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Abstract
The invention relates to a polyethylene composition for use as insulation for wire and cable

that has improved scorch resistance comprising
(a) a polyethylene
(b) a scorch inhibitor having a melting point below 50 °C at atmospheric pressure, and

(c) an organic peroxide.
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Stabilized medium and \high voltage cable insulation composition

The invention relates to a polyethylene composition for use as insulation for wire and cable

that has improved scorch resistance. The stabilized composition is suitable for use as cable'
insulation of medium and high voltage power cables. |

Insulation compositions generally include a polyethylene, a peroxide crosslinking agent and
a stabilizer. Polymers containing peroxides are vulnerable to scorch, i.e. to premature
~ crosslinking occurring during the extrusion process. '

There are several key factors which must be considered when making the choice of an
appropriate stabilizing system. These factors include the crosslinking speed and the degree
of crosslinking, resistance to scorch at extrusion temperatures, efficient retention of

mechanical properties before and after high temperature aging, no exudation to the polymer
surface and a high degree of cleanliness. |

US Patent 6,191,230 described a polyethylene composition containing as scorch inhibitor a
substituted hydroquinone, 4,4'-thiobis(2-methyl-6 -tert.-butylphenol); 4,4'-thiobis(2 -tert.-
butyl-5-methylphenol); or mixtures thereof. '

In order to remove electroconductive impurities the European Pateni Application
EP-A-613154 describes a process to prepare a polyethylene composition whereby the

crosslinking agent andlor the stabilizer are blended into a low density polyethylene after
being subjected to a purification process.

Cleanliness is a critical parameter and there is still a need to provide clean insulating
material containing polyethylene crosslinkable compaositions which can be extruded with a
minimum of premature crosslinking and yet showing a sufficient crosslinking speed.

It has now been found that an improved insulation material can be obtained by using a liquid
stabilizing system. '
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Thus, the invention relates to a composition comprising

(a) a polyethylene

' (b) a scorch inhibitor having a melting point below 5C °C at atmospheric pressure, and
(c) = an organic peroxide. '

Scorch inhibitors having a melting point below 50 °C at atmospheric pressure are e.g.
phenols as described in US 4,759, 862 and US 4,857,572,

| phenols as described in US 5,008,459 or mixtures of .said phenols;

mixtures containing an aromatic amine and a phenol as described in US 5,091,099.

The term “scorch inhibitor” also includes mixtures as described in US 5,091,099 containing
in addition a phenol as described in_ US 4,759', 862, US 4,857,572 or US 5,008.459.

Referring'to US 4,759, 862 and US 4,857,572 the scorch inhibitor is a compound of formula

OH ,
R CH,-S-R
R4
CH/S8-R* |
wherein

R is C-z0alky! or C,.0alkyl which is substituted by phenyl, C,.z0alkenyl, Cayalkinyl,
| Csocycloalkyl, phenyl or tolyl: |

R? and R® each independently of the other are: _

C1.20alkyl or Cyz0alkyl which is substituted by the following radicals: phenyl, one

or two hydroxyl, cyano, formyl, acetyl, -O-COR®; R is C1.p0alkyl;

Cz zoalkenyl or Caalkinyl;

~ Cscycloalkyl or Cscycloalkyl which is substituted by hydroxyi:

phenyl, 4—chlorophenyl, 2-methoxycarbonylphenyl, p-tolyl,

1,3-benzthiazol-2-yl, or -

-(CHR®),COOR’ or -(CHR?%),CONR®R® with

n Is 1 or 2,
R® is hydrogen or C,.salkyl, .
R7 18 Cy.0alkyl, Cq20alkyl which is interrupted by one to five O or S,

Cs.zcycloaikyl, phenyl, benzyl, tolyl,
R*and R’ are hydrogen or C,ealkyl:
R* is hydrogen or methy).
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- Cy-oalkyl radicals are, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl,
tert.-butyl, n-pentyl, isopentyl, n-hexyl, n-heptyl, 1,1-dimethylbutyl, n-octyl, 2-ethylhexyl
isooctyl (isomeric mixture of primary octyl), n-nonyl, tert. -nonyl (|somer|c mixture), n-decyl
1,1,3,3-tetramethylbutyl (t-octyl), n-dodecyl tert.-dodecyl (mixture containing as main
component 1,1,3,3,5,5-hexamethylhexyl and 1,1,4,6,6-pentamethylhept-4-yl), n-tetradecyl
n-hexadecyl, n-octadecyl or n-eicosyl.

' Cz.zoalkeinyl radicals are, for example, vinyl, allyl (prop-2-enyl), but-3-enyl, pent-4-enyl,
hex-3-enyl, oct-7-enyl, dec-9-enyl or dodec-11-enyl. Allyl is preferred.

Caxoalkinyl radicals are, for example, propargyl, but-3-inyl, hex¥5-inyl, oct-7-inyl, dec¥9-inyl,
dodec-11-inyl, tetradec-13-inyl, hexadec-15-inyl, octadec-17-inyl or eicos-19-inyl.
~ Propargyl is preferred.

Cs.ocycloalky! radicals are, for example, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
| cyclorionyl, and in particular cyclohexy!.

C4.a0alkyl radicals substituted by phenyl are, for example, benzyl, phenethyl, a-methylbenzyl,
o,a-dimethylbenzyl, phenyibutyl, phenyl-a,a-dimethylpropy!, phenylhexyl, phenyi-a, Ot.-dl-
methylbuty!, phenyloctyl or phenyl-a, a-dlmethylhexyl '

~ Benzyl, a-methylbenzyl and o,a-dimethylbenzyl are preferred.

C4.20alkyl radicails _SUbstitufed by one or two hydroxyl groups are, for example, 2-hydr6xy- _
ethyl, 2-hydroxypropyl, 2-hydroxybutyl, 2-hydr0xyhexyl, 2-hydroxyoctyl, 2-hydroxydecyi,

~ 2-hydroxydodecyl, 2-hydroxytetradecyl, 2-hydroxyhexadecyl, 2-hydroxyoctadecyl, 2-hydroxy-

~ eicosyl or 2,3-dihydroxypropyl. o '
' Preférred,is 2-hydroxyethyl, 2-hydroxypropyl and 2,3-dihydroxypropyl.

Ci.20alkyl radicals substituted by phenyl and hydrbxy are, for ex. 1-phenyl-2-hydroxyethy!.

' 'Ci.20alkyl radicals substituted by cyano are, for exam'ple, 2-cyanoethyl.
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Cmalkyl interrupted by one to five O or S are, for example, 3-oxapropyl, 3-thiapropyl,
3-oxabutyl, 3-thiabutyl, 3-oxapentyl, 3-thiapentyl, 3,6-dioxaheptyl, 3,6,9-trioxadecyl or
3,6,9,12,15,18 hexaoxanonadecyl. '

The group R' is preferably C,.,alkyl, more preferably mefhyl or tert.-butyl, most preférably
methyl and the groups R? and R® are preferably identiéél and are C,.yalkyl or C;_jalkyl

substituted by one or two hydroxyl, preferably Cg-14alkyl, and in particular n-octyl, tert.-nonyl, '
- n-dodecyl or tert.-dodecy, 2-hydro'xyethyl or 2,3-dihydroxypropyl. | '

The substances listed below may be regarded as examples of representatives of
compounds of the formula |

‘a) Compounds of formula | with .
R" =alkyl (methyl, tert.-butyl, isopropyl, 2-ethylhexyl, 1,1-dimethylpropyl or 1,1-dimethylbutyl)

2,4-bis(2'-hydroxyethylthiomethyl)-6-methyiphenol,
2,4-bis(2',3-dihydroxypropyithiomethyl)-3,6-dimethylphenol,
2,4-bis(2"-acetyloxyethyithiomethyl)-3,6-dimethylphenol,
2,4-bis(2'-n-decanoyloxyethylthiomethyl)-6~methylphenol,
2,4-bis(n-octylthiomethyl)-6-methyiphenol,
2,4-bis(n-dodecylthiomethyl)-6-methylphenol
2,4-bis(tert.-dodecylthiomethyl)-6-methyiphenol,
2,4-bis(benzylthiomethyl)-6-methylphenol,
2,4-bis(2'-ethylhexyloxycarbonyimethylthiomethyl)-6-methylphenol,
2.,4-bis(n-octadecyloXycarbonylmethylthiomethyl)-S,6—dimethylphenol,

2,4-bis(methylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(ethylthiom'ethyl)¥6-tert.-butylphenol, |
;2,4-bis-(n-propylthiomethyl)-e'-tert.-butylphenol,

. 2,4-bis‘-(n-butylthiomethyl)-6-ter-t.-butylphenol,’
2,4-bis-(n-hexylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(n-octylthiomethyl)-6-terf.-butylphenol,
2,4-bis-(n-decylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(n-dodecylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(n-tetradecylthiomethyl)-G-tert‘.-butylphenol.
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2 4-bis-(n-hexadecylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(n-octadecylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(n-eicosylthiomethyl)-e-tert.-butylphenol,

2 4-bis-(isopropylithiomethyl)-6-tert.-butylphenol,
2,4~bis-($ec.-butylthiomethyl)-6-tert.-butylphenol,

2 4-bis-(tert. -butyithiomethyl)-6-tert.-butylphenol,
2,4-bis-;(2-ethylhexylthiometh'yl)-6-tert.-butylphenol,

2,4-bis-(1,1 ,3,3-tetramethYIbutylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(1,1,3,3, 5,5~hexamethy|hexylthiomethyl)-6-tert.-butylphenol,'

| 2,4-bis-[4-(2,2,4,6,6-pentaméthylheptyl)-thiomethyl]—S-tert.-butylphenol,
2,4-bis-(prop-2-enylthiomethyl)-G-tert.-butylphenol,
2,4—-bis—(prop—2'-inylthiomethyl)-6-tert.-butylp'henol,
2,4-bis-(cyclohexylthiomethyl)-6-tert.-butyiphenol,
2,4-bis~(2-hydroxycyclohe)iylthiomethyl)-6~tert.-butylphenol,
2,4-bis-(phenylthiomethyl)-6-tert.-butylphenol,
2,4-bis(phenylthiomethyl)-3-methyl—6-tert.-butylphenol,

2 4-bis-(benzylthiomethyl)-6-tert.-butylphenol,
2,4-bis-(p-tolylthiomethyl)-s-tert.-bUtyIphenol, , |
2,4-bis[2'-(2"-ethylhexyloxycarbonyl)ethylthiomethyl}-3-methyl-6-tert.-butyl phenol, .

the dimethyl ester of 2,4-bis-(3-carboxy-z-thiapropyl)~6-tert.~butylphenol,

the dibutyl ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the dioctyl ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the didodecyl ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the monomethyl ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butyiphenol,
the dimethYl ester of 2,4-bis-(4 -carboxy-2-thiabutyl)-6-tert.-butyiphenol,

the dioctyl ester of 2,4-bis-(4-carboxy-2-thiabutyl)-6-tert.-butylphenol,

the di-(2-ethyl'hexyl) ester .of,2,4-bis-(3-carboxy-2-thiapropyl)-eéteﬁ.-butylphenol,
the dimethyl ester of 2,4-bis-(3-carboxy-2-thiabutyl)-6-tert.-butylphenol,

the dimethyl ester of 2,4—bis-(4-carboxy-3-methyl-2-thiapentyl)—6-tert.-butylphenol
the N,N-dimethylamide of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,
the N,N-dihexylamide of 2,4-.bis.-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the N,N-didodecylamide of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,
the N,N-dimethylamide of 2, 4-bis-(4-carboxy-2-thiabutyl)-6-tert.-butyiphenol,
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the N,N-dimethylamide of 2,4-bis-[3-carboxy-2-thiabutyl]-6-tert.-butylphenal,
the N,N-dibutylamide of 2,4-bis-(4-carboxy-3-methyi-2-thiapentyl)-6-tert.-butylphenol,
the dicyclohexyl ester of 2,4-bis-(3-carboxy-2-thiapropyl!)-6-tert.-butylphenol, '
- the diphenyl ester of 2,4-bis-—(S-carboxy-Z-t_hiapropyl)-6-tert.-butylphenol,

the dibenzyl ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the di-p-tolyl ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the di-(3-thiabutyl) ester of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the di-(3-oxabutyl) esier of 2,4-bis-(3-carboxy-2-thiapropyl)-s-#tert.-buty|phenol,

the di-(N,N-dimethylamino-2-ethyl) ester of 2,4-—bis-(3-carboxy-2-thiaprop'yl)-6-t'ert.-
butylphenol, '

. the diamide of 2,4-bis-(3-carboxy-2-thiapropyl)-6-tert.-butylphenol,

the diamide of 2,4—bis-(4—cafboxy-2¥thiabutyl)-G-tert.-butylphenol,

‘ 2,4-bis-(prop-2-enylthiomethyl)-6~tert.-butylphenol,
2,4-bis-(prop-2-inylthiomethyt)-6-tert.-butyliphenol,

2 4-bis-[2-hydroxyethyithiomethyl}-6-tert.-butylphenol,
2,4-bis-[2-cyanoethylthiomethyl]-6-tert.-butyiphenol,

| 2,4-bis-[(4-methoxyphenyl)-thiomethyl]-s-tert.-butylphenol,
2,4-bis-[(4-chlorophenyl)-thiomethyl]-6-tert.-butyiphenol,

2,4 -bis-[(2-methoxycarbonylphenyl)-thiomethyl]-6-tert.-butylphenol,

2,4-bis-{(1, 3-benzthiazoI-2-yl)—thiomethyl]-s'-tert -butylphenol,

2,4-bis-[2, 3-d|hydroxypmpylth|omethy|]-6-tert -butylphenol,

2 4-b|s-[(3 5-di-tert. -butyl-4-hydroxyphenyl)thlomethyl]-6-tert -butylphenol
2,4-b|s-[4-(3,5—d|-tert.-butyl-4-hydroxyphenyl)-2-th:abutyl]—6~tert.-butyl phenol,
2,4-bis-[4-acetoxy-2-thiabutyl]-6-tert.-butylphenol,

. 2,4-bis-[3-formyl-2-thiabutyl]-6-tert.-butylphenol and

2,4-bis-[3-acetyl-2-thiabutyl]-6-tert.-butylphenol.

2,4-bis-(n-octylthiomethyl)-6-isopropylphenol,
2,4-bis-(n-dodecyithiomethyl)-6-isopropylphenol,

2,4-bis-(n-octylthiomethyl).-6~(2-ethyIhexyl)-phenol,
2 4-bis-(n-dodecylthiomethyl)-6-(2-ethylhexyl)-phenol,

2,4-¥bis-(n-dodecylthiometh’yl)—s'-(1 . 1-dimethyipropyl)-phenol,
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2 4-bis-(n-octylthiomethyl)-6-(1,1-dimethylbutyl)-phenol,
2 4-bis-(n-dodecylthiomethyl)-6-(1,1-dimethylbutyl)-phenal,

b) compounds of formula | with R = cycioalky! (cyciohexyl)

2, 4-bis-(n-octylthiomethyl)-6-cyclohexylphenaol,
2,4-bis-(n-dodecyithiomethyl)-6-cyclohexylphenol.

C) compdunds of formula | with R' = phenyl or toly!

2,4-bis'-(n-octylthiomethyl)-?6-phenylphenol,
2,4-bis-(n-dodecylthiomethyi)-6-phenyiphenol,
2,4-bis-(n-octyithiomethyl)-6-p-tolyiphenol,
2,4-bis-(n-dodecyithiomethyl)-6-p-tolylphenol.

d) compounds of formula | with R' = alkyl substituted by phenyl (benzyl, «,a-dimethylbenzy!)

2,4-bis-(n-octylthiomethyl)-6-benzyiphenol,
- 2,4-bis-(n-dodecylthiomethyl)-6-benzyiphenol,
2,4-bis-(n-dodécylthiomethyl)—S-(a,a-dimethylbenzyl)-phenol.

e) compounds of formula | with R = aikenyl (prop-2-enyl) or alkinyl (prop-2-inyl)
2,4-bis-(n-octylthiomethyl)-6-prop-2-enylphenol,

2,4-bis-(n-dodecylthiomethyl)-6-prop-2-enyiphenol.
2 4-bis-(n-dodecylthiomethyl)-6-prop-2-inylphenol.
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Especially suitable are those compounds of the formula | disclosed in US 4,857,572,
whersin

R R? and R® R* mp °C

methyl n-octyl hydrogen <20
methyi n-octyl methyi <20
methyl n-dodecyl hydrogen 28

mathyi n-dodecyl methyl 43

t-butyl n-dodecyl | methyl 40

rﬁethyl benzyl hydrogen <20
‘methyl -CH,COOR! with R'=2-gthylhexyi. hydrogen <20
methyi -CH,CH,OH hydrogen <20
methyl . -C(CHs)z-CHz-C(CHs)2-CHz-C(CHa)s hydrogen <20
methy! ~C(CHj)2-CH2-C(CHs)s hydrogen . <20

or compounds of the formuia | disciosed in US 4,769,862, wherein

R’ R*?and R’ R* mp °C
tert.-butyl 2-ethylhexyl hydrogen < 20
tert.-butyl n-octy! hydrogen < 20
tert.-butyl n-dodecyl hydrogen <20
tert.-butyl -CH,COOR’ with R’=2-sthylhexy. hydrogen < 20
phenyl -CH;COOR’ with R”=2-ethylhexy!. methyl < 20
tert.-butyl tert.-CaHi7- hydrogen <20
tert.-butyl  tert.-CyHie- hydrogen <20
tert.-butyl -CH;CHOH hydrogen <20
‘tert.-butyl -CH,CH(OH)CH,OH hydrogen <20

The moat preferred liquid scorch inhibitor of formula | is 2.4-bis(n-octylthidmethyl)-6-
methyiphenol and 2,4-bis(n-dodecyithiomethyl)-8-methylphenol.
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With reference to US 5,008,459 the scorch inhibitor is a compound of the formula i or |ll or
mixtures thereof

OH R%-S-CH CH.,-S-R°
R-S-CH, CH,-S-R® ? :
. HO@'Z OH
R
1 H2

3 3
R I R™-S-C CH,-S-R "

wherein R'. R%, R® and R* are as defined above; and Z is ~S-, -CH,-, -CH(CH5)- or -C(CH,),~.

The substances listed below may be regarded as examples of representatives of
compounds of the formuia Il:

2,6-bis-(2'-hydroxyethylthiomethyl)-4-methylphenol,

2 ,6-bis-(2',3'-dihydroxypropylthiomethyl)-4-methylphenol,
2,6-bis-(2'-methylaminocarbonylethylthiomethyl)-4-phenyiphenol,

2 6-bis-(N,N-diethylaminocarbonyl-ethylthiomethyl)-4-allylphenol,
2,6-bis-(n-octylthiomethyl)-4-methylphenol,
2,6-bis-(n-dodecylthiomethyl)-4-methylphenol
2,6-bis-(n-octylthiomethyl)-4 -tert.-butylphenaol,
2,6-bis-(n-dodecylthiomethyl)-4 -tert.-butylphenol,

2 6-bis-(n-octylthiomethyl)-4-(1',1’,3’,3'-tetramethylbutyl)phenol,

2 ,6-bis-(t-nonylthiomethyl)-4 -tert.-butylphenol,

2 6-bis-(t-dodecyithiomethyi)-4 -tert.-octyl-phenol,
2,6-bis-(benzylthiomethyl)-6-methylphenol,

2,6-bis-(phenylthiomethyl)-4 -tert.-butyl-phenol,
2,6-bis-(2'-ethylhexyloxycarbonylmethyl-thiomethyl)-4-cyclohexylphenol,
2,6-bis-(2'-isooctyloxycarbonyimethyl-thiomethyl)-4-cyclohexylphenol,

2 ,6-bis-(n-octadecyloxycarbonylmethyi-thiomethyl)-4-propargyiphenol,
2 6-bis-[2'-(2"-ethylhexyloxycarbonyl)-ethylthiomethyl]-4 -tert.-butyiphenol.

The substances listed below may be regarded as examples of representatives of
compounds of the formula lil:

2,2-bis-[4' 4"-dihydroxy-3',3",5',5"-tetrakis-(n-octylthiomethyl)-phenyl}-propane,
2,2-bis-[4' 4"-dihydroxy-3',3",5',5"-tetrakis-(n-dodecylthiomethyl)-phenyl]- propane,
bis-[4,4'-dihydroxy-3,3',5,5'-tetrakis-(n-octylthiomethyi)-phenyl}-methane,

~ bis-[4,4'-dihydroxy-3,3',5,5'-tetrakis-(n-dodecylthiomethyl)-phenyl]-methane,
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2.,2-bis-[4',4“-dlhydroxy-3'.3".5',5"—tetrak|-(2-ethylhexyloxycarbonyl-methylthiomethyl)-
phenyl] propane,
2.2-bis-[4',4"-dihydraxy-3',3",5',5"-tetrakis-(2-isooctyloxycarbonyl-methyithiomethyl)-phenyi)
propane.

With reference to US 5,091,099 the scorch inhibitor is a mixture containing an amine
selected from diphenylamine, 4-tert.-butyldiphenylamine, 4-tert.-octyldipenylamine, 4,4'-di-
tert.-butyldiphenylamine, 2,4,4'-tris-tert.-butyldiphenylamine, 4—ten.-butyl—4'~tert.-octyldi-
phenylamine, 0,0'-, m,m'- or p,p’-di-tert.-octyldiphenylamine, 2,4-dl-tert.-butyl-4'-tert.-octyl-
diphenylamine, 4,4'-di-tert.-octyldiphenylamine, 2,4-di-tert.-octyl-4'-tert.-butyldiphenylamine,
and

in addition a phenol according to formula I, 1i, or lil above or a phenol selected from the
following phenoils:

Phenol P y,
(CHy)g (C a)a
(CH,),C : ék/ﬁro\/‘s’\’o (CH,),C
Phenol W
(CH,)s
HO
(CH,),C 0\“'/\/\'/’\O . C(CH,),
O Y ~OH
C(CH,),
Phenol S
| (CH,),
HO
(CH daCiS\ .S COOIC,H,,
Phenol X

(CGH °
(CHYLC 8. CO0C,  Hy,
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Phenol U
(CH),C, ~—~ (CHiC | CHYC _
HO + HO CH,-CH,-COOCH, + | HO CH,-CH,-COOCH,C
(CHy),C ' (CH,),C
. n
=4
30wt% 30wt% 40Wt%
Phenol V
H |
RS-CH, CH,-SR
CH,-SR

R= CH,COOCH,,

The amounts of the aromatic amines in the mixture are:
not more than 5% by weight of diphenylamine (a),
8-15% by weight of 4-—tert.-dibutyl-diphe'nylamine (b),
24 to 32% by weight of compounds selected from group (c),
 (e)(i) 4-tert-octyldiphenylamine
(c)(ii) 4,4'-di-tert.-butyldiphenylamine
(c)(iii) 2,4,4'-tris-tert.-butyldiphenylamine
23 to 34% by weight of compounds selected from group (d),
(d)(i) 4-tert.-butyl-4'-tert.-octyldiphenylamine
(d)(ii) 0,0"-, m,m"- or p,p'-di-tert.-octyldiphenylamine
(d)(iii) 2,4-di-tert.-butyl-4'-tert.-octyldiphenylamine; and
21 to 34% by weight of compounds selected from group (e)
(e)(i) 4,4'-di-tert.-octyldiphenylamine
(e)(ii) 2,4-di-tert.-octyl-4'-tert.-butyldiphenylamine,
based in each case on the total amount of amines.

A preferred amine is 4,4'-di-tert.-octyldiphenylamine or Amine (A) which is a mixture of:
3wt% diphenylamine, 14wt% 4-tert.-butyldiphenylamine, 30wt% (4-tert.-octyldiphenylamine
4 4'-di-tert.-butyldiphenylamine and 2,4,4'-tris-tert.-butyidiphenylamine), 29wt% (4-tert.—butyl-
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4'-tert.-octyldiphenylamine, 0,0', m,m’' or p,p'-di-tert.-octyldiphenylamine and 2,4-di-tert.-
butyl-4'-tert.-octyldiphenylamine), 18wt% 4,4'-di-tert.-octyldiphenylamine and éwt% 2,4-di-
tert.-octyl-4'-tert.-butyldiphenylamine.

Examples of mixtures suitable as scorch inhibitor are:
Amine (A) and Phenol (P)

4 4'-di-tert.-octyldiphenylamine and Phenol (P)

4 4'-di-tert.-octyldiphenylamine and Phenol (S)
Amine (A) and Phenol (U)

Amine (A) and Phenol (V)

Amine (A) and Phenol (W)

Amine (A) and Phenol (X)

The weight ratio of amine to Phenol is 4 to 5:1.

Especially suitable as liquid scorch inhibitor is a mixture of 80wt% 4,4'-di-tert.-
octyldiphenylamine and 20wt% of Phenol P.

The compounds of the formulae |, Il and lll are prepared by processes which are known per
se and described in US 4,759, 862 and US 4,857,572 (formula |) or in US 5,008,459
(formula Il and llI).

Polyethylene, as that term is used herein, is a homopolymer of ethylene or a copolymer of
ethylene and a minor proportion of one or more alpha-olefins having 3 to 12 carbon atoms,
and preferably 4 to 8 carbon atoms, and, optionally, a diene, or a mixture or blend of such
homopolymers and copolymers. The mixture can be a mechanical blend or an in situ blend.
Examples of the alpha-olefins are propylene, 1-butene, 1-hexene, 4-methyl-1-pentene, and

1-octene. The polyethylene can also be a copolymer of ethylene and an unsaturated ester
such as a vinyl ester, e.g., vinyl acetate or an acrylic or methacrylic acid ester.

Suitable polyethylenes are so-called high pressure polyethylenes. A variety of such polymers
are commercially available. The high pressure polyethylenes are preferably homopolymers

of ethylene having a density in the range of 0.910 to 0.930g/cm’. The homopolymer can also
have a melt index in the range of about 1 to about 5 g per 10 minutes, and preferably has a
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melt index in the range of about 0.75 to about 3 g per 10 minutes. Melt index 'is determined
under ASTM D-1238.

. The crosslinking agent is an organic peroxide including dialkyl peroxides such as dicUmyl
peroxide, di -tert.-butyl peroxide, tert.-butyl cumyl peroxide, 2,5-dimethyl-2,5-di(t-butyl- |
peroxy)-hexane, 2,5-dirnethyl-2,5-di(t-amylperoxy)-hexane, 2,5-dimethyl-2,5-di(t-butylperoxy)
hexane-3, 2,5-dimethyl-2,5-di(t-amylperoxy)hexyne-3, a,a-di[(t-butylperoxy)-isopropyI]-
benzéne, di -tert.-amyl peroxide, 1,3,5-tri-[(t-butylperoxy)-isopropyllbenzene, 1,3-dimethyl-3-
(t-butylperoxy)butanol, 1,3-dimethyl-3-(t-amyiperoxy)butanol and mixtures thereof.

Other suitable organic peroxides are: succinic acid peroxide, benzoyl peroxide, tert.-butyl
peroxy-z-ethyl hexanpate, p-chlorobenzoyl peroxide, tert.-butyl peroxy isobutyla{e, tert.-butyl |
peroxy isopropyl carbonate, tert.-butyl peroxy laurate, 2,5-dimethyl-2,5-di(bénzoyl pero'ky)é '
hexane, tert.-butyl peroxy acetate, di -tert.-butyl diperoxy phthalate, tert.-butyi peroxy" maleic
acid, cyclohexanone peroxide, tert.-butyl peroxy benzoate. Preferred are dialkylperoxides.

The organic peroxid‘es have a decomposition temperature in the range of 100 to 200°C.

Especially preferred is dicumyl peroxide, having a decomposition temperature of 150°C.

The organic peroxide and the scorch inhibitor are incorporated into the polyethylene by
known methods, for example by melt blending in a roll mill, a k_neading extruder or a mixer at
a temperature lower than the decomposition temperature of the peroxide or by a soaking

method whereby the liquid scorch inhibitor/peroxide blend is mixed until the whole liquid
phase is soaked into the polymer.

The scorch inhibitor and/or the peroxide can be added to the polyethylene either before or
during processing.

The amount of the scorch inhibitor is in the range from 0.01 to 1wt%, preferably 0.1 to
0.5wt%. ‘ -

The amount of the peroxide is in the range from 0.5 to 5 wt% prefe’rablyi to 3wt%.

Optionally epoxidized soya bean oil can be added in an amount 1 to 3wt%, preferably 2wt%
to the polymer to stabilize the polymer against color degradation. |
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In a preferred embodiment the process is carried out in an extruder. The polyethylene or the
polyethylene/peroxide blend is introduced into the extruder and the scorch inhibitor having a
melting point below 50 °C or the scorch inhibitor and the peroxide is added, for example,
through a side feed to said extruder, optionally after being filtered. ._ '

The extrudate is then crossiinked by exposing it to a temperature greater than the
decomposition temperature of which the organic peroxide decomposea. The extrusion can .
be done around one or more electrical conductors to form a medium voltage or high voltage
cable. The conductor is either a bare conductor or the conductor is surrounded by primary
insulation and /or semicon layer. The cable is then eprsed to crdsslinking temperatures.

The crosslinking may be carried out in any conventional fashion such as in an oven or in a

continuous vulcanization tube, optionally, but not necessarily under nitrogen atmosphere
and increased pressure.

The stabilized composition is suitable for use as cable insulation of medium and high vdltage
power cables. A range for medium voltage is 1 kV to 40 kV. "High voltage" relates to a valve
voltage exceeding about 40 kV, especially 40-110kV. ' '

Advantages of the invention is a surprisingly high resistance to scorch at extrusion
temperature while maintaining a satisfactory crosslinking speed and crosslinking density.
The mechanical properties before and after heat aging meet the industrial standard '
requirements.

- The following examples illustrate the invention in detail.

Compound greparation‘ o _
A low density polyethylene (d=0.923g/cm®), type Escorene LD 100 MED from Exxon Mobil

Chemical, is heated up to 90°C in a static oven. The stabilizer and the peroxide are heated
up to 70°C by exposure to a water bath. The clear stabilizer/peroxide melt is added to the
warm polymer granulate and kept in the oven for approximately 60min. Every ten minutes
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the mixture IS qulckly removed and thoroughly shaken. The procedure IS repeated until the
whole Inquud phase was soaked into the polymer.

Examples of laboratory results:

Scorch resistance .

In order to simulate cable extrusion conditions, 43 g of each compound are weighed and stir
- melted at 30 rpm in a lab kneader, type Brabender Plasticorder 814 300, at an initial mass
temperature of 120°C. The material is kneaded under a constant load of 2.0 kg until the
- minimum torque is obtained and a subsequent remarkable increase in torque could be
observed. The scorch time is determined as the period between minimum torque and an
increase by 1Nm starting from the minimum torque. A longer scorch time_means-fewér
problems occur due to premature crosslinking during extrusion. Tab. 1 shows the results.

Crosslinking procedure .
The production of crosslinked PE-LD plaques (thickness: 1.5 mm) is carried out in three

- compression molders at different temperatures: In the first mold a defined wéight of material
is spread out in a frame and heated up to 120°C for six minutes. During that time the
pressure is increased stepwise from 0 to 150 bar. In the next step the frame with the
plaques is transferred to a second compression moider and left at 180°C for 15 min for

- completion of crosslinking. Finally, the plaques are cooled down from 180°C to room
temperature within ten minutes.

Crosslinking Speed in the Rheometer .
5g of each sample are heated up to 180°C in a Moving Die Rheometer (Monsanto MDR

2000). At test temperature the samples are exposed to a periodical alternating stress at
constant amplitude (3° torsion at 1.66 Hz) until the maximum torque is obtained. The

criterion is the constant crosslinking speed, which is a measure of the interaction between
crossiinking agent and antioxidant.
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Tab.1

Loading | Scorch Time | Cure Efficiency | Maximum Torque
0.20 % 7.2 min 0.34 dNm 2.8 dNm

0.25% 17.3 min 0.26 dNm 2.1 dNm

0.29 dNm 2.0 dNm

Comparative
Invention A

Invention A

0.20 % 0.31 dNm 3.1 dNm
13.1 min 0.27 dNm 2.7 dNm

Comparative = 4,4'-thiobis(2-methyl-6 -tert.-butylphenol)
Invention A = 2,4-bis(n-octylthiomethyl)-6-methylphenol
Invention B = mixture of 80wt% 4,4'-di-tert.-octyldiphenylamine and 20wt% of Phenol P.

Gel Content

The amount of insolubles is generally a measure of the degree of crosslinking obtained. A
defined weight of the crosslinked plaques is exposed to a solvent (toluene, xylene or
decaline) at 90°C for 24h. The soluble parts are filtered through a sieve and both sieve and
sample are washed with the corresponding solvent. Afterwards both are dried in a vacuum

dryer until a constant weight is obtained.

The Gel content was determined according to the formula:
Gel content (%) = 100 (W; - W 2)/W;

W; = Weight of Sieve and insolubles after vacuum drying
W, = Weight of the annealed, empty sieve before filtration
W; = Weight of the polymer sample

All results (Table 2) are in the typical range expected for this kind of application.
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Loading | Gel content | Gel content

(Decaline)
0.20 % 90.9 %
0.20 % 91.7 %

0.25 % 90.5 %
0.30 % 89.6 %
Invention B 0.20 % 92.2 %
Invention B 0.25 % 91.1 %
nventionB | 0.30 % 907 %

Comparative = 4,4'-thiobis(2-methyl-6 -tert.-butylphenol)

.
)

.

Comparative
Invention A
Invention A

Invention A

.
=

Invention A = 2,4-bis(n-octylthiomethyl)-6-methylphenol o
Invention B = mixture of 80wt% 4,4'-di-tert.-octyldiphenylamine and 20% of Phenol P

Thermal Aging and Mechanical Tests
Tensile bars (dimensions according to DIN 53-504-82) are punched from the crosslinked

plaques and split into four sets for oven aging at 150°C for 0, 3, 10 and 14 days. The tensile
bars are evaluated for retention of tensile strength and elongation (yield; break).

All results (Tables 3 and 4) are within the standard range of results expected for this
application. |

Table 3
Product Loading

Tensile Strength | Retained Tensile
after crosslinking | Strength after

thermal aging at
150°C/10 days

Comparative 0.20 % 21.7 MPa 18.9 MPa 17.5 MPa

Invention A 0.20 % 20.5 MPa 17.1 MPa 17.6 MPa '
Invention A 0.25 % 20.7 MPa 18.1 MPa | 18.8 MPa 1

Retained Tensile
Strength after thermal
aging at 150°C/14 days

inventionA | 0.30% 21.9 MPa 20.0 MPa 189MPa
invention B 0.20 % 21.2 MPa -~ 17.6 MPa 16.5 MPa

Invention B 025% | 204MPa |  18.0 MPa 19.2 MPa '
Invention B 030% | - 199MPa |  18.2MPa . 17.6 MPa
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Tab. 4
Product

Elongation after | Retained Retained Elongation

L.oading

crosslinking

Elongation after | after thermal aging at

150°C/14 days

thermal aging at

150°C /10 days ,

0.20% 478% 486 %
0.25 % 474 %
0.30 % 499 %
0.20 % 461 %

0.30 % 458 % 476 % a1 %

Comparative = 4,4'-thiobis(2-methyl-6 -tert.-butylphenol) -
Invention A = 2,4-bis(n-octylthiomethyl)-6-methylphenol |
Invention B = mixture of 80wt% 4,4'-di-tert.-octyldiphenylamine and 20% of Phenol P .

Comparative
Invention A
invention A

invention A

invention B

Invention B

invention B

Reduced Exudation of Stabilizers .
It is examined how the liquid systems behave in comparison to the solid ones. A high

tendency for migration of stabilizers to the polymer surface can cause various problemé, |
such as loss of active radical scavengers and a sticky surface'lumping together the granules° |
duri_ng storage. Exudation of stabilizers and peroxides is also known to have a negative

impact on the extrusion process and the cable product and exudation dust may foul filters

and cause slippage and instability in the extrusion process.

The example compares the sweat out or exudation behavior of the different systems after
conditioning at 55°C. Both Invention A and Invention B show an impressive improv‘ement‘ in

terms of compatibility with the polymer. This offers a further opportunity for the converter to
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increase the additive loadings if appropriate, especially where higher scorch resistance is

desired, without éxbecting severe problems with exudation.

Each formulation is kept in the oven at 55°C in order to simulate antioxidaht pléte out. At the
appropriate recall interval, an aliquot is extracted from the oven and measured for surface
exudation. The samples are washed with methylene chloride (about 15 seconds co’ntéct with
polymer) and the solution is then transferred to a round bottom flask and evapofated to

dryness. The resultant residue is reconstituted with a standard solution and analyzed

quantitatively via liquid chromatography.

Table 5
Product

Loading | Exudated Stabilizer in

parts per million after
7 days

0.20 % 1430 |

0.20 % 0

| Invention A 0.25 %

- 0.30 %
0.20 %

Invention B 0.25 %

Invention B 0.30 %

Comparative = 4,4'-thiobis(6-t-butyl-3-methylphenol)

Invention A = 2,4-bis(n-octyithiomethyl)-6-methyiphenol |

Invention B = mixture of 80wt% 4,4'-di-tert.-octyldiphenylamine and 20% of Phenol P .

Comparative

Invention A

Invention A

Invention B

-

A further preferred embodiment of the present invention relates to the use of the scorch
~ inhibitor as described above to prevent blooming (sweat out or exudation) from the '
substrate. -
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1. A composition comprising
(@) a polyethylene
(b) a scorch inhibitor having a melting point below 50 °C at atmospheric pressure, and

(c) an organic peroxide.

2. A composition according to claim 1, wherein the scorch inhibitor is a compound of the

formula |
OH
R CH,-S-R°
L
CH,-S-R’ l
wherein
R' is Cq-20alkyl or Cy.20alkyl which is substituted by phenyl, C,.o0alkenyl, Ca.5palkinyl,

Cs.ocycloalkyl, phenyl or tolyi;
R?and R® each independently of the other are:
Ci.20alkyl or Cy_z0alkyl which is substituted by the following radicals: phenyl, one
or two hydroxyl, cyano, formyl, acetyl, -O-COR®: R® is C,.s0alkyl:
Ca.opalkenyl;
Ca.zoalkinyi;
Cs.zcycloalkyl or Cs.;cycloalkyl which is substituted by hydroxytl:
phenyl, 4-chlorophenyl, 2-methoxycarbonylphenyi, p-tolyl,
1,3-benzthiazol-2-yl, or
-(CHR%,COOR’ or -(CHR*),CONR®’R? with

n s 1 or 2,
R® is hydrogen or C,¢alkyl
R’ is Cy.20alkyl, C1.50alkyl which is interrupted by one to five O or S,

Cs.zcycloalkyl, phenyl, benzyi, tolyl,
R%’and R’ are hydrogen or C,salky!:
R* is hydrogen or methyl.
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3. A composition according to claim 2, wherein
R’ is Cy.00alkyl, and
R?’and R® are identical and are Cy.x0alkyl or Cq.50alky substituted by one or two hydroxyl.

4. A composition according to claim 2 or 3, wherein the scorch inhibitor of formula | is
2 4-bis(n-octylthiomethyl)-6-methylphenol or 2,4-bis(n-dodecylthiomethyl)-6-methyiphenol.

5. A composition according to claim 1, wherein the scorch inhibitor is a compound of the
formula 1l or Il or mixtures thereof

OH R?-S-CH CH,-S-R?
R’-S-CH, CH,-S-R’ . :
) HO‘Q—‘Z OH
R
1 H2

3 3
R I, R™-S-C CH,-S-R "

wherein
R’ is Cy—20alkyl or C4_o0alkyl which is substituted by phenyl, C,.opalkenyl, Cs.o0alkinyl,
Cs.gcycloalkyl, phenyl or tolyl;
R? and R® each independently of the other are:
Ci.20alkyl or C,.palkyl which is substituted by the following radicals: phenyl, one
or two hydroxyl, cyano, formyl, acetyl, -O-COR”®; R® is Cy.palkyl;
C..o0alkenyl;
Caalkinyl;
Cs.zcycloalkyl or Cs.;cycloalkyl which is substituted by hydroxyl,;
phenyl, 4-chiorophenyl, 2-methoxycarbonyliphenyl, p-tolyi,
1,3-benzthiazol-2-yl, or
-(CHR®),COOR’ or -(CHR®),CONR°R” with

n IS 1 0r 2,
R® is hydrogen or C,salkyl,
R’ is Ci.p0alkyl, Cq.20alkyl which is interrupted by one to five O or S,

Cs.;cycloalkyl, phenyl, benzyi, tolyl,
R®and R® are hydrogen or C,.salkyl;
R* is hydrogen or methyl; and
Z is =S-, -CH,-, -CH(CHj3)- or —C(CHs3),-.
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6. A composition according to claim 1, wherein the scorch inhibitor is a mixture containing
an amine selected from diphenylamine, 4-tert.-butyldiphenylamine, 4-tert.-octyldipenylamine,
4,4'-di-tert.-butyldiphenylamine, 2,4,4'-tris-tert.-butyldiphenylamine, 4-tert.-butyl-4'-tert.-octyl-
diphenylamine, o0,0'-, m,m'- or p,p'-di-tert.-octyldiphenylamine, 2,4-di-tert.-butyl-4'-tert.-octyl-
diphenylamine, 4,4'-di-tert.-octyldiphenylamine, 2 4-di-tert.-octyl-4'-tert.-butyldiphenylamine,
and

in addition a phenol according to formula |, Il, or il according to claims 2 and 5 or a phenol
selected from the following phenols:

Phenol P
C(CH,), C(CH,),
O O
Phenot W
C(CH,),
HO o
(CH,),C O\N\/\O C(CH,),
O OH
C(CH,),
Phenol S
C(CH,),
HO
(CH).C S<_COOIC,H.,
Phenol X
C(CH3)3
HO
(CH,),C S._COOC H,,
Phenol U
(CH).C (CH)C (CHy);C
Ho© + HO-@—CH,-CHZ-COOCH;, + HO‘OCHz-CHz-COOCHz C
(CH,),C (CH,),C

n

=4
30Wt% 30Wt% 40Wt%
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Phenol V

H
RS-CH, CH,-SR

CH,-SR
R= CH,COOCH,,

7. A composition according to claim 6, wherein the amine is 4,4'-di-tert.-octyldiphenylamine
or Amine (A) which is a mixture of: 3wt% diphenylamine, 14wt% 4-tert.-butyldiphenylamine,
30wWt% (4-tert.-octyldiphenylamine 4,4'-di-tert.-butyldiphenylamine and 2,4,4'-tris-tert.-butyl-
diphenylamine), 29wt% (4-tert.-butyl-4'-tert.-octyldiphenylamine, 0,0', m,m' or p,p'-di-tert.-
octyldiphenylamine and 2,4-di-tert.-butyi-4'-tert.-octyldiphenylamine), 18wt% 4,4'-di-tert.-
octyldiphenylamine and 6wt% 2,4-di-tert.-octyl-4'-tert.-butyldiphenylamine.

8. A composition according to claim 6, wherein the scorch inhibitor is a mixture of 80wt%
4 4'-di-tert.-octyldiphenylamine and 20wt% of Phenol P.

9. A composition according to claim 1, wherein the amount of scorch inhibitor is in the range
from 0.01 to 1wt% and the amount of the peroxide is in the range from 0.5 to 5 wt%.

10. A process for preparing a crosslinked polyethylene composition whereby the
polyethylene or the polyethylene/peroxide blend is introduced into an extruder and the
scorch inhibitor having a melting point below 50 °C or the scorch inhibitor and the peroxide is
added to said extruder and whereby the extrudate is then crosslinked by exposing it to a
temperature greater than the decomposition temperature of which the organic peroxide

decomposes.

Fetherstonhaugh & Co.
Ottawa, Canada

Patent Agents
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