
EP 0 296 355 B1 Description This invention relates to compositions which
are useful in medium voltage electrical insulation because of their
resistance to heat and water trees. 5     Ethylene/propylene copolymers and
terpolymers (EPRs) are currently being used for insulating medium voltage
cables. These polymers are generally crosslinked using peroxides and are
utilized in combination with various additives and fillers. As insulation
for cables, the EPRs require a filler for reinforcement because of their
lack of strength. A filler is also required for processing, e.g., in an
extruder, since unfilled EPRs do not extrude smoothly. 10    It is
desirable to add polyethylene glycol, a well known water tree growth
inhibitor, to medium voltage insulation. Water trees occur when an organic
polymeric insulation material is subjected to an electrical field over a
long period of time in the presence of water in liquid or vapor form. They
are called trees because they appear to have a trunk with branches. Water
trees grow from points in the insulation where there are voids or
contaminants such as metal, lint, or other foreign material. Since it is
difficult to eliminate voids or is  extraneous matter from the insulation,
water tree growth inhibitors have been developed. The aforemen- tioned
polyethylene glycol is one that is found to be superior in its inhibiting
qualities. Unfortunately, polyethylene glycol is found to degrade EPRs when
crosslinked specimens are exposed to accelerated heat aging tests at
elevated temperatures. US-A-4 305 849 relates to a composition for
electrical insulation which comprises an optionally 20 crosslinked
polyolefin (e.g. homo- and copolymers of ethylene and propylene,
polybutene, polyisobutylene and poly-4-methylpentene) and a small amount of
polyetheylene glycol of high molecular weight. In the examples
polyetheylene having a density of 0.92 g/cm3 is employed as polyolefin. An
object of this invention is to provide a heat and water tree resistant
composition adapted for use in medium voltage electrical insulation, which
has sufficient strength so as not to require fillers, will not be 25
degraded by polyethylene glycol, and is otherwise equivalent in physical
properties to the EPRs. Other objects and advantages will become apparent
hereinafter. According to the present invention, the above object is met by
a heat and water tree resistant composition comprising: (a) a copolymer of
ethylene, at least one alpha-olefin having 4 to 8 carbon atoms and 0 to 15%
by 30    weight, based on the copolymer, of propylene, said copolymer
having a density equal to or less than 0.89 gram per cubic centimeter; and
(b) a polyethylene glycol having a molecular weight in the range of about
1000 to about 20,000 in an amount of about 0.1 to about 20 percent by
weight based on the weight of the copolymer. The ethylene/alpha olefin
copolymer can be prepared by the process described in EP-A-120 501. The 35
density of the copolymer is equal to or less than 0.89 gram per cubic
centimeter and is preferably in the range of about 0.85 to 0.89 gram per
cubic centimeter. The portion of the copolymer attributed to the alpha- 



olefin having 4 to 8 carbon atoms preferably is in the range of about 5 to
about 50 percent by weight based on the weight of the copolymer and more
preferably is in the range of about 15 to about 40 percent by weight. The
balance of the copolymer is based on ethylene (and optionally propylene).
Within the noted 40 density range, the higher densities represent increased
strength and are relatively less rubbery. These copolymers are considered
to be soft polymers because they are semi-crystalline. They can also be
described as rubber-like. Soft polymers can be processed on or in cool
processing equipment, i.e., the copolymer mixes readily without the use of
heat. Examples of alpha-olefins having 4 to 8 carbon atoms are 1-butene,
1-hexene, and 1-octene. The 45  copolymer can also be subjected to
grafting, or the comonomers can be copolymerized, with a vinyl alkoxy
silane to make them hydrolyzable. The polyethylene glycol is a known water
tree inhibitor described, for example, in US-A-4,612,139. It can have a
molecular weight in the range of about 1000 to about 20,000, and at least
30 carbon atoms, preferably at least 80 carbon atoms. The polyethylene
glycol is present in the insulation composition in an 50  amount of about
0.1 to about 20 parts by weight based on 100 parts by weight of the base
ethylene/alpha- olefin copolymer and is preferably present in an amount in
the range of about 0.1 to about 2 parts by weight The ethylene/alpha-olefin
copolymer having a density equal to or less than 0.89 g/ [err] can be
advantageously blended with (i) polyethylenes having densities in the range
of 0.91 to 0.93 g/[err] prepared 55 by conventional high pressure
techniques; (ii) ethylene copolymers wherein at least one comonomer is a
vinyl acid, a vinyl acid ester, or a derivative of either; (iii)
ethylene/hydrolyzable silane copolymers; (iv) ethylene terpolymers based on
at least two comonomers referred to in items (ii) and (iii); (v) ethylene
terpolymers based on alpha-olefins having 3 to 8 carbon atoms; (vi)
ethylene/propylene rubbers; (vii) 2    EP 0 296 355 B1
ethylene/propylene/diene monomer rubbers; and (viii) hydrolyzable graft
polymers produced by grafting silane to any of items (i) to (vii). The high
pressure technique referred to in (i) is described in Introduction to
Polymer Chemistry, Stille, Wiley and Sons, New York, 1982, at pages 149 to
153. The ethylene/silane copolymer can be prepared by 5  the process
described in US-A-3,225,018 and and the terpolymer by the process described
in US-A- 4,291,136. The polymers which are blended with the base
ethylene/alpha-olefin copolymer can be blended in a weight ratio of polymer
to copolymer of about 1:9 to about 9:1 and preferably in a weight ratio of
about 7:3 to about 3:7. 



10     Various conventional additives can be added in conventional amounts
to the insulation compositions. Typical additives are antioxidants,
ultraviolet absorbers, antistatic agents, pigments, dyes, fillers including
carbon black and aluminum silicate, slip agents, fire retardants,
stabilizers, crosslinking agents, halogen scavengers, smoke inhibitors,
crosslinking boosters, processing aids, lubricants, plasticizers, and
viscosity control agents. Fillers can be included in amounts of about 5 to
about 60 percent by weight based on the 15  weight of the total
composition. One additive of special interest as a substitute for the
commonly used red lead oxide as a scavenger for residual halogen is a metal
carboxylate, which, on reaction with a halogen, yields a water insoluble
product. Examples of suitable metal carboxylates are dioctyltin maleate,
dibutyltin dilaurate, stannous acetate, and stannous octoate. 20     The
invention is illustrated by the following examples. Examples 1 to 12 Each
insulation composition is blended as follows: the components are charged
into a mixer such as a 25  Brabender or Banbury mixer. The mixture is
fluxed at about [err] to [err] for about 3 minutes at about 60 rpm. The
batch is discharged at about [err] and is homogenized on a two-roll mill,
and removed from the two-roll mill as a sheet. Standard test specimens or
slabs (150 millimeters X 150 millimeter X 1.9 millimeters thick) are cured,
vulcanized, or crosslinked in accordance with ASTM D-15-72 ("Compound and
Sample Preparation for Physical Testing of Rubber Products"). Dumbbell
shaped test specimens are cut 30  from the slabs for stress-strain testing
in accordance with ASTM D-412-6B ("Tension Testing of Vulcanized Rubber").
ASTM D-573-673 ("Accelerated Aging of Vulcanized Rubber") is used to test
the heat resistance of crosslinked specimens. Crosslinking of the test
slabs is carried out for 40 minutes at [err]. Accelerated heat aging is
conducted for 1, 2, and 3 weeks at 150 C. The percent tensile strength and
elongation retained after these aging periods is used as a measure of the
heat resistance of the compositions. The 35 higher the retention of
properties, the better the heat resistance. The components are as follows:
1. ethylene/propylene/1,4 hexadiene terpolymer rubber (ethylene portion
approx. 74 weight percent or 81 mole percent) 2. ethylene/propylene/1,4
hexadiene terpolymer rubber (ethylene portion approx. 56 weight percent or
66 40    mole percent) 3. ethylene/propylene/ethylidene norbomene (ethylene
portion approx. 50 weight percent or 64 mole percent) 4. ethylene/propylene
copolymer rubber (ethylene portion approx. 65 weight percent or 73 mole
percent) 45    5. ethylene/1-butene copolymer (1-butene portion approx. 26
weight percent, density 0.88) 6. ethylene/1-butene copolymer (1-butene
portion approx. 18 weight percent, density 0.89) 7. polyethylene (density
0.92) 



8. silane treated clay (aluminum silicate)(filler) 9. zinc oxide (pH
modifier) 50    10. paraffin (lubricant) 11.
gamma-methacryloxypropyltrimethoxy silane (coupling agent) 12. zinc
2-mercaptotoluimidazole (anti-oxidant) 13. low temperature reaction product
of diphenylamine and acetone (anti-oxidant) 14. dicumyl peroxide (curing
agent) 55    15. organosilane ester (cure booster) 16. red lead masterbatch
(90% by weight [err], 10% by weight EPR)(Lead oxide is used to scavenge
residual halogen) (EPR - see item 4 above) 17. dioctyltin maleate (this
compound is used to scavenge residual halogen) 3    EP 0 296 355 B1 18.
polyethylene glycol (molecular weight = 20,000) (water tree inhibitor) The
stress-strain tests applied to the samples are as follows: 1. 100% modulus
(psi) - ASTM 412. (1 psi = 0.00689 MPa) 2. 300% modulus (psi) - ASTM 412. 5
3. tensile strength (psi) - ASTM 412. 4. % elongation - ASTM 412 5. Shore A
Hardness - ASTM 412 6. % tensile retained 7. % elongation retained 10
Note: Examples 1, 2, and 3 contain polyethylene glycol together with
dioctyl tin maleate, red lead oxide, or a combination of both) The
properties of the compositions of these (comparative) examples are severely
deteriorated after aging for two weeks at 150 C. The composition of
(comparative) example 4, which is devoid of polyethylene glycol, ages
satisfactorily. The compositions of examples 5 and 6, which contain both
polyethylene glycol and dioctyltin maleate, show excellent heat aging. 15
The following Tables set forth the variables and results. Each example
represents one test specimen. Table I gives the component proportions in
each specimen. Table II sets forth the results of tests performed on
specimens after the specimens are cured for 40 minutes at [err]. Table III
sets forth the results of tests performed on specimens after the specimens
are aged in an oven for one week at [err]. Table IV sets forth the results
of tests performed on specimens after the specimens are aged in an oven for
two 20 weeks at 150 C. Table V sets forth the results of tests performed on
specimens after the specimens are 



aged in an oven for three weeks at 150 * C. 25 30 35 40 45 50 55 4    EP 0
296 355 B1 [err] 10 55    EP 0 296 355 B1 [err] 50 1. A heat and water tree
resistant composition comprising: (a) a copolymer of ethylene, at least one
alpha-olefin having 4 to 8 carbon atoms and 0 to 15% by weight, based on
the copolymer, of propylene, said copolymer having a density equal to or
less than 0.89 gram per cubic centimeter; and 55       (b) a polyethylene
glycol having a molecular weight in the range of about 1000 to about 20,000
in an amount of about 0.1 to about 20 percent by weight based on the weight
of the copolymer. 6    EP 0 296 355 B1 [err] CLAIMS 50 



(a) a copolymer of ethylene, at least one alpha-olefin having 4 to 8 carbon
atoms and 0 to 15% by weight, based on the copolymer, of propylene, said
copolymer having a density equal to or less than 0.89 gram per cubic
centimeter; and 55        (b) a polyethylene glycol having a molecular
weight in the range of about 1000 to about 20,000 in an amount of about 0.1
to about 20 percent by weight based on the weight of the copolymer.    EP 0
296 355 B1 2. The composition defined in claim 1, wherein the density of
the copolymer is in the range of 0.85 to 0.89 gram per cubic centimeter. 3.
The composition defined in one or both of the claims 1 to 2, wherein the
portion of the copolymer attributed to the alpha-olefin having 4 to 8
carbon atoms is in the range of about 5 to about 50 percent by weight based
on the weight of the copolymer. 4. The composition defined in one or more
of the claims 1 to 3, additionally containing a polymer selected from the
following classes (i) to (viii): 10       (i) polyethylene having a density
in the range of 0.91 to 0.93 gram per cubic centimeter; (ii) ethylene
copolymers wherein at least one comonomer is a vinyl acid, a vinyl acid
ester, or a derivative of either; (iii) ethylene/hydrolyzable silane
copolymers; (iv) ethylene terpolymers based on at least two comonomers
referred to in items (ii) and (iii); 15       (v) ethylene terpolymers
based on alpha-olefins having 3 to 8 carbon atoms; (vi) ethylene/propylene
rubbers; (vii) ethylene/propylene/diene monomer rubbers; and (viii)
hydrolyzable graft polymers produced by grafting silane to any of polymers
(i) to (vii); the polymers (i) to (viii) being present in the composition
in a weight ratio polymers (i) to (viii): 20       copolymer (a) as defined
in any one of claims 1 to 3 of about 1:9 to about 9:1. 5. The composition
defined in one or more of the claims 1 to 4, additionally containing a
metal carboxylate, which, on reaction with a halogen, yields a water
insoluble product. 25  6. The composition of claim 5, wherein said metal
carboxylate is dioctyltin maleate. 7. The composition defined in one or
more of the claims 1 to 6, wherein the alpha-olefin is 1-butene. 8. The
composition defined in one or more of the claims 1 to 7, wherein the
copolymer (a) is silane 30     modified to provide a hydrolyzable
copolymer. 9. The composition defined in one or more of the claims 1 to 8,
additionally including filler in an amount of about 5 to about 60 percent
by weight, based on the total weight of the composition. 35 10. Use of the
composition according to any one of claims 1 to 9 in medium voltage
electrical insulation. 



PatentansprUche 1. W~rme- und Wasserbdumchen-bestlndige Zusammensetzung,
umfassend: 40       (a) ein Copolymer von Ethylen, mindestens einem
alpha-Olefin mit 4 bis 8 Kohlenstoffatomen und 0 bis 15 Gewichts-%, bezogen
auf das Copolymer, Propylen, wobei das Copolymer elne Dichte aufweist, die
gleich oder kleiner als 0,89 Gramm pro Kubikzentimeter ist; und (b) ein
Polyethylenglycol mit einem Molekulargewicht im Bereich von etwa 1000 bis
etwa 20000 in einer Menge von etwa 0,1 bis etwa 20 Gewichtsprozent bezogen
auf das Gewicht des Copolymeren. 45 2. Zusammensetzung nach Anspruch 1, in
watcher die Dichte des Copolymeren im Bereich von 0,85 bis 0,89 Gramm pro
Kubikzentimeter liegt. 3. Zusammensetzung nach einem oder beiden der
Ansprtche 1 bis 2, in welcher der Teil des Copolyme- 50     ren, der auf
das alpha-Olefin mit 4 bis 8 Kohlenstoffatomen zurackgeht, im Bereich von
etwa 5 bis etwa 50 Gewichtsprozent, bezogen auf das Gewicht des
Copolymeren, liegt. 4. Zusammensetzung nach einem oder mehreren der
AnsprUche 1 bis 3, zusAtzlich enthaltend ein Polymer, das ausgewahlt ist
aus den folgenden Klassen (i) bis (viii): 55       (i) Polyethylen mit
einer Dichte im Bereich von 0,91 bis 0,93 Gramm pro Kubikzentimeter; (ii)
Ethylen-Copolymere, in denen mindestens ein Comonomer eine VinylsAure, ein
Vinylsdureester oder ein Derivat derselben ist; (iii)
Ethylen/hydrolysierbares Silan-Copolymere; 7          ~~~~~~I limitl 111111
11,1 14,SAl il    EP 0 296 355 B1 (iv) Ethylen-Terpolymere auf der Basis
von mindestens zwei Comonomeren, auf die in (ii) und (iii) Bezug genommen
wurde; (v) Ethylen-Terpolymere auf der Basis von alpha-Olefinen mit 3 bis 8
Kohlenstoffatomen; (vi) Ethylen/Propylen-Kautschuke; '5       (vii)
Ethylen/Propylen/Dien-Monomer-Kautschuke; und (viii) hydrolysierbare
Pfropf-Polymere, hergestellt durch Pfropfen von Silan auf irgendeines der
Polymeren (i) bis (vii); wobei die Polymeren (I) bis (viii) in der
Zusammensetzung in einem Gewichtsverhaltnis von Polymere (i) bis
(viii):Copolymer (a) wie in irgendeinem der Ansprlche 1 bis 3 definiert von
etwa 1:9 bis etwa 9:1 10     vorliegen. 5. Zusammensetzung nach einem oder
mehreren der AnsprUche 1 bis 4, zusatzlich ein Metallcarboxylat enthaltend,
das bei der Reaktion mit einem Halogen ein wasserunl6sliches Produkt
liefert. 



15  6. Zusammensetzung nach Anspruch 5, in welchem das Metallcarboxylat
Dioctylzinnmaleat ist. 7. Zusammensetzung nach einem oder mehreren der
AnsprUche 1 bis 6, in welchem das alpha-Olefin 1- Buten ist. 20  &
Zusammensetzung nach einem oder mehreren der AnsprUche 1 bis 7, in welchem
das Copolymer (a) Silan-modifiziert ist, um ein hydrolysierbares Copolymer
zu liefem. 9. Zusammensetzung nach einem oder mehreren der AnsprUche 1 bis
8, zusaltzich Fallstoff in einer Menge von etwa 5 bis etwa 60
Gewichtsprozent, bezogen auf das Gesamtgewicht der Zusammenset- 25
zung, einschliefend. 10. Verwendung der Zusammensetzung nach irgendeinem
der AnsprUche 1 bis 9 far elektrische Isolierung im mittleren
Spannungsbereich. 30 Revendlcations 1. Composition resistant a la chaleur
et & la formation d'arborescences d'eau, comprenant: (a) un copolymbre
d'ethylene, d'au moins une alpha-olefine ayant 4 a 8 atomes de carbone et
de 0 a 15 % en poids, sur la base du copolymbre, de propylene, ledit
copolymere ayant une masse 35        volumique egale ou inferieure A 0,89
gramme par centimere cube; et (b) un polyethylbneglycol ayant un poids
mol6culaire compris dans l'intervalle d'environ 1000 a environ 20 000 en
une quantite d'environ 0,1 & environ 20 % en poids, sur la base du poids du
copolymere. 4o  2. Composition r6pondant & la d6finition suivant la
revendication 1, dans laquelle la masse volumique du copolymere est
comprise dans l'intervalle de 0,85 a 0,89 gramme par centimetre cube. 3.
Composition repondant a la definition suivant I'une des, ou les deux,
revendications 1 et 2, dans laquelle la portion du copolymere attribu6e a
I'alpha-olefine ayant 4 a 8 atomes de carbone est 45     presente en une
quantite comprise dans l'intervalle d'environ 5 & environ 50 % en poids,
sur la base du poids du copolymere. 4. Composition repondant & la
definition suivant une ou plusieurs des revendications 1 a 3, contenant en
outre un polymbre choisi parmi les categories (i) & (viii) suivantes: 50
(i) un polydthylbne ayant une masse volumique comprise dans l'intervalle de
0,91 a 0,93 gramme par centimbtre cube; (ii) des copolymeres d'ethylene
dans lesquels au moins un comonombre est un acide vinylique, un ester
d'acide vinylique ou un de leurs ddriv~s; (iii) des copolymeres
ethylene/silane hydrolysable; 55       (iv) des terpolymeres d'ethylene a
base d'au moins deux comonomeres mentionnes dans les paragraphes (ii) et
(iii); (v) des terpolymbres d'4thylbne a base d'alpha-ol6fines ayant 3 & 8
atomes de carbone; (vi) des caoutchoucs dthylbne/propylne; 8
1111111 1      11IIIII II IIIID 



' ffi      EP 0 296 355 B1 (vii) des caoutchoucs
dthylbne/propylkne/monombre di6nique ; et (viii) des polymbres grefes
hydrolysables produits par groffage d'un silane sur Pun quelconque des
polymeres (i) a (vii); les polymeres (i) a (viii) dtant prdsents dans la
composition en un rapport ponddral polymbres (i) & 5      (viii) :
copolymbre (a) tel quo dWfini dans l'une quelconque des revendications 1 a
3 compris dans I'intervalle d'environ 1:9 A environ 9:1. 5. Composition
r~pondant & la d~finition suivant une ou plusieurs des revendications 1 A
4, contenant en outre un carboxylate mdtallique qui, par r~action avec un
halogbne, donne un produit insoluble dans 10     I'eau. 6. Composition
suivant la revendication 5, dans laquelle lI carboxylate m~tallique est le
maleate de dioctyldtain. is  7. Composition r~pondant A la d~finition
suivant une ou plusieurs des revendications 1 a 6, dans laquelle
l'alpha-oldfine est le 1-butene. & Composition repondant & la ddfinition
suivant une ou plusiours des revendications 1 a 7, dans laquelle le
copolymbre (a) est un silane modifid de manibre a former un copolymbre
hydrolysable. 20 9. Composition repondant & la definition suivant une ou
plusieurs des revendications 1 a 8, comprenant en outre une charge en une
quantit4 d'environ 5 & environ 60 % en poids, sur la base du poids total de
la composition. 25  10. Utilisation de la composition suivant l'une
quelconque des revendications 1 a 9, dans une isolation 4lectrique a
moyenne tension. 30 35 40 45 50 55 111111!911111] IlIJI DI~I II I!II * C
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