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| NTERPOLYMERS AND | NTE YMERS MADE THEREBY; TIONS AND ELECTRI CAL
DEVI CES CONRPIGSRRS4ZUCH | NTERPOLYMERS  FI ELDS OF | NDUSTRPEL/URHISS09RT] ON
[0001] The invention relates processes for naking ethylene interpolyners
and the polyners that can be made by such.processes as well|l as electrical
devices containing such interpolyners. The invention rel ates especially,

but not excl usiyel or.. <' | ol rs at
relatively high¥’ | ' d Eﬂi}ﬁ&* ?)Qﬁqmgﬁ‘\ﬁﬁ?toform
pol yners with hlngt 1SV A ' R@ peci al |y such
pol yners having a ar wei ght
that are procesEmil(éI‘RIf,‘AL DEWGESI@@NMMNG SHCH]N&"ERE}DLMRSn be

expressed in terns of a Melt Index Ratio (MR) of nelt viscosities neasured
under different | oads. The invention also relates to electrical devices

having an i nsFi'Efi quIt e r or conpositions containing
such i nter pol YR MOUS APPLIC %IWBAWG?CIJND FOR | NTERPCLYMER
PCLYMERI ZATI QBIO[)I]OOZ] LDheinvestiv fejatat frutans fonhekig sthpleae Mtédpolvntes at e
nmol ecul ar hts will be referred herei n as plastonmers. Plastoners have

been nade Wi taw thepalyinsrs hptkeanrhs madely ichareesssss aarelhas elpearal devieenl yst s

| { ly f
egt o nver sicRRtpe, S SReRRIAR! Py, JHEChRR YERES AN YRL, ©
activity of tdxehsbleR), W6tprbesasks fo? thilbn rbﬂgﬂeﬁeolxdapa@haetri\at pelativaty High r enove

vanadi um r esi dues, especially for if t Kﬁ IS to be used for
electrical amslymenizases temp@pw@r@f aMed 190 vwemlené@/éombéehrnwemtashlgh

conpoponers t Vi h| n r oduced
pl as;j'orrers IC\]IBP%E O«gdlgﬁgl a‘%ﬁaﬁﬁﬁ ?Igeé ageg e(sﬁem%ly ﬁ%@ Iﬂg%nghgve been
identified t Qemkaynbwe@ﬁw gnd B n@odémé hibl@aiarﬁﬁélglﬁtl Bt ﬁ’éQﬁ@feSsa@Ie & gher
tenperatures and at higher activities where activity is defl ned_as the

amount of pdhemaplastie maserinlpthe higbJH:B @an bfs &ﬁmeﬁseénnﬁ@m ofs3 Meltelndex e
catal yst COW“{N&R& C?S%Qe‘ﬁi" \ggcosﬂi%g n%nsa | a %gnttha?&s T E‘Neﬁ)&ﬁ{]ﬂs@ ased

cat al yst systens rm na or exanple,
bet a- hydri de reldte¥ atleoificall Heios mu@aﬁllﬁaﬂﬁt‘ﬁg ﬂ’g& P20 ShtpRfyrner or

compositions containing such interpolymer such as electrical cables.

BACKGROUND FOR INTERPOLYMER POLYMERIZATION

[0002] Lower density ethylene interpolymers with moderate molecular

weights will be referred herein as plastomers. Plastomers have been made with
catalyst systems based on Ziegler-Natta vanadium catalysts using aluminum alkyl
) based activators. Such polymers have high levels of regio-inversion for the
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 selution 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



-2 been recogni zed that for many netal | ocene based prgcesses the unsaturated
chain end may incor porat n a growi ng chain and for ong chai n branches

(LCB). E%ggg(%?q?%gstsui) nd EP608369 (Dow) describe rm?%%%@ys?ﬁe

I ndi cati ons formati on t hrough increased shear se ty o

pol ymer, a recognized effect provided _LCB. [0004] EP495099 uses a

haf hocene in conjunction with al unoxane @s an activator. In the exanples
| -octene, 1-butene and propyl ene were used as a conononer for batch

pol yner i-zat itesn adcoprirpdtiat fve mangssethhicoend GAsdd proosyses thg unpatuyatet sham t h hi gh
MR val ues. Extensive . depletion of conmonqner in batch type reactions may

favor LCB f GieiphIcoTmMEatsolty AeP WG BhAlE G forBniong sihisirebranetkes (L{d3)-
Phan [Loant tieaRld flud) ANCEpEREY (Pl MEcRRL WL RL BUIASE iticdidfis o f

the batch polyieri process ma sighifrcan eren

conononer  CEIICEM fortdadion thiatughlinduaed skédrisynditivihef tiequbatiera tecopaized! ymer
may have a broader_ conpositional distribution. [0005) In
W09941294/ 19%Afegt Providgd 8y WESB45041/ 10Sep99 (i ssued as US6291609) processes

usi ng netall e bas ' It I [ r.1,0 L which the
pol ymeri zat i@ﬁ&ﬂerrper :ﬁ%@?@f 17‘%5 ragléaggécaetn gqlégcgsk&fggﬁ@'m%ﬁgoﬁam #afhi um as
a transiti Oraciiphtel, MNEHeOEx ANPIcRY EGciRA8; ¢ARttcHenNahd oYM werd Gisbd 3k 04 S
(NCA). W99/1294 does not conbine the use of the inproved catalyst system.

with propyl emenonotisr forshat¢h giobymenzatiow a ieyrnperatiresiless hanPHI0y Geptoridingn i s
erformed at 115 C w,t relatively | ow a nt. of .propyl ene. .There i s no
Dot 1 car asiBees ot el VT HeleSpts g dRalaiorlr HBBHRERS vhte S o

hafiiocene aghdieat afhyhivet LB ﬁs_xﬁaraﬁbn.ggieﬁls&lwfeﬁﬂatwﬂ ShditihiR R vEAeEd ani on

has at least two cyClic aromatic rin n"the exanples octene-1 is used as
a conononer .to siplificant ievelsi of catalystitesidnes. Hegpoljnet praiused bt theemd®f4bet o 3. 6 )

/10 mn. \W9945041 d t t h th - f I t -
Gspecial iy TG POSRERAOR cPSSFInERY Btion TERPEARL b OB PIBSD 34705
describes a gt thdntheh ipeBdheRs Barky 5 SRS Pocedd 2RB the ' SHtiheeshayshistgi al Iy

and in which an advantageous arrandgenent is described for recycling
unr eact ed ndwoader solppositionalidisiribotigmer i zati on reactor(s) after suitable

pur 11 2t OghBEOUOn | JoBieRs Saa gk O oEblsbal A% AR Bhethe o>

US6291609) processes using metallocene based single site catalysts are described
in which the polymerization temperature is increased to above 100° C by using
hafnium as a transition metal and/or improved non-coordinating anionic activators
(NCA). W099/1294 does not combine the use of the improved catalyst system
with propylene with a sufficiently low amount of diene. Polymerization is
performed lat 115° C with a relatively low amount of propylene. There is no
quantification of the LCB level. W(09945041 teaches the use of a bridged
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.
W09945041 does not teach the use of propylene as a comonomer at especially
high temperature pol ymerization temperatures.

[0006] WOQ0234795 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.



WO 2005/ 095475 PCT/ US20 09575 [00071 W0037514 cribes a gel-free,
branched sem -crystallin et hyl ene propyl ene copol r containing high
| evel s of ﬁ?"@r}y‘?sz‘ﬁé‘.bThe pol yneri zation tenperature was &IV 03’680 C.
I n the exanples a bridged zirconocene is used with an NCA in a continuous
pol yneri zation reactor. BACKGROUND FOR ELECTRI CALLY | NSULATI NG DEVI CES
[ 0008] Et hyl ene propyl ene co-polyners and EP(D) M terpol yners havi ng
pol yet hyl ene cryst Al ar HIEeLCi AL Us ' LI .a0e
el ectrical i n@gpgt i on cg}r(rjpd(géggg% %Seésie cor?pogt}?l?séehrgqg%%cﬁ e hdglrs@rjyasttr?fhIu%g
i nsul ation nethydene opepylend hespalymet aédritainingnduigh olevels afs @ropytaneduThd ve
substrate in a nulti-, step extrusion pro essw(ﬂﬁ cab)] e containing the

u

i nsul ati on i sPAlYBEGZAtOD GIIPEEATLECHaS jlRssat &n e cxamplesi »hridesd t ube
by the applicati . . . [ nkin ges may use
si l anes or pe?%)(!)? ﬁﬁceeglg és:ﬁs?ﬁéﬂ 192%1 &?%?%% gé?tfl}\@ggéryﬁ\eg%{é%%t%{é ‘'0009]
ExxonMobi | Chem cal recently comercialized a vanadium catalyzed EP(D)M

pol ymer grade, Vistalon 1703P, for electrical aﬁm cations_ _using vinyl
nor bor nene ( LEGERIGARLCINSULA TN DEWIGESosur es” t he

US5763533 andltiBEks601 FErFRE HOBRATEb Dol fpdts Al OIMBHCRR Fid Crai &
branching as gyljetRpiess thye ac@sfauﬁﬁ'gngaré netmefcidls Suseath | mediffh tdfagl yner s

have good processability. The vanadium catalyst has a low activity. The VNB
deri ved uni t seleeiriea] dnpiatiopecomponidse Thesrl cempaundsi &k Applipd s apj mpulpdoroxi des,

whi ch enhances thermal stability, T are -4 d to. remgve at
| east parti al Wm At gﬁl%e?raerg?tt uiecscoaﬁaagkgﬂ?gegnéﬁ'é?@gﬁlég&gg%ﬁetl? \%@HP"O
obt ai,n reasongbp exttlsaml pro6eak. THS Akt icHBtaRieP tiel ineiatidh {s @hichile vakavieed

r ef e_r)ences are incorporated by reference for US purposes. [0010]

Met al | ocene citatopsinupgsatranizalips (e Va hyesbyothefapplieasion) of isteam andshot waterd

20200 LSRR SLESLEAL hOSHLRD T S00RR R e JOIR SH R0V

I nsul ati on angef@kEnt.conducti ve fornul ati ons, see US6270856 (ExxonMbbil,
Hendewerk et al.) These pol yners possess inherently good el ectrical_
insulating pl9pRkties, E abid ShemicadrepspBy ucommeaeighteddiast yangdiumon

(MAD) resul ti cnaQa]i_rznedi EP(D)M polymer grade, Vistalon 1703P, for electrical applications

using vinyl norbornene (VNB) as a termonomer, see EP843878. In other
disclosures the EP-VNB is mixed with ethylene copolymers to aid cable
manufacture, see US5763533 and WO9856012. The presence of VNB provides
extensive long chain branching as evidenced by a Branching Index of less than 1
and the polymers have good processability. The vanadium catalyst has a low
| ) activity. The VNB derived units in the polymer provide good cross-linkability
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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pl astonmers made in sol uti processes have sone L r reasons expl ai ned
above. However, these pol rs may still be difficu to cess and may
have reduWOFYYWE i cal insul ating properties V‘00300074BC?)E%%Q9F/%95F? ,

Pehl ert) suggests the use of nodified NCA's to inprove dielectric |oss
properties. In one exanple ethyl ene- oct 8ne pl astoners are produced at 140
C. W9406858 di scl oses et hyl ene octene copolynmers with noderate LCB.
W9732922 u 5 kfol ' i ' | The
resul ting pgﬁen%%ﬁhggﬁa%g% gg{lbﬂﬁg pg%rtr?algglirsﬁﬁ %ﬁe 2‘? ??ﬁﬁgﬂﬁrggé%g%eg%\{eh I ndex
>50% and asome LB far reasomghaxpiiiined aboreé. dhowkwerh ks pohanabauey stikfter ences

are incorporated by reference for US purposes. .[0Q11] .Al pha-ol efi n_ ethyl ene
copol yners H&b@ﬂbé@npiﬂ%ﬁ iaﬁng@Hd ?‘V%) re@é‘ﬁ"éﬁieéht?cé/i t“F’F“eqWﬁI SRPFSpyl ene -
vi nyl norbo se w fages 39
o 0. " 001 JOTPODFAGTEXRNIonE " Bebiblpy Rt the Bk WP mcitRed oS B30

i nt er pol ymefsiproké dizlqeass Rss popertis. lrevat exdmplergghylbed-octbne phsiongeratire .
desirable levels of M | | ow j.mpurity levels; and catal yst _and

d th
process conBfodpeadsat d4 (br%ng\é\%’@égﬁlg idisdpsss| sthxleae ardene seprlymauvith

Pol yrrer | 22t R SRDick] Worafbe! SLaPlucalbd ANiRAgH | CRLRNL Sronthidl 2"

i mproved bal'ance of properties, arti e between

processabi | tdvlsaThe tedilting pwlyreste have €9 586 izal, hicolipositivatdieaiblition behlithf or use
in electrical insulating applicatjions. SUMWARY [0013] In a first aspect of

t he inventi lexhab@o; angr av i melecylas ovieight odistribysiop niwMethA. Theoakevs f or
reparing a ndom et hyl ene .i pier ' ri ses the steps of: (A
.Bol Srreri gi nééf%ﬁeﬂgﬁsgﬁeeyz\ééwgr%%&]éya é %{ﬁgg‘gﬁ‘%@ﬂ@&g@)ect ed fromthg ar OU|(o )

consi sting go1p] opy! epgpRngiefinbetisnae ardpatiyitety afvt hBé@OfusedMd@r blep@s! i nuous )
random pol yneri zation conditions in the Eresence of single site -catalyst '
5/

syst em enpl espenigllanwithrithylers prenydenehwinyh qraghemese |terpalarers.s bece Rabher a
central chagge Lin t at ture of 140 Cto 250 C at a
conversion O rg{zﬁ?ﬂhgﬁgzgé’% ﬁga%eﬁé?g%?(g conmononer conversion of from 20

to 80% andj0012] It is among the aims of the invention to provide improved

interpolymers which possess a high level of long chain branching at desirable
levels of MI and with low impurity levels; and catalyst and process conditions to
provide such interpolymers under continuous polymerization conditions,
preferably without post-treatments, with an improved balance of properties, in
particular the balance between processability and impurity levels, especially but

not exclusively for use in electrical insulating applications.

SUMMARY | J
[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 c¢-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 atomn, 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



WD 2005/ 095475 PCTI US20 009575 -5- (B) devolatiliging the polyner to
provi de an et hyl ene cop mer having a density of ‘om 0.85 to 0.92 g/cnB,
an M of fwomoeos/destis 20 g/10 mn and an MR (121/12) of #CoUsB05/605300.
10014] Cenerally speaking, 121/12 values are a function of M and at low M
val ue high values of MR (121/12) are passi ble. The conobnoner conversion
may be |less than 60 % and the MR (121/12) may be | ess than 180. [0015]

Under conti nuous Pol merization conditions, .the inpact of catalyst poisons
can be nmitigated. vigkatiligmg the Polytast @ PEIvidle An cEidssrRaPelmMEaviigdy | ene

and butene are gegg{sﬁ&l Mglsgqgofs{zo%ﬁm’rﬁr tépﬁxgﬁ%@%g%@ Ih{l‘,“ gl yst

poi sons and perm ghér pol'ynerization actirvities I es

result in |ower cai MRS,/ 19sdfdito@s30 to 2008 final pol ymer product. Internal
ol efin by- products, nade during higher al pha-olefin production, nmay
negatively inpact catalyst activity and |ead to higher catal yst residues.

00161 In th ' d ' | .0t '

noreased | 2004 ac & v 1 SHPERRE Sposiite T SRS 87 o hBloh o MR Rl (00171
Advant ageousiv dige hiprevalaby SEMIROM AP Ngreafoskitast TRS combndmef combdidibene
derived units, preferablé) at | east 60 _mo] 9% and especially at |east 65 nol

% fromoO tomayds lessahamtD YoindheMIBAI ZIQImeay he tasatar®P. ot her t han

propyl ene a 1- bu e referably | ess than,b. nol,.% and/ omO to
ot than o SIS "0 anioft eRERAIPAne ion ShetiR. ol PRt fanelihe ©
predom nancegefso&# R ORE aditigel. t e 4RE & tHeOWEHveR LRI coRBRRARRS 1iRSSi St i n
efficient production of the  desired highly processable polynmer wth reduced

cat al yst r esipshipglene ndrgihbutepf Gitd]geddrallp aduppited ziadmopumnstisamp ewithr loear

adi abatically using a catalyst. systemincluding a hafhocegne havi.ng two
cycl gpent adi EplysigPeiSpRs a‘é@ﬁﬁ‘@@'fse%‘gé? Bolgreagatkgn %FW&rg,‘g}}?f@FEP’]g‘EFy a

si ngl e atom Péshﬁgg-10\I9ﬁcat£g%ﬁesi&fésiiﬂ%9 E‘m&rﬁ»?ﬁ@' pPhollis. &&%m?_@%ﬁh -

pol ycyclic Iigan especially at |east par I"'uor i nat e e use of a
hi ghly acti versieti) exlendurost highat alphatokafins pesthictibhy magqunégativaly impact
activator may permt reduced cata] yst residue, which in turn may inprove
the el ectri céEPtalYﬁfsflﬂuéﬂWﬁB‘ing‘gbﬁlg é’ _ataflmt)mc?qqs. i s advant ageous to maximi ze

the reactor GyyRerature @ngle process increased conversion helps attain the desired
increased I*!/I* attributable to the presence of long chain branches.
[0017) Advantageously the interpolymer contains at least 55 mol % of
ethylene derived units, preferably at least 60 mol % and especially at least 65 mol
%; from O to less than 10 mol % of an a-olefin comonomer other than propylene
and/or 1-butene, preferably less than 5 mol %, and/or from 0 to less than 0.5 mol
% and preferably less than 0.1 mol % of a diene. The predominance of ethylene
) and the use of lower a-olefin comonomer assist in efficient production of the
desired highly processable polymer with reduced catalyst residue content.
[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 jonic 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



substantially elimnate the use of transfer agent such as hydrogen. The high
| WD 2005/ 095475 PCTI USZ5/ 009575 - 6- tenperature , irrprove the amount
of LCBt ngbe_t‘.}ser i ncOr poration of vinyl termna ed ? ns:
formed earli'er'in the polynerization process. Chain trans er agents such as
hydrogen can influence the termnation chanism to reduce the anmount of
vinyl unsaturation and di scourage LCBformation. In such circunstances the
heat of the pol yrrerl zatlon reaction may raise the tenperature by at | east
100 C bet wegmdebfurk Iﬁlgrcsdaetheoalhmﬁ%fswgl HIBGLE Aekten irddepdri§on &ff | uent
to be devolatlllzed [00 The érrerlzatlon may be preforned in a single
react or suckingb tennmmml pnlymes C&ltaer onederrliesdotthe polyniedzinny perdesnt i on may
be perforne ri es eact provi a multinodal ,nol ecul ar wei ght
G sEr bt ofr B SR aits SEh AP bR uther e FouRaON R urE hor
aspect of tﬂﬁcﬂﬂééenﬁé a&aumtdﬁhﬁye &ﬁsﬂﬁl‘aﬁbﬂ'ﬁﬁd e RUrapE TR firifa80R inydHeh

contai ning as a-ol efin conono propyl ene and/ or “1-butene, having a

density of f:rmnms@ar&ﬁs the =20 2f @i&:pﬁymnzaﬂomfeaétlmmrﬂayoﬂmsm(Iemgbfamrm n and *

an MR (121/12) of frqm 30 to 400 ob in d by solutiop polynerization using
transition %I least hY ene;?t&%“’ &Fajrg%? %ODHBHOH%&OB{%‘&'H‘?‘HQH;?H%OWW 0
provi de a f ed residue as determ ned by boron content |ess
than 0.5 pp%ﬂmgght@gfggﬁl%e e\gy | CP, preferably undetectable by ICP. [0022]
The pol yner [0029] di spl aYte pblynwpizatign sy beqiefoahydin af shadle restorsuch aslacat ed
when di scussing the previous aspect. Preferably at an M_of fromO0,01 to
0.55, MR ( ¢outmpoyssturyg tgnk regptor optie m@wﬁwmﬁnby peeformrdhing $eTigs| y at

|48a$t g?efe {O?rf%bky el\/l%nnmlgr ed'{"egﬁ?%an 8&8{‘%2“: M%é%%fl )a>br‘§)éd3[éog/l3i_

The inter pobyﬁpdjslmydlbm‘bau&pem fic M ranges conbined with speC| fic high
| oad/ | ow | oad rati o ran Were the M. is fromO0.01 to 121/12 >
-103. 45 X |v[00?-1b1 0" aladrrtherzspect of the vegtion \hese 3% prayi emar Vk@elvl i s

f / 4.
Where tne MOt ang s ot BonBHORSE aicp e Aoy e 151) 1,

< -1.515 x Whvifig 4¥%Rnskty M@ER 0L8%toNd.92 §/chiDN A MO of Frok?0D1 thADHZ 16 mif- O
and an MIR (I*'/1%) of from 30 to 400 obtained by solution polymerization using

transition metal complex as a catalyst and a non-coordinating anion to provide a
level of NCA derived residue as determined by boron content less than 0.5 ppm as
determined by ICP, preferably undetectable by ICP.

[0022] The polymer may display the same preferred polymer features as
indicated when discussing the previous aspect. Preferably at an MI of from 0.01 to
0.55, MIR (121/12)> -90.9 x MI + 90. The MIR (I121/12) is then suitably at least 45.
Preferably at an MI of from 0.55 to 8, MIR (121/12) > -1.3 x MI+ 40.7. Preferably i
at an Ml of greater than 8, the MIR (121/12) > 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 [21/12 < -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 [21/12 < -18.18 x MI +
215.4. Where the MI is from 1.40 to 8.0, 121/I2 > -1.515 x MI + 42.1 and/or
121/12 < -1.515 x MI + 192.1. Where the M1 is from 8.0 to 1000, 121/12 > 30.0
and/or 121/12 < 180.0.



and/or 121/12 < 180.0. mo 2005/ 095475 PCT/ US200 09575 -7- [0024] The
preferred rocess condi tYon including catal yst se™€ction be obtai ned
usi ng as tWE 2PHYPSESsi te cat alyst is a transition netal c%%%ﬁm%?wab G oup
|V nmetal, preferably Zr or Hf, nost preferably HE A |l evel of single site
resi due as neasured by the content of transition netal may be reached which
Is less than 2 ppm (parts per mllion), preferably | ess than 1 ppm as

determ ned b [0 i or |ess
than 0.9 and)[(mi gper ablq?/-é Jﬂ@gggﬁfb?eg% cﬁdé”r te?iél}shr%tcalt g ﬁ%cﬁgn%g!/

advant ageous bemlﬁmm.t tding las th@ﬁingb@tsﬂt@nastalylsais 4 hengidby mestal eomnplersoff som 0 to
0.1 wt %of an anti- aggloneration additive, such as a stearate salt. [0026]

In yet a furtenp 3¥peetel, preferabliedt obhttpmost prederably b A ﬂQV@AIOché% g gite

|
Compr i si ng. & S R ERuORN R R AR YR THAL LT b TebRibs BHEh s
previously ofessahat 2 ippsh @@bﬁﬂﬂllbnpcpe&sralbnﬂlegﬁﬂﬁﬂl 151 128 Uddtdrmik&BPsi ti ons

may be used for the insulting |layer including the polyner of the invention
in conbi nati d&Pwi th ot her polymers, fillers etc. as nay be desired for the

particul ar el I cal I l,cat.i on Sui t.abl w 4 he
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layer including the polymer of the invention in combination with other polymers,
fillers etc. as may be desired for the particular electrical application under
consideration. Suitably the insulating layer is of a composition also comprising an
ethylene propylene elastomer with a Mooney [(1+4) 125° C] range of from 10 to
100 and optionally a diene. It is preferred that the elastomer is an ethylene-
propylene-vinylnorbornene terpolymer, most preferably with 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 vinyl norbornene
(VNB). Insulating layers may be obtained having a tensile strength of from 5 to 10
MPa min.; a break elongation of from 150 to 450% and a dielectric constant of
less than 4.

[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

y 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



recycling unconsuned nononer. [0028] Because of higher al pha-olefins are not
enpl oyed, accunul ati on of nsat urated or branched i rs of higher

al pha-ol efjns can be avoi ®d. The level 0 0 WD 2005/ ¥9547
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expressed in terns of the anobunt of polynmer produced _Eer.the amount of
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a full acti V?ngﬁ%%&;ggem&ggtap@ﬁg@oﬁﬁ%e@@ ‘gf’rea?@fiic g@d&@%ﬁr‘&ﬁ I on per
uni t pol ynmera pEgtusee thlameit T 1he pdt@iér @eim@dee branching, the use of branch

forming diene comonomers and/or presence of processing aids may be reduced or

even avoided. The high level of LCB leads to improved processing while the

polymer at the same time has a higher filler holding capability, lower catalyst

residues and lower dielectric power loss.

[0030] In general the process envelope for continuous solution
polymerization reactor is limited by a number of mostly interrelated process

aspects. If the catalyst activity is too low, the polymer will contain potential

triggers for dielectric breakdown. Activity is conventionally expressed in terrms of )
the amount of polymer produced per the amount of transition metal component
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



[0031] The | evel of Ion!hai n branchi ng depends o he sel ection of the
transition netal conpon and sone process conditi®s such as tenperature
and the eWO905/995478hi ch t he nononer present is convert ed®CIOPI00IFE choi ce
of transition netal conmponent and NCA nmay influence the chain growh and
nol ecul ar weight. If the catal yst system.and process WD 2005/ 095475

PCT/ US2005/ 009575 -9 conditions are selected to optim ze nol ecul ar wei ght,

hi gher operating, tenperature nay be uysed to achieve a given M. The higher
operating t eRPEHUANS: &re raglested r W0a QPtipHze apofasmlay  gyseahity qﬁéli“?ﬁ tOPRIEHR®r

pol ymer conc Al ' : ' Qﬂ%t ' .0 terns
of wei ght of &g{ﬁeyrrerq%?)}ogig%?t%é?ﬁﬁ]e%gﬁ??@m&a |{/§é1é25| etle%’:pgﬁré%d.rgThe

ht gher pr ocesmytigoResathy activigsaddie perant highat ipalymef coticaptrations rih nthé ed
macronmers. [0033] The | evel of branching is also influenced by the extent to
whi ch  monon#aacios and pk BighetproARGVED I3 {eERs ohwelghy pt pQymper Biognesd ReplRiE |ittl e
nmononmer rengLns.in .. I t |t . Vi I nat ed
chains are ”Iﬁ%% olpﬁoglg%géﬁlg ﬁ!%?'tahgclgg%vﬂ#g&gﬁalrri%é?rﬁﬁ%e&gigghedéﬁ‘?#ﬁaﬁégsuI ting

i n higher Ieup{,igypferﬂmia@.m@a@;ﬁémst | evel s may be adjusted to influence the
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operating envel ope for polynerization to regions of high tenperature and/or
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in excess of 30 with,catal yst agtivities based, o r . of . pol r produced
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structures can provide a catalytic site, which encourages incorporation of the

larger comonomers. Smaller comonomers such as propylene and 1-butene can be
incorporated more easily as well. As disclosed in W09951648 it is believed that
monomer feeds can accumulate non-polar impurities with a negative impact on
activity.
[0035] By using catalyst systems that combine a propensity for providing
a high molecular weight with high comonomer incorporation and avoiding or
) reducing the amount of higher c-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
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[0038] In yet a further aspect the invention provides an electrical device
comprising an electrical conductor and a polymeric insulating layer comprising a
polymer with any one or more of the features indicated previously or resulting
from the process indicated previously. Compositions may be used for the insulting
layer including the polymer of the invention in combination with other polymers,
fillers etc. as may be desired for the particular electrical application under \
consideration. The insulating member comprising 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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EXAMPLES [0039251 The, i pvention is iILustrated w t.h reference to the
Exanpl 6. | nPORECOEYiRH)| BRTbOREns IPPaPERRT. DSt PisTeba Sifbo o fRuionlr 6f

perfornmed acggyRhdGetifed Rits RIFOLSROEE 7ML WLUR! FfechiaP QhdbmediRBuLiGRed:
Mw/Mn of at least 5 and contains from 0.1 to 2.5 wt% of units derived from vinyl
norbornene (VNB). Insulating layers may be obtained having a tensile strength of
from 5 to 10 MPa min.; a break elongation of from 150 to 450% and a dielectric
constant of less than 4.

EXAMPLES
") [0039} The invention is illustrated with reference to the Examples. In the
Examples the different tests and measurements are performed according to the

protocols below unless otherwise mentioned:



0 WO 2005/ 095475 PCT/ US2005/ 009575 -12- Table 1 No Test Test Method Units
| Ethyl ene and octene corg‘ut of the ASTM D 3900 FTI thod wt .% polyners

See Note scosi ASTM D 1646- 94 NMboney units ' ASTM
D 2084 - WEEX%Y%MG Characteristics M. DN.m IVH DN. mﬁ?@k@?‘k‘}ﬁﬁom- 93
Mn T90 Mn Cure Rate DNmmn Cure State DN.m5 Physical Properties 100%
Mbdul us MPa  300% Mbdul us ASTM D 412-9% MPa  Tensile St rength El ongation MPa
6 Heat Aging Tensile Strength Elongati on ASTM D 572-88 % 7 Extrusion
Characteristics Gmn Mss Rate As dasekni bed later on in m Ra
specification m Rt 8 Electrical Power Loss D ssipation factor

in water @

90 C, 60Hz, d V AC See Note ** 9 ex and M ¢gf 10 myp.. Melt
| ndex Ratio 1?{'4 RGPC%STM D 1238 MR Dinen :%thlvﬁeglg&j 10 _Densi t ASTML%mﬁ.SQS 9B
9/cm 11 | CH IAES [pighilene and octene content of the ASTM D 3900 FTIR method Wt.%
polymers See Note *
2 Mooney Viscosity ASTM D 1646-94 Mooney units
3 Scorch time ASTM D 2084 - 93 Min.
4 Cure Characteristics
' ML DN.m
MH DN.m
Ts2 ASTM D 2084-93 Min
T90 Min
Cure Rate DN.m/min
Cure State DN.m
5 Physical Properties
100% Modulus MPa
300% Modulus ASTM D 412-92 MPa
Tensile Strength Elongation : MPa
%
6 Heat Aging
Tensile Strength Eiongation ASTM D 572-88 %
%
7 Extrusion Characteristics G/min
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
7 Y
10| Denslty ASTM D 1505 98 gem
11 ICP AES ppm
Internally Coupled Plasma Atomic See Note *#* )
Emissions Spectrascopy |

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

**ASTM D-150-98

***[CP-AES is a commercially available form of optical emission spectrometry with
inductively coupled plasma. The plasma is formed by argon gas flowing thirough a radie
frequency field where it is kept in a state of partial ionization; i.e. the gas contains efectrically
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 which can be
measured and used to determine the concentration of particular elements.

[0040]

droplet aercsol. Light from the different elements is separated into different

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

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



I nternally Coupled Pl asr’Atom’ c See Note * ** Em s ns Spectroscopy
*1-Cctene is nmeasured by™eference to the 1387 cm1 sorbence band of the
FFIR spectWOONOKSEFM D- 150- 98 ***| CP- AES is a commrer ci aliGI/EP80YUBYE form
of. optical em ssion spectronetry with inductively coupled plasma. The
plasma is formed by argon gas flow ng thidugh a radio frequency field where
it is kept in a state of partial ionization; Le. the gas contains

electrically harged particles.. This allo it to operate.at very high
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det er m ne theagtgﬁ{:dgﬁ%ﬂr-lg?%ﬁﬁg?@ggj??ﬁ%}egrgl %?Aglﬁe@ﬁ}tsss. [0%%0] The sanple to be
anal yzed is introduced into the plasna as a fine droplet aerosol. Light
fromthe different elenments is separated into different wavel engths by
means of a gr 2N lis captured by light-sensitive detectors, one for

each el enent being analyzed. This permts sinultaneous analysis of up to WO
2005/ 095475 PRAlyISHzaaibh09575 - 13 40 el enents. The sensitivity is

conparable to at o y Pk | | . ' | Y | y at
the sg/L | evelddﬂgrgqueo?gﬁg%&%@g%&%ﬁﬁgﬁwgg %ﬁ%irei éﬂf%ié,é@fﬂf[ﬁlgéﬁ]
Copol yrer i zat stixai ok @escdér with cobfintions Elosv 0@ lfeedshashe sydtérisad foohiibus
stirred tank reactor with continuous flow of feeds tqo the system and
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netal | ocene caémalbt 8 2ekadlé™s So19diR, muf%)mlgaﬁrﬂbmﬂb&m QA1 P6te afd dRBrets
co-catal ysts. An honpgeneous dilute solution of tri-n-octyl alum numin

hexanke was usBen-gectdinating bargés anipn apenredielysisi dndomogpnesysidalute sobitigaiofit ai n
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conver si ons t @pprBytidte 46 MBRELATEadti®n MNoethhdBs affias, fichaisehidBoen] Widte
conmbi nati on of a honogeneous, continuous, solution process at higher
t enper at ur es Pddedea contrelimeleeulamweight Bolymsgizatiensiere iR ablneh dmpssatasesn and

and conversions 10 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 parrow 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. Fthylene 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



sequence di stributions, but higher |Iong chain branching content as neasured
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feeds were conbine nto on€ str then mxed with a pre-chilled
hexane str ¢@gM4] A hex e sadtichimixturé veaststitred-aggtegsivellywsingamaQndddri@05/ 095475~
PCT/ US2005/ 009575, . - 14- ,scaven?er was adde&i to .the conbi ned_saol vent and
monomer st SERAR With thees drestippallyonnopecitit paddle stirsrs sebiq ahovh &P OrpEu®e t he

' sol vent PAadd (RRYSCRANE b0k BRI rafec B oy Vscoifel SR TP i o

separat e padre s¢tQ0 AtHintdideanr faripk eesiddnct tihe: Wwathe sddctored abggrids siimeley. usi ng a
magna-drive systemw th three directionally opposed tilt paddle stirrers
set to abolin 8ting thereastorihe sorplympomaiiure Wsu%@e@ﬂeﬁo GueBFdng, # S6ERS of

solution vigcosities. E rate e . i i n average residence

time in thé’%rpg%ccef‘g?u% “%p%g%?a%ﬂéﬁ%%gﬁ%@%@gi%#%%ﬂg react o? t he

copol yner rmmtsgre wasTHeu Bdred] eebrid@tichdemalii g as aldzeib&ss in GWOC W43 U41at i on )
n

steps, heat a vacuum stripping and pelletization. [0045] The general
condi t i ons ingeypasatedshereic P ddS | purperesg/ Wewa 1is itherorsvophededo hddldi thef or US

purpoaee, Y44 SR, Bl e BOHOE 0 BRASEE L, v
nononer, argneliay ekl st emRectad Honomiet) ddb klelatedhtmbperatdte. hi ghly branched
pol ymers of the Invention, the
- [0046] To obtain the highly branched polymers of the inven-tion, the
temperature is raised to an extra-elevated level by the use of a selectedl catalyst
system. The catalyst system is selected to provide a good high temperature
stability and to incorporate comonomer and macromer readily. By wsing the
higher temperatures differences in incorporation of comonomerss and/or
macromers due to molecular size are reduced favoring LCB production. In
addition monomer and comonomer conversion can be increased lim-ting the
amount of monomer and comonomer available for polymerization axd again R
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 conceritrations.
Increased polymerization temperatures may themselves be associatted 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 residence times

without increasing the monomer concentration so that monomer is consumed to a

greater extent and its concentration lowered. Optimally the catalyst s7ystem is



ténperature is raised t n extra-el evated | evel by e use of a selected
catal yst system The catal yst systemis selected t®provide a good_high
t enper at ur &0 2O¥BIMty and to i ncorporate comonomer and nﬁ@?@%ﬂ@é&ﬁ ly. By
using the higher tenperatures differences in incorporation of conononers
and/ or nmacroners due to nol ecul ar sizeldare reduced favoring LCB production.
In addition nononer and conononer conversion can be increased limting the

amount of ' - DO ' ' in
favoring rramgs:%'l geg%? t‘?"ﬁ’ggﬁ%o@? ati nerangh{%%l foélfrvgmfesfoﬁ]on. i %i%@ﬁ@% éfﬁcﬁ!@?&ga

t enper at ur eppefifing terhgsdstogd. i n adi abatic operation by increasing the anpunt
of nonomer and conmononer converted to polyner per unit time using increased

| evel s of cdP848lst andlherifluenof thaertimuoesoytieed: tark taspior is paswdete bept

| i zati Qn 1 { h | vesio iated with_ i d
ot vi ty oo SRMERCOL e PlatafiE fo D C L BRRE Rt bt dgefieFo " T each
stabl e oper aiffedftd B9yl atplicpﬁx%issu!ré\@fcﬁﬁ&elﬁe HORAEzafiOR Wk R OPSssittrB8gh heached

by increasing catalyst |levels or increasing the reactor residence times
wi t hout i ncrletaddwiy valve insnlbqid pbesecsaparativhoressad, inhwhichdhe pegssurs dmpsuned to

t tent d,i t [ d. ti |1 t h t al t
2, oSLoR e LI a4 BuCETEPBLr o0 hovErerly BBl Kulhe catalys
hi gher MOnonRfL FROURLT. PRt B0 Hf ﬁay&%amg [SWerl JORAMESCh SIRRE WMth™D to 40

tenperatures. [0048] The effluent of the continuous stirred tank reactor is
passed to heat % ekpdpmge rhetwneaitmtion he the pplymet mck phese2B@praxinnatelyphase

separation i e effected a rapi.d pressure d s .t he pol rization
m xture pass@i’rehﬁ’ome axﬁatl By DgoRaty pgg?qnn eﬁﬂ}ephu‘f&ggrp Td a’r‘yéma n
vessel, in Wit bhg RERMSYTB L16R resgﬂfgci@p}é{afrtlér?éﬂdlggvcﬁﬁﬂiztep P&k | nsi de

t he )essel an upper |l ean phase is Fornmed W ess than 0.1 W % of pol ymer
and a | ower pudymersanibectmpyessfoomithiepldit.t o 40 w % of pol yner. The

concent a1 Qhuad) (e PRLITEL heh £ROSE S oproy Fmehy, doubl sytatri ol e
mononer 1 n 33Ha9é"~‘§ h2fioh afe RERIEPLWe T%Q‘?’F?é’?ﬂbiﬁé%n fdea! 1 éﬁ‘rgcesﬁm ymer

can be renoved fromthe plant. [004 ase and vol at s renoved
downst r eam o degnee dofi sgpardtiopaabpirifeptioatikes phce to eryoiequldrdmiperipes tthaf t he

ol ynmeri zation,feed. lL.n the process .
POl Yy nnr;ght undermine the ac 1v8y o? the catalyst. Any internally unsaturated o lefins,

which are difficult to polymerize would gradually build up in the lean phase and
recycle streams. Any adverse effects on the polymerization activity, may be
mitigated by removing these olefins from the recycle stream and/or encouraging

their incorporation in the polymer, favored by high polymerization temperatures.

[0050] The following runs were performed with the following catalyst
- ) systems:
Table 2
Catalyst system Transition metal Activator Component Scaven ger component
component (TM) (NCA)
{A) Dimethyl silyl Dimethy! anilinium Tri-n-o ctyl aluminum
bis(indenyl) hafhium tetrakis (heptafluoro-
dimethyl naphthyl) borate
(B) (p-Et;Si-phenyl), C Dimethyl anilininm Tri-n-0 ctyl aluminum
(2,7'Bu),Flu}(Cp) HfMe, | tetrakis (heptafluoro-
naphthyl) borate
. () (p-Et;Si-phenyl), C Dimethyl anilinium Tri-n-o<ctyl aluminum
(2,7'Bu),Flu}(Cp) HfMe, | tetrakis
(pentafluorophenyl)
borate




a degree of separation and purification takes place to renove pol ar
inpurities that night ur'rm' ne the activity of thegmtal yst. Any
internally unsaturated ol®ins, which are difficult Yo I rize uld

gr adual | y%ﬂﬁopﬂo%ﬁ’si n the | ean phase and recycle streang&’i{g‘émﬁé\’;’é%\ge
effects on the polynerization activity, nay be mtigated by renoving these
olefins fromthe recycle stream and/ orléncouraging their incorporation in
t he pol yner, favored by high polynerization tenperatures. [0050] The

foll ow ng ;[@ wer e rformed with .the fol stens: Table 2

| omi ng.cat al yst
Catal yst s Tr angi ETORC el MRAF| %Fo?@%gﬁe‘ﬁf“ W ng&r PESbnent
conponent  (EMrallNGéScribed prviBRkRYdndshé WdidaddRiabilyst @pdtemgli um Tri-n-o ctyl
al umi num bis(indenyl) hafniumtetrakis (heptafluoro dinmethyl naphthyl)
borate (B) (p-EtjSi-phenyl)2C Dinetbyl aniliniumTri-n-octyl alum num .
(2,7 Bu)2Fl u) (Cp) HF Me2 tetrakis (he\éfﬂﬂfiuoro napht hyl) borate (C)

(p-Et3Si-phenyl) _C Dinethyl anilinium Tri-n-octyl alum nym
(2, 7' Bu), FI UBCp) {19PMve2 t ditedsts ((Fetar | iSetihenyl M bor atMR WO 2005/ 095475
PCT/ US2005/ 009575 { MOREICTT )051] Plgstonersiare madel in a n | ng
the process|! gener{&rPyleRfeq dp) bed ﬁr7é\?i ousl|¥-¥%hd tqeo'qﬁndi cat¥d cat al yst
systens. Taple 3 Run Co- ({at/Act ¢ _W%Density M! MR naner | Propyl ene
(A) 73.4 0.8%2 0. 948 p¥lee (D) propyiéhe (A} 9PAF 6 0.1878 1. 1£ ®6.3 111

) 73.3 0.871 1.21 642 1\ Oct
Propyl ene (Eﬂl Propylene | (B) 733 10.871 1.21 ' 2

v Octene (C) 67.5 0.872 38 36.4

Comp.

v Octene © T2.9 0.885 10 442

Comp. )

{0052] No hydrogen was added. The process conditions in the runs were

either varied to achieve the target MI by adjusting the temperature OR by
adjusting the monomer conversions as shown in the following details . The process

conditions are summarized in Table 4.

Table 4
(Average values from experimental runs)
Run Process Control Cc c Rx Temp | Production | g polymerig
conversion | conversion R ate ™
1 High Conversion 84.7% 43.3%. 146°C 1 1.6Kg/hr 230 000
I High Rx Temp 70.0% 27.5%. 156°C 9 8Kg/r 422 000
11 High Conversionand | 90.4%. 56.3%. 160°C 12.4Kg/hr | 203 000 ;
High Temperature i
v 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 1 1.7Kg/hr 110 000
Comp.
VI Typical run (not 76% 38% 130°C Not %0 000
according to awailable
invention)
[0053] Octene used as comonomer may include isomers, which have a

negative effect on activity.



Conmp. V Cctene (Q) 72. . 885 1.0 44.2 Conp. [005 No hydrogen was added.
The process conditions the runs were either va d to achieve the target
M by adj EOi20aF/@9Bg5t enperature OR by adjusting the non®@GVUSWHNWBPTSons as
shown in the following details.. The process conditions are summarized in
Table 4. Table 4 (Average val ues from_%peri mental runs) Run Process Control
C-1 C Rx Tenp Production g polyner/ g “conversion conversion Rate TM 1 Hi gh

Conversion 84.7% 43.3% 146C 1 1.6Kg/hr 250 000 11 Hi gh Rx Tenp 70.0%
27.5% 156C 9. 8Kg/ hr 422 000 |I1l Hi gh Conversion and 90.4% 56.3% 160C
12. 4Kg/ hr 203 000 High Tenperature |X1a¥83h Conversi on 90. 9% 59. 9% 145. 5C
12. 1Kg/ hr 103 000 Conp V HeRff Aes fram saplesdungg rung 205 153, 5C 1 1. 7Kg/ hr
140 000 Comp—M_Typical run (n 76%.389% 130 C Naot 90000 accaordin ‘
avai | abl e ir\{fﬁﬂP'Fon dtalysh oEMpnamet ¢ B ol |4 rpgﬁg)rs T8 “'?');gc {ﬁe i%@%er s,
whi ch have 4 ““hegat ef f on | xCTF%i t y. ?2 L'\/\9? | DBERY PP‘:;’“ pam“’m
PCT/ US2005/ 575 L 17. Tab@g_é_@(_ < i ves-Hrom-spapplas g n L)
Sanpl e Cat alﬂgt l\/bn@'r)rer P( dhss Mighign I\F%SACHV?"EO?/ ISWf@E’ \§7A[ YA /‘Feed
Control C, 4.16 (6{12). g|poly./ g‘i"EgS‘F‘S’h Haf ni um kg) M ppm ppm 1| (A) CH#C
H gh 0.98 54703 Z6B(A800 N &Y A | High 1.25 4335 | 425000 | <022 | 0.8%6
reaction ‘
temp
I (B) cHC High 1.56 78.66 | 204 700 N/A
conversion
VI ©) c+C’ Typical run | 1.06 28.76 90000 {0.14% [2.1%
Comp. (not ace. to
) 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)2Flu}(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 (I2'/1%) and a low catalyst residue in the polymer. |
[0055] Example I shows a high conversion and reasonable activity. The
MIR (121/12). 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 (121/12). 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 VI1703P



11 (B) C+C Hgh 1.56 7 204 700 NV A conversion (O (f -+C Typical
run 1.06 000 0.1 2.1 * Conp. (not acc. to I nyRRYE <

measur ed %@0?@5,&856‘2?CU| ated on a 100% i ncl usi on of catal yst rééag{?ﬂt?g?]ign

pol ymer. [0054] Table 4 illustrates that using the dinethyl anilinium
tetrakis (pentafl uorophenyl) borate as 1ReA, Teads to low activities and
hence negative inpact on electrical properties (run 4 and 5).

(p- Et 3Si - phegdythiéres : ) ESRIME j1d i si on
and pronotes a hi S’%“Rh( évi%a?!zé)l/%flﬂz ]\Q/al ue. H&?rfgﬁgadéaﬁ?% gﬂ;/}g{g%%\?\nﬁﬁl a
chiral or actomaihs hafyhoerbomehe (¢NB) pethe tesnérvengyaod ichighly ydnchegol yner

whi ch has a coomercial M range, a high MR (121/12) and a | ow cat al yst
residue in the polyner. [0055] Exanpl Ah t&ows a high conversion and
reasonabl e activity. The M Rﬁwgﬁﬁgﬁﬁmﬁgm e ll is made at a high
pol yneri zation tenperature at nversi on. The MR
(121/12) at 4GxeapnsThrghantgact ity St 3 ot ranTt wExanpl e’
Il shows tha?o%y@gﬂzgée of catarltcyst (%’fﬂper Mglds (L) 'z)ghe(ﬁ]i) I;;epﬁs it
conver si on/ t gnper at ur e} bal ancgdziram C—a't—‘y% Dnjpgscall e actjvity.

The choi ce off process ponditjions and catgl yst permts|thgcqnbi natf gaepf |a
hi gh conver $SNGHaiond® 9N P@F YNET 17§ at | omgioeriper atur € and | ni ggh VT RINEL2IL7 1628) -
Exanpl e 1V ando3¢ show t hat |usi ng octene-]l as a conongner dges not|{ permt a
good conbi nafron of Ny git’ agt 1 15.€ Y| amgi2hi[gh1 M R (16817 12) . Bl[émdneM [ NNdnkde
interpolynmerg with EP-VNB [0056] Table 6 |contaijns a lijst of [the ethyl ene
a-ol efin pol \rhogage 8¥8d| i €t I]E 6fed| uddMol|t ae el ecdBri ¢al 23 orjmMoag | pnNeres ¢
cont ai ni ng Vilstal on V17Q3P \ 2005 ﬂQRA?H PCT/1US2005/.00957 =18
commercially avail abl e from ExxonMobi| Chem cal conpany. This pol yner

contai ns Vi nigoogor bor NGRS (A L3R nAe Ty SHIVIOHE coBilrdte ufilat Siafened

polymers made with dimethy! anilinium tetrakis (pentafluorophenyl) borate as an

conversion Il (A) C +C Hi ji 1.25 43.35 425 000 <0.22 Q.826 reaction tenp

-

activator at a density of 0.870. Il is an inventive ethylene propylene copolymer
prepared using a metallocene catalyst and dimethyl aniliniom tetrakis
(heptafluoro-naphthyl) borate as activator. Engage 8100 is an ethylene octene
copolymer commercially available from DuPont Dow Elastomers LLC.

[0058] Table 7 shows an industry standard medium voltage insulation

compound containing 60 parts of clay as filler.

TABLE 7
MEDIUM YOLTAGE COMPOUND FORMULATION
Components Description Formulation (phr) J
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)

11 4+ V 1703P



TABLE6 POLYMER CHARACT TI CS Pol yner type C1 g/ M MR M. D ene Diene
(9/10 (21/12) (1+4) Typ (wt.% mn) 125C (MJ) (W"™®g Vi stal on CO 76
0.870 25 VKE200549547503P |11 C 73.6 0.872 1.3 68 None Non@CTE/NJaY é’"@‘féo C 22
0.870 1.0 28 23 None None [00571 Metallocene polyners IV and VI are

conpar ative ethylene octene polyners md@e with dinethyl aniliniumtetrakis
(pent af | uor ophenyl) borate as an activator at a density of 0.870. IIl is an

catal yst and WLt 1 SeieCRe ARRRUAR a7y BREE SEhaks %at%%%ﬁ%ﬁ%%?a‘i@ﬁfate as
activator. Efgag®n3ifard Eo&ﬂ Bhé bR a6ise ere 8 @BTar eV iphss
avai l able from DuPont Dow El astoners LLC. [0058] abI e 7 shows an industry

st andard nednumngopro@gel img UI680 ik Banbnpounirer cisingad biteh woightaoft 542 gcl ay as
filler. TABLE.7 I\/EDI UM TA MJULATI,ON .Conpone ription
Formul ati on (A COTEs acter 8 Z!‘P/F &%f’lﬁeé‘gﬂt&?%ﬁﬁ%ﬂﬁdeugg‘ Ager| te
MA Anti oxi daBbrokide w@rmﬁaea irtthk A8stvpRY Ford tb&!‘ﬁ’mﬂm tindel 6¥C7 ffhA&s follBwidgRD 90

Red Lead 5.0 Escorene LD 400 Low Density Polyethylene 5.0 Paraffin 1236

Wax 6.0 Cur thd mésin®ipBgedu® #Bvwhi pukpble Ber dhe dwmserisatclf dixvhaxged from thel 1 + V
1703P Banbury mixer was sheeted out on a two-roll mill. The batch was homogenized
several times on the mill. The mill temperature was maintained around 90° C
during mmng The miiled masterbatch was cut into small strips using a mill knife.
The strips were introduced again into the mixer along with the peroxide, and the
) compound was mixed for further two minutes at temperatures less than 125° C.
The final compound was homogenized once again on the two-roll mill and
granulated into small pieces for extrusion processing.
[0060] Table 8 shows the mixing procedures and conditions.
TABLE 8§ MIXING PROCEDURE

Equipment :  1600cc, Banbury
Batch Size: 1420 gm

Time {(minutes) Rotor Speed (rpm) Ingredients Addition
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 ratic of 2/1, which is
typical for processing rubber compounds. A cylindrical die with a land length of
9.5 rmm 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



cal cined, surface treate aolin available fromEn ard Corp. The

formul at i onpounded using a two pass mXing pregpeel $6b§51600 m .
934 005/00957

Banbury ﬁ???“ﬂ?n@ a batch weight of 1420 g, which corresponds to a fill

factor of 75 % The masterbatch conpound wi thout the peroxide was m xed in

the first pass for a total mxing tinmg o1t~ 7 mnutes following the mxing

procedure shown in Table 8. The masterbatch discharged fromthe Banbury

m xer was SReghd s@fé"w @ﬁéea i$ VRridPlrbmMY RPMIfe1 RPdeh. MRSmARMER gh%‘ﬁ% sever al

times on the mll. The ml| tenperature was nai ntained around C during

m xi ng. The meabired atmeytryr batwhspred byutoliepting e rsatiple of ithxs exgudate averi &1 kni f e.

The st th th d
(he compoufBeait Pwﬁb%fvw?%ﬁic?ln'xﬂbqaé%?ﬁe%“eﬁaﬁbeﬁw?cﬂ%“eeﬂq e Rl (o
125 C. The 4194 i f’séﬁ@%oﬂé’dlw ré%egﬂﬁﬁerﬁgébﬂué’” the two-rol | mll

and granulated into S pi eces for "extrusion processing. [0060] Table 8
shows the n[6062) procéﬂwmfaaa&ughnehstofdnsexﬁuﬁﬂﬁhEaﬁalMe&ldﬁﬁgﬂF&ﬁﬁﬂdRE

Equi prent 1600c Banbu ch Size : 1420 gm Tj ne mnute ot or Speed
(rpm Ingr edil @riuEtage  gaysey eOE‘E%“%IWem A&JEQ‘PP%ed W‘@ %é‘aﬁ?}o@ WS Zinc

100 174 O ayre g BV tp e of thetlhylat \GBY bty Tecbradig 3yl %
[00611 Conpauifaceeiicgularides. ﬂh&vﬁacadedxmrﬁemwmdtheﬂughdmw%ao oind 90

single screw extruder. The_screw |l ength to _dianeter (LID) for th| S extruder
is 20/1. Than éxscurﬁaa%m%ﬂegwhé@oydc%& gday) s measyrad dor every sapplen The

Itgﬁbtcﬁ' O]‘: OF RIE&RShEMH R PRGSO Rore D i WRREL pRYAIE HB3nh hfiaftthend

WD 2005/ 095475 PCT/ USZOO*OQS?S -19 [0059] The cl ai Translink 37 is

is also recorded (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.



9.5 mm and di aneter of nm was used to assess s ace appearance of the
extrudates. The vari ous™ones of the extruder and t di e bl ock tenperature
are mai ntPRe/MHTELt ant at 125 C. G anul ated rubber is RET/ERPEYRBhe
extruder hopper to maintain a full screw, but an enpty hopper during
extrusi on. The WO 2005/ 095475 PCT/ US20Q94Q09575 -20 extruder screw speed is
varied from25 RPMto 100 rpm The nmass throughput is neasured at every
screw speed by collecting a sanple of _the egxtrudate over a specific length

of time, typicall ecqn o-“-‘-----' 0 s . At | east
three sanpl es are‘i)éﬁél.g. D%‘gjl&"gﬁ"ﬂgc e el H %The surface

3 [V | LU——PIU’VI_U Ul .

roughness of—the-o m Az et Ag——StH-c-o—I-10rsyrFpee—gauge—

ORMUTLA - ? ?
The Surfco T'?‘-' 1 pped with a dlanond sty LbSr- t ha tragerse

Q O da +|r\ - 0}'1\1_2 ot hao chirf Ach

over the suftage=e R LHAE A=A — e Attt i-aed
irregularitfes: rhe verti cal d| stance between t he h.g@g" a1d§g owe% hoj nt
in a surfacg otad—ac—Rt— Ao ppas b ee—f By o

The arithng E"i- 7?- 'ﬁ Y héi he departu*e T‘ t he S)ljrfaCf‘z p[oﬂl ;Ii‘gon
a nmean |ine opdac Ases AR B S -s-‘%bt—fu—neeﬂ eﬂﬁ,n ht
| east 3 nep ?@Hﬁ?‘ﬁr@( anpl e. [OOR& 28’ var | io1 ?Jscb upd, i1y

I 3 poiiit. 1se Fﬁge

with freque cy was neasured usi n a Ru Pr SB a
measur ement REE mefo }'n ‘V it oblS3 %

Ul

A \) ATTU LA IP\;I = UI \4 S pa s
C The 11 equbgRs Wae COATT- a0 PO 0. 21 to 219 .11Q964] Jab) e 9 bhoys
t he conpoun Hwﬁpre and physical properties of /051 AYE g @NpoiRd
formul ati ongryrepared as outlined in Tables 7 cegs al nighg| the I%&@) L/L
VNB terpol ypgsy V 1703P by itself and in bl end vmn;uh t hejgqre qlgkopqrga
et hyl ene proppyd ene copolyner 111. WO 2005/ 09 3475mPCT Uz29€0 :/7@@95775;3 &147
TABLE 9 COWP&#D CURE CHARACTERI STI CS AND PHYFIdQAthmE’RODERTI =365 FORMGIL AT SN|
EXAVPLE 1 2| 31s4MLConp dN-m 88.0 | 773 | 705 | 63.9
Press Cure, 20 min @ 165 C (329 F)
Hardness Shore A 89 86 86 85
100% Modulus MPa 5.3 5.0 44 3.9
200% Modulus . MPa 8.7 8.1 73 | 64
300% Modulus MPa 10.7 84
Tensile Strength MPa 10.3 92 9.0 8.6
Elongation % 287 263 267 303
Heat Aging (14 d/150C)
Hardness (oven#4) Shore A 38 86 86 84
Hardness Change Points -1 0 0 -1
Tensile Strength MPa 1451 | 1297 | 1278 | 1142
Tensile Retain % 97 97 938 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.



V 1 703P 100 50 25 II1 0 50 75 100 CwWPD. MOONEY VI SCOSI TY (M) (1+4) 125 C
MJ 22 22 2'1 18 Nboney rch (Ms) 132 C M n Val ue 1081069 8.4
Tlnefor3p0|nt rise m 4.2 18.5 20.5 21.7 ODR 2 C §zn$ deg,6
mn M. dNYRZBIMO98Y78 5 9 5.1 MH dNm 94.1 83.6 76.3 69. o“ 0 ’R°9é"563 0. 62
0.65 0.65 T90 min 1.84 1.86 1.94 2.0 T98 mn 2.38 2.36 2.43 2.47 Rate
dN-mmin 110.4 86.5 72.8 61.5 M+ M dN2En-88.0 77.3 70.5 63.9 Press Cure,
20 mMmn @165 C (329 F) Hardness Shore A 89 86 86 85 100% Modul us MPa 5.3
5.0 4.4 3.9 200% Modul us MPa 8.7 81%,_]12103 6.4 300% Modulus MPa 10.7 8.4
Tensile Strength MPa 10.3 9.2 9.0 8 ongation % 287 263 267 303 Heat

Agi ng ( 14—dF156CHardmess—{—ovemr# A TShoreA Swmrelmnge
Poi nts -1Egample 1 Tensile Strength MPa |1451 1297 &248 |1142 [Tedsille Retgin %
21897[83 é’iwgﬁr\rjrurj;; : ;Inl é(;(;(r)ngl goi f?a conparat i veloﬁorrru: at ijon \i,hﬂjé 1
For mul at T(B‘H exanples 2 through 4 are inventive comﬂ’ourds?0 Su bSﬁtuti]GH of V
J 1703P \\HARKHARhet®EHI2E gcae Retandi dat e || | Igrhigady to a |margi jal dedreaselin -
cure ratéq,skpgm the replacenent of the|VNB ter pdl yger.| bsg enhgnpced heat
aged phy3icaoy 65 51 69 51

75 RPM 110 100 107 | 103

100 RPM 122 93 108 106

HAAKE Rheocord 125 C, R, Om

25 RPM 16 4 13 26

50 RPM 2 17 18

75 RPM 2 15 29 )

100 RPM 2 27 24

HAAKE Rheocord 125 C, R, Om

25 RPM 75 26 76 154

50 RPM 44 16 11 113

75 RPM 50 17 83 154

100 RPM 2 | 18 181 147

[0067) At the 50/50 blend ratio of V 1703P to III in the compound

(Formulation example 2), the 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] FIG. 1 shows the variation of the compound dissipation (or loss)

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

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

[0069] FIG. 2 shows the variation of compound viscosity with frequency

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

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



properties, notably elo tion to break. [00661 Tab 10 shows conpound
extrusi on properties of e fornul ation described Table 9. | WD

2005/ 0954 73V@e50EAIH5/ 009575 -22- Table 10 2 3 4 Exanpl ECEFHRO5/00%773 703P
100 50 25 111 O 50 75 100 HAAKE Rheocord 125 C, Mass Rate g/mn 25 RPM 36
39 34 34 50 RPM 65 51 69 51 75 RPM 11Q2%Q0 107 103 100 RPM 122 93 108 106
HAAKE Rheocord 125 C, R, m25 RPM 16 4 13 26 50 RPM7 2 17 18 75 RPM 8 2
15 29 100 RPI\/It;1 i 27 24 E Rheocor.d .125 % R "m 25 75 38 76 154
50 RPM 44 16 1 the Jowes compowgshyisepsity agtheijgher fisguegsiyrange ol 19110 249 sey0671 At
t he 50/50 ble ' ' e '

exanpl e 2), tﬁ'ﬂ%drnﬁpddg% gygﬂa?@é%ethgf g‘lﬁg?ftaﬂ‘éésﬁ (grglgcorrpg?ia H(J?}%(%E'!{g E%G%

conpar ati ve Ethenijeh®t shefosensitiviee These fortrhationt ev@id depwsinyeveliat \defetBiRP. inW t h

i ncreasi ng netall ocene pol ém_sr content in the forpulation, nelt fracture was

noticed on thBrosgssebilitt dispaying meli SRctypse sbrragtesyics i IaWashash paessTHiNg i
meni fested bygdhgdiohdtiifhy ol #RiaTibedtR! phismdOi APt d¥Bedisability

over the comparative VI and ENGAGE 8100 containing compounds. These
interpolymers may be pelletized directly.

Formulation examples 5 to 7

[0070] Medium voltage electrical compounds featuring polymer blends of
the metallocene candidate I with V 1703P were formulated as per the
‘) formulation in Table 7, at varying blend ratios of IIl to V 1703 P. The
formulations were granulated into fine pellets and extruded onto a 14 AWG
COppET 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.
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Medi um vol t 4 @e{ectrical conr_ounsfeé 4 2n;1 I§ of the
met al | ocene [€3MU] date 111 with V $703pP fo ate r the
formul ation |[EPM®bl e 7, at varlyi nf] bl eAgP/19% | JQU/AR0 1703 P. The
f or mul ati ong<5RE % granul ated ilnto~fin 108419201 < 0ZAR ¢ onto a 14 AWG
copper wre. 1] Table 11 dhovk t he 198/ Y% s <0 d0Ri r the wire |line
ext rusion, "¢ correspond tlo tgpi chal9% 107 ¢ JRATES ¢ e control
conpound f egMsltiTaGPeAWIE v 1703P pbl yner "% he| neti’um|vol'f i nsul ati on
conpound cogHMBgreate wire was | VI{Whnj zd&2i n|t %St eam'Z2watjer heat ed
continuos vuHRERPRAMETEt ube rami ntai npd &8 & c8fstant $%npdrature of 208 T.
Typi cal resi TRefre in the |vul ani zat7®n {ubé® dépentls the |ine speed.
At a line spe8est¥tRa 2 minin,| thé relsi dehce[ti /R i§ 19%5 rfi nutes. [0072]
As seen in TESr@enRPY | the ifveRPMve| f oful ati 8Rs var ffhg itn blend ratio
of 111 to V|ProslepHepdiessyey el MPat KWRI1&$ )%Z'gg-ﬁl%r&i tthe control

Steam Pressure MPa 1.72 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.



conpound. 0 WD 2005/0 75 PCTI US2005/ 009575 -24-40073] TABLE 11: WRE
LI NE PROCESS CONDI TI ONS 13101 corresponds to ru 11. EXAMPLE 5 6 7
MB013101 /WO 2003@5F5Rat i o 100/ 0 75/ 25 50/ 50 Body (Act ualBGEV§20e5/008%5104
104/ 104 105/105 Die C 103/102 105/105 112/102 Zone | C 99199 98/98 98/ 98
Zone 2 C 100/ 100 100/100 100/100 Zone 32€.102/102 102/102 102/102 danp C
1021102 102/102 103/103 Flange C 103/102 105/105 102/102 Melt Tenperature
C 116 117 115 Line Speed mmn 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 NPABLE 1% PROPERTIESOBEXTRYDERWIRES St eam Pressure MPa
1.72 1.72 72 _CV Cure Tenp G 208 208 208 Water level m6 4 6 4.6 4 ron74]

Tabl e 12 sh M hysi cal pr. perties nfsthn wiréd s les’of ITabl & 1.
cont ai ni ng 31957 V793R ratios nf th / 1 | bcet 5 i 0 VB0 Q’pﬂj)g V
1703P. Forr I“BJQ’"'EFH exanpl e 8 |FTJ‘@§“ cpnt f prmy é op fegruriing \/1?)1;703P
wrt hout t heg se8hH—+h T° e 12t surlf ace’
roughness dfy "t HE*TTECHEhpI es (E"}' ik n?%rl game in %EI the cpppoungs.
The nelt fr & ure seen in Forjmul ati op 35D =s a7nd ;bga,xt rude
conpounds ((Rahlg gO0) is elinmjated by tel?'g, appl i c_s,,q)le on| of ;gj ear f%e
cont i nuous EHE PRk Nt tPe A % 5 8

100 % Modulus MPa 2.1 23 26 3 3

200 % Modulus : MPa 2.7 3.0 3.4 4.1

Tensile Strength MPa 9.0 8.6 9.4 110

Elongation % 390 299 292 291

Break Down Strength KV/mm 33 .33 31 56

[0075] In certain embodiments, the processes. Polymers, and formulations
described herein enable the production of compositions and electrical devices
capable of exhibiting beneficial electrical properties in the absence of a lead oxide
compound or at reduced levels of a lead oxide compound. Specificaily, in certain
embodiments, the beneficial electrical properties are dissipation factors and
dielectric constants. A series of experimental evaluations were conducted to
evaluate these electrical properties for formulations incorporating certain
polymeric materials described herein.
[0076] Table 13 lists three medium voltage compound formulations,
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] Polymer IV is an EPDM terpolymer produced in a Ziegler-Natta
catalyzed polymerization. Polymer IV has a Mooney viscosity of ML (1 + 4) at
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.
[6078] Polymer V is an EPM copolymer (ethylene-propylene copolymer)
produced using a continuous polymerization process incorporating a metallocene

catalyst and dimethy! anilinium tetrakis (heptafluoro-naphthyl) borate as activator.
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ERTI ES

OF EXTRUDED WRE EXAMPLE 5 6 7 8 WM013101 /V 1703P 100 / 0 75/25 50 / 50

0/100 Line Speed mmn 12.2 12.2 12.2-¥%4 cCure Tenperature C 208 208 208

208 Wre Surface Roughness OmRa 1.75 1.39 1.88 1.43 R 19.22 16.27 20.57

12. 38

Ra+0. 1101%313\/@]33

5 QghcP ool ST LA 15ty B g

100 % Modul us a 2.1
Tensi | e Strenfylh(giFa Bind). PdySed VM linCorpbiatesgethiylene %nd9Prop9end %t Reight Br eak
Down Strength KV/mm 33 _33 31 56 [0075] In Qertal n enbodi ments, the
processes. PRATGFAESS Ohrld Wigrerand %hé’ regpssiyslbed herein enabl e the
production of conpositions and el ectriGgl vices capable of exhibiting
beneficial electrical properties in the—a%sence of a |l ead oxide conpound or
at reduced [eubéndits 2 T edEmple 90 xamPRCIJ (pA) |VExampl€ T {phrn
enbodi mentsj_the beneficidl electrica D operties _are_dissi Dat .on fac ors
and di el ecfPelymephét ant s.| W0seri es of egl@@i ment al evgluati ons were
Conduct ed t avaliiat o t h Se 49! ecty ! Ca! a¥a nnarf | S j_ar 'F or WJ!%chS
‘i ncor por at i nBoéf]é‘re’EXrn pol >pmeri c materia Q descri bed her®¥oh. [00761 Thble 13
lists thr eeﬁ@ ¥ US mpound o MrggtTonsT T pre d—as—outtimned in
Tabl es 7 angd 8§, ¥or %]:agh the electrical |[properties werle eval uated. Fach
formul ati on| Zinelowttles an et|lyyl ene 1 nterpolgner i1dentifigdas Polymer 1V or
Pol ymer V. [0077] Polyner IV is an FPDM terpolymer _produced in a
Zi egl er - Nat t BRD 90 0 5

Paraffin wax 5 5 5

Escorene LD 400 | 5 5 5

Agerite Resin D 1.5 1.5 1.5

Drimix A 1721 1 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



catal yzed pol yneri zat i Pol ymer 1V has a Mooney cosity of ML (1 + 4) at
125 C of 25. The terpol r i ncorporates ethyl ene, 'opyl ene, and et hylidene
at  wei ghtwpapeésages of 73.3 wt.% 23.4 w.% and 3.3 WMCTHS2040T6 | vel .
Polymer [V is comercially available from ExxonMobil Chem cal under the
designation Vistalon(r) 8731. [0078] Pobyper V is an EPM copol yner

(et hyl ene- propyl ene copol yner) produced using a continuous polynerization
process i nco;{gorati ng a netal l ocene catalyst and dinmethyl anilinium

tetrakis (hedP880luor o- napheraly,the boverdhe disaipetiomfastor, the \hettonihs /edmgicab

PCT/ US2005/ 009575 Rol r V_has a Nbongy. viScosit 1 +.4) at 125
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Tabl e 13 Components Exanmple 9 (phr) Example 10 (phr) Exanple 11 (phr)

Pol ymer |V 100 Tebie 4 Bod i€ 3yile Dmidhtio ismwspiratngsolymey I'§0lee@nsatedi nc
Ader Lo Resi FBRAVes dispafion BF prgpoRieg zsultine FoTHEGREUAOR B 4BREER s 6. 5
6.5 Total p -8&%%1] b ROo®OoNat r : | Bt s 20
m nut es at 12%adé%?16%7<gol ss??g%@o%(ﬂf ag%&cﬁés?’@ ’oreEf;?grhn%fl{égﬁ gﬂf ﬁﬁﬁfé e

det er mi ned o\Bcorpomating awtalkpend exdalyredBdlymed ¥, d@hesipetisopericadissipatiorr e

det erm ned afilaer aging in water %:E 90C in accor?ance W th (ﬁS‘{M D- 150- 98.

Tabl e 14 ctor perfoimance even out the addition of or presence ead, or a
derivative thereof, such as a lead oxide compound.

[0081] In certain embodiments, the formulations described herein are

’) substantially free of lead, and derivatives thereof. For purposes of this disclosure,

the term substantially free of lead and derivatives thereof shall mean formulations
having less than .1 phr lead and/or derivatives thereof, including, but not limited
to lead oxides, per 100 phr polymeric material(s) in the composition. In certain
embodiments, the formulations described herein are substantially free of lead, and
derivatives thereof and have dissipation factors of less than 0.02 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.
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relatively stable dielectric constants over the 28-day period. The formulation of

er eof _ and hd

)

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]
substantially free of lead, and derivatives thereof, and have dielectric constant

In certain embodiments, the formulations described herein are

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

RN

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]

symbol, indicating that the names may be protected by certain trademark rights.

Tradenames used herein are indicated by a ™ symbol ,or an ®

Some such names may also be registered trademarks in various jurisdictions.
[0086]

including priority documents, are fully incorporated by reference to the extent

All patents, test procedures, and other documents cited herein,
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In still ot heancbrdbsmhpmmns sset tfb:éh fherein| buti tatker thes(tha bhdnhdreepm&amed as
substantlallyfree of. erlv i t her a dielectric
const ant val uE¥OGPPERE aﬁhtgﬁafgadrﬂ@ aﬂft Dé%ﬁ?lé"’?’%} g“’ﬁ IaFr’rn\ﬂéet gresgpt 90 C
[0085] Tradenaegtdts $akIBGRS all fedthrek ReHicR RIPYe Realdd ésyéﬁ?ﬁvllal&{ts #Herdaf by

) those skilled in the art to which the invention pertains.

[0038] When numerical lower limits and numerical upper limits are listed

Herein, ranges from any lower limit to any upper limit are conterplated.



synbol, indicating that the nanes nay be protected by certain trademark
rights. Sonme such nanes may al so be registered trademarks in various
jurjisdictions. [0086] All patents, test procedures, and other docunents
cited herein, including priority docunents, are fully incorporated by
reference to the extent WO 2005/ 095475 PCT/ US2005/ 009575 29 such

di stl osure is not inconsistent with thig_invention and for all jurisdictions
in which such incorporation is permtted. [0087] Wiile the illustrative
enbodi nents of the invention have been described with particularity, it

wi || be understood that various other nodifications wll be apparent to and
can be readLAIMSade by those skilled in the art without departing fromthe
spirit and scope of the invention. Accordingly, it is not intended that the
scope of the clainms appended hereto be limted to the exanples and

descri ptiohs seA cominnbudwhetion polymetriabtivarprodesd fok beepating aFnbemethythe ued as
enconpassing all the features of patentable novelty which reside in the
present ift YOB%T, WithRap PRfAnsar 1rbutgng cemPUHNEN woul d be treated as

equi val ents t hey, : LI i | r i J tion
pertains. [0083@@\&1 n F\lung??gtg?ﬁ%’\ﬁg?#&r#?%ﬁgﬁ m&\)gmrr)égyi’ E%P&%g%er ‘ﬁrlm ts are
listed heniéneundemrgetmfous mndom potymearizhtion dondiioanydialmpieallyl in thet preserce
contenplated. -30- CLAIMS 1. A.conti.nuous sol ution pol ri zati on process
For b apardiHipels s saaFEORFAUtE 1 BAEBRSE Yo SorH BRUNgTaNt S0 of 1- but ene
conpri si NGionhddk ¥ BRRdgidg Sthchive SidwA iBRE actBAthr A8viaR ciciR|IRhAdY ERIEMOEr ,
propyl ene and/or I- butene under continuous random pol ynerization conditions
adi abat i catentralichangadegginggdoroe of single site catalyst systemusing a

e e G

char ge beagfflaéht 8hving perforned in the substantial absence of a chain
transfer agent to produce an effluent having a tenperature of 140'C to
2500C, a conver si on adfmperpiareefd 48C ®E0£,999% and

a conversion of ethylene of 80 to 99%, and
a comonomer conversion of at least 30%,
with the heat of polymerization raising the temperature of the effluent by at least
100 °C; and
(B) devolatilizing the polymer to provide an ethylene copolymer containing
at least 60 mol% of ethylene derived units,
less than 5 mol% of an ¢-olefin comonomer other than propylene and/or
l—bufene, and
from 0 to less than 0.1 mol% of a diene, and
having a density of from at least 0.86 g/cm’ to less than 0.89 g/em’, an MI of from
0.1 to 20, and an I,/I; ratio of from 30 to 200.

2. The process of claim 1, wherein the interpolymer has an MI and an MIR so that
"a" in the expression MIR=[a*(MI)*-0.167] is from 42 to 440.

3. The process of Claim 1 or Claim 2 wherein polymerization is performed
adiabatically using a feed having a temperature above 0'C, and the hafnocene has a
bridging structure comprising a single atom bonded to each of the cyclopentadienyl



a conononer conversion of at |east 30% wth the heat of polynerization
raising the tenperature of the effluent by at |least 100C, and (B)

devol atilizing the polyner to provide an ethyl ene copol yner containing at

| east 60 nol % of ethyl ene derived units, less than 5 nol % of an a-olefin
cofonomer ot her than propyl ene and/or 1-butene, and fromO to less than 0.1
nol*% of a di ene, and havi ng a density of fromat |east 0.86 g/cnB to |ess
than 0.89 g/cnB, an M of from 0.1 to 20, and an 121/12 ratio of from30 to
200. 2. The process of claim1l, wherein the interpolyner has an M and an
MR so that "a" in the expression MR=[a*(M)"-0.167] is from42 to 440. 3.
The procegsoups. Claim 1 or Claim2 wherein polynerization is perforned

adi abatically using a feed having a tenperature above O'C, and the

haf hocene has a bridging structure conprising a single atom bonded to each
of the cyq openta@iRB¥lofciddm1, #hakdRShe &mcﬁ@ﬁv&éﬂﬁ@?&u%oﬁhﬁéd‘&‘% yeydfierein the
ionic activator has four fluorinated polycyclic [Iigands he "process of
any of thdigpadscedi ng cl ains, wherein the M is from.55 to 8 and the 121/12
ratio is greater than -1.3 x M + 40.7. 6. The process according to any one
of the preceding clains, wherein the ratio of 121/12 over M is from2 to
9000. 7. TBhe pmepﬁﬁes%%@ﬁﬁbn@eb&cadiﬂg élaensOivhérem thé RIel{ro@ .63 @i g@md wherei n
the interpolynmer has an and an. MR so that "a" in the expression

M R=[ a* ( MtheLgl ZIGW]ISEW@"GFF@#\ L3 xMI%48.7. 8. The process of any of the

precedi ng clains, wherein the M is from.3 to 1.4 and the 121/12 ratio is
|l ess than -18.18 x M + 215.4. 9. The process of any of the preceding clains
wherein t e inﬂ‘hepnicymcdrém;;ao hrevale of die preceding chiithe wieséinl the rato efeasur ed by
a content of tr tion that is less than 2 parts per mllion as
determ ne&ﬂ&%/ 11&"“‘%:9 Qg’pgcess according to any of the preceding clains
in which the interpol ynmer contains less than 0.1 wt % of an

anti-aggl oneration additive.
The process according to any one of the preceding claims, wherein the

interpolymer has an MI and an MIR so that "a" in the expression MIR=[a*(MI)"-0.167]
is from 42 to 440.

8. The process of any of the preceding claims, wherein the Ml is from .3 to 1.4 and
the I;,/1; ratio is less than -18.18 x MI + 215.4.

9. The process of any of the preceding claims wherein the interpolymer has a level
of single site residue as measured by a content of transition metal that is less than 2 parts

per million as determined by ICP.

10.  The process according to any of the preceding claims in which the interpolymer
contains less than 0.1 wt% of an anti-agglomeration additive.



