wO 2009/012041 A1 |10 0 OO0 O 0O 0

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T O I OO

International Bureau

(43) International Publication Date
22 January 2009 (22.01.2009)

(10) International Publication Number

WO 2009/012041 Al

(51) International Patent Classification:

COSF 2/00 (2006.01) COSL 23/00 (2006.01)
COS8K 5/05 (2006.01) CI10M 145726 (2006.01)
COS8K 5/06 (2006.01) F04B 53/18 (2006.01)

(21) International Application Number:
PCT/US2008/068599

(22) International Filing Date: 27 June 2008 (27.06.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/949,636 13 July 2007 (13.07.2007) US
(71) Applicant (for all designated States except US): DOW
GLOBAL TECHNOLOGIES INC. [US/US]; 2040 Dow

Center, Midland, MI 48674 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): EATON, Robert, F.
[US/US]; 67 Mill Pond Road, Belle Mead, NJ 08502 (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, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.
(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).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
with international search report

(54) Title: HYPERCOMPRESSOR LUBRICANTS FOR HIGH PRESSURE POLYOLEFIN PRODUCTION

MOR MH-ML @ 140 C @ 30 MIN, CAT+5451

& MH-ML
‘ e
“ / B MHAL Pel
65 " 4 MH-ML PO
b & e POl (MH-HL
o 4 : X 3 5 : i 1 &
@ 0.5 1
% UCON

(57) Abstract: The high pressure manufacturing process for making a polyolefin is improved by using as a lubricant for the hy-
percompressors used in the process to assist in the generation of the high pressure a poiyeiher polyol comprising no more than one

hydroxyl functionality.



{0

|

WO 2009/012041 PCT/US2008/068599

HYPERUOMPRESSOR LUBRICANTS FOR HIGH PRESSURE
POLYOLEFIN PRODUCTION

PIELD OF THE INVENTION

This invention relates to high pressure polyolefins.  In one aspect, the invention
refates to the manufactare of high pressure polyolefing while in another aspect, the invention
relaies o the lubricanis used in the hypercompressors of the high pressure polyolefin
mamifacturing process. In yet another aspect, the invention relates to products made from
high pressure polvolefing, particularly power cable sheaths such as the insulation layer or

protective jacket of a power cable,

BACKGROUND OF THE INVENTION

In the manufacture of high pressure polyolefing, e.g., high pressure low density
polyethylene (HPLDPE), operating pressures of 70 to 350 megapascals (MPa, or abow
14,000 10 50,000 psi) are typical with operating pressures of 240 to 310 MPa {(gbout 35,000
t0 45,000 psi) preferred. To achieve these high pressures, one or more hypercompressors are
employed, and the operation of this equipment requires the use of lubricants. Unfortunately,
given the high operating pressures and the nature of commercially available hypercompressor
seals, lubricant inevitably leaks into the reactor, aibeit at very low levels {c.g., parts per
mitlion} fo mix with and become part of the reaction mass, e.g., sthylene, comonomer,

solvent, catalyst, ete.

Traditionally, mineral oil has been used as a hypercompressor lubricant, and its
igakage into the reaction mass has Htile, if any, adverse gffect on either the formation of the
high wessure polyolefin or the use of the polyolefin in a subsequent fabrication, e.g,
molding or extrusion, process. However, the use ol mineral oil as a hypercompressor

lubricant is associated with substantial maintenance time for the hypercompressors.

Polvhydroxy-functional polvalicylene oxide co-polyels, such as UCON"™ PFE-320
available from The Dow Chemical Company, is another group of hypercompressor
lubricants, While these lubricants are generally better than mineral oil in the comtext of

hypercompressor maintenance, their presence in the high pressure polyolefin product (as 2



15

J\]
(¥4

WO 2009/012041 PCT/US2008/068599

result of leaking from the hypercompressor), particularly copolymer products of olefin and
vinyt silane, can have an adverse affect on the use of the polyolefin product in processes in
which the poivolefin is eventually crosslinked, even when the lubricant is present only in
parts per million amounts. Due to the presence of both multiple hydroxyl groups and the
hydrophilic ethylene oxide groups, these lubricands are guite hydrophilie, and this can result
in increased water uptake by the polymer, especially a silane-modified polymer. This, in
turn, can lead io scorch, te., pre-matore crosslinking, if the high pressure polymer is
processed in an extruder or other plece of process equipment operated at conditions
conducive 1o erosslinking. Moreover, in some applications, such as an insulation sheath for g
medium or high voltage power cable, the presence of the polyhydroxy functicunal polyol can

result in diclectric loss and early deterioration of the cable.

Accordingly, both the high pressure polyolefin manufacturing industry and the
polymer fabrication industry, particularly the wire and cable industry, have a continuing
interest in identifying and emploving hypercompressor lubricants that will serve effectively
in the hypercompressor and to the extent that the lubricant leaks into the reaction mass, its
presence in the polyolefin will not promote premature crosshinking during extrusion or

molding of the polyolefin, particularly of silang-modified high pressure polyoclefins,

SUMMARY OF THE INVENTION

In one embodiment, the invention is an improved process for manufacturing & high
pressure polyolefin, the high pressure of the process created at least in part through the use of
a hypercompressor, the improvement comprising using as a2 lubricant for the
hypercompressor a polyether polyol comprising no more than one hydroxyl functionality,

i.e., comprising ctther one or none hydroxyl functionality.

In another embodiment, the invention is a hypercompressor containing as a lubricant

a polyether polyol comprising no more than one hydroxyl functionality,

In another embodiment, the invention is a high pressure reaction mass comprising an
olefin wonomer, a polymerization inifiator and a polyether polyol comprising no more than

one hydroxyl functionality.
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In yet another embodiment, the invention is a composition comprising a (i) high
pressure polyolefin, and (i) polyether polyol comprising no more than one hydroxyl

functionality.

In still another embodiment, the invention is an extruded or molded article
comprising a crosshinked high pressure polyoelefin and a polyether polyel comprising no more
than one hydroxyl functionality,  Power cables that comprise a sheath layer, e.g., an
insulation layer, produced from a mixture of a high pressure polyolefin and a polysther
polyoel comprising no wore than one hydroxyl functionality are exemplary of this
eptbodiment.  The sheath layer is crossiinked as {f is produced or subsequent fo g
production. lu one variant of this embodiment, the high pressure polyolefin comprises a high
pressure silane-modified polvolefin, ¢.g., an ethyvlene/vinyl silane copolymer or a silane-

srafied high pressure polvolefin,
¥ 5 k

The use of a polyether polyo! hypercompressor lubricant comprising no more than
one hydroxyl functionality during the manufacture of the high pressure polyolefin reduces or
eliminates the possibility of scorch during the fabrication, e.g., shaping or molding, of the
polyolefin into a crosslinked product. In addition, if the high pressure polyolefin is a silane-
modified high pressure polyolefin, then the use of a polyether polyol hypercompressor
lubricant comprising no more than one hydroxyl functionality during the manufacture of the
high pressure polyolefin reduces or climinates dielectric loss in medium and high voliage

cable sheaths prepared from the silane-modified high pressure polyolefin.

The Figure is a graph reporting the crosslinking properties of DFDA 5451 NT, a
polyethylene moisture-curable vinyitrimethoxysilane (VIMS) copolymer and 3% of DGDA-
1140 catalyst masterbaich available from The Dow Chemical Company, at various

percentages of UCON'™ PE-320 hypercompressor hubricant,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Definitions:
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The numerical ranges in this disclosure are approximate, and thus may include values
cutside 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, molecular

£

weight, viscosity, meli index, ete., is from 100 to 1,000, it is intended that all individual
values, such as 100, 101, 102, etc., and sub ranges, such as 100 o 144, 155 10 170, 197 1o
200, ete., are expressly enumerated. For ranges containing values which are less than one or
containing fractional nambers greater than one {e.g,, 1.1, 1.5, erc.), one unit is considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less
than ten {e.g., 1 to 3), one unit is typically considered io be .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 enomerated, are 1o be considered to be expressly stated in
this disclosure. MNumerical ranges are provided within this disclosure for, among other
things, weight and number average molecular weight, cthylene content in an ethylenc/slpha-
olefin copolymer, relative amounts of components in a mixiure, and various temperaiure and

other process parametior ranges.

“Cable,” “power cable” and like torms means at least one wire or optical fiber within
a protective jacket or sheath. Typically, a cable i3 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 doth
electrical wires and optical fibers. The cable, oic. can be designed for low, medium and high
voitage applications. Typical cable designs are iHusirated in USP 5,246,783, 6,496,629 and

6,714,707,

"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 employed fo refer to polymers prepared from ounly one type of

monomer, and the term interpolymer or copolymer a3 defined below,
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“nterpolymer” and “copolymer” mean a polymer prepared by the polymerization of
at least two different types of monomers. These generic terms include both classical
copolymers, 1.¢., polymers prepared from two different types of monomers, and polymers
prepared from more than two different types of monormers, ¢.g., terpolymers, tetrapolymers,

eic,

“Polyolefin” and like terms means a polymer derived from one or more simple olefin
monomers, ¢.g., ethvlene, propylene, 1-butene, 1-hexens, 1-ociene and the like. The olefin
monomers can be substituted or unsubstituted and i substituted, the substituents can vary
widely. For purposes of this invention, substituted olefin monomers include VTMS, vinyl
acetate, Cog alkyl acrylates, conjugated and nonconjugated dienes, polyenes, vinyisiloxanes,
carbon monoxide and acetylenic compounds. I the polyelefin is to contain unsaturation,
then preferably at least one of the comonomers is at least one nonconjugated diene such as
1.7-octadiene, 1,9-decadiene, 1,1l-dodecadiene, 1,13-tctradecadiens, 7-methyl-1,6-
octadiene, 9-methyl-1,8-decadiene and the Dike, or a siloxane of the formula CHy=CH-
[SIH{CH;-O-Si(CH; »-CH=CH; in which n is at least one. Many polyolefins are
thermoplastic and for purposes of this invention, can inchide a rubber phase. Polyolefins
include but are not limited to polyethylene, polypropyiene, polybutene, polyisoprene and

their various interpolymers,

“High pressure polyolefin” and like ferms means a polyvolefin that has been produced
under high pressure conditions, e.g., al a pressure of at least 70 MPa (30,000 pei).
Representative high pressure polvolefing are those made by the high pressure processes

described in USP 6,407,191 and 6,569,962,

“Silane-modified polyolefin” and like terms means a polyolefin comprising silane
functiopality, The presence of the silane tunctionality as part of the polyolefin can either be
the resulf of incorporating a silane subsiituted olefin monomer (g.g., VIMBS) into the polymer

backbone, or by grafting the silane functionality to the polyvmer backbone.

“Silane-grafted polyolefin” and like tferms means a silane-containing polyolefin
prepared by a process of grafling a silanc functionality onto the polymer backbone of the

polyolefin as deseribed, for example, in USP 3,646,155 or 6,048,935,
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“Yinylsilane-olefin copolymer” and like terms means & copolymer prepsred by
copolymerizing an olefin, including byl unot Hmited to ethylene, with an ethylenically
unsaturated  silane compound, ie., a2 vinylsilane monomer containing one or more

hydrolysable groups such as VIMS, as described, for example, in USP 4,413,066

“Hydrophobic polvether polyol” and like terms means that the polyether polyol will
absorb 10 wi% or less water at equiiibrium at 100% humidity and under ambient conditions.
By way of example, UCON PE-30S5 i¢ hydrophobic {a propylene-based polyether polycl)

while UCON PE-320 18 hydrophilic {an ethylene-based polyether polyol).

The phrase “characterized by the formula® 1s not intended {0 be imiting and is used
in the same way that “comprising” commonty is used. The term “independently sclected” is
used to indicate that the R groups, e.g., R and R' can be identical or different {e.g. R and R
may be hydrocarbyl or R may be a hydrocarbyl and R' may be an incrtly-substituied
hydrocarbyl radical). Use of the singular includes use of the plural and vice versa. Named R
sroups will generally have the structure that is recognized in the art as corresponding to R
groups having that name. These definitions are intended io supplement and illusirate, not

preciude, the definitions known to those of skill in the art.

“Hydrocarbyl” means a univalent hydrocarby! radical, typically containing | to 30
carbon atoms, preferably 1 to 24 carbon atoms, most preferably 1 to 12 carbon atoms,
including branched or unbranched, saturated or unsaturated species, such as alkyl groups,

alkenyl groups, aryl groups, and the like.

“Inertly-substituted hydrocarbyl” and like terms means hydrocarbyl substituted with
one or more substituent atoms or groups, which do not undesivably interfere with the desired

reaction(s} or desired propertics of the resulting coupled polymers {e.g., aromatics).

“End-capping radical”, “end-capping group” and like terms means a radical or group
that is not reactive with other reagents or products present during the cure or cross-linking
process of HPLDPE or other polyvolefin of this invention, and includes but is not limited to an

alkyi radical {e.g., Cigo, preferably a Cyg, alkyl), an ester radical and a urethane radical.
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“Alkyl” means a straight-chain, branched or unbranched, saturated hydrocarbon
radical. Suitable alkyl radicals include, for example, methyl, ethyl, n-propyl, i-propyl, n-
butyl, t-butyl, i-butyl {or Z-methylpropyl}, hexyl, octyl, ete. In particular embodiments of
this invention, alkyls have between 1 and 200, usually between | and 30, more typically

between | and 20, and even more typically between 1 and 12, carbon ators,

“Aryl” means an aromatic substifuent which may be a single aromatic ring or
multiple aromatic rings which are fused together, linked covalently, or linked fo a common
group such as a methylene or ethylene molety, The aromatic ring{s) may inchude phenyl,
naphthyl, anthracenyl, and biphenyl, among others. In particular embodiments, aryls have
hetween | oand 200 carbon atoms, between 1 and 50 carbon atorns or between 1 and 20

carbon atoms,

“High Pressure Low Density Polyethylene”, "HPLDPE” and like terms mean an
ethylene homo- or copolymer coniaining long chain branching (LOB), the polymer prepared
by free-radical polymerization under a pressure of at least 70 MPa (10,000 psi}. W a
copolymer, the comonomer can be any molecule with an ethylenic group available for
polymerization with the cthylene monomer, but it is typically af least one Cigpp, wore

typically at least one Cy.py, alpha-clefin (w-olefin}. Preferred w-olefins include propylene, 1-

butene, 1-hexene and 1-octene,

“Long chain branching”, “LCB” and ke ferms mean, in the context of an HPLDPE
polymer for example, a branch chain extending from the polymer backbone, the branch chain
comprising more than one carbon atom.  [f the HPLDPE is a copolymer, then the LCB
comprises one carbon more than two carbons less than the {otal length of the longest
comonomer copolvmerized with ethylene. For example, in an ethylene/l-octens HPLDPE
poivmer, the LCB is at least seven carbons atoms in length, As a practical maiter, the LCB 15
longer than the side chain resulting from the incorporation of the comonomer into the

polyroer backbene. The polymer backbone of an HPLDPE comprises coupled ethyiene umits.

“Blend,” “polymer blend” and like terms mean a blend of two or more polywmers.
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
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from transroission electron spectroscopy, Hght scattering, x-ray scatiering, and any other

method known in the art.

“Composition” and like terms means a wmixiure or blend of two or more components.
In the coniext of g mix or blend of materials from which a cable sheath or other article of
manufacture is fabricated, the composition inchides all the components of the mix, e.g.,
stiane~modified polyolefin, lubricanmt, filler and any other additives such as cure calalysts,

anti-oxidants, flame retardants, efc.

“Catalytic amount” yeans an amount pecessary to promote the reaction of two

components at a detectable level, preferably at a commercially acceptable level,
: F 3

"Weight average molecular weight" (Mw) and “number average molecular weight”
(Mn) are well known in the polymer art and can be determined by, for example, gel

permeation chromatography as desoribed in WO 2004/031250 Al
Lubricants:

in one embodiment, the invention relates to a lubricamt for compressors. The
{ubricani is a hydrophobic polyether polyol with single hydroxyl functionality or without any
hydroxyl functionality. The polyether mono- or non-hydroxyl functional fubricant has higher
carbon conient than its poly-hydroxyl-functional polvethylene oxide containing equivalent,

and is characierized by the formula;

R-[O-CR ) h-O-Ry

in which R is hydrogen or a Cy.20 hydrocarbyl or inertly-substituted hydrocarbyl radical, Ry s
independently a hydrogen or a Cgp hydrocarbyl or inertly-substituted hydrocarby! radical,
Ry is an end-capping radical, and n is an integer of 2-1000. In one embodiment, the end

capping radical 1s an alkyl or an inertly substituted alloyl radical.

Polyether polyols can be manufactured by the catalyzed addition of epoxies {evclic
ethers) to an initiator. Cyclic ethers include it are not limited to propylene oxide (PO,

ethylene oxide (EO), butylene oxide, sivrene oxide, cyclohexene oxide, and various mixtures
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of two or more of these oxides. These oxides react with active hydrogen-comtaining
compounds, which are referred to as initistors, including but not Hmited o water, glycols,
polyols and amines; thus, 8 wide variety of compositions of varying structures, chain lengths,
and molecular weights are possible. By selecting the proper oxide or oxides, initiaior, and
reaction conditions and catalysts, it is possible to synthesize a series of polyether polvols that

range from low-molecular-weight polvglyeols to high-molecular-weight resins,

Polyether polyols can be prepared industrially by polvaddition of alkylene oxides to
polyfunctional starier compounds including but not Emited to alcohols, acids, or amines with
base catalysis including but not limited to pofassiom hydroxide (KOH) (see, for example,
CGum, Riese & Ulrich (ed.): "Reaction Polymers”, Hanser Verlag, Munich, 1992, pp. 75-96).
Following completion of the polyaddition, the basic catalyst is removed from the polyvether
polyol using any suitable method including but not limited to neutralization, distillation and
filtration. Moreover, as chain length inereases, polyether polvols prepared by base catalysis
feads to an increase in the number of mono-functional polyethers terminating in double

bonds,

Meono-hydroxyl polyether polyols can be formed by addition of multiple equivalents
of epoxide to low molecular weight mono-hydroxyl starters including but not limited to
methanol, ethanel, phenols, alivl alcohol, longer chain sleohols, and varioos mixtures of two
or more of these alcohols. Suitable epoxides include those described above. The epoxides
can be polymerized using well-known techniques and a variety of catalysts, including but not
Iimited {0 alkall metals, alkali metal hydroxides and alkoxides, double meisl cyanide
complexes.  Suitable mono-hydroxyl siarters can also be made, for example, by first
producing a diol or triol and then converting all but one of the remaining hydroxyl groups 1o

an ether, ester or other non-reactive group.

Usefil mouno-hydroxyl polyethers in this invention range in Mw from 100 to 3000,
preferably from 200 to 2206, Gther alkylene oxides, or blends of alkylene oxides, are useful
and include but are not Hmited to mono hydroxyl functional butancl initiated propylene oxide

of 2000 Mw. Polyether polyol hyper-compressor lubricants without hydroxyl functionality
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include acid, isocyanate and carbon-capped versions of the above. Alkylene oxides and

biends of allylene oxides can be prepared using methods well-known in the ari,
High Pressure Low Density Polyethylene (HPLDPE):

Preferred polyolefins are HPLDPE, which are wroduced in reactors at higher
pressures; the lubricants discussed above are usefidl for the production of HPLDPE., The
molecular structure of high pressure low density polyethylene is highly complex. The
permutations in the arrangement of its simple building blocks are sesentially infinite. High
pressure vesins are characierized by an infricate long chain branched molecular architecture.
These long chain branches have a dramatic effect on the welt rheclogy of the resins. High
pressure low deusity polyethviene resins slso possess a spectrum of short chain branches
generaily 1 1o 8 carbon atoms in length that control resin crystaliinity {density}. The
frequency distribution of these short chain ranches is such that, on the average, most chains
possess the same average number of branches. The short chain branching distribution

characterizing high pressure low density polyethviene can be considered narrow.

The Mw of the HPLDPE polymers is typically at least 30,000, more typically at least
45,000 and even wore typically at least 50,000, The maximum Mw of the HPLDPE
polymers of this invention typically does not exceed 730,000, more typically it does not
excead SO{,000 and even more typically it does not exceed 400,000, The molecular weight
distribution or polydispersity or Mw/Mn of these polymers is typically between 3 and 7,

more typically between 3 and 6 and preferably between 2.5 and S,

The melt index (M1} of the HPLDPE polymers of this invention is typically at least
0.03, more typically at least 0,05 and even more typically at least 0.1, The maximum MI of
the HPLDPE polymers of this invention typically does not exceed 50, more typically it does
not exceed 30 and cven more typically it does not exceed 20, The MI is meagsured by ASTM

D1238 {Condition £) (1900/2.16 kg).

The density of these polymers is typically between 0.900 and 0.950, more typically

between 0.905 and 0.9%45 and preferably between €.910 and 0.940, Density is determined in

10
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accordance with American Society for Testing and Materials (ASTM) procedure

ASTM ID792-00, Method B,

The high pressure polymerization process used in the practice of this invention is well
known in the art. See for example USP 6,407,191 and 6,569,962, Most commercial high
density polyethylenes sre polymerized in heavy walled autoclaves or tubular reactors at
pressures up to 40,000 pounds per square inch (psi) or move.  The temperature is typically
between 70 and 320, preferably between 100 and 320 and more preferably between 120 and
328, °C. If the HPLDPE is a copolymer, then the ameount of comonomer used is fypically
between 0.5 and 35, preferably between 2 and 30 and more preferably between § and 25,
weight percent based upon the combined weight of the ethylene and comonomer. Telomers

and other process additives are used as desired in known amounts and known ways.
Polyoleting for Medium and High Voltage Insulation:

In @ variant of this invention, polyether polyols with mono-hydroxyl functionality, or
without any hydroxyl functionality, are useful in the production of polyolefins for medium (3
to 60 KV} and high voltage (>60 kV) insulation. The polyolefin polymer can comprise at
feast one resin or its blends having melt index (M1, L) from (.1 10 5O grams per 10 minutes
{¢/10min) and a density between (.85 and 0.95 grams per cublc centimeter {g/cc). Typical
polyolefing include high density polyethylene, ethylene vinyl acetate, and ethvlene ethyl
acrylate. Density i3 measured by the procedure of ASTM [-792 and meltf index is measured

by ASTM D-1238 (190 °C /2.16kg).

In another embodiment, the polyolefin polymer includes but is not Hmited to
copolymers of ethylene and unsaturated esters with an ester content of at least 5 wi% based
on the weight of the copolymer, The ester content is ofien as high as 80 wit%, and, at these

fevels, the primary monomer is the ester,

In still ancther embodiment, the range of ester content i3 10 to 40 wi%., The percent
by weight 1s based on the total weight of the copolymer. Examples of the unsaturated esters
are vinyl esters and acrylic and methacrylic acid esters. The ethylens/unsaturated ester

copolymers usually are made by conventional high pressure processes. The copolymers can

11
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have a density in the range of 0900 to $.990 g/ice. In yet another embodiment, the
copolymers have a density in the range of 0.920 10 (.850 g/ce. The copolymers can also have
a melt index in the range of 1 to 100 ¢/10 min. In still another embodiment, the copolyiners

can have a melf index in the range of 5 to 50 g/10 min,

The ester can have 4 to 24 carbon atoms, preferably 4 10 7 carbon atoms. Examples
of vinyl esters are: vinyl acetate; vinyl butyrate; vinyl pivalate; vinyl neononanoate; vinyl
neodecancate; and vinyl 2-ethyihexancate. Examples of acrylic and methacrylic acid esters
are: methyl acrylate; ethyl acrylate; t-butyl acrylate; n-butyl acrylaie; isopropyl acrylate;
hexyl acrylate; decyl acrylate; lauryl acrylate; 2-ethylhexyl acrvlate; lanryl methacrylate;
myristyl  methacrylate, palmityl methacrylate; stearyl methacrvlate;  3-methacryloxy-
propyltrimethoxysilane;  3-methacryloxypropyliviethoxysilane;  cyclohexyl methacrylate;
i-hexyimethacrylate; isodecyl methacrvlate; Z-racthoxycthyl methacrylate:
tetrahvdrofuriuryl methacrylate; octyl methacryiate; 2-phenoxyethy! methacrylate; isobornyl
methacrylate; iscoctylmethacrylate; iscoctyl methacrylate; and oleyl methacrylate, Methyl
acrylate, ethyl acrvlate, and o~ or t-butyl acrylate are preferred. In the case of alkyl acrylates
and methacrylates, the alkyl group can have 1 1o § carbon atoms, and preferably has 110 4

carbon atoms. The alkyl group can be substituted with an oxyalkyltrialkoxysilage.

Other examuples of polyolefin polymers are:  polypropylene; polypropylene
copolymers; polybutene; polvbutene copolymers; highly short chain branched a-olefin
copolymers with ethylene co-monomer less than SO mole percent but greater than 0 mole
pereent; polyisoprene; polvbutadiene; EPR {ethyvlens copolymerized with propylene); EPDM
{ethylene copolymerized with propylene and a diene such as hexadiene, dicyclopentadiens,
or gthylidene norbornene); copolymers of ethylene and an g-olefin having 3 to 20 carbon
atorss such as ethylene/ociene copolymers; terpolymers of ethylene, a~-clefin, and a diene
{preferably non-conjugated), terpolymers of cthylene, a-olefin, and an unsaturated ester,
copolymers of ethyvlene and vinvi-tri-alkyloxy silane; terpolymers of ethylene, vinyltri-
alkyloxy silane and an unsaturated ester; or copolymers of ethylene and one or more of

acryionitrile or maleic acid esiers.
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The polyoiefin polvmer of the present invention also includes ethylene ethyl acrylate,
cthylene vinyl acetate, vinyl ether, vinyl acetate, butyl acrylate, ethylene vinyl ether, and
methyl vinyl ether.  One example of commercially available ethylene vinyl acetate is

AMPLIFY 101 from The Dow Chemical Company.

The polyolefin polymer of the present invention includes but is not limited to 2
polypropylene copolymer comprising at least SO mole percent units derived from propylene
and the remainder from units from at least one g-olefin having up to 20, preferably up to 12
and more preferably up to 8, carbon atores, and a polyethylene copolyruer comprising at least
50 mole percent units derived from ethylene and the remainder from units derived from at
feast one o-olefin having up to 20, preferably up o 12 and more preferably ap to §, carbon

atoms.

The polyolefin copolymers uscful in the practice of this invention include
ethylene/w-olefin interpolymers having a a-clefin content of between 15, preferably at least
20 and even more preferably at least 25, weight percent (wi%) based on the weight of the
interpolymer.  These interpolymers typically have an s-olefin content of less than 50,
preferably less than 453, more preferably less than 40 and even more preferably less than 35,
wi% based on the weight of the interpolymer. The e-olefin content is messured by e
nuclear magnetic resonance (NMR) spectroscopy using the procedure described in Randall
(Rev. Macromol. Chem. Phys., (29 (2&3)). Generally, the greater the w-olefin content of the
interpolymer, the lower the density and the more amorphous the interpolyruer, and this

translates into desirable physical and chemical propertics for the protective insulation laver.

The g-olefin is preferably a Cyag Hnear, branched or eyclic g-olefin, Examples of Ciap
a-olefins include propene, [-butene, 4-methyl-1-peniene, P-hexene, l-oetepe, 1-decene, 1-
dodecene, 1-tetradecene, [-hexadecene, and l-ocladecene. The o-olefing also can contain a
cyclic structure such as cyclohexane or cyclopentane, resulting in an e-olefin such as 3-
cyclohexyl-1-propene {allyl cvelohexane) and vinyl eyclohexane. Although not e-olefins in
the classical sense of the term, for purposes of this invention certain cyclic olefins, such as
norbornene and related olefins, particularly 5-cthylidense-2-norbornene, are ¢-olefins and can

be used in place of some or ali of the w-olefins described above. Similarly, styrene and its
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related oletins (for example, «- methylstyrene, ele.) are g-olefing for purposes of this invention.
flustrative  polyelefin  copolymers  include  cthylenc/propylene,  ethylene/buiene,
cthylene/I-hexene, ethylens/l-octene, ethylene/styrene, and the ke, JHustrative terpolymers
mchide  ethvlene/propylens/l-octene, ethylene/propylene/butene, ethylene/buiens/I-octene,
ethylene/propylene/diens monomer (EPDM) and ethylene/butene/styrene. The copolymers can

be random or blocky.

The polyolefing used in the practice of this invention can be used alone or in
ombination with one or more other polvolefing, e g, a blend of two or more polvolefin
polymers that differ from one another by monomer composiiion and content, catalyiic
method of preparation, eic. If the polyolefin is 2 blend of two or more polyolefins, then the
polvolefin can be blended by any in-reactor or post-reacior process. The in-reactor blending
processes arve preferred to the postweacior 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 but operated af different counditions, eg,
different reactant concentrations, temperaturgs, pressurcs, efc, or opergied at the same

conditions but charged with different catalysts,
Stlane-Crosslinker:

Any silane that will either copolymerize or grafl to and effectively crosslink the
polyolefin polymers can be used in the practice of this invention. Suitable silanes include
unsaturated silanes that comprise an ethylenically unsaturated hydrocarbyl group, such as a
vinyl, alivl, isopropenyl, butenyl, cyclohexenyl or gamma-{methjacryioxy allyl group, and a
bydrolyeable group, such as, for example, a hydrocarbyloxy, hydrocarbonyvioxy, or
hydrocarbylamine group.  Examples of hvdrolyzable groups include methoxy, ethoxy,
formyloxy, acetoxry, proprionyloxy, and alkyl or arylamino groups. Preferved silanes ave the
unsaturated alkoxy silanes which can be grafted onto the polymer. These silancs and their
method of preparation are more fully described in USP 5,266,627, Vinyl trimethoxy silane,
vinyl tricthoxy silane, gamma-{methjacryloxy propyl rimethoxy silane and mixtures of these
silanes are the preferred silane crosslinkers for is use in this invention. If filler is present,

then preferably the crosslinker includes vinyl tricthoxy silane,
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The amount of silane crossiinker used in the practice of this wnvention can vary
widely depending upon the natwe of the polymer, the silane, the processing conditions, the
grafting efficiency, the ullimaie application, and similar factors, but typieally at least 0.5,
preferably at least 0.7, parts per hundred resin (phr) is used. Considerations of convenience
and ecconomy are usually the two principal Hmitations on the maxivoum amount of silane
crosslinker used in the practice of this invention, and typically the maximum amount of
siiane crosslinker dogs not exceed 3, preferably it does not exceed 2, phy. As used in parts

per hundred resin or phr, "resin” means the polyolefin polvmer.

The silane crosslinker can be grafted onto the polymer or copolymerized into the
polymer by any conventional method, typically in the presence of g free radical intliator, e.g.
peroxides and azo compounds, or by ionizing radiation, ete. Organic initiators are preferred,
such as any one of the peroxide inftiators, for example, dicumyl peroxide, di-tert-butyl
peroxide, t-butyl perbenvoate, benzoyl peroxide, cumene hydroperoxide, t-butyl peroctoate,
methyl ethyl ketone peroxide, 2,5-dimethyl-2,5-di{t-butyl peroxythexane, lauryl peroxide,
and fert-butyl peracetate. A suitable azo compound s azobisisoburyl nitrite. The amount of
initigtor can vary, but it is typically present in an amount of at least 0.04, preferably at least
3,06, phr. Typically, the initiator does not exceed 0,15, preferably it does not exceed .10,
phr.  The ratic of silane crosslinker to initiator also can vary widely, but the typical

crossiinkeriinitiator ratio is between 10:1 to 3001, preferably between 18:1 and 24:1.

While any conventional method can be used to graft the silane crosslinker to the
polyolefin polymer, one preferred method is blending the two with the initiator in the first
stage of a reactor extruder, such as a Buss kneader. The grafting conditions can vary, but the
melt femperatures are typically between 160 and 260 °C, preferably between 190 and 230 °C,
depending upon the residence time and the half life of the initiator. The silane can be

copolymerized with the polyolefing {as described above} in high pressure systems.
Catalyst:

The composition of this invention comprising a stlanc-modified polyolefin and a
polyether polvol with single hydroxy! functionality or without any hydroxyl functionality can

also comprise a catalyst to promote the crosslinking of the polyolefin, preferably & catalytic
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amount of g Lewis acid or g Brensted-Lowry acid. A Lewis acid 18 any species that can
accept a pair of electrons and form 2 coordinate covalent bond. A Lewis acid can be any
glectrophile (ncluding H'). Bremsted-Lowry acid is defined as any species that has the
tendency o lose or donate a H'. All Bronsted-Lowry acids are Lewis acids. Preferably, the
catalyst can be a tin catalyst, which includes but is not Hmited catalysts of the type that
contain a Sn--{--X bond where X is hydrogen, Cl, Br, $nR; and (O)R wherein R is an alkyl
group. Tin catalysis include but are not limited to dibutyHin dilavrate and stannous octoate.
The catalyst comprises at least 0.001, preferably at least 0.01, and wore preferably at least
0.02% by weight of the composition. The only limit on the maximmum amount of catalyst in
the composition is that imposed by economics and practicality (e g., diminishing returns), but
typically g gencral maximum comprises less than 5, preferably less than 2.5 and more

preferably less than 19 by weight of the composition
Polvmer Composition

The polymer composition from which a cable sheath or other article of masufacture is
fabricated comprises a silang-modified polyolefin, a polyether polyol with single hydroxyl
functionality, or without any hydroxyl functionality, and a catalyst. The polyether polyol
with single hydroxyl functionality or without any hydroxyl functionality hyper-compressor
fubricant comprises typieally less than 300, preferably leas than 100, parts per mithion (ppm)

of the composition.

Preparation of g cable sheath, including but not limited to an insulation jackel, with a
polymer composition as described above will reduce premature cross-linking in silane-
modified polyolefin and other alcohol reactive high pressure polvolefing relative to a polymer
composition comprising a polyether polyol with polyhydroxyl functionality. In addition, the
polarity of the lubricant will be reduced by using a polyether polyc! with single hydroxyl
functionality or without any hydroxyl functionality relative to using a polyether polyol with

polyhydroxy! functionality.

Cure is typically promoted with a crosslinking catalyst, and any catalyst that will
provide this function can be used in this invention. These catalysis generally inchide organic

bases, carboxylic acids, and organc-metaliic compounds including organic titanates and
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complexes or carboxviates of lead, cobalt, iron, nickel, »ing and tin. Dibutvitindilaurate,
dioctyliinmaleate, dibutyliindiaceiate, dibutyltindioctoate, stannous acetate, stannous octoate,
lead naphthenate, zinc caprviate, coball naphthenate; and the like. Tin carboxylate,
eapecially dibutyltindilavrate and dioctyliinmaleate, are particularly effective. The catalyst

{or mixture of catalysts) is present in the composition in a catalytic amount, typically in an

aroount between 0.015 and 2 phy.

The polymer composition from which the cable sheathing or other article of
manufacture is made can be filled or unfilled. If filled, then the amount of filler present
should not exceed an amount that would cause degradation of the electrical and/or
mechanical properties of the silanc-modified polyolefin, Typically, the amount of filler
present is between § and 60, preferably between O and 30, weight percent (wi%) based on the
weight of the polymer. Representative fillers include clay, magnesium hydroxide, silica,
caleium carbonate. In a preferred embodiment of this invention in which a filler is present,
the filler is coated with a material that will prevent or retard any tendency that the filler might
otherwise have to interfere with the silane cure reaction. Stearic acid is illustrative of such g

filler coating.

Other addifives can be used in the preparation of and be present in the polymer
composition of this invention, and these include but are not limited to antioxidants,

processing aids, pigmenis and hubricants,

Compounding of the polyolefin, hubricant-containing polymer can be effected by
standard means known to those skilled in the art.  Examples of compounding squipment are
internal batch mixers, such as a Banbury™ or Bolling™ internal mixer,  Alfernatively,
comtinuous single or twin screw mixers can be used, such as a Farrel™ continuous mixer, a3
Werner and Ptleiderer™ twin screw mixer, or a Buss™ kneading continuwous exiruder. The
type of mixer utilized, and the operating conditions of the mixer, will affect properties of the

composition such as viscosity, volume resistivity, and extruded surface smoothness.
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Articles of Manufacture:

The polymer compesition of this invention can be applied o a cable as a sheath in
known amounts and by known methods (for example, with the equipment and methods
described in USP 5246783 and 4,144, 202). Typically, the polymer composition is prepared
in a reactor-extruder equipped with a cable-coating die and after the components of the
composition are formulated, the composition is extruded over the cable as the cable is drawn
through the die. In a preferred embodiment of this invention in which the polyolefin polymer
is a substantially linear sthylene polymer with a melt tndex (I; of 1T t0 7 g/10 min), the

insulation sheath coated onto the cable will cure in 1 to 10 days at ambient tomperature.

Other articles of manufacture that can be prepared from the polymer compositions of
this invention, particularly under high pressure and/or elevated moisture conditions, include
F e : ¢ 3 ) P 4] e a : M K7 AT PN B - ol ra o lrate o 3 FER XY
fibers, ribbons, shects, tapes, tubes, pipes, weather-stripping, seals, gaskets, foams, footwear

and bellows. These articles can be manufactured using known eguipment and techniques,

The foliowing examples further llustrate the invention. Unless otherwise stated, all

parts and percentages are by weight.

SPECIFIC EMBODIMENTS

Example 1:

The premature cross-linking, or scorching, properties of the silane-polyethylene
copolymer made with UCON™ PE-320 and the silanc-polycthylene copolymer made with
R ~ - B F . . M PP m R .
PE-305, which is a mono-hydroxyl lubricant, was investigated. UCON™ PFE-320 is a
synthetic lubricant made from polyalkylene glyeol-base stock polymer. UCON"™ PE-320 is
both di-functional in hydroxyl groups and hydrophilic. PE-305 {s a hydrophobic mono-
bydroxyl lubricant produced using propylene oxide, and is available from The Dow

Chemical Company.

Increasing levels of UCON™ PE-320 were added to DFDA-5451 NT (ethylene
trimethoxy silane copolymer). Catalyst masterbatch DGDA-1140 available from The Dow

Chemical Company was alse added although any Lewis acid or Bronsted acid could be used
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as the catalyst. DFDAS451 NT is a reactor produced copolymer of ethylens and
vinytirimethoxysilane, and is gvailable from The Dow Chemical Company. As shown in the
Figure, as more UCON"™ PE-320 was added, more cross-linking was observed as noted by
the increase in torgue (MH-ML). The highest observed torque was at 1% UCON™ PE-320.
Conversely, at the highest concentration (19 of mono-functional lubricant PE-30S, the
torque was the same as at baseline, 7.e., without UCON™ PE-320. The ethylene trimethoxy
silane copolymer (DFDA-5451 NTj, which was made with mono-functional lubricani,
exhibited dramatically reduced scorch {premature cross-linking) as compared with DFDA
5451 NT made from UCON™ PE-320.  Other lab studies showed that UCON™ PE-320 can
scorch DIDA-5451 NT, while mone-hydroxyl functional PO based hubricants did not scorch

DEFDA-5451 NT (data not shown).

Although the invention has been described in considerable detail by the preceding
specification, this detail is for the purpose of lustration and is uot to be construed as a
Himitation upon the following appended clatms.  All ULS. patents, allowed U5, patent

applications and U.S. Patent Application Publications are incorporated herein by reference.
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WHAT IS CLAIMED IS:

t, An inaproved high pressure process for mamufacturing a polyolefin, the high
pressure of the process created at least in part through the use of a hypercompressor, the
mprovement comprising using as a lubricant for the hypercompressor a polyether polyol

comprising no more than one hydroxyl functicnality.

2. The process of Claim 1 in which the Inbricant comprises a polyether polyol

with no more than one hydroxy! functionality and of the formula:
R-[G-C{R 1 ]a-0-R,
in which R is hydrogen or a Ci hydrocarbyl or inertly-substituted hydrocarbyl radical, K, is

independently a hydrogen or a Ci0 hydrocarbyl or inerily-substituled hydrocarbyl radical,

Rz is an end-capping group, and n is an integer of 2-100¢,

3. The process of Claim 2 in which the end-capping group is an alkyl or an

inertly substituted alky! radical.

4, The process of Claim 3 in which R is a Cip hydrocarbyl or inertly-substifnted

hydrocarbyl radicsl,

S. The process of Claim 3 in which R is hydrogen.
6. A hypercompressor containing as a hubricant a polyether polyol comprising no

more than one hydroxyl functionality.

7. The hypercompressor of Claim 6 in which the lubricant comprises a polyether

polyol with no more than one hydroxy! functionality and of the formula:
RA{O-CiR i »}-0-R;
in which R is hydrogen or a Cyp hydrocarby! or inertly-substituted hydrocarbyl radical, R, is

independently a hydrogen or a Cryp hydrocarbyl or inertly-substituted hydrocarbyl radical,

Rz 15 an end-capping group, and n is an integer of 2-1000.
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8. A high pressure reaction mass comprising an  olefin  monomer, a
polymerization initiator and a polyether polvol comprising no more than one hydroxyl

functionality,

9. The reaction mass of Clairmn 8 in which the polyether polyol is present in an

amount of less than 100 ppm.
10.  The reaction mass of Claim 9 in which the polyether polyol is of the formula:
RA{O-C{R pl-O-Re
in which R 13 hydrogen or a Cy.p hydrocarbyl or inertly-substituted hydrocarbyl radical, Ry 1s

independently a hydrogen or a Uy hydrocarbyl or inertly-substituted hydrocarbyl radical,

R is an end-capping group, and n is an integer of 2-1000.

1. A composition comprising a (i) high pressure polyolefin, and (1) polyether

olvol comprising no more than one hvdroxy! functionality,
» - 4

12. The composition of Claim 11 in which the polyether polyol is present i an

amount of less than 100 ppm.
13, The composition of Claim 12 in which the polyether polyol is of the formmia:
R-{O-CiRip]a-0-Ra
in which R is hydrogen or a O hydrocarbyl or nertly-substituied hydrocarbyl radieal, Ry is

independently a hydrogen or a Cyp hydrocarbyl or inertly-substituted hydrocarbyl radical,

Ky is an end-capping group, and n is an integer of 2-1600.

14 The composition of Claim 13 in which the high pressure polyolefin is

HPLDPE.

15, The composition of Claim 12 in which the high pressure pelyolefin is a silane-

modified polyoletin,
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14, The composition of Claim 18 futher comprising 8 catalylic amount of &

BN

Ve The compostion of Claimy 16 o which thy catslyst somprisey tin wad 48
present in the composition in an amount-of at least D001 percent based on the weight of the

granpoaition.
1€ An exbruded o molded artivle comprising » crosslinked, high pressure

podyolefin and apodyether polved comprizing ne more than ooe hedrosy? funetionality.

13 The articlyel Claim 18w the foem of g onhle sheath.

20, The article of Claim 18 {5 the form of an irsnlation Jayer of & power eable
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