﬁWI andapest pre§yably
D T e

s not cofrecte
i D3900p @anditie chot rotrheted rfot ylrme dogteribt BWBi comtenit \ingotpdrated in the

TR Ao By P B OG0 il B SR Wit pepgtimer
rmﬁmﬂmgnm me prefambbahhasmd lahm rHtNII:m Thess, mbﬁnezlis measure
A PR T, B a0 P 1R W s gprmat

ninterporatior cheealse e dieneo rvavirige endangy . unsh;mhgdll rmgieties dade been
are not. det gcte |n t he maasgremanélbIF bot h ENB

HEVET, §f B rodn AkATE B ASPEPd 7 ihe Beipiregont. 1F Bt ENB

dgideVINE e phesint, ONMR s prefeibly ustdao déteyhias diene content.
al pha-ol efin, and di ene polynmers, which are the

'products of the process described herein, are

Prg her abirie @ Srle’ﬂh,gél Naiareﬁﬂ,c&addmnﬂwﬁﬁef@wﬁeﬂ ard the %i’oducts of
is from about to about 1.0," nore preferab
(o6 areqsen, dosriBed Bersi e profrabliGothighiynbrebchsdol She brancting

AR @1Pitiadh Sbdu? 03P %bodt 106, more preferably from about 0.5 to about 1.0,
and even more 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 KMX-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) polystyrene 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 Bureau 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
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‘joo15} ‘An average branching index (i.e., branching index as used herein) is
defined as:
M, w XM, pr

M., ere Laws XM, gre oo

Bl=

whete, My =(IV/K)'® ; and "a” is the Mark-Houwink constant (=0.759 for ethylens,
propylene diene elastomeric polymers in decalin at 135° C.). From cquaﬁon Q) 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 2 constant
number average molecular weight M,, (Mw)ranen >M™whinesr, Bl 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-calied GPC-3D
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(LALLS) technique in conbination with Gel Perneation
Chr omat ography (GPC) (ii) weight average nol ecul ar
wei ght (MADju) and viscosity average nol ecul ar wei ght
sing a differential refractive indepctioRioneod4052

\&d&%g?y%?d*l n conbination with GPC and (iii) intrinsic
viscosity (1V) neasured in decalin at 135 C. The first
two measurenents (i and ii) are obtained in a GPC
using a filtered dilute solution of the polyner in
trichl orobenzene. 100151 An average branchi ng i ndex
(i.e., branching index as used herein) is defined as:
Bl = Me.xM.D,u Mwv. arc wasXM crnDw where, M. b,
=(IV/k)"~" ; and "a" is the Mark-Houw nk constant
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poI¥ S |nt’decglln at 135 C.). Fromequation (1) it
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instrument. In this case, "k" and "a" val ues
appropriate for the GPC, solvent should be wused in the
elqﬁaﬁlbmneabove [ 00161 The ethyl ene, al pha-ol efi n ~and
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I @fhon-¢ytibpeaatieagl-derived ligand X, and zero or one heteroatom-containing
ligand Y, the ligands being 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
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vacant coordination site that can coordinate, insert, and polymerize olefins.

[oo18] Preferable metallocenes are cyclopentadienyl (Cp) complexes which have
two Cp ring systems for ligands. The Cp ligands preferably form a bent sandwich

_complex vyith the metal and are preferably locked into a rigid configuration through a
bridging group. These cyclopentadienyl complexes have the general formula:

(Cp'R'MRYCp RE)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 organometalloid or balocarbyl-substituted organometalloid
group containing up to about 20 carbon atoms, m is preferably 1 to S, p is preferably 1
to 5, and preferably two R' and/or R? substituents on adjacent carbon atoms of the
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metallocenes are: ethylenebis (indenyl) zirconium dichloride, ethylenebis
(tetrahydroindenyl) zirconium dichloride, ethylenebis (indenyl) dimethylzirconium,
and the like, and the above wherein the tfransition metal is hafnium or titaniumt,
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
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[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 reacior.
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[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.

[6029] 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.
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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;apared b)f 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
Exampie 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
conditit'ms 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.
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(M/MR) (12,/12) None ASTM D-1238-F and ASTM D-1238-E
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molar ratio of 1 to 1. The process was carried out at 50° C. The residence time in the

reactor was maintained at 7 minutes.

[0034) The polymer data for Examples 1 - 4 is shown in Table 3. The MLRA
data of Table 3 shows that the polymer of Example 3 has less branching than the
polymer of Example 1 at the same level of VNB. 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 1 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 catalyzﬁd EPDM product (Example
1), but 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.
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[0036) While the present disclosure has been described in considerable detail with

reference to certain preferred versions thereof, other versions are possible. Also,
different types of members and configurations of members can be formed in
accordance with the disclosure, in a number of different ways that will be apparent to
persons having ordinary skill in the art. Therefore, the spirit and scope of the
appended claims should not be limited to the description of the preferred versions

contained herein.

[0037] All documents cited herein are fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent they are not

inconsistent with this specification.
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the bridged bis- inden transitional netal netall ocene
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fused 49 e g@ﬁ&%ﬂ fobhigs wherei n the indenyl conplex

(Cp 'R'mR*(Cp *R*)MX,
wherein Cp ! of ligand (Cp 'R'}y) and Cp % of ligand (Cp szp) 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 §,
pis 1 to 5; and two R and two R* substituents on adjacent carbon atoms of
the Cp ring associated therewith are joined together to form a ring
containing six carbon atoms, R? is a bridging group, such that the number of
carbon atoms in the direct chain between the two ligands is 2, 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; and
(ii) recovering a polymer comprising units derived from alpha-olefin, ethylene,

and diene wherein the polymer is free from gel.
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has the general formula: (Cp 'R mR3(Cp 2R2p) MXq

wherein Cp | of ligand (Co'Rm and Cp 2 of ligand (Cp
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hydr ocar byl - substi tuted organonetal | oid or

hal ocar byl - substituted orggnonetalloid group

containing up to about 20 carbon atons, mis 1 to 5 p
is1to5 and tw R and two R2 substituents on

ad] ‘Hee ptocesar dfoclaint djrsvhofein irheheCuridged dhisiionylatraditional metal

therewjith are 0|ned t oget er rm
con‘i"ﬁﬁ\/\h?‘ﬁ’ﬁe gl S OB RS o R ﬁ?qwbﬁ g R} infgpendently
SUCia sbigéatbd g Qf(yl 9@[ @ﬁmga{a@éasalkyn ﬁﬂg%eﬂht%ﬁ%yl or any

chal n between the I'Mgands 1S 2, ransi t’i on
met mixtivay theggof vaIence of from3 to 6, fron1group 4, b5,
or 6 of the periodic table of the elenents and is in
its highest oxidation state, each Xis a non- Cp

i gPlﬁtgplﬁ&@s bBglain d (BERHEMAE hipha-elehiy Gy 16

oxyhydr ocar byl , halocarbylhlM hydroca@%ﬁ* substltuted
organonetaIIO|d oxyhydrocarbyl substituted

or ganonet al d or acar rb u ut.e "

o SEROREE 3 i o wREBiR e, S, ifiRenyl resgitipny pgse
at OjfBtallédesle Bathlyste@tpbuidis ethgleviabanitgerdi-zidoniin Unethyland
(ii) recovering a polyner conprising units derived from
al pha- ol efi n, ethylene and di ene wherein the polyner

f:
18 TSR it BenclPERGETE bRl bsiiops) metal

transirtrona

met mkfallecne camlty@tl c}bﬁ‘tpoﬁﬁﬂ’ﬁ@ @thyltne B3 indeyl-GEn2mCHRn2thyl.and
wherein R independently is selected from hydrogen,
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The process of claim 1 wherein the polymer has a branching index of about 0.1 to
about 1.0.

The process of claim 1 wherein the alpha-olefin, ethylene, and at least one diene

are polymerized at a temperature range of about 20-200° C.
The process of claim 2 wherein the alpha-olefin is propylene.

The process of claim 2 wherein the bridged bis-indenyl transitional metal
metallocene catalyst compound comprises ethylene-bis-indenyl-zirconium

dimethyl.

The process of claim 2 wherein the bridged bis-indenyl transitional metal
metallocene catalyst compound comprises ethylene-bis-indenyl-hafnium

dimethyl.
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et hyl ene, and at Ieast one diene are polynerized at a
pressure of about 50-2000 psi (about 350-14000 kPa).



