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insertion of the propylene comonomer. The low activity of the catalyst leads to the
need to de-ash the polymer to remove vanadium residues, especially for if the
polymer is to be used for electrical applications. Propylene and 1-butene have
been used as comonomers to provide short chain branching (SCB) in Ziegler-
Natta produced plastomers. More recently metallocene based single site catalysts
have been identified to make plastomers in a continuous solution process at higher
temperatures and at higher activities where activity is defined as the amount of
polymer produced per amount of transition metal single site catalyst component.
[0003] It has been recognized that metallocene based catalyst systems

produce terminal unsaturation by, for example, beta-hydride elimination. It has
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hafnocene activated by a tetra-aryl substituted anion, wherein each anion has at
least two cyclic aromatic rings. In the examples octene-1 is used as a comonomer.
Polymerization was at 170° C for MI levels of from 0.49 to 3.6 g/10 min.
WO09945041 does not teach the use of propylene as a comonomer at especially
high temperature polymerization temperatures.

[0006] W00234795 describes a plant, in which these processes can be
practiced industrially and in which an advantageous arrangement is described for
recycling unreacted monomers back to the polymerization reactor(s) after suitable
purification through liquid phase separation, distillation and/or sieves. The above

references are incorporated by reference for US purposes.
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with peroxides, which enhances thermal stability. The polymers are de-ashed to
remove at least partially, catalyst residues and anti-agglomeration additives to
obtain reasonable electrical insulating properties. All of the above references are
incorporated by reference for US purposes.

[0010] Metallocene catalyst based ethylene alpha-olefin copolymers also
find limited application in electrical insulation compounds. Some ethylene-butene
plastomer products made in a high-pressure process have been evaluated in
insulation and semi-conductive formulations, see US6270856 (ExxonMobil,
Hendewerk et al.) These polymers possess inherently good electrical insulating

properties, but have a narrow molecular weight distribution (MWD) resulting in
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[0013] In a first aspect of the invention there is provided a continuous

polymerization process for preparing a random ethylene interpolymer which

comprises the steps of:
(A) polymerizing ethylene, and an a-olefin comonomer selected from the
group consisting of propylene and 1-butene and mixtures thereof under
continuous random polymerization conditions in the presence of single site
catalyst system employing an ionic activator having cyclic ligands
shielding a central charge bearing atom, at a temperature of 140° C to 250°
C at a conversion of ethylene of 80 to 99% and a comonomer conversion

of from 20 to 80%; and
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[0018] The polymerization may be performed adiabatically using a
catalyst system including a hafnocene having two cyclopentadienyl groups
connected by a bridging structure, preferably a single atom bridge. The ionic
activator preferably has at least two polycyclic ligands, especially at least partly
fluorinated. The use of a highly active metallocene catalyst and substantially
equimolar ionic activator may permit reduced catalyst residue, which in turn may
improve the electrical insulating properties.

[0019] It is advantageous to maximize the reactor temperature and

substantially eliminate the use of transfer agent such as hydrogen. The high
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at an MI of greater than 8, the MIR (I121/12) > 30.
[0023] The interpolymer may have specific MI ranges combined with
specific high load/ low load MI ratio ranges. Where the MI is from 0.01 to 0.30,
121/12 > -103.45 x MI + 91.0 and/or 121/12 < -103.45 x MI + 241.0. Where the MI
is from 0.30 to 1.40, 121/12 > -18.18 x MI + 65.4 and/or 121/I12 < -18.18 x MI +
215.4. Where the MI 1s from 1.40 to 8.0, 121/12 > -1.515 x MI + 42.1 and/or
121/12 < -1.515 x MI + 192.1. Where the MI is from 8.0 to 1000, I121/12 > 30.0
and/or 121/12 < 180.0.
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[0027] Low levels of catalyst residue may remain in the polymer. The
polymerization conditions can be selected to provide a high conversion of the
monomers in solution, so favoring the incorporation of vinyl terminated
macromers, which thus go on to form LCB's. High conversions reduce the cost for
recycling unconsumed monomer.
[0028] Because of higher alpha-olefins are not employed, accumulation of

unsaturated or branched isomers of higher alpha-olefins can be avoided. The level
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consumed. Associated activators may be used at different molar ratios relative to
the transition metal component. Thus for a full activity picture, the activity in
terms of activator consumption per unit polymer produced may also be
considered.

[0031] The level of long chain branching depends on the selection of the
transition metal component and some process conditions such as temperature and
the extent to which the monomer present is converted.

[0032] The choice of transition metal component and NCA may influence

the chain growth and molecular weight. If the catalyst system and process
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reducing the amount of higher a-olefins used as comonomer, it is possible to
extend the operating envelope for polymerization to regions of high temperature
and/or high monomer conversion to favor LCB formation so as to give MIR
(I21/12) in excess of 30 with catalyst activities based on grams of polymer
produced per gram of transition metal compound consumed for continuous
processes in excess of 200 000, possibly 400 000, or even above 600 000 for the
target range of MI's suitable for thermoplastic processing such as extrusion in
cable manufacture.

[0036] As to the NCA, it is most preferred to use a NCA whose charge
bearing atom or atoms, especially boron or aluminum, are shielded by

halogenated, especially perfluorinated, cyclic radicals, and especially polycyclic



pol ymeri zation kinetics and catal yst activity. Bridged
bi s-l1igand netal |l ocene structures can provide a
W@ 2008l0947% site, which encourages incorporati oPCDiS1008009575
| arger conononers. Smal |l er cononomers such as
propyl ene and 1 -butene canjipe incorporated nore
easily as well. As disclosed in W9951648 it is

oL B S 0 Sl S
%réié f&u&@} ﬁéMﬁé afﬁé%ne%mt :!T?éldé“cpﬂ? %ﬁﬁ %xﬁﬁ&’rﬁ&‘ﬂﬁ! polycyclic

ovi hi gh nol ecul ar wei ght
craalmatisxr@ieqmbmctyaﬂo@nedfﬁﬁ rdmbuaiidingap rssist el pmsct’rgmg tegher

unt, of h a-ol efins usdas cono
el A e T R e Ra et S iy My bE among
Rﬁé ﬁ)?@’éﬂréditcht@ﬁsf R)rrtﬁ@lﬁﬂ%ﬁ)o‘l)}fm&b WF heREEROH By GREHRE the
monomer conversion to favor LCB formati oh so as

tcongnws MprReesg 1ip 1golution; af exususlly dfighs@radessh temateaatyss and/or

et BRu P o BB gl SR e T Eb R BE b R e

qogs7jnuous Atﬁﬁtﬂ&%ﬂﬁ@ﬁagﬂo&%ﬁlggﬁo Bflert0f DQmordaRs ihite and
400 00, or even above 600 000 for the target ran

sebigappligationa prrsingio Enaehdibienbeldngrapedssibaigs aurem %a%f the
q‘{fé}{elﬂshlgt%ahnm gﬁﬁ'se ﬁg&[@g&%&@hﬁﬁ%@ td?ﬁlggtgeét BN Retin

err e
bﬁpb]lyﬁg:rﬁiﬂmm)lyme&t with shasgiée cladihyyarb d¢sooided aldunars eriended.
are i el de hal ogenat ed, peci al
1t 1@%1 of &Etiop e anbb%ieéﬁan@gb e iegfapglements with

o 8BTS L e
I\andtacpwpeﬁgrlaglhe} leveds NNCAllersaral adsbitietse Ilp s@uelapicahiansi ingwire
o pegR Pe ot Ea el LY ket obishal Resontent helps o
GEdRle A EFBNDNIPBYNASSt. St 1 n preserving higher
nmol ecul ar wei ghts_ and/ or hi gher operatin

t[80FHr at ur d8. yeTlayrthereasperiyhe envantery praviees pineslegtricsd| device
Lxgt |
SRRl e AR RR TS50k DY 5 orin o

Wolkatied with hing fonpraeaase dfeﬂm geatugs eadiased @revxcrmlyommesultmg
converS|ons surprj singl gh I evel s of

ocqsematmﬁwew}f&&pm%@w énatysl?ed@e% f%ﬁ)}}q epdting
R ol SRS B s
rfdbnd tetof ast ey be gharecb ffat dmu palrmlduﬂlatlselem‘trlctaﬂ] apphd:apnarunder
rc%lnsa1tdler\a{11(:ailn¥ "lth% 1?1'51 Qtler{g r%legltt])er comprlsmg the polymer with the features
described previously can be used in various wire an cable applications. These
consist of low voltage, typically less than 5 kV, medium voltage, in the range of 5
kV to 69 kV and high voltage, describing range above 69 kV applications. The
compounds in general comprise a reinforcing filler, such as calcined clay to
provide mechanical properties and processability. The amount of filler used in the
formulation depends on the type of application. Sometimes a flame retardant
filler, such as magnesium hydroxide, is used in combination or replacing the
calcined clay. The insulating member comprising the polymer with the features

described above can also be used in flame retardant compound applications,
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Exanmp| €s. rAd) the Exanples the different tests and pNm/min
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e OW rHii€SBroRitRer W S€ nment |1 pned: WO Z005/ 09547%
PCT/ USDORMAOBS75 -12- Tablp 1 No Test Test Method MPa
Uni t s| 300%BMddylhene and oct ene| 43YM Bri2-8%f the ASTM D  MPa
3900 [Flinfle Fstnth dlopgation polyners See Note * 2 Mboney MPa
Vi sco |tv ASTM D 1646- QA Mbo units 3 Scarchitime %
ASTM O 6@% %%M Cure’v%}ﬂVl terjstics ML/DN.m
VH DN HistieS3eng PEtoHg4- 93 $§ % Cure Rate Q
BN B S i s PN Gimin
Mass Rate As described later on in pm
Ra specification pm
Rt
8 Electrical Power Loss Dissipation factor in water @
90° C, 60Hz, and 600 V AC
See Note **
9 Melt Index and MI g/10 min.
Melt Index Ratio (MIR) ASTM D 1238 MIR Dimensionless
T 3
10 Denstty ASTM D 1505 98 glem
11 ICP AES ppm
Internally Coupled Plasma Atomic See Note ***
Emissions Spectroscopy

*1-Octene is measured by reference to the 1387 cm-1 absorbence bancl of the FTIR
spectrum.

**ASTM

D-150-98

***JCP-AES is a commercially available form of optical emission spectrometry with
inductively coupled plasma. The plasma is formed by argon gas flowing through a radio
frequency field where it is kept in a state of partial ionization; i.e. the gas cont ains electrically
charged particles. This allows it to operate at very high temperatures of up €o 10 000 C. At

those conditions most elements emit light of characteristic wavelengths

measured and used to determine the concentration of particular elements.

[0040]

which can be

The sample to be analyzed is introduced into the plasma as a fine

droplet aerosol. Light from the different elements is separated dinto different

wavelengths by means of a grating and is captured by light-sensitive detectors,

one for each element being analyzed. This permits simultaneous analysis of up to
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90 C, 60Hz, and 600 .V AC See Note 9 Melt Index and M
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added to control molecular weight. Polymerizations were run at high temperatures
and conversions to maximize macromer re-insertions that create LCB. This
combination of a homogeneous, continuous, solution process at higher
temperatures helped to ensure that the products had narrow composition and
sequence distributions, but higher long chain branching content as measured by
MIR (121/12).

[0042] The hexane solvent was purified over beds of 3A mole sieves and
basic alumina. Ethylene and octene were dried over beds of 3A mole sieves only.
All feeds were pumped into the reactors by metering pumps, except for the
ethylene, which flowed as a gas through a mass flow meter/controller. Reactor
temperature was controlled adiabatically by controlled chilling of the feeds and
using the heat of polymerization to heat the reactor. Feed temperature can range
from —20° C to 40° C or higher. Typical feed temperatures are kept at 10° C for
high conversion runs and as high as 25° C for high temperature runs.

[0043] The reactors were maintained at a pressure in excess of the vapor
pressure of the reactant mixture to keep the reactants in the liquid phase. In this
manner the reactors were operated liquid full in a homogeneous single phase.
Ethylene and propylene feeds were combined into one stream and then mixed with

a pre-chilled hexane stream. A hexane solution of a tri-n-octyl aluminum
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to keep the reactants in the liquid phase. In this
amount of monomer and comonomer available for polymerization amd again

favoring macromer incorporation and LCB formation.

[0047] Increased temperatures can be reached in adiabatic oper-ation by
increasing the amount of monomer and comonomer converted to polymer per unit
time using increased levels of catalyst and increased monomer concemtrations.
Increased polymerization temperatures may themselves be associated with
increased activity so that the catalyst addition rate may need to be changed to
reach stable operating conditions. Increased monomer conversions may be
reached by increasing catalyst levels or increasing the reactor residen ce times
without increasing the monomer concentration so that monomer is consumed to a

greater extent and its concentration lowered. Optimally the catalyst s-ystem is
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egger atures differences in 1 ncorporation of

RENRIEC NG/ Ry MRz Boka gr%ﬂyéﬂr GuibLpdnthe leap ?ha:w gnd
833#& Sledrdy OrA adeRPLEAUE LhORe Aoy m&%g&;l AN v be
cononomner nverS|on can be i'ncrease e
aitigated hyfrerrmmrgeﬁhewmdeﬁmﬁnmmhe ravyald sivhm zinn]r/or encou:raging
q%OJ yneri zatian andla ai vor| n gﬁcr oner
AIC B ECRRY B P ‘afnhlg?@ PenpHdgEREatures.
psper at urgse ?cﬁl’é)v@ﬁ?g &@ﬁ"sc Wéﬁa- berf&eiabaith Ghe %fl@«kin@ncéﬁélyst
i ncreasi ng the anount of nononer and cononomer
Keeusrted to polynmer per unit time using increased
| evel s of catal yst and increased nonomer

concentrati ons. Table 2
Catalyst system Transition metal Activator Component Scaven ger component
component (TM) (NCA)
(A) Dimethy! silyl Dimethyl anilinium Tri-n-o ctyl aluminum
bis(indenyl) hafnium tetrakis (heptafluoro-
dimethyl naphthyl) borate
(B) (p-Et;Si-phenyl), C Dimethyl anilinium Tri-n-o ctyl aluminum
(2,7Bu),Flu)(Cp) HfMe, | tetrakis (heptafluoro-
naphthyl) borate
© (p-Et;Si-phenyl), C Dimethyl anilinium Tri-n-o<ctyl aluminum
(2,7Bu),Flu)(Cp) HfMe, | tetrakis
(pentafluorophenyl)
borate
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be associated with increased activity so that the

W@ 2008409875 addi ti on rate nmay need to be changedP€DUS2005/009575
reach stabl e operating conditions. Increased nononer
conversions may be reachedjdy increasing catalyst

| evel s or increasing the reactor residence tines

wi t hout increasing the nmonomer concentration so that
983biner i sPlegamgrs] pwd madeain gr Banber ekirept Using ithe process

FERGR Bl BB B sl SR RS 2V ST
permt both higher nmonomer conversion and mai nt ai ned

or inmproved operating tedpbledtures. [0048] The
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is
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K

I s—through | et-4g %_\LaJ_\ Higyi-d PPass
separ at i%?\py&gessgﬁ? in which the iﬁﬁessur ddr ops| %
ereek-yfromt Gppar—ta-49-Bar- TeRstaerthe—vesselsan
upper Ieécrlpyr?ﬁease rs for ne'é wi i h Vess tthan 0. 1f wt ™% of
Dl g " el ina e il Alhhoo o liag + 1 DN+ ~ AN
JWyIICI e I PUl ymgl LI L;!0.8WI.G.DC Vglg( T OU L384'-|'U
Moo, Of | pol ymer|.” 'The cgncentration in the polyper rich
Diase T[SoqRPT OXT@Rt ety [@eubtehgsd 71 pirg ot at—1gthe

pobyprer|i zati on [ef fl uent|. After further |renoval | of

sol'vent and nmonomer in a | OW pr essure separator and
@esz ati | i Kemhydiebh &tk 2@ded. PHeY1BECsS 3BndiBosCHOMRA nfns Ot re
the plant. [0049] The | ean phase and vol atiles renoved
Ahgh steriedrfrofchiaye the garaet Mhdwe adiapiinea theo ferepesature OR by
E{Cﬁl.%)ﬁ?lg%ge &8&%61%%5{1?1&%& Qses %nylgl?ﬁé f_%)?l%]\xf?r% ée%?lfjs- ’h{é aé(rggess
process a degree of separation and purification es
q@nditnt arer emavaizpdimTablepuri ti es that m ght underm ne
the activity of the catalyst. Any internally

unsaturated olefins, which are difficult to

pol ymeri ze woul d gradual lypibyi I d up in the | ean phase
and recycl e staes@svalldsromdvierisentaifiegt S on t he

pol yneri zation activity, may be nitigated by renoving

Rhese |drets Asntbk om th€ recyc| € st r eafrRaiiehiror| Production | g polymer/g
encourlagi ng their | pBYgEMNat fBYFTSiaR { he pol vindpte ™
f avor ¢dlgyCHRyEEpol yr¥ Pz at i b Yenper d6F es. | | [06=] | 250 000
e Lil_héhwmmbUIlb Wefgheper T osTmg Wi thsthe—t U)'-igKg)'hﬂ'U 422000
catal yist  systens: Table 2
I High Conversion and 90.4%. 56.3%. 160°C 12.4Kg/hr 203 000
High Temperature
WY High Conversion 90.9% 59.9% 145.5°C 12.1Kg/hr | 103 000
Comp
v High temperature 84.0%. 48.2%. 153.5°C I 1.7Kg/hr 110 000
Comp.
VI Typical run (not 76% 38% 130 °C Not 90 000
according to available
invention)
[0053] Octene used as comonomer may include isomers, which have a

negative effect on activity.




Catal yst system Transition netal Activator Conponent

Scavenger conponent conponent (TM (NCA) (A) D nethyl
wa@rdogloBrset hyl anilinium Tri-n-o ctyl al um nuP€T/US2005/009575

bi s(i ndenyl) hafniumtetrakis (heptafluoro dinethyl

napht hyl ) borate (B) (p- Et_31$/i -phenyl)2 C D net hyl

aniliniumTri-n-o ctyl alumnum (2,7 Bu)2Fl u)(Cp)

Hf Me2 tetrakis (heptafluoro naphthyl) borate (C
aniliniumTri-n-octyl

) kis
(pent af | uor ophetyy - s 75
CT/ LIS2NNE/ NNOE 75 1 [ aYaY =S| Pl act n S aro mmda 1 n o
T Sarhple™] Catalyst~ 1 Monomer = Process” 1 [ MITT90 ~1 MIR I“ tivity - | ICP < TICP
DROUCT Qoo ng g THG. | Bt 0CPaS 5 (BEPRLAL! Y JB65SL 1 BEG, | ot
previ oysl'y and the indicated cghal yst syst 0 Fin ppm
Rem—Co= et T Adtertewt S sirstty T ibs MRS2@MoMeEs do0 | A [ VA
Propyl gne” (A) {73.4 0. 8]:7%\,395;0%6 52.9 I Propyl ene (A
74.6 0.1875 1.18 46.3 | 111 Propylene (B) 73/3 0.871

121 64.® |V |&t&ne [(Beh67. 5| B2872 R433536)425 ©Bnp <082 | 0.326
Cct ene [(C) 72.]9 0. 885/ Hacou 4. y

P
M r gcess conditionstlin thelruns
hi eve

e dither ; Ted t Tothe thfid mOBR00 | N/A

0 &
adj ustijng the ten‘perat‘[’ﬁ’fwem& py adj pusting|the noponer

comver JI(ONs ag GGRown | Typichieud pi.b®w np2&imt alf bgoooThe 0.14* | 2.1*

pCooesy condijti ons afr@otsenrwari zed ip Tabl ¢ 4. Table 4
invention)

* not measured by ICP, calculated on a 100% inclusion of catalyst residue in polymer.

[0054] Table 4 illustrates that using the dimethyl anilinium tetrakis
(pentafluorophenyl) borate as NCA, leads to low activities and hence negative
impact on electrical properties (run 4 and 5). (p-Et*Si-phenyl)2 C
(2,7tBu)2F1u)(Cp) HfMe?2 provides a higher conversion and promotes a high MIR
(I*'/1%) value. Using a catalyst system with a chiral or achiral hafnocene hence
permits the production of a polymer, which has a commercial MI range, a high
MIR (I*'/I%) and a low catalyst residue in the polymer.

[0055] Example I shows a high conversion and reasonable activity. The
MIR (I21/12). was 53. Example II is made at a high polymerization temperature at
some reduction in conversion. The MIR (I121/12) at 46 remains high and activity is
much higher than for I. Example III shows that the use of catalyst (B) permits a
higher conversion/temperature balance than catalyst (A) at comparable activity.
The choice of process conditions and catalyst permits the combination of a high
conversion, high polymerization temperature and high MIR (I121/12). Example IV
and V show that using octene-1 as a comonomer does not permit a good
combination of high activity and high MIR (121/12).

Blend with the interpolymers with EP-VNB

[0056] Table 6 contains a list of the ethylene a-olefin polymers used in the

medium voltage electrical formulation also containing Vistalon V1703P



W@ owse9sR7THN conversion Rate TM |

(Aver age val ues from experinmental runs) Run Process
Control C_ C Rx Tenp Production g polyner/ g

H gh Conver si BXT/8482089609575
146C 1 1.6Kg/ hr 250 000 Il H gh Rx Temp 70. 0%
27.5% 156C 9 -8Kg/hr 422 00{x .11l H gh Conversion and
90.4% 56.3% 160C 12.4Kg/ hr 203 000 Hi gh Tenperature

IV Hi gh, Conversion 90.9% 59. 9% 145. 5C 12. 1Kg/ hr 103
oommmessiahlyvaygilghle: Eope daopidob . Ghgmisgl sompamy3 Bes polymer

gt e PR UG T

[ 0053] Cctene used as cononomer may include isoners,

whi ch have a negative ef fB&BLEM activity. WO
2005/ 095475 PCT/ USBOBEMERSHARACHERISEIGS| ¢ 5 (Specific

43. 3%

\Y; s fromsanples during run) Sa e _Cat al yst _ _
8RB Bracess M £190 MR Act Mt I|cPo ft ypiwe | Diene
feed Control C, 2362124 & Polyi 2y BAGh | "TVP
. ' éwtf@é?\ A nP b h
26§ 8ReN A NEA Tcomwersigghy T (A€ +CHghz 25vxgE 0.0
48.13Bp425 000 <0.22 0.826 repctionjtemp |{I11 (B) C +C
Higil 1. 56 78. 66 2043.600 W& conversi 068 VIT (O G ®Gne | None
Typical run 1.06]28.76 |90 000[ 0.14*|2.1 *
Engage 8100 C’ 62 0.870 1.0 28 23 None None
[0057] Metallocene polymers IV and VI are comparative ethylene octene

polymers made with dimethyl anilinium tetrakis (pentafluorophenyl) borate as an
activator at a density of 0.870. III is an inventive ethylene propylene copolymer
prepared using a metallocene catalyst and dimethyl anilinijum tetrakis

(heptafluoro-naphthyl) borate as activator. Engage 8100 is an ethylene octene

copolymer commercially available from DuPont Dow Elastomers LLC.

[0058]

compound containing 60 parts of clay as filler.

TABLE 7

MEDIUM VOLTAGE COMPOUND FORMULATION

Table 7 shows an industry standard medium voltage insulation

Components Description Formulation (phr)
Polymer! 100
Translink 37 Clay Calcined Clay 60
Agerite MA Antioxidant 1.5
Drimix A 172 Vinyl Silane 1.0
Zinc Oxide 5.0
ERD 90 Red Lead 5.0
Escorene LD 400 Low Density Polyethylene 5.0
Paraffin 1236 Wax 6.0
Curatives
DiCup 40 KE Dicumyl Peroxide 6.5
(40% Active)

I+ V 1703P




Conp. (not acc. to invention) not measured by | CP,

cal cul ated on a 100% i ncl usion of catalyst residue in
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dimethyl aniliniumtetrakis (pentafluorophenyl)

borate as NCA, |leads to lowggtivities and hence

negative inpact on electrical properties (run 4 and
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chgiEembing rlidegaide %m@aﬁefhaﬁfﬁswwt E4Q SNyl ptripe B 8 rpilldnife
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¢ SHOPED (REe Bl P Ak E R SIS clth MRE IR RLER A the
sd:mmpddmdtwassmnvg:ddbt éunthel te miNESTH (bemperaimfs last than 125° C.

per m ood onbl ation. of hi gh activity and hjgh
ViRe tinsd <P e (Rl A o B el Fligand
thﬁﬁlhteEQEﬂo%nﬁlll%éﬂeQT&sexﬁ"uhbﬁbr&%sshfge et hyl ene

a-olefin polyners used in the nediumvoltage

el0960} i cal Tablmfishows theahxingpmeedurdsiagd vorditipbon V1703P
WD 2005/ 095475 PCT/ US2005/ 009575 -18 conmmercial ly

avai | abl e from ExxaiMpRislvikisdrrocepBRpanNy. This

pol ymer contains Vigd¥ipmBRk D9§00eNBanbYB) as the
ternononer and is hi ghbypcH®ianchachgm TABLE 6 POLYMER
CHARACTERI STI CS Pol yner type Cg/mi M MR M. D ene

Dil et (mir@fed0 (12171 2)| KolotSpeedip® (W . %9  MingjediddSLadition
0 85 Polymer + Agerite
0.5 85 1/2 Clay, Zinc Oxide
ERD 90, 1/2 Drimix
LD 400
2.0 100 1/4 Clay, 1/4 Drimix, 1/2 Wax
3.0 100 1/4 Clay, 1/4 Drimix, 1/2 Wax
4.0 100 Sweep
5.5 100 Sweep
7.0 Dump
[0061] Compound extrusion studies were performed in a HAAKE

Rheocord 90 single screw extruder. The screw length to diameter (LID) for this
extruder is 20/1. The extruder screw has a compression ratio of 2/1, which is
typical for processing rubber compounds. A cylindrical die with a land length of
9.5 rnm and diameter of 3.2 mm was used to assess surface appearance of the
extrudates. The various zones of the extruder and the die block temperature are
maintained constant at 125 °C. Granulated rubber is fed through the extruder

hopper to maintain a full screw, but an empty hopper during extrusion. The



(M) (m.% Vistalon(r) C 76 0.870 25 VNB 0.9 1703P

1l C73.6 0.872 1.3 68 None None Engage 8100 C 62
wW@2®309470 28 23 None None [0057] Metal | oceneP@DU§2085/609575

IV and VI are conparative ethylene octene polyners

made W th di nethyl aniliniumgetrakis

(pent af | uorophenyl) borate as an activator at a

density of 0.870 i s an_inventive et hﬁh
p?PﬁWF%?FéeYWE%‘FC&/Wﬂ% fopnt 28Nt §0Q et Hhe @e@ﬁéroughput is

CALBIS ool OS] LILAE L2 o e v

Smﬁiﬁcslem“th @if tiyhes tgpi cadtyelteto %bmbgdsatepenﬂm@ oa Ith& h(yew speed.
axgl? able fro DuPooi @/EI astonmers LLC. [0058] Table
7 A SpBlss erecollestid 1o BrOMEi AV E'38E ¥ESi nsul ati on

nd co "
R Vo e }%%géF%%%ui’%{mt@%g‘%%%gnuSénjé%’r:rfcom

DKL smqﬁiqecgauggr”ﬁhﬂ suifoom (ipsirdmenPo$ pgwipped Bdth ar dmns:indrdtylus

tioxidant 1.
ShaihierS Sl firite 3 SIS e i g epigrgipe the
Ragfdee @Qe%'ill&ltlégs TRE Q’Bﬁlcblaiﬁt@@cém et Mgl?é?i Xﬁ& M&f‘ Boint
5.0 Paraffin 1236 Wax O Curatives D Cup

Dincay yifacedregladtys d§not€<h@9/£AéEm)e§ meapyred fcur q\mesamme The

20050 095415, RETLUS200% 009545, A0, LRSI H0e Al mean e

Slin ned sur ace rea
apsablsable€orded (Om). An average value is obtained based on at least 3

measurements per sample.

[0063] The variation of compound viscosity with frequency was measured
using a RPA 2000 Rubber Process Analyzer. The measurements were made at a
constant strain of 14 % and temperature of 125 °C .The frequency was varied from
0.21 to 219 (1/sec).

[0064] Table 9 shows the compound cure and physical properties of
medium voltage compound formulations, prepared as outlined in Tables 7 and 8,
containing the EP(D)M- VNB terpolymer V 1703P by itself and in blends with the

metallocene ethylene propylene copolymer III.



from Engel hard Corp. The fornul ati ons were conpounded

using a two pass mxing protocol in a 1600 ni.
w@B200b109347311 Xer using a batch wei ght of 1420 g, PCWB2005/009575

corresponds to a fill factor of 75 % The masterbatch

conpound wi thout the peroxigle.was mxed in the first

pass for a total mxing time of 7 mnutes foll ow ng

the mxi ng procedur e shovvn |n Tabl e 8. The rraster bat ch

aIirdqutI nIA'“qL ‘ZSHOgEX(?lMplLﬁg m Xi ng Th mil | ed mast&cluB al cH was > 4
P ST | leni £ o b+ oo
Il‘U Qllu] l QU TT 'JQ UQI II\‘J u. III LI LASLILLELIA I P L PJ
vbyv‘ﬁ%) | ntroduced again into the m xer along v%/g?h t ¢ 32 100
7S E"{ ""i VTR OUTTO—WarS frxet—for furth... t
mlwtl@sc A terrper atures less than 125,&. |Thg fing 21 18

) "
rc IIISQIGJQCIII LCU Ulic e dgdl Ui vrg tvwWo=1 Ul

mll "and gr anul ated into sl VanRilecagyf ol exkr usip@n| o3 8.4
processi ng. [0060] Tahig & 3slapvsetl he nith Xi NQ 1ps ocedyr €05 | 21.7

[BIOR SAONTEI303 O deg, 6MBLE 8 M XI NG PROCEDUORE | EqQUT PITETT

1@00cc. Banbury Batch Size : 1420 gan-ki mg (61 nUtes)| 5.9 5.1

ReHor Speed (rpnm) Ingredients Addijtidwm O|854.Pol ya®r | 6.3 | 69.0

Agérite 0.5 85 1/2 day, Zinc OxidenErRD 90061/ 2 062 | 065 | 0.65

DPmix LD 400 2.0 100 1/4 Cay, 1/40Rrim/x]184/2 Max| 1.94 | 20

3T9(§ 100 1/4 d ay, 1/4 Drimix, 1/2|WpRing @ 208 Swedp| 243 | 247
il

00 Sweep 7,0 Dunp [ 0061] &rpﬁg@ﬁ*ﬂ“f X | 708 | 65

Dh mnrr
ness FyE 8” §Er ew | ength to Sﬁlgrggreﬁ Fog( LI D) fOF o %5
b%Mo%lL{ uder is 20/1. The extruder Vel ew a 5, 44 39
c&mm%pn ratio of 2/1, which ig wagl cal §or| 3 73 | 64
PI0%8&sLIag r ubber conmpounds. A cylji ndtpacall dpe Wth g 8.4

| adle seagthh of 9.5 rnm and di anet er Mrh 3.2 100 Yas2 9.0 8.6
(Bledatfop assess surface appearanceof %he 287 263 | 267 | 303

Heat Aging (14 d/150C)

Hardness (oven#4) Shore A 88 86 86 84
Hardness Change Points -1 0 0 -1
Tensile Strength MPa 1451 1297 | 1278 | 1142
Tensile Retain % 97 97 98 92
Elongation % 267 282 299 359
Elongation Retain % 93 107 112 118
[0065] Formulation example 1 is a comparative formulation, while

Formulation examples 2 through 4 are inventive compounds. Substitution of V
1703P with the metallocene candidate III leads to a marginal decrease in cure rate
from the replacement of the VNB terpolymer, but enhanced heat aged physical
properties, notably elongation to break.

[0066] Table 10 shows compound extrusion properties of the formulation
described in Table 9.
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con ai ning the EP(D)M VNB tler pol yner 17(3P by
IO0REM f and in blends with the netalllocthe et Byl ¢ndS! 147

propyl ene copolynmer [11.

PCT/ US2005/ 009575

WD 2005/ 095475
-21 TABLE 9 COVPOUND CURE

CIMRALTERI sﬂtcmeANDS@wSimioPRmEWDEB toFIBRNVULIAT | codpound

ormuEltlon example E?qge extrudate surface properties are comparable to the

comparative Example 1 formulated with the reference polymer V 1703P. With
increasing metallocene polymer content in the formulation, melt fracture was
noticed on the extrudates at extruder speed of 50 rpm and above. This is
manifested by the relatively high Rt values for Examples 3 and 4.

[0068]

factor with time on samples that were aged in water at 90 °C. The performance of

FIG. 1 shows the variation of the compound dissipation (or loss)

the inventive formulations 2 through 4 is very similar to the comparative
formulation example 1.

[0069]
in formulations featuring the reference polymer V 1703P by itself, and in 50/50

FIG. 2 shows the variation of compound viscosity with frequency

blends with the metallocene candidate III and comparative metallocene polymers
PX-3 and ENGAGE 8100. The extensive branching in the reference polymer V

1703P makes the compound containing this polymer most shear sensitive resulting



V 1703P 100 50 25 111 0 50 75 100 CWPD. MOONEY

VI SCOSI TY (M) (1+4) 125 C MJ 22 22 2'1 18 Mooney
weewsops4(ivs) 132 C M n Value MJ 10.8 10.6 9. 8 BCHUSIDOH@9S75

for 3 point rise mn 14.2 18.5 20.5 21.7 ODR 200 C

(392 F), 3 deg, 6 mn M. d\:m36.1 6.3 5.9 5.1 M dNm

94.1 83.6 76.3 69.0 Ts2 min 0.63 0.62 0.65 0.65 T90

mn 1.84 1.86 1.94 2.0, T98 min 2.38 2.36 2.43 2,

Reathe iawest APRPQUIY. Visqpsity atthe digher Bequpnexrangriof! 88 t<0250 sec-
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(L TheSuthRias rep 3N Wil R ol R A s EREIATE 810 are
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Modul us a_ 10 nsile Strength M

gprgcgssgPilipy éﬁa%%nn%tzﬁect%scwtegegcs ?ﬁw A%&Fegst(efa The
dfo}lﬁg@cmﬁ@éﬁﬁﬁﬁg‘ tl{e%@tﬁllﬁceﬂe p§m{e? It s%gw§ &nB&c8d pr cessablhty

dness Change Points - - Tensile Stren oh

1@\&1 thg ooz &iviel 2 aﬁﬁbl’ﬁé\i(BAGEeﬁ Hh conihigy C@ﬁlpgﬁnds These

El ongation % 267 . 299. 3 El ongati on Retain % 93
TGP ey BY BEICTEGT REFAD on exanpl 6 1 is A
cpsiallatdnvékabpldey @dt7 on, while Fornul ation exanples 2

through 4 are inventive conpounds. Substitution of V
[0070] Medium voltage electrical compounds featuring polymer blends of

the metallocene candidate III with V 1703P were formulated as per the
formulation in Table 7, at varying blend ratios of III to V 1703 P. The
formulations were granulated into fine pellets and extruded onto a 14 AWG
copper wire.

[0071] Table 11 shows the process conditions for the wire line extrusion,
which correspond to typical run conditions of the control compound featuring the
V 1703P polymer. The medium voltage insulation compound coating the wire was
vulcanized in the steam / water heated continuos vulcanization tube maintained at
a constant temperature of 208 °C. Typical residence time in the vulcanization tube
depends on the line speed. At a line speed of 12.2 m/min, the residence time is
1.65 minutes.

[0072] As seen in Table 11 all the inventive formulations varying in blend
ratio of III to V 1703 P processed well at conditions similar to the control

compound.



1703P with the netal |l ocene candidate Ill leads to a
mar gi nal decrease in cure rate fromthe repl acenent
w@booskes4¥ANB t er pol yrrer, but enhanced heat agedP@hysS1005009575

properties, notably elongation to break. [0066] Table

10 shows conpound extrusion_ppoperties of the

formul ation described in Table 9. WD 2005/ 095475

PCT/ US2005/ 009575 -22 Table 10 Exanple | 2 3 4 Conp
®BP 100 50 25 111 0 50 75 100 HAAKE Rheocord 125

C, Mass Rate @iBLR 12owioM B B ShsTONRIR oM 65 51 69

51 75 RPM 110 100 107 103 100 RPM 1Z2Z 93 108 106

eocord 125 C, Ra “m 25 RPM 16 4 13 26 50 RPM
;‘%ﬁi‘% Tgesp‘fgsﬁ 5%‘ 2 15 29 100 RPM 7 2 27 24 HAAKE

Rheaoecard (] 2 D4 _IE 26 7641

J.ZJ \/, I\, /\'III J LI\ A [43\va T - 4 50 T\ M 44
ﬁm LE]"I 4| 5N 17 2 1nngDDn1 ‘7\,9 81 147
r 3

13 42 1 1
[M E@T’Oﬁ 73 Zp:?’ 50/ 50 8 af-orl . ;:'p:’m Cf“Kf;/Zﬁ 930 11 i
t %dg'é’b‘%%ﬁﬁ (Forrrul i of 1 Ie 184t hqm 195 dat e
9 'Ff ace properties cornp g g ﬁe rlative
i3 elforrmlated% t % ge{ohgg PohLg) V .
FE, s b o ket 1, MRSyt ent
Bmp P G418 ﬂoﬁ"e 102/102 | 103/103

Flange C 103/102 | 105/105 102/102

Melt Temperature 116 117 115

Line Speed m/mln 12.2 12.2 12.2

Line Speed Master % 88 88 88

Extruder Ref % 75 75 70

Capstan Ref % 55 55 55

Extruder RPM RPM 66 66 61.7

Extruder Head Pressure MPa 14.5-18.6 | 17.2-22.1 | 14.5-19.3

Steam Pressure MPa 172 1.72 1.72

CV Cure Temp C 208 208 208

Water Level m 6.4 6.4 6.4

[0074] Table 12 shows the physical properties of the wire samples of

Table 11 containing varying blend ratios of the metallocene candidate M3013101
to V 1703P. Formulation example 8 is the control formulation featuring V 1703P
without the metallocene candidate. As seen in Table 12, the surface roughness of
the wire samples (Rt) is nearly the same in all the compounds. The melt fracture
seen in Formulation examples 5 and 6 on extruded compounds (Table 10) is
eliminated by the application of steam in the continuous vulcanization tube. All
the example formulations 5 though 7 achieve close to 90 % cure, comparable to
the control Example 8. The tensile strength of the inventive compounds is slightly

lower than the control, but this level is adequate for the end use application.



noti ced on the extrudates at extruder speed of 50 rpm
mani fested by the relatively high
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and above. This is
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Exanpl es 3 and 4.

the variation of the conmpound dissipation (or |oss)
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8100 contai ni ng conpounds. These interpolyners may be
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[ |\/Ed| um vol ta e el ectrical compounds featuring
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Ttmnpcfundmrl aatddmoed lesek ogfradaad axléﬂca)mp@nfdl r&;eplﬁlchle}t $n certain

and, extruded. o 4 0 er wire. [007] bl e
et dndesBual clifiricel HRORHEY hE FwAipR Jastors and
eéﬁ’efe@ﬁicoeonsta\ﬂ?é Chh CRFiEE P eltn‘ﬁeﬁt){p bﬁﬁﬁatfdﬁg X%}Q dohiedsd to

of the control conpound featuri Big
povalirse | ﬂfEBﬁa electiiosh \poonesidges ifos oamukahomo nlpoturpdratlng certain

ng vuI canized in the steam/ water
hgg}%{ng con |rhal£so§es\°/ﬂ$ l?ﬁr%lgtl on tube maintained at a

cogspnt t eMpkleat 3Ir kst©fthR@8mEdiuhy Riotidte @SipdaAE EfokthiBtions,
in the vul cani zati on_tube
prepared as outlined in Tables 7 and 8, for which the electrical properties were
evaluated. Each formulation includes an ethylene interpolymer identified as
Polymer IV or Polymer V.
[0077]

catalyzed polymerization. Polymer IV has a Mooney viscosity of ML (1 + 4) at

Polymer IV is an EPDM terpolymer produced in a Ziegler-Natta

125° C of 25. The terpolymer incorporates ethylene, propylene, and ethylidene at
weight percentages of 73.3 wt.%, 23.4 wt.%, and 3.3 wt.%, respectively. Polymer
IV is commercially available from ExxonMobil Chemical under the designation
Vistalon® 8731.

[0078]

produced using a continuous polymerization process incorporating a metallocene

Polymer V is an EPM copolymer (ethylene-propylene copolymer)

catalyst and dimethy] anilinium tetrakis (heptafluoro-naphthyl) borate as activator.



depends on the line speed. At a |line speed of 12.2

mmn, the residence tine is 1.65 mnutes. [0072] As
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varying in blend ratio of Ill to V 1703 P processed

well at conditions simlar t_g the control conpound.
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11: WRE LINE PROCESS CONDI TIONS M313101 corresponds_

t Bolymer M lhas sedanpereviscagity of M0 (131 @1 ay 135° L7031 frarmas melt index

100104 35,70 S 805 SRABLL Bl 190 10 MK B
OP¢r0ént s VB 7240008 add O3 W0 18peddy100 100/ 100 Zone 3
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1 SOBPOT spedd WRSLSr (b bs BY BT RV PUde] RAPPL,TAPR)
/Bolfther BdApst an |[R&D % 55 55 55| 1@xtruder RPMBPM 66 66 |

1.7 Extruder IHead Pressure. a 14.5-18. 6
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Paraffin wax 5 5

Escorene LD 400 | 5 5

Agerite Resin D 1.5 1.5 )

Drimix A 1721 1

Silane

DiCup 40KE 6.5 6.5 6.5

Total phr 184 189 184

Curing conditions for all formulations was 20 minutes at 165° C

[0079] Dissipation factors for Examples 9-11 were determined over time

as reported in Table 14. Dissipation factors were determined after aging in water

at 90° C in accordance with ASTM D-150-98.

Table 14
Time Example 9 Example 10 Example 11
0 0.0054 0.0055 0.0054
1 day 0.0169 0.0165 0.0118
8 days 0.0249 0.0153 0.0106
14 days 0.0243 0.0160 0.0111
21 days 0.0233 0.0146 0.0116
28 0.0242 0.0127 0.0113

600 volts, ASTM tensile pad



to V 1703P. Fornul ation exanple 8 is the contro
formul ation featuring V 1703P w thout the netall ocene
w@anndiglare. As seen in Table 12, the surface reCmyosmes009575
of the wire sanples (Rt) is nearly the sanme in al
the conpounds. The melt fractyre seen in Formulation
exanpl es 5 and 6 on extruded conpounds (Table 10) is
the application of steamin the

eI i mnat ed \%q
#80huous eaneratlyz Hiei lower thsedissipationtipeion hmpatisr the electrical

g@hg or 308 £nf IRHANES: BCLLEAEIELOT8: 8 AYIEHER ver ime

stfanethglfdsmﬁﬂattdm df Bkaitiples @- Coarlaes inF16! BgAS been Hyowdrence
han. t he control but this |evel is ade ate for the

eitfaTa%]é ldpnd EXg Drihe fynpdumnogserpsrapes PopesdModusamstrated

T VR ey %8%?@@%5@}%“%% pl of a

Lilead Spdedompound (ERD DP).2 Hawavel3the fdtméntibenpieEasmple 11,
C.208 208 208 208 Wre Suyrf Roughness
O oS hosne el S BB S S R i Rpacion

Rtfa&oﬁﬁe@o%n%e 9élVe% @Ytho@' 9§Saéldlﬂl§§ dofl\/glt %‘iés@illceo/%9 Qe or a
88 90 100 % Mbodul us

Mdduyaiiye Reredtf, Fudh B aeieand eﬂmde cmapsmnlde St r engt h I\/Pa 9.0

8, 4 11. El t 9% 390.299 292 .291 , Break .Down
2101 AR SRty o, R fanipis, deCrfBed Rl are
e SRR FreeldTeeAA, B6EF6BRivEOHEFERE Foraehdsey Slthal disiSsure,

descri bed herein enabl e theag oducti on of conpositions
affte terre substantially dided deadand sistigatdves dharpef shplh gnean formulations

ggﬁgg%sg thﬁl qc ﬁrl 18 %I?d’/glp(?é’r ﬁ%eé i IIeBF 1&9&43{}%6?& ng’tahmlted

Fevel
0xo thad coxighesy pelr I(Sppm polgalekiy materigl @) timitie canfusitione it Sertain

¢ SEPBH G BB PPE S CEREE LRSI e Supieguab hee of kad, and

eYPETdTRE ke d? iRl Hald GRS pARINEREORMIAER .02 after aging for 28
days in water at 90° C. In other embodiments, the formulations described herein
are substantially free of lead, and derivatives thereof, and have dissipation factors
of less than 0.15 after aging for 28 days in water at 90° C. In still other
embodiments, the formulations described herein are substantially free of lead, and
derivatives thereof, and have dissipation factors of less than 0.13 after aging for
28 days in water at 90° C.
[0082] Dielectric constant values of the formulations of Examples 9-11
were determined over time as reported in Table 15. Dielectric constant values
were determined after aging in water at 90° C in accordance with ASTM D-150-
98.



eval uate these electrical properties for formul ations

i ncorporating certain polyneric materials described
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conmpound fornul ations, prepared as outlined in Tables
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Example 11, incorporating the metallocene catalyzed copolymer, Polymer V, and
no added lead oxide, demonstrated a superior lower dielectric constant after one
day and a favorable dielectric constant reduction of more than 5% by the end of
the 28 day period.

[0084] In certain embodiments, the formulations described herein are
substantially free of lead, and derivatives thereof, and have dielectric constant
values of less than 2.55 after aging for 28 days in water at 90° C. In other
embodiments, the formulations described herein are substantially free of lead, and
derivatives thereof, and have dielectric constant values of less than 2.50 after
aging for 28 days in water at 90° C. In still other embodiments, the formulations
described herein are substantially free of lead, and derivatives thereof, and have
dielectric constant values of less than 2.45 after aging for 28 days in water at 90°
C.

[0085] Tradenames used herein are indicated by a ™ symbol ,or an ®
symbol, indicating that the names may be protected by certain trademark rights.
Some such names may also be registered trademarks in various jurisdictions.
[0086] All patents, test procedures, and other documents cited herein,

including priority documents, are fully incorporated by reference to the extent
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Curing conditions for all formulations was 20 m nutes
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were determ ned over time as reported in Table 14.
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to | ead oxides, per 100 phr polyneric material (s) in
the conposition. In certain enbodinents, the

w0 ooosd:r3 ons descri bed herein are substanti al PGT/USE5/009575
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di el ectric constant reduction of nore than 5% by the
end of
2. Process according to claim 1 in which the comonomer conversion is at

least 30% and/or less than 80%.

3. Process according to claim 1 or claim 2 in which the ethylene copolymer

has an 121/12 of less than 200.

4. Process according to any of the preceding claims in which the ratio of

I51/1; over Ml is from 2 to 9000.

5. Process according to any of the preceding claims in which "a" in the

expression MIR=[a*(MI)"-0.167] is from 42 to 440.

6. Process according to any of the preceding claims in which the
interpolymer contains at least 55 mol % of ethylene derived units,

preferably at least 60 mol % and most preferably at least 70 mol %.
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juri sdieCiRcETare; i hogtmzﬁ ly HE@PBBF}&ﬁ%néna‘i‘%a catalyst system
per m t Irﬁﬁldn{%) Q8 Kltfnmﬂeehawﬁ?g irdyb UBE 4t \%ﬁh ed%ﬂ)ﬁ%bﬁ'fﬁ@i@:ﬁyl-type

of the invention have been ~ descrTbed wt
part i cgtoaips cynnectedvipy b bhégmgcb@rusmmd)rtﬂamfolwmmmmng a single

oLner, TR SRY 608 oMl o B BBRRERD i o

depart| ng fromthe spirit and scope of the invention.
Accordingly, it is not intended that the scope of the
cPai rrstsp@na@@rdmg etpoarWeOf ith Peagediagt Haimsxanpihéch thenépnic

des cr ' Q{;c [\3Rt Bt atf %ehglgﬁ% %t 11 a%tdg1 e{)regeg%l}/ aI? Qeast spar’cly

cl ai ms "be cons rue eature
of patﬁnb@mﬁainovelty whi ch reS|de |n t he present

i nvention, including all features which would be
treated as equivalents thereof by those skilled in

the ar PI&CQTS\SQV\%C%IP?IB% ol 291 Qf 'tl%n %E&lﬁgnﬁain{soﬁxsa]m%h% ionic

numneri cal meri ca upper limts are
| i st edacthvetozibas fqua:ﬁlgesnzftccbmlacp;phbdmgendsl imt to any
upper limt are contenplated. WO 2005/ 095475

PCT/ US2005/ 009575

11.  Process according to any of the preceding claims in which the ionic

activator is dimethyl anilinium tetrakis (heptafluoro-naphthyl) borate.

12. Process according to any of the preceding claims in which the
polymerization is performed in the substantial absence of a chain transfer

agent such as hydrogen.

13.  Process according any of the preceding claims in which the heat of the
polymerization reaction raises the temperature by at least 100° C between
the feed for the continuous polymerization and the effluent to be

devolatilized.



-30- CLAIMS 1. Continuous polynerization process for

preparing a random ethylene interpolynmer with
w@eopybane and/ or 1-butene which conprises: (ACT/US2005/009575

pol yneri zing ethyl ene, and as an a-ol efin conononer

propyl ene and/or 1 -butene_ghder continuous random

pol ynmeri zation conditions in the presence of single

site catal yst system enploying an ionic activator

having cyclic Iigands shielding a central charge

beari ng_at te ratu C t0. 250 C a

cg%vergféﬁ&%ﬁ“§§$ y8%{q%695$”%ﬁ adag%hﬁﬁo Ch the

conver $bBm@fzatidn ﬁsﬁp&forﬂl@d % angtrieBre et ofodprolidel aﬂﬁlulthﬁodal

pol ynmer to provide an _ethyl ene copol yner having a

densi t%%%cuﬁj orightgistilptiongndigr eypfimagal wpmppsitip Aistitetion.

to 100 g/10 mn, preferably fromO.1 to 20, and an

121/12 of from 30 to 400. 2. Process according to

cliai m Ethylenthiigtergolien&o ooty &6 Nuted1sfi® ncdrﬁoribﬁneﬂ gpllene

30% and/ or | ess than 80% 3. Process according

cl ai m angfpr dthattenep hpvingai densithel &pnyﬂéﬁéOéb%g@nﬁr an MI of
has an fibn A t8f1d0 fo Eﬁﬁ‘%&% W1ofn ¢ o!'f?ﬁ‘?xfﬁo%%bddb%gned by

to any o rec ratio o
121/ 12 s@iw&bn [s/blyn&rlfzﬁﬁm‘i 1?slrtg0a ﬁﬁ)lﬁHi)LlorﬁmeﬁlI 061&@&:}(&1@ @thadilm and
to any of theﬁﬁrecedlng claing_in "a'

expr es&i9R-9oCripaing\fon ¢ prride & karebr‘ﬁf A&C&\diemed Tesidue, as
Procesg.@phkd H§9b<fr8n M teRl 1L0GHRS %%egg gaschgbﬁfln% ?, ICP,
wh e S

ich the int yner contains at t 55
ethylep&ﬁdebbvsdeMmebtwlﬁPeferably at least 60 nmol %
and nost preferably at least 70 nol % WO 2005/ 095475
PCT/ US2005/ 009575 -31 7. Process according to any of

t h6. pr eeBMdGicEdrain®Siol il £ih WhRh thOMINBHEMA®I01 to o 55 and
contains fromO to less than 10 nol % of an a-ol efi

cononotherl2btRer-90 RanMprdily behe Mhis/fogm 0. ﬁ@&@d the 12112 > -
br ef o1 8l YN AP CortBe MigS SrelidPhap sTRU 18187195000, 1

whi ch the 1nter o yner cogtalns %ron16h§ ess t han
0.5 nol % and preferably fromO to less than 0.1 nol %
of _a diepe
17. Efmer according to claim 15 or 16 in which the interpolymer contains at
least 55 mol % of ethylene derived units, preferably at least 60 mol % and

most preferably at least 70 mol %.

18.  Polymer according to any of claims 15 to 17 which has an MI of from 0.5
to 15 and an 121/12 of from 30 to 100, preferably at least 40.

19.  Polymer according to any of claims 15 to 18 in which the ratio of I5/I,
over Ml is from 2 to 9000.

20.  Polymer according to any of the claims 15 to 19 in which "a" in the
expression MIR=[a*(MI)*-0.167] is from 42 to 440.



8. Process according to any of the preceding clains in

which the polynerization is perforned adi abatically
wa@g0089927%§ eed having a tenperature above 0 C, PCT/US2005/009575

optionally without chilling, and a catal yst system

including a hafnocene having;4wo ligands with

cycl opent adi enyl -type groups connected by a bridging

structure, preferably conprising a single atom bonded

t 21.eacPolgmer frsording tyamytafdiaamy |15 ty ge whidkdied en MI of from 0.01

i o oo 12 26f AR AFPlo L nREEY P Re Sl dpanen

| i gandggo.preferably at |least partly fluorinated. 10.
Process according to any of the preceding clainms in
which the ionic activator has four fluorinated

ycy r OG .
Che” oy Coheh sBRERe 'y (eRERS TR BB L LA o BpHhmer bas
di met hyd VA oRi Q0T te0.8akhd af [HpRaf H100r46-xeld At91y0.)
borate. 12. Process according to any of the preceding
clainms in which the polynerization is perforned in
t su j [ g I
hen” an Rt AGr AR ENGS, Al 13 B 2h i ALCR the BAFROIymer has
pr ecedamillof &oms0.Dh twb3 0 land e 312t < af03t4hex MI + 241.0.
pol yneri zation reaction raises the tenperature by at
| east 100 C between the feed for the continuous
P2y nem%ﬁfef 9&09%4% %J&geaffcwﬁ@ 1 5%820%n wHRY Ah&rtdrpdi§fher has
WO 2005/ 095475 PCT/ US2005/ 009575 -32 14. Process
accor dimiyllod framy0.30 ta hé0 pnéseti1Ag >ct18i Ifsx MA +viii.4h t he
pol ymeri zation is perfornmed in a series reactor to
provide a multinodal nol ecul ar weight distribution
apsl/ or Poyhiet Badading eme st d19isdi ssfor100ktwideh thkSinterpolymer as
Et hyl ene i nt er pol )j(mer cont ai ni n?ﬁas a-ol efin conononer
pr opy| &@h¥I oA frarey-39 1 1¢8 aed apRVIAGS ol SddnisMly D5-4-r om
0.85to 0.92 g/cn8, an M of from0.01 to 100 g/ 10
mn and an 121/12 of from 30 to 400 obtai ned by
sm.ult I Bolypet ycmerdillz@td ary og“&ilaﬁgs a5te a0 which theinadrpolymer has
conpl ex cat st_an a - C00 nati n nion to
provi d& g{ﬁwgé@m f*gf‘\@%@&i?@éﬁ?ﬁeﬁmé&x%"*%%?er ni ned
by boron content, |less than 0.5 ppm as determ ned by

| CP,
27.  Polymer according to any of claims 15 to 20 in which the interpolymer has

an MI of from 1.40 to 8.0 and an 121/12 <-1.515xMI + 192.1.

28.  Polymer according to any of claims 15 to 20 in which the interpolymer has
an MI of from 8.0 to 1000 and an 121/12 > 30.0.

29.  Polymer of claim 17, wherein the interpolymer has an MI of from 8.0 to
1000 and an 121/12 < 180.0.

30.  Polymer according to any of claims 15 to 29 in which the single site
catalyst is a transition metal complex of a Group IV metal, preferably Zr or

Hf, most preferably Hf.



preferably undetectable by ICP. 16. Pol yner accordi ng
toclaim15 in which the M is fromO0.01 to 0.55 and

WO b@sa%rd2 > -90.9 x M + 90; or the M is frpen/0SH55/009575
to 8 and the 121/12 > - 1.3 x M+ 40.7 or the M is
greater than 8 and the 121/12, > 30. 17. Pol yner
according to claim15 or 16 i n which the interpolyner
contains at |east 55 nol % of ethylene derived units,
p? kf er Bolypenacdoeding teonyef Chamnd> t@rﬁ@tm mléﬂeﬂ@blﬁyelaxf single
l]_gaf:) %% reﬁdu% yseagﬁgkﬂ%gen 1€ ?.81%2815’[ éfntgar%sﬁlo%s%eﬁi 1S e@i I['flsan 2
121/ 12pmh (ha@spedGnilldon) Q Brefiraiblly desalohan pprh %@ﬂéteﬂﬂmed By ICP.
Pol ymer according to any of clainms 15 to 18 in which
the ratio of 121/12 over M is from2 to 9000. 20.

yr‘r‘e y o o
oo IpebgBEPE ol & BD0RLITSS 8L Ry i ARl t e
f r om 4Q2.86 and 40 .1e340h A0 @390 K prefEaHly U045 /08P add/or 1esS3han
bwr according to any of clains 15 to 20 which
has an of from0.01 to 2 and an 121/12 of from 40
to 150, preferably at |east 50 and/or less than 100.
22. Polynmer according to any of clains 15 to 20 in
whid.ch Pﬁeniemaempdihgrteranhaﬁ clams M5 tof 33 mrombichOthet iotempd}@mer
and anl 21/.1 2>- 103, r accordlﬂg

Pol
any of “@RipHEoRs) o 3 il%m% Fz{g?%aea“éi ‘HPW“ her Than
an M Hop%l'éﬁ%/&ll HBtele ?Cef@iﬁgly%n]t %61k ﬁlanlﬁl%off‘%

+ 241 [ ymer cordi'ng to any of clains
to 20 in V\,hl ch the |nterpolymsr has an M of from
0,30 t 40 and,.an /1 .- .18, Xx. M . +.65. 4. 25,
Py moPOIGEED PRICRUTE 40 ARy BT 018 I WBie iyRiegRpymer
t he I né&ﬂsﬁﬁé OB 0 &Sles@thaM0. Phof YOMPpRfRaBlf fdrnd @ t8N6ks than
an 121/12 < -18.18 x M + 215.4. 26. Pol yner according

to anyldmdlaicfsdieBet o 20 in which the interpol yner

has an M of from1.40 to 8.0 and an 121/12 > -1.515

X M + 42.1. 27. Polynmer according to any of clains 15
t35.20 Polyidet Glocdriimg tit efip @fydigimshas toa314 vh whichre polymer
1.40 to 8.0 nd an 121/1"2<_155g§ + 192. 1. 28.

Pol ynefonkipbfeas iyt & 1 ay oot 20 apthagelemergtion additiye; sugh as a

the i ngtga{rgtglsmqer has

36.  Polymer according to any of claims 15 to 35 in which the NCA derived
residue is derived from an ionic activator having at least two polycyclic

ligands, preferably at least partly fluorinated.

37.  Polymer according to any of claims 15 to 35 in which the NCA derived
residue is derived from an ionic activator having four fluorinated

poncyclic ligands.

38.  Polymer according to any of claims 15 to 35 in which the NCA derived
residue is derived from a dimethyl anilinium tetrakis (heptafluoro-

naphthyl) borate ionic activator.



an M of from8.0 to 1000 and an 121/12 > 30.0. 29.

Pol ymer of claim 17, wherein the interpolyner has an
wOR00s09FrHomM 8.0 to 1000 and an [21/12 < 180. OPCB0S2005/009575

Pol ymer according to any of clainms 15 to 29 in which

the single site catalyst isgq transition netal

conplex of a Goup IV netal, preferably Zr or Hf,

nost preferably Hf. WO 2005/ 095475 PCT/ US2005/ 009575

-3 31Annésrr9¢f§rcoa@&0@mnﬁ@nmas@gy of Clains 15 to 30 in

whi ch the | Gquop nsﬁ?l onﬂ}?é%l{ elr{tg%f)g, nﬁ?@ﬁé”agdocweﬁn

t he content

( part scafiéndiher!gr Cg;sylenepanﬂff&r Bbhigné qfamﬂgh@aeﬂsupmﬁmn 0.85 to
det erm ned by 32. Pol &bt r according to

cl ai ns0-23 gt’%n% PnlMI O\f]fr@lﬁ - PlotagHMs /4L ) mig aad apggg/lz opfrem 30
d/ t t
onds or 22 Bl g sB0aP EIh ATt ut B faftfon met

of cl atompldd at @ Afalysn an@laaimntdwrdlﬁitﬁfgpﬂhg’mﬁf proﬁ?ﬂd&te&ldvsl of
fromO to lL.ess than 10 nol %of a a-ol efin conmononer

ot her NFra‘-\q derp\feéprﬁlé% ag dgterpingd hyt aren copteite fegh Hpns G § ppm
0 to lgs d503}fﬁ‘dp Pe mﬁéﬂwy%ﬁhé@g@tﬁb@ g%@lé‘&ito any

of clalms 15t e I nterpolynmér contains
fromO0 to |@ysleshihan 6 pbr oftd le8d axide gompenrsbl y form 0 to
less than 0.1 nol % of a diene. 35. Polyner according

to any of clainms 15 to 34 in which the pol yner

comt ai Mhe k)@l%fﬁlehb%r&)ogitl% o%c‘l%flma@ Ak lis ﬁ%ka&iﬁﬁl‘lya@e@ df lead
addi tive, “such stearate salt. 36. Pol yner

accordmnbdetrkya@mstmre@ﬂ aims 15 to 35 in which the NCA
derived residue is derived froman ionic activator
having at |east two polycyclic |ligands, preferably at

| gBst PR polymblitl06hpesitesh acddrdinoloyidmn FC&0dh Wﬂné}pth@ ™I of
of claine 15 to 35 in which the NCA derived residu

i s derthgdafernobrmerds fiom ¢0hta Pvare thalAlAg > 40 x M1 +90; or
fluori pat I §1/198. _1P C
to any @1@ 1\%?' i, HBJnVG t6 %Sz{gid?tﬁgaﬁl/lﬁ mlé?%gréﬁvég LRI is
resi dugrea&rﬂmnl&aadt]:[ierlammxﬂmet hyl aniliniumtetrakis
(hept af | uor o-
42.  The polymeric composition according to any of claims 39 to 41 in which
the interpolymer contains at least 55 mol % of ethylene derived units,

preferably at least 60 mol % and most preferably at least 70 mol %.

43.  The polymeric composition according to any of claims 39 to 42 in which
the interpolymer has an MI of from 0.5 to 15 and an 121/12 of from 30 to
100, preferably at least 40.

44.  The polymeric composition according to any of claims 39 to 43 in which

the ratio of I,;/I; over Ml is from 2 to 9000.

45.  The polymeric composition according to any of the claims 39 to 44 in
which "a" in the expression MIR=[a*(MI)"*-0.167] is from 42 to 440.



napht hyl ) borate ionic activator. W 2005/ 095475

PCT/ US2005/ 009575 - 35 39. A polyneric conposition
weowpd=rng: (i) 100 phr of an ethyl ene i nt er ppdHOBE2005/009575

contai ning as a-olefin conononer propylene and/or

1-butene, having a density ofsfrom0.85 to 0.92

g/lcn8, an M of fromO0.01 to 100 g/10 m n and an

121/12 of from30 to 400 obtained by sol ution ) )

p86.y nedhe aplyaerigsiomposition apeirding o may &ff cladwagPdr 4asinavhich

cat al yst. .al non- coondk nat.| [ rgyj

evel * B AREARBRAE L BaaRA AT (32 b RIS St Frogy 40 v

cont ent 50,|peefBrablyedt 1éhsbs(pal/ordessdrdrer00. ned by | CP,

preferably undetectable by ICP;, and (ii) less than 5

phr of a | ead oxi de conpound. 40. The pol yneric

c 0Sirt, i cl.al i: t I :

07" ThE PR B Bhsipd Webydiy BHRG AU 3 10 E5h Rhich

c onpostheiinrptyanerdian gn M aflfainn0 3 t00.30Cnd mndhl Eh>t-h@s .45 x

M of I\/Llhf tgterpol ynmer is from0.01 to 0.55 and the

122/ 12M %% x M+ 90; or the M is from0.55 to 8

and the 121/12 > -1.3 x M+ 40.7 or the M is greater

than 8 and the 12 1/12 > 30. 42. The polyneric

cé8mposilhé polyawtiorcdimpgsition apgordihg ¢b anywf 8kime 3210 i4h in which

whi ch .t he interpagl yner, . cont ai ns. at st, 55 %

ot hy < THEHTRaRE i o8 M Skt it P 1002 095
and nosir prefgrably at least 70 nol % 43. The

pol yneric conposition according to any of clainms 39 to
42 in which the interpolyner has an M of fromO0.5 to
154and . fL: . .
03 1B lHleiE oBlouiobBh AbechBng 19y BEElehT o 5 iy which
any of thel iatepl@fert Iis4d MhofMibmh0.30 e 1 48tand 612122 /5148.18 x
over M is from2 to 9000. 45. The polyneric
corrposMIiJ“o?rS-/érccordi ng to any of the clainms 39 to 44 in
which "a" in the expression MR=[a*(M )"-0.167] is
from42 to 440. WD 2005/ 095475 PCT/ US2005/ 009575 -36
460. Théhppblyneric coopopitisn it@ndiag ¢o oy nf ctaomad§ to#S5 in which

cl ai nsth%%n%e?po%ysmérrhavsma{ncl\ql of from 0.30 to 1.40 and an I21/I12 < -18.18 x

MI + 215.4.

51.  The polymeric composition according to any of claims 39 to 45 in which
the interpolymer has an MI of from 1.40 to 8.0 and an 121/12 > -1.515 x
MI +42.1.

52.  The polymeric composition according to any of claims 39 to 45 in which
the interpolymer has an MI of from 1.40 to 8.0 and an I121/12 < -1.515 x
MI +192.1.

53.  The polymeric composition according to any of claims 39 to 45 in which
the interpolymer has an MI of from 8.0 to 1000 and an 121/12 > 30.0.



the interpolymer has an M of fromO0.01 to 2 and an

121/12 of from40 to 150, preferably at |east 50
w@pasoes4ress than 100. 47. The pol yneri c conpoBRCT/US2I005/009575

according to any of clainms 39 to 45 in which the

i nterpolymer has an M of fregmO0.01 to 0.30 and an

121/12 > -103.45 x M + 91. 48. The polyneric

conposi tion according to any of claims 39 to 45 in

wht.ch Theh@olym@m ponpetion gk clain K. whefeinnthedn@ipolyme, I3y an

and a 12 & 1 4 0. 49. The

pol yme o%t ?(gor(]) %gcagrlgll/%zg tzlgagny of clains 39 to
45 in V\,hl ch the i nterpolyner has an M of from 0. 30
to 1.40 and an 121/12 > -18.18 x M + _65,4. 50. The

poi-y neFhecplmets Fompesiten ascarding v amngf elping 39 sS4 pich

to 1 a5t SRS e iR BReftolboidiord OFYD Y eta,

pol yneprefembtbﬁﬁﬂsrﬂf,m@pﬁﬂdlblyg{ﬁo any of clainms 39 to

45 in which the interpolynmer has an M of from 1. 40

to 8.0 and an 121/12 > -1.515 x M + 42.1. 52. The

p@é ymeg & bbinBsiRGE ki t xfelfan?mm%%m h
in m%é%ﬂ%ﬁe |6n erlpo [ ymer %s gﬁ}ﬂ f froml °

to 8. Otharevehmf ]sm‘gld it residug 14 measluredkbslglia tont&s. 0%@s1tlon

e Y kAL R TR RS 4 P i e TS Bt Bt Bohat § pbf as
1000 aggerfind 1@; 30. 0. WD 2005/ 095475

PCT/ US2005/ 009575 -37 54. The pol yneric conposition
of claim42, wherein the interpolyner has an M of

oy neg? e pcﬂg&lglg g c ?ﬁg%sag%rgéél! g‘cﬁx&g {[C;I'g% Or c]? 3_‘5] ‘teo 5 W(})lich
54 in t\hhldéhsnyt @ﬁthﬁllﬁ’@hﬁ)lﬁrhhelscaaﬂ@sy 9186I ﬁldﬁ)rtléﬁﬁhm’i 0@®9 and

nmetal conplex of a Goup |V netal preferably Zr or

Hf, roRE eﬁfi’bé‘f atrlgwt - 8ﬁ9n§@r lepp thag Gt %erl c conposition
accord| ng to any of clainms 39 to 55 in which the

| evel of single site residue as neasured by the

chHht enThopolymaris icomposition according to any of claims 39 to 57 in which

the interpolymer contains from 0 to less than 10 mol % of a a-olefin
comonomer other than propylene and/or 1-butene, preferably from 0 to

less than 5 mol %.

59.  The polymeric composition according to any of claims 39 to 58 in which
the interpolymer contains from 0 to less than 0.5 mol % and preferably

form 0 to less than 0.1 mol % of a diene.

60.  The polymeric composition according to any of claims 39 to 59 in which
the polymer contains less than 0.1 wt % of an anti-agglomeration additive,

such as a stearate salt.

61.  The polymeric composition according to any of claims 39 to 60 in which
the NCA derived residue is derived from an ionic activator having at least

two polycyclic ligands, preferably at least partly fluorinated.



metal is less than 2 ppm( parts per mllion) |,

preferably less than 1 ppmas determ ned by |ICP. 57.
wab@sped4ysreri ¢ conposi tion accordi ng to any of PCI/EB2985/009575

39 to 56 in which the density of the interpolyner is

at least 0.86 and/or less thgn 0.89 and preferably at

| east 0.87 and/or less than 0.88. 58. The polyneric

conmposition according to any of clains 39 to 57 in

which the interpolynmer contains fromO to | ess than

nol 9 - L0y l. :
a1 o THe Blly e Sfibbiaf RHRRARE Io BhBF bR 3P HEBY b Bhicn
% 59. the MeCaadeyived iresidwmnizoddrive® froae @ﬁlridhiﬂgadiﬁ)ataﬂiﬂaﬁhg four
clainms_39 to 58 in whjch the interpolyner contains
f r om oflpsinaedpolyeyplioligands| op and preferably form 0
to less than 0.1 nol % of a diene. 60. The polyneric
conmposition according to any of clains 39 to 59 in
whil.ch Thdpolpmesiocepmpositian agcokdiss td hayn oD clhinat 394 b2 am which

anti-aggl oneration additive, ..such.as a stearate s .

o ThEC oM CruBRptg e s iSER R Tt 6F Ty g 03 ater

cl ai sy £ 28Qalf) Which the NCA derived residue is

derived froman ionic activator having at |east two

pol ycyclic ligands, preferably at |east partly

f Ayori tedl. WD 2005/ 095475 P /LfJSZOOS 0957?9 '§$‘62'h' n
& pol YRV EHE TPEEPHEh S8 ™M™ 8t SAY™br~ & & AR Wie

39 to 0 polynwriccdmpobieioGAs dafelecait éqsiadt!ealid ofiREd ¥aH 2.50

froman ionjc activator having four fluorinated

pol ycy&taragingdaidkdays3. The pol yneric conposition
according to any of clainms 39 to 62 in which the

pol ynmeric conposition has a dissipation factor of |ess
tétan OER2irieélt devicagionpriking 28 efkayiscal Gebndidier pod yareiolyeneric
conposj tion according tqQ any of clainms 39 to 63 in

whi ch mﬁ%“‘%ﬁ?ﬂ%w BEHPD ST tROBANFa ST a2 dPYUYETSE | gomposition

const afoN@ldi® 0 ofemmt Moy @4 50 after aging for 28
days. 65. Electrical device conprising an electrica

conductor and a polyneric insulating |ayer conprising
a6690| YRRtk cﬂavPc%l a}éggrrcﬁr?g t%ocrfg%sgg ' Which the insulating layer also
comprises an ethylene propylene elastomer with a Mooney (1+4) 125° C

range of from 20 to 50 and optionally a diene.

67. Electrical device according to claim 66 in which in which the elastomer is

an ethylene-propylene-vinyl norbornene terpolymer.

68.  Electrical device according to claim 67 in which the terpolymer has a
content of ethylene derived units of from 68-75 wt. %, a molecular weight
distribution Mw/Mn of at least 5 and contains from 0.1 to 2.5 wt% of units
derived from VNB.

69.  Electrical device according to any of claims 65 to 68 in which the

insulating layer has a tensile strength of from 5 to 10 MPa min.; a break



according to any of clainms 15 to 64. 66. Electrica
devi ce according to claim65 in which the insulating

WO 23081098750 conpri ses an et hyl ene propyl ene ePEBEUSIMRF/009575
with a Mooney (1+4) 125 C range of from20 to 50 and
optionally a diene. 67. Elecggical device according to
claim66 in which in which the elastonmer is an
et hyl ene- propyl ene-vi nyl norbornene terpol yner. 68.
El ectr r«'bagatwwfc%omcl&ﬁm PP o reterahls Fromn 19Mite 40P Hé and a
t er pol c 0 n iyed units of
from 6§[@%trvi]\;¢ac.%n&anta0%n%ﬁ%g%alﬂ %rp ?‘%A%‘Yalé’ ﬁi Ssgtiﬁéli‘ ibution
MV Wn of at least 5 and contains fromO0.1 to 2.5 wt%
of units derived fromVNB. 69. Electrical device
according to any of clainms 65 to 68 in which the
insulating layer has a tensile strength of from5 to
10 MPa min.; a break WO 2005/ 095475 PCT/ US2005/ 009575
-39 elongation of from 100 to 500 % preferably from
150 to 400 % and a dielectric constant of |ess than
5, preferably |less than 3.



