09/042364 A1 |1 00 Y00 U R0

—
o

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O R 50000

International Bureau

(43) International Publication Date
2 April 2009 (02.04.2009)

(10) International Publication Number

WO 2009/042364 Al

(51) International Patent Classification:
CO8L 23/08 (2006.01) HOIB 3/44 (2006.01)
HOIB 1/24 (2006.01) HOIB 9/02 (2006.01)

(21) International Application Number:
PCT/US2008/075245

(22) International Filing Date:
4 September 2008 (04.09.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/974,944 25 September 2007 (25.09.2007) US
(71) Applicant (for all designated States except US): DOW
GLOBAL TECHNOLOGIES INC. [US/US]; 2040 Dow

Center, Midland, MI 48674 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CHAUDHARY,
Bharat, I. [US/US]; 14 Michelle Court, Princeton, NJ
08540 (US). PANG, Kawai, P. [US/US]; 19 Day Lily
Court, Belle Mead, NJ 08502 (US). BISCOGLIO,
Michael, B. [US/US]; 164 Nebula Road, Piscataway, NJ
08854 (US).

(74) Agent: PLOTECHER, Gary, R.; Whyte Hirschboeck
Dudek S.C., 555 East Wells Street, Suite 1900, Milwau-
kee, WI 53202 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report
with amended claims

(54) Title: STYRENIC POLYMERS AS BLEND COMPONENTS TO CONTROL ADHESION BETWEEN OLEFINIC SUB-

STRATES

(57) Abstract: The insulation shield layer of a power cable comprises a blend of ethylene copolymer, e.g., vinyl acetate, and a
styrenic polymer, e.g., polystyrene. The insulation shield layer is adjacent to a polyolefin insulation layer of the power cable. The
insulation shield layer exhibits cross-linkability. strippability from the insulation layer, and good thermal stability.



WO 2009/042364 PCT/US2008/075245

STYRENIC POLYMERS AS BLEND COMPONENTS TO CONTROL ADHESION
BETWEEN OLEFINIC SUBSTRATES

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of USSN 60/974,944, filed on September 23, 2007;

which application is fully incorporated herein by reference.

FIELD OF THE INVENTION

[3002] This invention relates to power cables. In one aspect, the invention relates to power
cables comprising an insulation shield layer while in another aspect, the invention relates to
insulation shield lavers comprising a blend of ethylene copolymer and a styrenic polymer. In yet
another embodiment, the invention relates to power cables comprising a polyolefin insulation
layer adjacent to an insulation shield layer comprising a blend of ethylene copolymer and a

styrenic polymer.

BACKGROUND OF THE INVENTION

[0063] Typical insulated electric power cables generally comprise one or more high potential
conductors in a cable core that is surrounded by several layers of polymeric materials including a
first semi-conductive shield layer {conductor or strand shield), an insulating layer (typically a
non-conducting layer), a second semi-conductive shield layer (insulation shield), a metallic wire
or tape shield used as the ground phase, and a protective jacket (which may or may not be
semi-conductive). Additional layers within this construction, such as moisture impervious layer,

are often included.

[0004] In general, semi-conducting shield layers can be classified into two distinct types. The
first type is a shied layer that is securely bonded to the insulation Jayer so that stripping the shield
layer is only possible by using a cuiling tool that removes the shield layer with some of the
insulation laver. The second type is a shield layer that is "strippable” from the insulation layer,
i.e., the shield layer has a defined, limited adhesion to the insulation layer so that the former can

be peeled away from the latter without removing latter. Stripability has conventionally been
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comtrolled through the use of highly polar polymer blends comprising ethylene vinyl acetate

(EVA), nitrile rubber and chlorinated polyethylene (CPE).

[6605] Suippable shield formulations of EVA and nitrile rubbers are described in United States
Patents (USP) 4,286,023 and 4,246,142, One problem with the strippable shield formulations of
EV A and nitrile rubber is that the formulations require relatively high vinyl acetate content to
achieve the desired adhesion level, which resulis in the formulations being more rubbery then is
desired for commercial, high speed extrusion of electric cable. Furthermore, nitrile rubber is
expensive and has poor thermal stability, which negatively impacts properties afier thermal

16006] Alternatively, adhesion-adjusting additives have been proposed for use with EVA,
including, for example, waxy aliphatic hydrocarbons (USF 4,933,107); low-molecular weight
polyethylene (USP 4,150,193}; and silicone oils, rubbers and block copolymers that are liguid at
room temperature (USP 4,493,787). However, these compositions have experienced only

limiied commercial success,

[8007] The need exists for a blend that will allow the insulation shield to be sirippable while
retaining sufficient adhesion so that the insulation shield layer does not strip away from the
insulation layer during use. Furthermore, the blend should preferably exhibit crosslinkability and
better thermal stability than EV A/polypropylene blends and EV A/nitrile-butadiene rubber (NBR)

blends.

SUMMARY OF THE INVENTION

[0088] In one embodiment, the invention is a multilayer power cable in which one layer
comprises a blend of ethylene copolymer and a styrenic polymer. In ancther embodiment, the
invention is a power cable comprising an insulation layer and an adjacent, strippable shield layer
in which the insulation layer comprises a polyolefin and the shield layer comprises a blend of

cthylene copolymer and a styrenic polymer.

DESCRIPTION QF THE PREFERRED EMBODIMENTS
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[0609] The numerical ranges in this disclosure are approximate, and thus may include values
outside of the range unless otherwise indicated. Numerical ranges include all values from and
including the lower and the upper values, in increments of one unit, provided that there is a
separation of at least two units between any lower value and any higher value. As an example, if
a compositional, physical or other property, such as, for example, moolecular weight, viscosity,
melt index, efc., is from 100 to 1,000, it is intended that all individnal values, such as 100, 101,
102, eic., and sub ranges, such as 100 10 144, 155 10 170, 197 to 200, efc,, are expressly
enumerated. For ranges containing values that are less than one or containing fractional numbers
greater than one {e.g., 1.1, 1.5, efe.), one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as
appropriate. For ranges containing single digit nurnbers less than ten {e.g., 1 1o 5), one unit is
typically considered to be 0.1, These are only examples of what is specifically intended, and all
possible combinations of numerical values between the lowest value and the highest value
enumerated, are to be considered to be expressly stated in this disclosure. Numerical ranges are
provided within this disclosure for, among other things, the amounts of ethylene copolymer and

styrenic polymer in the insulation shield layer.

[6810] “Cable,” “power cable,” and like ferms means at least one wire or optical fiber within a .
profective jacket or sheath. Typically, a cable is two or more wires or optical fibers bound
together, typically in a common protective jacket or sheath. The individual wires or fibers inside
the jacket may be bare, covered or insulated. Combination cables may contain both electrical
wires and optical fibers. The cable, efc. can be designed for low, medium and high voitage

applications. Typical cable designs are illustrated in USP 3,246,783, 6,496,629 and 6,714,707,

[6011] “Polymer” means a polymeric compound prepared by polymerizing monomers, whether
of the same or a different type. The generic term polymer thus embraces the term homopolymer,
usually emploved to refer to polymers prepared from only one type of monomer, and the term

interpolymer as defined below.

[8012] “Interpolymer”, “copolymer” and like terms means a polymer prepared by the
polymerization of at least two different types of monomers. These generic terms include

copolymers, usually emiployed to refer to polymers prepared from two different types of
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monomers, and polymers prepared from more than two different types of monomers, €. &,

terpolymers, tetrapolymers, efe.

10813] “Polyolefin”, “PO” and like terms mean a polymer derived from simple olefins. Many
polyolefins are thermoplastic and for purposes of this invention, can include a rubber phase.
Representative polyolefins inclode polyethylene, polypropylene, polybutene, polyisoprene and

their various interpolymers.

[9014] “Blend,” “polymer blend” and like terros mean a composition of two or more polymers.
Such a blend may or may not be miscible. Such a blend may or may not be phase separated,
Such a blend may or may not contain one or more domain configurations, as determined from
transmission electron spectroscopy, lght scattering, x-ray scattering, and any other method

konown in the art.
[6015] Insuvlation Shield Layer:

[8016] The insulation shield layer comprises a blend of at least two components. The first
component is at least one of an ethylene copolymer, preferably one of EVA copolymer, ethylene
1.6 alkyl acrylate or methacrylate copolymer, or ethylene/Cy ¢ alkyl acrylate/Cie atkyl

methacrylate terpolymers.

[8817] The ethylene copolymers useful in the insulation shield layer include ethylene/u~-olefin
interpolymers having a a-olefin content of between about 15, preferably at least about 20 and
gven more preferably at least about 25, weight percent (wi%) based on the weight of the
interpolymer. These interpolymers typically have an g-olefin content of less than about 30,
preferably less than about 45, more preferably less than about 40 and even more preferably less
than about 35, wi% based on the weight of the interpolymer. The o-olefin content is measured
by P nuclear magnetic resonance (NMR) spectroscopy using the procedure deseribed in

Randall (Rev. Macromol. Chem. Phys., C29 {2&3}).

[0018] The a-olefin is preferably a Cy.ap linear, branched or cyclic a-olefin, Examples of Cyap
a-olefins include propene, 1-butene, 4-methyl-1-pentene, I-hexene, 1-octene, 1-decene, -

dodecene, 1-tetradecene, 1-hexadecene, and 1-octadecene. The g-olefins also can contain a
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eyclie structure such as cyclohexane or cyclopentane, resulting in an ¢-olefin such as 3
cyclohexyl-1-propene (allyl cyclohexane) and vinyl eyclohexane. Although not a-olefing in the
classical sense of the term, for purposes of this invention certain cyclic olefins, such as
norbornene and related olefins, particularty 5-ethylidene-2-norbornene, are a-olefing and can be
used in place of some or all of the a-olefins described above. Similarly, styrene and its related
olefins (for example, a-methylstyrene, ete.) are a-olefins for purposes of this invention.
[ilustrative polyolefin copolymers include ethylene/propylene, ethylens/butene,
ethylene/1-hexene, ethylene/1-octene, cthylene/styrene, and the like. Hlustrative terpolymers
include ethylene/propyiene/1-octene, ethylene/propylene/butene, ethylene/butene/1-octene,
cthylenc/propylene/diene monomer (EPDM) and ethylene/butene/styrene. The copolymers can

be random or blocky.

[8819] The cthylene copolymers used in the insulation shield layer of the cables of this
invention can be used alone or in combination with one or more other ethylene copolymers, e.g.,
a blend of two or more ethylene copolymers that differ from one another by monomer
composition and content, catalytic method of preparation, efc. If the ethylene copolymer isa
blend of two or more ethylene copolymers, then the blend can be prepared by any in-reactor or
post-reactor process. The in-reactor blending processes are preferred to the post-reactor blending
processes, and the processes using multiple reactors connected in series are the preferred in-
reactor blending processes. These reactors can be charged with the same catalyst bt operated at
differcnt conditions, e.g., different reactant concentrations, temperatures, prassures, ¢4c, or

operated at the same conditions but charged with different catalysts.

[8020] Fxamples of ethylene copolymers include very low density polyethylene (V LDPE)
{e.g., FLEXOMER® ethylene/1-hexene polyethylene made by The Dow Chemical Company),
homogeneously branched, linear ethylene/e-olefin copolymers {e.g. TAFMER® by Mitsui
Peirochemicals Company Limited and EXACT® by Exxon Chemical Company), and
homogeneously branched, substantially linear ethylene/w-olefin polymers {e.g., AFFINITY®
and ENGAGE® polyethylene available from The Dow Chemical Company). The more
preferred ethylene copolymers are the homogeneously branched linear and substantially linear
ethylene copolymers. The substantially linear ethylene copolymers are especially preferred, and

are more fully described in USP 5,272,236, 5,278,272 and 5,986,028,
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[6021] One preforred group of ethylene copolymers are the EVA copolymers, including but not
timited to, EVA copolymers with a vinyl acetate, i.c., units derived from vinyl acetate, weight
percentage range of 25 10 95 percent (%6). Preferred EVA copolymers have a vinyl acetate
content of at least 35, preforably at least 45 and even more preferably at least §5, weight percent
(wi%). Typically, the EVA copolymer will have a viny! acetate content that does not exceed 90,
preferably does not exceed 80 and even more preferably does not exceed 70, wi¥%. The EVA
copolymer used in the first component has a weight average molecular weight (Mw) of less than
200,000, preferably less than 150,000 and more preferably less than 100,000, Weight average
molecular weight (Mw) is well known in the polymer art, and it can be determined by, for

example, gel permeation chromatography as described in WO 2004/031250 Al

[6022]  One example of commercially available ethylene vinyl acetate is ELVAX® from B L

duPont de Nemours and Company.

[8023]  Another preferred group of ethylene copolymers are the ethylene alkyl acrylate
copolymers and the ethylene alkyl methacrylate copolymers. The alkyl group can be any alkyl
group selected from the Cy to Cg hydrocarbons, preferably the € to C4 hydrocarbons and even
more preferable methyl, These copolymers will have an alkyl acrylate or alkyl methacrylate
content of at least 35, preferably at least 45, and even more preferably at least 35, wt%.
Typicaily, the copolymers will have an alkyl acrylate or alkyl methacrylate content that does not
exceed 90, preforably does not exceed 80 and even more preferably does not exceed 70, wi%.
These copolymers typically have an Mw of less than 200,000, preferably less than 150,000 and

more preferably less than 100,000,

[6024] The ternary copolymers of ethylene with alkyl acrylates and alky! methacrylates can be
any suitable ternary copolymer. The alky] group can be any alkyl group independently selected
from the C; to Cq hydrocarbons, preferably the C; to Cqhydrocarbons and even more preferable
methyl, Usually a ternary copolymer will be predominantly either an alky! acrylate with a small
portion of an alkyl methacrylate or an alky! methacrylate with a sruall portion of an alkyl
acrylate, The proportions of alkyl acrylate and alkyl methacrylate to ethylene will be about the
same as the proportions described for ethylene alkyl acrylate copolymers or for ethylene alkyl

methacrylate copolymers as well as the molecular weight ranges described for ethylene alkyl
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acrylate and ethylene allyl methacrylate. The temary copolymers of ethylene with alkyl
acrylates and alkyl methacrylates used in the first component has a Mw of not more than

200,000, preferably not more than 150,000 and more preferably not more than 100,000

[6025] The second component of the insulation shield layer is a styrenic polymer. Suitable
styrenic polymers include but are not limited to homopolyrer polystyrene, poly(methylstyrene},
poly{ethylstyrene) poly{isopropylstyrene), poly(tert-butylstyrene), poly{divinyl benzene),
poly{chlorostyrene), poly{bromostyrene), poly{flucrostyrene), poly{methoxystyrene),
poly(ethoxystyrene) and copolymers thereof. A blend of more than one styrenic polymer may be

used,

[0026] The styrenic polymer may be syndiotactic and atactic polystyrenes and high impact
polystyrene resins, which are commercially available from various suppliers, including
QUESTRA, STYRON, and STYRON-A-TECH, available from The Dow Chemical Company.
Other commercially available styrenic polymers include XU70262.08, whichisa general
purpose polystyrene of 11 grams per 10 minutes (g/10 min) melt flow rate (MFR) and is also

available from The Dow Chemical Company.

[6027] The styrenic polymer may be a triblock copolymer including but not limited fo styrene-
butadiene-styrene triblock copolymers (SBS), hydrogenated styrene-butadiene-styrene triblock
copolymers (SEBS), hydrogenated styrene-butadiene diblock copolymers {SER), styrene-
isoprene-styrene triblock copolymers (818}, hydrogenated styrene-isoprene-styrene riblock
copolymers (SEPS), and hydrogenated styrenc-isoprene diblock copolymers {SEP), styrene-
acrylonitrile copolymers (SAN), and elastomer-modified SAN. The styrenic polymer may be a
hydrogenated styrene-butadiene-styrene triblock copolymer, available from Shell Chenucal

under the frade name KRATON G-1652.

[6028] The styrenic polymer may be a styrene derivative including but not timited to
alkvistyrenes such as p-methylstyrene, m-methylstyrene, o-methylstyrene, 2.4-dimethylstyrene,
2,5-dimethylstyrene, 3,4-dimethylstyrene, 3,5-dimethylstyrene, p-ethylstyrene, m-ethyistyrene,
ptert-butylstyrene, eie.; halogenated styrenes such as p-chlorostyrene, m-~-chlorostyrene,
o-chlorostyrene, p-bromostyrene, m-bromostyrene, o-bromostyrene, p-fluorostyrene,

m-fluorostyrene, o-flucrostyrens, o-methyl-p-flucrostyrene, ete.; alkoxystyrenes such as
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p-methoxystyrene, m~-methoxystyrene, o-methoxystyrene, p-ethoxystyrene, m-cthoxystyrene,
o-ethoxystyrene, etc.; carboxyester styrenes such as p-carboxymethylstyrene,
m-carboxymethylstyrene, o-carboxymethylstyrene, ete.; an alkylether styrenes such as

p-vinylbenzylpropyl ether, etc, or a mixture of two or more kinds of these.

{90291 Polymerization (or copolymerization) of the styrenc monomer may be bulk
polymerization and may be carried out in the presence of a solvent, e g. an sliphatic hydrocarbon
such as pentane, hexane, heptane, efc.; an alicyclic hydrocarbon such as cyclohexang, ete.; and
an aromatic hydrocarbon such as benzene, toluene, xylene, efc. The polymerization tenperature
may be any suitable temperature including but not limited to 20 to 80C. Fusther, in order to
control the molecular weight of the resulting styrene polymer, it may be effective to carry cut the

polymerization reaction in the presence of hydrogen.

[8038] The styrenic polymers comprise from 0.1 to 20, preforably from 0.5 to 135, more
preferably from 1 to 10 and even more preferably from 2 to 7.5, wi% based on the weight of the

blend, ¢.g., ethylene copolymer, styrenic polymer, carbon black, ete.

(6031] In addition to a blend of EVA and styrenic polymer, the insulation shield layer can also
comprise carbon black. Typically, the carbon black has a surface area of 200 0 1000 square
meters per gram { /g, nitrogen surface avea, ASTM DE556). Carbon Black Feedstock, which is
available from The Dow Chemical Company, can be used to produce carbon black. Carbon
blacks are commercially available and can be obtained from sources such as Columbian

Chemical Company, Atlania, Ga.
{0632} Insulation Layer:

(60331 The insulation layer comprises a polyolefin polymer. Polyolefin polymers used for the
insulation layers of medium (3 to 60 kiloVolts (kV)) and high voltage (greater than 60 KV}
power cables are typically made at hi gh pressure in reactors that are typically tubular or
antoclave in design, but these polymers can also be made in low-pressure reactors. The
polyolefins used in the insulation layer can be produced using conventional polyolefin
polymerization technology, e.g., Ziegler-Natta, metallocene or constrained geometry catalysis.

Preferably, the polyolefin is made using a mono- or bis-cyclopentadienyl, indenyl, or fluorenyl
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transition metal (preferably Group 4) catalysts or constrained geometry catalysts (CGC) in
combination with an activator, in a solution, slurry, or gas phase polymerization process. The
catalyst is preferably mono-cyclopentadienyl, mono-indeny! or mono-fluoreny! CGC. The
solution process is preferred. USP 5,064,802, W(093/19104 and WO95/00526 disclose
constrained geometry metal complexes and methods for their preparation. Variously substituted

indenyl containing metal complexes are taught in WO95/14024 and WO9R/49212,

[8034] In general, polymerization can be accomplished at conditions well known in the art for
Ziegler-Natta or Kaminsky-Sinn type polymerization reactions, that is, at temperatures from
(-250, preferably 30-200, degrees Centigrade (°C), and pressures from atmospheric to 10,000
atmospheres (10123 megaPascal (MPa)). Suspension, solution, sturry, gas phase, solid state
powder polymerization or other process conditions may be employed if desived. The catalyst can
be supported or unsupported, and the composition of the support can vary widely. Silica,
alumina or a polymer (especially poly(tetrafluoroethylene) or a polyolefin) are representative
supports, and desirably a support is employed when the catalyst is used in a gas phase
polymerization process. The support is preferably employed in an amount sufficient to provide a
weight ratio of catalyst {(based on metal) to support within a range of from 1:106,000 to 1:10,
more preferably from 1:50,000 to 1:20, and most preferably from 1:10,000 to 1:30. In most
polymerization reactions, the molar ratio of catalyst to polymerizable compounds employed is

from 107%:1 1o 10711, more preferably from 1 07:1 0 10711,

[8035]  Inert liquids serve as suitable solvents for polymerization. Examples include straight
and branched-chain hydrocarbons such as isobutane, butane, pentane, hexane, heptane, oclane,
and mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, cycloheptane,
methylcycichexane, methyleycloheptane, and mixtures thereof; perfluorinated hydrocarbons
such as perfluorinated Cy o alkanes; and aromatic and alkyl-substituted aromatic compounds

such as benzene, toluene, xyvlene, and ethylbenzene.

[9036] The polyolefin polymer can comprise at least one resin ot its blends having melt ndex
{MI, I) from 0.1 to about 50 grams per 10 minutes (g/10min) and a density between 0.85 and
{.95 grams per cubic centimeter (g/oc). Typical polyolefins include high pressure low density

polyethylene, high density polyethylene, linear low density polyethylene metallocene linear low
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density polyethylene, and CGC ethylene polymers. Density is measured by the procedure of

ASTM D792 and melt index is measured by ASTM 1238 (180C/2. 16kg).

[6837]  In another embodiment, the polyolefin polymer includes but is not limited to
copolymers of ethylene and unsaturated esters with an ester content of at least about 5 wt% based
on the weight of the copolymer. The ester content is often as high as 80 wt%, and, at these

levels, the privoary monomer is the ester.

[8638] In still another embodiment, the range of ester content is 10 to about 40 wi%. The
percent by weight is based on the total weight of the copolymer. Examples of the upsaturated
esters are vinyl esters and acrylic and methacrylic acid esters. The ethylene/unsaturated ester
copolymers usnally are made by conventional high pressure processes. The copolymers can
have a density in the range of about 0.900 to 0.990 g/ce. In yet another embodiment, the
copolymers have a density in the range of 0.920 to 0.950 g/ce. The copolymers can also have a
melt index in the range of about 1 to about 100 g/10 min. In still another embodiment, the

copolymers can have a melt index in the range of about S to about 50 g/10 min.

[0038] The ester can have 4 to about 20 carbon atoms, preferably 4 to about 7 carbon atoms.
Examples of vinyl esters are: vinyl acetate; vinyl butyrate; vinyl pivalate; vinyl neononanoate;
vinyl neodecanoate; and vinyl 2-ethythexanoate. Examples of acrylic and methacrylic acid
esters are: methyl acrylate; ethyl acrylate; t-butyl acrylate; n-butyl acrylate; isopropyl acrylate;
hexy! acrylate; decy! acrylate; lauryl acrylate; 2-ethylhexyl acrylate; lauryl methacrylate;
myristyl methacrylate; palmityl methacrylate; stearyl methacrylate; 3-methacryloxy-
propylirimethoxysiiane; 3-methacryloxypropyliricthoxysilane; cyclohexyl methacrylate;
n-hexylmethacrylate; isodecyl methacrylate; 2-methoxyethyl methacrylate: tetrahydrofurfuryl
methacrylate; octyl methacrylate; 2-phenoxyethyl methacrylate; isobornyl methacrylate;
isooctylmethacrylate; isooctyl methacrylate; and oleyl methacrylate. Methyl acrylate, ethyl
acrylate, and n- or t-butyl acrylate are preferred. In the case of alkyl acrylates and methacrylates,
the alky! group can have 1 to about & carbon atoms, and preferably has 1 to 4 carbon atoms. The

alkyl group can be substinsted with an oxyalkyHrialkoxysilane.

[0040] Other examples of polyolefin polymers are: polypropylene; polypropylene copolymers;

polybutene; polybutenc copolymers; highly short chain branched e-olefin copolymers with

10
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gthylene co-monomer less than about 50 mole percent but greater than 0 mole percent;
polyiosprene; polybutadiene; EPR (ethylene copolymerized with propylene); EPDM {ethylene
copolymerized with propylene and a diene such as hexadiene, dicyclopentadiene, or ethylidene
norbomene); copolymers of ethylene and an a-olefin having 3 to 20 carbon atoms such as
ethylene/octene copolymers; terpolymers of ethylene, a-olefin, and a diene (preferably non-
conjugated); terpolymers of ethylene, n-olefin, and an unsaturated ester; copolymers of ethylene
and vinyl-tri-allyloxy silane; terpolymers of ethylene, vinyl-iri-alkyloxy silane and an
unsaturated ester; or copolymers of ethylene and one or more of acrylonitrile or maleic acid

gsters.

[8041] The polyolefin polymer of the insulation layer also includes ethylene ethyl acrylate,

ethylene vinyl acetate, viny! ether, ethylene vinyl ether, and methyl vinyl ether.

[9042] The polyolefin polymer of the insulation layer includes but is not limited to a
polypropylene copolymer comprising at least about 50 mole percent units derived from
propylene and the remainder from units from at least one a-olefin having up to about 20,
preferably up to 12 and more preferably up to 8, carbon atoms, and a polyethylene copolymer
comprising at least 50 mole percent units derived from ethylene and the remainder from units
derived from at least one w~olefin having up to about 20, preferably up to 12 and more preferably

up to §, carbon atoms,

[8643] The polyolefin copolymers useful in the insulation layers also include the
ethylene/e-olefin interpolymers previously described. Generally, the greater the w-olefin content
of the interpolymer, the lower the density and the more amorphous the interpolymer, and this

translates into desirable physical and chemical properties for the protective insulation layer,

{0044} The polyolefins nsed in the insulation layer of the cables of this invention can be used
alone or in combination with one or more other polyolefins, e.g., a blend of two or more
polyolefin polymers that differ from one ancther by monomer composition and content, catalytic
method of preparation, efe. If the polyolefin is a blend of two or more polyolefins, then the
polyolefin can be blended by auy in-reactor or post-reacior process. The in-reactor blending
processes are preferred to the post-reactor blending processes, and the processes using multiple

reactors connected in series are the preferred in-reactor blending processes, These reactors can

11



WO 2009/042364 PCT/US2008/075245

be charged with the sanie catalyst but operated at different conditions, e g., ditferent reactant
concentrations, tomperatures, pressures, efc, or operated at the same conditions but charged with

different catalysts.

[0045] Exemplary polypropylenes useful in the practice of this invention include the

VERSIFY® polymers available from The Dow Chemical Cornpany, and the VISTAMAXX®
polymers available from ExxonMobil Chemical Company. A complete discussion of various
polypropylene polymers is contained in Modern Plastics Encyclopedia/89, mid October 1988

Issue, Volume 65, Number 11, pp. 6-92.

[8846] Both the insulation shield and insulation layers of the present invention also can
comprise conventional additives including but not limited to antioxidants, curing agents, cross-
linking co-agents, boosters and retardants, processing aids, fillers, coupling agents, ultraviolet
absorbers or stabilizers, antistatic agents, nucleating agents, slip agents, plasticizers, lubricants,
viscosity control agents, tackifiers, anti-blocking agents, surfactants, extender otls, acid
scavengers, and metal deactivators, Additives can be used in amounts ranging from less than

about 0.01 to more than about 10 wi% based on the weight of the composition.

(0047} Examples of antioxidants are as follows, but are not limited to: hindered phenols such
as tetrakis{methylene(3,5-di-tert- butyl-4-hydroxyhydro-cinnamate)] methane; bis{(beta-(3, 5-
ditert-butyl-4-hydroxybenzyl)-methylcarboxyethyl) isulphide, 4,4'-thiobis(Z-methyi-o-tert-
butylphenol), 4,4"-thiobis(2-tert-butyl-S-methylphenol}, 2,2"-thiobis(4-methyl-6-tert-
butylphenol), and thiodiethylene bis(3,5-di-tert-butyl-4-hydroxy)hydrocinnamate; phosphites and
phosphouites such as tris(2,4-di-tert-butylphenyphosphite and di-tert-butyiphenyl-phosphonite;
thio compounds such as dilawrylthiodipropionate, dimyristylthiodipropionate, and
distearyithiodipropionate; various siloxancs; polymerized 2,2 4-trimethyl-1,2-dihydrogquinoline,
n,-bis(1,4-dimethylpentyl-p-phenylenediamine), alkylated diphenylamines, 4,4'-bis(alpha,
alpha-derthylbenzyldiphenylamine, diphenyl-p-phenylenediamine, mixed
di-aryl-p-phenylenediamines, and other hindered amine antidegradants or stabilizers.
Antioxidants can be used in amounts of about 0.1 to about § wi% based on the weight of the

composition,
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[6848] Examples of curing agents are as follows: dicumy! peroxide; bis{alpha-t-butyl
peroxyisopropyl)benzene; isopropylonmyl t-buty! peroxide; t-butylcumylperoxide; di-t-butyl
peroxide; 2,5-bis(t-butylperoxy)2,5-dimethylhexane; 2,5-bis{t-butylperoxy)-
2,5~-dimethylhexyne-3; 1,1-bis(t-butylperoxy)3,3,5-trimethyleyclohexane; isopropyleumyl
cumylperoxide; di(isopropylcumyl) peroxide; or mixtures thereof. Peroxide curing agents can be
used in amounts of about 0.1 to § wi% based on the weight of the composition. Various other
known curing co-agenis, boosters, and retarders, can be used, such as triallyl isocyanurate;
ethyoxylated bisphenol A dimethacrylate; alpha methy! styrene dimer; and other co-agents

described in USP 5,346,961 and 4,018,852

[0049] Examples of processing aids include but are not limited to metal salts of carboxylic
acids such as zing stearate or calcium stearate; fatly acids such as stearic acid, oleic acid, or
erucic acid; fatty amides such as stearamide, oleamide, erucarnide, or n,n'’-cthylenebisstearamide;
polyethylene wax; oxidized polyethylene wax; polymers of ethylene oxide; copolymers of
ethylene oxide and propylene oxide; vegetable waxes; petroleum waxes; non ionie surfactants;
and polysiloxanes. Processing aids can be used in amounts of about 0.05 {o about 5 wi% based

on the weight of the composition.

[6056] Dxamples of fillers include but are not limited to clays, precipitated silica and silicates,
fumed silica calcium carbonate, ground minerals, and carbon blacks with arithmetic mean
particle sizes larger than 15 nanometers. Pillers can be used in amounts ranging from less than

about 0.01 to more than about 50 wi% based on the weight of the composition.

[0651] The materials that comprise the insulation shield and insulation layers can be
compounded or mixed by standard means known to those skilled in the art. Examples of
compounding equipment are internal batch mixers, such as a Banbury™ or Bolling™ mternal
mixer. Alternatively, continuous single, or twin screw, mixers can be used, such as Farrel™
continuous mixer, a Werner and Pfleiderer™ twin screw mixer, or a Buss™ kneading continuous
extruder. The type of mixer utilized, and the operating conditions of the mixer, can affect the
properties of a semiconducting material such as viscosity, volume resistivity, and extruded

surface smoothness.
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[8052] A cable containing an insulation shield layer comprising an ethylene copolymer, e.g.,
EVA, and a styrenic polymer can be prepared in varions types of extruders, e.g., single or twin
screw types. A description of a conventional extruder can be found in USP 4,857,600, An
example of co-extrusion and an extruder therefore can be found in USP 5,575,965, A typical
extruder has a hopper at its upstream end and a die at its downstream end. The hopper feeds into
a barrel, which contains a screw. At the downstream end, between the end of the screw and the
die, is a screen pack and a breaker plate. The screw portion of the extruder is considered to be
divided up into three sections, the feed section, the compression section, and the metering
section, and two zones, the back heat zone and the {ront heat zone, the sections and zones
running from upstrearn fo downstream. In the alternative, there can be multiple heating zones
{more than two) along the axis running from upstream to downstream. If it has more than one
barrel, the barrels are connected in series. The length to dlameter ratio of each barrel is in the
range of about 15:1 to about 30:1. In wire coating where the polymeric insulation is crosslinked
after extrusion, the cable often passes immediately into a heated vulcanization zone downstream
of the extrusion die. The heated cure zone can be maintained at a temperature in the range of
about 200 to about 350 °C, preferably in the range of about 179 to about 250 °C. The heated

zone can be heated by pressurized steam, or inductively heated pressurized nitrogen gas.

[6053] The following examples further llusirate the invention. Unless otherwise noted, ail

parts and percentages are by weight.

SPECIFIC EMBODIMENTS

180541 Ixample 1.

[6055]  Several different insulation shield layer compositions comprising a blend of EVA, a
styrenic polymer, and carbon black are prepared and analyzed with the Plaque Adhesion Test
(ASTM D-5289). This test measures the degree of adhesion between the insulation shield layer
and the insulation layer. In addition, the degree of cross-linking in each composition is assessed
by determining the change in torque, which is defined as the difference of maximurm torque {(Mh)
and minimurm torque (MDD, and measured using a MDR 2000 or Rubber Process Analyzer (RPA)

2000,
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[6056] The first step in the Plague Adhesion Test involves the preparation of a single layer of
thermoplastic insulation and insulation shield compounds. A steam press is preheated to 120 °C
for the insulation layer. For insulation compounds based on LLDPE, the steam press can be
heated to 130 °C. For this test method, the insulation compound contains Lupersol 130, With
regard to the strippable shield compounds, the steam press is heated to 170 °C. Nexi, peilets are
pressed between two Mylar sheets under low pressure (1,000 pounds per square inch gauge
(psig, 6.9 MegaPascal (MPa)) on single press or 2,500 psig (17.2 MPa) for double press) tor 2
minutes and high pressure (2,500 psig (17.2 MPa) on single press or 235 ton (22,680 kilograms
(kg)) for double press) for 3 mimutes. The plaques are cooled to ambient temperature under high

pressure for 10 minutes.

180571 The second step in the Plague Adhesion Test invelves “sandwich-making” of
thermoplastic single layers at ambient condition. A 30 milliliter (mi) plaque for the sirippable
insulation shield and a 125 ml plaque for the insulation layer are used. The smooth side of both
the insulation shield laver and insulation layers are used for sandwich-malking. A strip of Mylar,
1.5-inches (in., 3.81 centimeters (cm)), is used to separate the insulation shield layer from the
insulation layer. This facilitates the start of stripping during the plaque adhesion measurement
step. Next, the sandwich is placed in a 75 ml cavily mold between two Mylar sheets and covered
with a flat plate. The steam press is preheated to 170 °C, and the sandwich then is pressed at

170 °C at low pressure {1,000 psig (6.9 MPa) on single press or 2,500 psig (17.2 MPa) for double
press) for 5 minntes, The steam pressure then is raised to a temperature of greater than

(>} 190 °C and the sandwich cured at high pressure (2,500 psig (17.2 MPa} for single press ot

10 ton (8,072 kg) for double press) for 25 minutes. The sandwich is allowed to cool to ambient

temperature at high pressure for 15 minutes.

[0058] The final step in the Plaque Adhesion Test is to measure plaque adhesion on INSTRON
equipment. First, the sandwich is cut into four strips of 1.5 in. (3.81 cm) wide; this size strip will
allow proper mounting of sample on the INSTRON “wheel.” Next, blades on the wheel are used
to remove 1/8 in. (03175 cm) wide materials to allow clean stripping of half-inch wide (1.27
cm) insulation shield layver from the insulation laver. Finally, adhesion is measured using the

automated test method on the INSTRON.
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[6059] The composition of the insulation layer for each sample tested is the same and is
described in Table 1. Fach composition is tested three times, and the average of the three tests is
reported in Table 1. DXM-445 (a high-pressure, low density polyethylene with s density of
0.92 gfee and an Mi of 2 g/10min available from The Dow Chemical Company) and

Laperox 130 peroxide available from Arkema are used. The degree of cross-linking for the
insulation layer composition is measured by determining the change in torque, and this too is

reported in Table 1.

Table |

Composition and Cross-Linking Kinetics of Insulation Layer

Component Wi%
DXM-445-LDPE 100
Eupersol 130 peroxide 0.79
Mh (1b-in) @ 200°C 2.93
MI (1b-in) @ 200°C 0.16
Deita Torque (Ib-in) 277

[0060] In total, seven different insulation shield layer compositions are tested: five comparative
compositions comprising various percentages of EVA, carbon black, polypropylene and
polystyrene (CE1 through CES) and twoe compositions of this invention comprising EVA, catbon
black and different styrenic polymers. The components of each insulation shield composition are
provided in Table 2. For each insulation shield composition, the amount of cross-linking is
determined by measuring the change in torque and the plague adhesion test is performed to

determine the strippable nature of the composition.

Table 2

Strippability of Insulation Shield Compounds

Composition CF1 | CE2 | CE3 CY4 CES EX.1 EX.2
{(wtte) -
Levapren 400 &4 3 43 43 43 59 59 59

ethylene-vinyl
acetaie (FVA}

CRX-614 carbon 3% 16 KT 34 16 TTTEE 36
black
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- Composition CE1 - CE2 CE3 ¥4 CES EX1 | EX2
- (wi%)

- NRDE-1476 6 1 21 ) 0 5 0 0
homopolymer ?

polypropylene s

XUT0262.08 g 3 o 21 0 D 5 0
plvsiyrene

Kristalex 3070 low ¢ 0 0 3! 0 ' 0 5

moleoutar weight
sfyrenic polvimer

Lupersol 130 0.57 119 .79 1.53 ¢.77 070 1 074
peroxide

Mh {Ib-in) @ 7.99 7.61 820 7.00 727 7.13 711
200°0

M1 {b-in) @ 200°C 0.77 0.74 106 033 .76 077 L 082
Deita Torgue (Ib-in) | 7.13 6.87 714 6.67 651 6.36 6.49
Plague Adhesion 04 Brittle Brile Tear 101 10.0 5.2
(/0.5 t0 failure failure

Insulation Layer of

Tabie 1

(08611 Levapren® 400 is an ethylene-viny! acetate copolymer with 40 wi% vinyl acetate

available from Lanxess Deutschland GmbH.
[0062] CSX614 is a carbon black available from Cabot Corporation.

[8863] NRDS-1476 is a polypropylene homopolymer available from The Dow Chemical

Company.

10064]  XU70262.08 is general purpose polystyrene of 11 g/10min MFR and is available from

The Dow Chemical Company.

10065]  Kuistalex™ 3070 is a low molecular weight hydrocarbon resin comprised of units

derived from alpha-methylstyrene or its derivatives, and it is available from Hercules, Ine.

[6066] Lupersoi™ 130 is 2,5-dimethyl-2,5-bis(t-butylperoxy)hexyne-3, and it is available from
Atofina Chemicals, Inc.

[0067] Composition CEY comprises EVA, carbon black and peroxide and results in a Plaque
Adhesion Score of 10.4 with a change in torque of 7.13. Composition CEZ contains EVA,

carbon black and polypropylene. However, CE2 is britile, and results in being scored as a failure

in the Plague Adhesion Test. Likewise, CE3, which comprises EVA, carbon black and

17



WO 2009/042364 PCT/US2008/075245

21% polystyrene, is brittle and results in being scored as a failure in the Plaque Adhesion Test.
CE4 comprises BV A, carbon black and 219 low molecular weight styrenic polymer, and results
in a tear during the Plaque Adhesion test, CES comprises EVA, carbon black, and

S% polypropylene, and results in a score of 10.1 in the Plague Adhesion Test.

[0068] Composition EX. 1 comprises EVA, carbon black, and 3% polystyrene, and resulis in a
Plaque Adhesion Test score of 10.0. Composition EX. 2 comprises EVA, carbon black and

5% low molecular weight styrenic polymer, and has a Plaque Adhesion Test score of 9.2. The
compositions of EX. 1 and BX. 2 yield similar strip forces to that of CE1, albeit at slightly higher
levels of peroxide. However, the change in torque for CEI is 7.13, while the change in torque

for EX, 115636 and 6.49 for EX. 2.

[6069] EX. 1and EX. 2 have similar strip forces to CES, which uses 5% polypropylene,
However, B3, 1 and EX. 2 are expected to have better thermal stability than that of CES since

polypropylene is known to degrade at elevated temperatures.

(6078] As demonstrated above, irnmiscible blends of EVA with styrenic polymers are found to
exhibit the desired properties of cross-linkability and strippability. In addition, the blends of
BV A with styrenic polymers have better thermal stability than EV A/polypropylene blends and

EVA/NBR blends,

8071}  Although the invention has been described in considerable detail by the preceding
specification, this detail is for the purpose of illustration and is not to be construed as a limitation
upon the following appended claims. All publications cited above, specifically include all
UK. patents, allowed 1.8, patent appiications and U.S. Patent Application Publications, are here

incorporated in their entirety by reference.
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WHAT I8 CLAIMED IS:
I, A power cable comprising an insulation shield layer in which the insulation shield
layer comprises a blend of ethylene copolymer and a styrenic polymer.

2. The power cable of Claim 1 in which the ethylene copolymer comprises at least

45 wit%s of the blend.

3. The power cable of Claim 2 in which the athylene copolymer is an EVA
copolymer.
4. The power cable of Claim 3 in which the styrenic polymer is at least one of

polystyrene,  poly(methylstyrene), poly(ethylstyrene)  poly(isopropylstyrene), poly{iert-
butylstyrene), poly(divinyl benzene), poly{chiorostyrene), poly{bromostyrene},

poly{fluorostyrene), poly{methoxystyrene} and poly(ethoxystyrene}.

3. The power cable of Claim 3 in which the styrenic polymer is polystyrene.
6. The power cable of Claim 4 in which the styrenic polymer comprises 0.1 to

20 wit?s of the blend.

7. The power cable of Claim 4 in which the styrenic polymer comprises 2.0 to 7.5

wt%o of the blend.
8. The power cable of Claim 1 in which the blend further comprises carbon black.

a. The power cable of Claim 1 in which the power cable further comprises an

insulation layer adjacent the insulation shield layer.

10. The power cable of Claim 9 in which the insnlation layer comprises a polyolefin
polymer.
11, The power cable of Claim 10 in which polyelefin polymer is a polypropylenc

homopoelymer or a polyethyiene homopolymer,
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12. The power cable of Claim 10 in which the polyolefin polymer is a polypropylene
copolymer comprising at least about 50 ruole percent umits derived from propylene and the

remainder from units derived from at least one g~olefin comprising up to about 20 carbon atoms,

13, The power cable of Claim 10 in which the polyolefin polymer is a polyethylene
copolymer comprising at least about 50 mole percent units derived from ethylene and the

remainder from units derived from at least one -olefin having up to 20 carbon atoms

14,  The power cable of Claim 10 in which the polyolefin polymer is linear low

density polyethylene.

15, The power cable of Claim 10 in which the ethylene vinyl acetate comprises at

least 45 wi% of the blend.

16.  The power cable of Claim 15 in which the styrenic polymer is at least one of

polysiyrene,  poly{methylstyrene), poly{ethylstyrene) poly(isopropylstyrene),  poly{tert-
butylstyrene}, poly{divinyi benzene), poly{chlorostyrene), poly{bromostyrene),

poly(fluorostyrene), poly{methoxystyrene) and poly(ethoxystyrene).
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AMENDED CLAIMS
received by the International Bureau on
30 December 2008 (30.12.2008)

WHAT IS CLAIMED IS:

1, A power cable comprising an insulation shield layer in which the insulation shield
layer in contact wnh an insulation layer, the insulation shield layer consisting essentially of a
blend of ethylene copolymer, carbon black and a styrenic polymer and the insulation layer
comprising a polyolefin polymer.

2. The power cable of Claim 1 in which the ethylene copolymer comprises at least
45 wt% of the blend.

3. The power cable of Claim 2 in which the ethylene copolymer is an EVA
copolymer.

4, The power cable of Claim 3 in which the styrenic polymer is at least one of
polystyrene,  poly(methylstyrene), poly(ethylstyrene) poly(isopropylstyrene), poly(tert-
butylstyrene), poly(divinyl benzene), poly(chlorostyrene), poly(bromostyrene),
poly(fluorostyrene), poly(methoxystyrene) and poly(ethoxystyrene).

5. The power cable of Claim 3 in which the styrenic polymer is polystyrene.

6. The power cable of Claim 4 in which the styrenic polymer comprises 0.1 to
20 wt% of the blend.

7. The power cable of Claim 4 in which the styrenic polymer comprises 2.0 to 7.5
wt% of the blend.

8. The power cable of Claim 1 in which the carbon black has a surface are}a of
200-1,000 m%/g,

9. The power cable of Claim 1 in which polyolefin polymer of the insulation layjcr is
a polypropylene homopolymer or a polyethylene homopolymer.
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10.  The power cable of Claim 1 in which the polyolefin polymer is a polypropylene
copolymer comprising at least about 50 mole percent units derived from propylene andfthe

remainder from units derived from at least one a-olefin comprising up to about 20 carbon atoms.

11,  The power cable of Claim 1 in which the polyolefin polymer is a polyethyiene
copolymer comprising at least about 50 mole percent units derived from ethylene and!the

remainder from units derived from at least one c-olefin having up to 20 carbon atoms

12.  The power cable of Claim 11 in which the polyolefin polymer is linear how
density polyethylene.

13.  The power cable of Claim 3 in which the ethylene vinyl acetate comprises at l!east
45 wt% of the blend.

14.  The power cable of Claim 13 in which the styrenic polymer is at least onéia of
polystyrene, poly(methylstyrene), poly(ethylstyrene) poly(isopropylstyrene), poly('crt-
butylstyrene), poly(divinyl benzene), poly(chlorostyrene), poly(bromostyr i e),
poly(fluorostyrene), poly(methoxystyrene) and poly(ethoxystyrene). '
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