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Abstract:

Provided is a composition, which contains (A) a silane functionalized ethylene-based polymer, {B) a
hindered phenol antioxidant, and (C} an aromatic amine-aromatic sulfonic acid salt. A coated
conductor including a conductor and a coating which contains said composition on the conductor is
also provided.
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CROSSLINKABLE POLYMERIC COMPOSITION AND COATED
CONDUCTOR

BACKGROUND
[0 ] Cables are frequently formed by ccating a conductor with 2 crosslinkable conting containing a
pobvolefin and hindered phenol antionidast. To facilitate a moistore cwie reaction, acids such as sulfonic
acid are mchuded in the coating. However, sulforec acid s known to cause decomposition of the
hindered phenol antioxidants. Decornposition of hindered phenol antioxidants is problematic becanse 1t
cenerates isobutviene, which is toxic,
[32] The art recognizes the need for a coating composttion containing a polvoelefin and hindered
phenol antioxidant that s crosslinkable via a moisture cure reaction, and avoids the decomposttion of the
hindered phenol antroxidant.
SUMMARY
[4B33] The presont disclosure provides a composition.  The composition comtains {A) a sifane
funceionalized ethylene-based polymer, (B) a hindered phenol anttoxidant, and (C) an aromatic
amine-aromaiic suifome acid salt.
[G004] The present disclosure also provides a process for moistare cunng a silane functionafezed
cthyvlenc-based polymer. The process includes {A) providing an aromatic aminc-aromatic sulfonic
actd salt; {B) mixmng the aromatic amme-aromatic sulfonic acid sabt with 2 hindered phenof
antioxidant to form a catalvst compesition; () contacting a silane functionalized ethylene-based
pelvmer with the catalvst composition to form a crosshnkable composition: and (D) exposing the
crosslinkable composition to mosturs cure conditions 10 form 2 crosslinked composition.
DEFINFTIONS
[GH05] Any reference to the Periodic Table of Elements is that as published by CRC Press, Inc., 1990-
1991, Reference to a group of clemaents m this table is by the new notation for numbenng groups.
[G606] tor purposes of Linded States parot practice, the contents of anv referenced patent, patent
application or publication are incorporaied by reference in their entirety (or its equivalent US version is
so incorporated by reference) especially with respect to the disclosare of defimtions (to the extont not
meonsistent with any defimnons specifically provided in this disclosure) and general knowledge in the
art,
[G¥7] The numerical ranges disclosed hersin inchude all values From, and inchiding, the lower and
upper value. For ranges confaiming explicit values (e.g., arange from L or 2, or 310 5, or 6, 0r 7), any
sebrange between any two exphict values s included (e g, the range 1--7 above mcludes subranges 1 to
2206507, 31075106 et}
[B008] Unlcss stated to the contmary, woaplicit from the confext, or customary m the art, all paris and
percents are based on weight and all test methods are corrent as of the filing date of this disclosure.

1



CA 03148664 2022-2-18

WO 2021/042356 PCT/CN2019/104650

[0009] “Alkoxy” (or “alkoxy group™} refers to the -OZ’ radical, where representative Z' include alkyl,
subsituged alkyl, cveloatkyl sebstitnted cycloalkod, heterocyeloalkyl. substituted heterocveloalkyl, sifsd
groups and combinations thereof. Nonlimuiting examples of suttable alkoxy radicals mclude methoxy,
cthoxy, benzyioxy, and t-butoxy,

FOOIO] “Alkyl” and “alkyi group” refer to a saturated hinear, cyehe, or branched hydrocarbon group.
“Substiited allcvl,” refers to an alkyl in which one or more hvdrogen atom bound o anry carbon of the
atkvl s replaced by another group such as a halogen, aryl, substituted arvl, ovcloalkyl, subsutsed
cycloallvl, heterocycloalky], substituibed heterocyeloalkyl, halopen, haloalkyl, hvdroxy, aming,
phosphido, afkoxy, amina, thio. nitro. and combinations thereof,

FOOLY] “Ambiend eoviromneent” refors to a condiion of room temperature {23-253°Ch and 50% wlative
homidity,

[6012] ~Antionidont™ refers to types of classes of chemical compeounds that are capable of being ised o
munimize the oxidation that can occur during the processing of polviners.

FO013] “Arvl™ and “arvi group” refer to an organie radical derived from aromatic hyvdrocarbon by
dedeting one hydrogen atom therefrom. An aryl group mayv be a monocychc and/or fused ring systern,
each ring of which suitably comtains from 5 to 7, preferably from 5 or 6 afoms. Struchures wherein two
or more aryl groups are combmed through single bond{s) are also included. Specific examples inchude.
hut are not hmited fo, phenyvl, toby], naphthyl, biphenvl, anthevl, sndeny], fluorenvl, benzofluorenyl,
phenanthryl, wiphenvienyl, pyrenyl, pervienvl, chryvsenyl, naphiacenvl, fluorantheny! and the kke.
“Substisnted aryl” refers 1o an arvl i which one ormore hydrozen atom bound to any carbon s replaced
by one or more finciional groups such as alkyl, substinied alky], cvcloalkyl, substinsed cvcloalkyl,
heterocycloalky], substituted heterocveloalkyvl, halogen, alkylhalos {eg., CF), hydroxy, amino,
phosphido, alkoxy, amino, thio, nitro, and both saturated and unsatnrated cvelic hvdrocarbons which are
fused to the aromatic ring{s}, linked covalently or linked to a common group such as a methvlene or
ethylene motety. The common hnking group may also be a carbonyl as in benzophenone or oxygen as
i1 diphenvlether or nitrogen 10 diphenylamine.

[6014] “Alpha-olefin,” “o~olefin” and like torms refer o a hydrocarbon molecule or a substituted
hvdrocarhon molecule {i.e, a2 hyvdrocarbon molecule comprising one or more atoms other than hyvdrogen
and carbon, e g., kalogen, oxygen, sitropen, ete ), the hydrocarbon moeleculs comprising (i) only one
ethylenic unsaturation, this ymsaturation located between the first and second carbon atoms, and (i) at
fcast 2 carbon atoms, or 3 10 20 carbon atoms, or 4 1o [0 carbon atoms, or 4 10 8§ carbon atoms.
MNonlinuting exampies of g-olefing include cthyiene, propylene, -butene, -pentene, T-hexene, T-octene,
1-dodecene. and mixies of two or more of these monomers.

[6015] “Blend.” “polvmer blend” and ke temns referto a composition of two of more polymoers. Such
a blend may or may not be miscible. Such a blend may or may not be phase separated. Such a blend
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may or may noi contam one or more domain configurations, as determimed from transmission eleciron
spectroscopy, light scattenng, x-may scattenng, and any other method wsed o measure and/or edentify
domain configurations.

FOULG] The term “block copolyroer” or “segmentad copolymer” refers (0 a polviner coropiising two or
more chemically distinet regions or segments {referred to as “blocks™} joined in a lincar manner, thatis, a
polymer comprising chemucally differentiated units which are joined {covalently bonded) end-to-end
with respect to polyienzed fimctionabity, tather than m pendent or grafied fashvon. Inan embodiment,
the blocks differ in the amount or type of comonomer incoporated thercin, the donsity, the amount of
cevstalhinily, the tvpe of crvstallinity {e.g. polvethyviene versus polvpropyviene), the crystallite mize
atiributable to a polymer of such composition, the type or degres of tacticity (isotactic or syndictactic),
regic-regularty or regio-irregubanty, the amoumt of branching, mcluding long cham branching or hyper-
branching, the homogeneity, or any other chemnical or physical property.

FO017] A “cable” is at least one conductor, ¢.g., wire, optical fiber, ete., within a protective insulation,
packet, sheath, A cable may be two or more wires of wo of more optical fibers bound together in a
common profechive jacket or sheath. Combmation cables may contain both clectiical wirves and optical
fibers. The individual wires or Bibers inside the jacket or sheath may be bare, covered or insulated. The
cable can be designed For low, medierm, andior high voltage applications.

FO018] The torm “composition” refors (o a nixture of materials which comprise the composition, as well
as reaction prodeces and decomposition products formed from the materials of the composition.
FOIES] The torms “comprising.” “wcluding,” “baving, " and therr denvatives, are not istended to exclude
the presence of any additional component, siep or procedure, whether or not the same s specifically
disclosed. In order to avoid any doubt, alf compositions claimed through ase of the ieom “comprising™
may inchide any additionad additive, adjuvant, or compound, whether polymeric or othenwise, unless
stated 1o the contrary. In contrast, the torm “consisting essentially of " exchxdes from the scope of any
succeeding reciation any other component, step, or procedure, excepting those that are not essential to
operability. Fhe term “consisting of” excludes any component, step, or procedure not speciically
delincated or listed. The term “or, " unless stated othorwise, refers to the listed members individually, as
well as i any combmnation. Use of the singular includes use of the plural and vice versa.

FO020] A “condacior” is ong or more wize(s}), or one or more fiben(s}, for conducting heat, lighe and/or
electricity at any volage (DC, AC, ortransient). The condactor may be a single~wire/fiber or a molii-
wire/fiber and may be in strand form or in tubular form. Nonlimiting cxamples of suitable conductors
include carbon and various metals, such as eiver, gold, copper, and aluminum. The conductor may also
be optical fiber made from either glass or plastic. The conductor may or may not be disposed i a
protective sheath. The conductor may be a single cable or a plurality of cables bouand together {ic. a

cable core, or a corel.
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F0021] “Crosslinkable” and “curable™ indicate that the polymer, before or affer shaped into an article i
not cured or crosslinked and has not been subjected or exposed to treafment that bas induced substaneaaf
crosslinking although the polvmer comprises additive(s) or functionality that will cffcctuate substantial
crossbinking apon subjection or exposure to such treatment (¢.g., EXPOSUTe 10 Waler).
Fe22] “Crosslinked™ and similar terms mdicate that the polvmer composition, before or after it is
shaped into an asticle, has xylene or decalin extractables of less than or equeal 1o 96 weight percent (1e.,
greater than or equal o 19 weight percent gel content).
(60237 “Cured™ and sumilar terms indicate that the polvmer, before or afler i is shaped into an article,
was subjected or exposed to a treatment which indeced crosslinking.
[624] An “cthvienc-based polymer” is a polymer that coniams more than 50 weight percent
polymenzed ethylene monomer (hased on the total amoun of polymernizable monomers) and, optionaliyv,
may comtain af least one comonomer.  Ethviene-based polymer includes etfivlene homopolyvmer, and
sthyvlene copolvimer (meaning units derved fiom cthyiene and one o7 more comonomiers). The torms
“gthviene-based polymer” and “polvethylene™ may be used interchangeably. Nonlimting examples of
ethylene-based polbymer (pobvethvlene} include low density polyethvlence (LDPE}. mediom density
polbvethvilene (MIDPE), and linear polycthvilene. Nonlimdting examples of Imear polyethviene mclude
bnear low density polvethvlens (LLDPE)Y. ultra low density polvetlvdene (ULDPE), very low density
polvethviens (VLDPE}), mubti-component cthvlene-based copolymer (EPE), ethylene/u-olefin mults-
block copolymers {also known as olefin block copolymer {OBC}), single-site catalvzed linear low
densiy podyethviene m-LLDPE}, substantially linear, or lincar, plastormers/clastomers. and high density
pobvethviens (HDPE). Generally, polyethylene may be produced in gas-phase, flindized bed reactors,
hguid phase shurry process reactors, or higqund phase solufion process reactors, using 3 heferogeneous
catalyst systern, such as Ziegler-Nafia catalyst, a homogeneous catalvst system, comprising Group 4
transition metals and leand structures such as metatlocene, non-metatiocens metal-contered, heteroaryt,
heterovalent asvloxvether, phospliminune, and others. Combinations of heterogenecus and/or
homogensous cagalvsts also may be used in either single reactor or dual reactor configurations. In an
gmbodiment, the ethyiene-based polymer does not contain an aromatic comonmet polvmerized therein.
[6i23] “Ethylene plastomerv/elastomerss™ are sithstantially Binear, or linear, ethvlene/u-olefin copolviners
containng homogencoos shori-chain brnching distrsbution comprising unils derived ffom ethvienc and
wnits derived from at keast one Cr-Chp golefin comonomer. Ethykene plastomers/felastomers have a
density from 0,870 g/ccto (.91 7 g/cc. Nonlimiting examples of cthylcnce plastomers/clastomers mclude
AFFINTTY ™ plastomers and clastomers favatlable from The Dow Chemical Company), EXACTIM
Plastomers {avatlable from ExxonMobil Chemicald, Tafiner™ (available from Misui}, Nexlene™
favailable From SK Chemicals Co.), and Lucens™ {available from LG Chem Lid ).
FOD26] “High density polvethylene™ (or "HDPE™} is an cthyviene homopolvmer or an ethyvlenc/o-clefin
4
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copolymer with af least one C-Chp w-olefin comonomer and a density from greater than .94 g/cc o
6.98 g/cc. The HDPE can be a2 monomodal copolyvmer or a multimodal copolymer. A “monomodal
cthylene copolvmer” is an ethviene/Ce—Cypy w-olefin copolvmer that has one distinct peak in a gel
permeaiton chromatography ¢GPC) showing the molecniar wasght distobution . A “madisodal ethviene
copolymer” is an ethylene/Cy-Cip c-olefin copolymer that has at keast two distinet peaks in a GPC
showing the molecudas weight distibution. Multimodal includes copolvimer having two peaks (bimodal}
as well as copolymer having more than two pesks. Nonhmiting examples of HDPE inclhude DBOWTM
High Density Polyethyviene (HDPE)Y Resing, ELITE™ Enhanced Polvethyviene Resing, and
CONTINULUM™ Bimodal Polvethylene Resins, each avatiable from The Dow Chemical Companyy:
PUPOLEN'™ available from LvondeliBasell, and HDPE products from Borealis, Ineos, and
ExxonMobil,
[B027] The termzs “hydrocarbyl” and “hydrocarbon™ refer to substinents containing only hydrogen and
carbon atoms, including branched or unbranched, saturated or unsaturated, cvelic, polveyolic or
noncyclic species,  Nonbinuting examples include alkyl-, cvclealiol-, alkenyl-, alkadienvl,
cycloatkenyl-, cyveloatkadienyl-, arvl-, and alkviyl- groups.
f6028] A “hwdrolysable sllane group” is a silane group that will rcact with water. These inclade
atkoxvsitase groups on monomers of polymers that can hvdrolyze 1o vield sdanol groups, which s tim
can condense 10 crosslink the monomers or polymers,
FEP2Y An “interpolymer” is a polymer prepared by the polymerization of at least two different
monomers, This genenic term inchdes copolymers, usually emploved to refer to pobymers prepared
from two different monomers, and polymers prepared from more than two different monomers, eg.,
terpoiviners, fetrapobvmers, etc.
FO038] A “jacket” is an outernost coating on the conductor. When the conductor includes a single
woating, the coating may serve as both a jacket and an insulation on the conducior.
[0031] “Linear low density polvethylene” {or “LLDPE™) 15 a2 linear ethylene/e-olefin copolymer
containing heterogencous shost-chan branching distribution comprising wsits derived from ethylene and
units denved from at least one (5T o-olefin comoenomer. LLIDPE is characterized by litile, if any,
fong chain branching, in contrast to conventional LDPE. LLDPE has adensity from 0310 glec t0 0.940
g/ce. Nonlmiting examples of LLDPE include TUFLINT {incar low density polvethylene rosing and
DOWLEX™ polvethyvlene resins, each available from the Dow Chemuical Company; and MARTLEX™
pobvethviene (available from Chevron Phillips).
[O032] “Low denaity polyethvlene” {or “LIDPE™} consists of ethvlene homopolymer, or cthyvienc/o-
olefin copolymer comprising at keast one C3-Cp e-olefin comonomer, that has adensity from 0915 g/ce
o 1.940 g/oc and contains long chain branching with broad MWD, LIDPE is typically produced by way
of lngh pressure free radical polymerization {tobular reactor or astoclave with froe radical indtiator).
5
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Nonhmiting examples of LDPE inclode MarFlex™ {Chevron Phallips), LUPOLEN™ {(LvondellBasall),
as well as LEPE products ffom Borealis, Incos, ExxonMobhil, and others.

[0033] “Medium donsity polvethylene” {(or "MIBPE™) 15 an cthylene homopolyioer, or an ethvienc/a-
olefin copolvmer comprising at least one Cs—Cho o-olefin comonomer, that has adensity from 0.926 gice
o 0,940 glec,

[6034] “Multi-component ethylene-based copolvimer” (or "EPE™) comprises units derived fiom ethylene
and units destved from at least one GO o-olefin comonomer, such as described m paterd references
USP 6,111,023, LISP 5,677,383, and USP 6,984 693, EPE resing have a density from 0,505 p/ce to
§.962 g/ce. Nonlmiting examples of EPE resins inclede ELITE™ enhanced pobvethvlene and ELITE
AT™ advanced technology resing, each available from The Dow Chemical Company; SURPASSE™
Polvethylene (PE} Resins, available from Nova Chemicals: and SMART™, gyvalable from SK
Chemicals Co.

FO033] An “olefin-based polvmer,” as used herein. is a polvmer that contains more than 30 mole percont
pobvimenzed olefin menomer (hased on total amount of polvmerizable monomers), and optionally, may
contzin at keast one comonomer. Nonlimting examples of elefin-based polymer include ethylene-based
polviner and propvienc-based polymer.

F036] A “polvmer” 1s a compound prepared by polymenzing monomers. whether of the same or a
different tvpe, that in polvinerized form provide the mnitiple and/or repeating “units” or “merunits” that
make up apolvmer. The generic temm polymer thus embraces the ferm homopolymer, usually employed
o refor o polvmers prepared Hom ondy one type of monomer. and the term copolvmer, usually
emploved to referto polvmers prepared from at feast two types of monomers. Halso embraces afl fonns
of copolvmer, e.g., random, block, etc. The terms “cthylene/e-clefin polvmer™ and “propylenc/a-olefin
pobviner” are indicative of copolymer, as described above, prepared from polymerizing ethylene or
propyvienc respectively and one of more additional, polymerizable o-olefin monomer. i is noted that
although a polyvmers ofien referred 1o 25 being “made of " one or more specified monomers, “based on™
a spectfied monomer of monomer tyvpe, “containing” a specified monomer contert, of the hike, i this
context the torm “monomer” 15 understood 1o be referming 1o the polymenzad renmant of the specified
monomer and not to the unpolymernized species. In geneml, polymers herein are referred to as being
hased on “units” that are the polymerized form of a corresponding monomer.

FEO37] A “propyione-based pobymer™ is a polviner that contams more than 30 mole percent polvmerized
propvicne monomer (bascd on the tofal amomnt of polymenzable monomers) and, optionally, may
contain at feast one comonomer.  Propyiene-based polymer includes propyvlene homopolymer, and
propyviene copolymer (meaning anits devived from propyiesne and one or more corsonomers). The terms
“propvienc-based polymer” and “polypropvlens” may be used inierchangeably. A nonbimuting example
of a propvicne-based pobymer (polvpropylene} is a propyiene/o~olefin copolymer with at leastone G o
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Ca-Cho p-olefin comonomer,
f6038] A “sheath™ is a goneric fonm and when used in relation to cables, it mcludes insofation coverings
or lavers, protective jackets and the like.
FO38] “Smgle-site catalyvzed hnear low density pobvethylenes™ { or " m-LLDPE™) are linear ethylene/o-
olefin copolymers containing homogeneous short~chain branching distribution comprising units derived
from ethvlene and units derived from at least one Gy g-olefin comonomer. m-LLDPE has density
from 0.913 gfoc 1o 0.940 g/oce. Nontiwong examples of m-LLDPE include EXCEERD ™ metallocene PE
{available from ExxonMobil Chemical), LUFLEXEN™ m-LL DPE {available from LyondellBasell),
amnd ELTEX™ PF m-LL.DPE (available from Incos Olefins & Polvimers).
FO040] “Ulua fow density polvethyiene” {or “ULDPE"} and “very low density polyvethviene™ (or
“VLDPE "} cach is a inear ethylens/o-olefin copolymer containing heterogeneous shor-chain branching
distribution comprising units derived from ethylene and onets derived from at least one Ci-Cyp o-olefin
comonomer. ULIDPE and VLDPE cach has a density from $.885 g/ce 10 0.915 gfoe. Nondimiting
examples of ULDPE and VLDPE melude ATTANE™ UJLDPE resins and FLEXQOMERT VLDPE
resins, cach available from The Dow Chemical Company.
[od43] A “wime” is a single strand of conductive metal, &.g., copper or aleminum, or a single strand of
optical fber,

TEST METHODS
FOZ] Density is measured in accordance with ASTM B792 Method B. 'The result is recornded in
grams {g} per cubic centimeter {g/ce or giom’ .
[O0d43] Gel confent s measured by extraction it boithng decalin at 180°C for § hows according to
ASTM 2765, The result is recorded in percent (%), based on the total weight of the composition. The
percent pel normably increases with increasing crosslinking levels.
FeOd4] Hot creep is mcasured in accordance with TEC-60811-2-1. Themmal deformation ag 200°C is
measwred as a percentage (%) undera load of 0.2 MPa. Water bath hot creep 1s measured affer a sanmple
has been cured i a water bath at 90°C for 1 bows, 3 howrs, and 6 hours. Ambient environment hot creep
ts measured after a sample has boen cured at room temperature (23-25°C) and 5054 relative humidity for
69 hours, 90 hours, 100 hours, 168 hours, and 230 hours.
Fe045] Melt index {MI) {alsc known as 1:) 1s measured m accordance with ASTM 212238, Condition
190°C72.16 kilogram: (kg} weight and 1s reported m grams eluted per 10 minutes {g/10 min).
Isobutviene Measurgment
[bde] Samples are prepared for isobutyicne measurements in accordance with two methods.
F7] Sample Prepamtion Method 1. One groan of catalvst masterbaich pellets we sealed into a HSGC

vial within 10 minutes of pelletization. The vial is sealed and stored at room temperatore (23-23°C) for

o weeks, Then, isobutviene gencration.
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F0048] Sample Preparavion Method 2. Catalyst masterbatch pellets are placed into a polvethvlens bag
within Hmautes of pelletization. The bag is sealed and stored at room temperatare £23-253°Ch fortwo
wecks, Then, one gramo of the saraple is removed from the bag and placed mio a HSGC vial, which is
then sealed and measured for wobuiylene gencration.

FO49] Measwrement. Isobutylene gencerated from a catalyst masterbatch is measured by (i) Headspace
Gas Chiomaiography (HSGC) in accordance with the conditions of the below Table A, or (it} Gas
Chromaiography (GCY in accordance with the conditions of the below Table B. In each case. the peak
arca at 1.8 minates retention time is recorded.

Table A, HSGC Conditions

Instrameni: Agiferf 7057 A Headspace Sampler

rven: S0°C Multi HS Ext OfF Shaldnpg: OfF
Loop: TH°C Transfer Lo, 80°C Vial Equilibeation: 30 min
Imicction Duration: 0.5 min Thermal Aus 10 190°C GC Cyele: Emin

Instrumeni, Agilen 78904 Gas Chyomatography svsiem

Column: SOLGEL WAX column (30 m x 230 pm x 0.23 pm film)

Cartier Flow: Ovet indet:
|0 anlAmin constant flow 50°C, bold 5 aun Injector Temyp: 220°C
Hehwrn camder gas Total run timie; 3.0 nun Split Rato: 120
Injection: Headspace System Detector; MSD

MS Source Temperatmre: 23070, MS Quad Temperate: 130°C
Aux-2 Temperptare: 280°C; Acg. Mode: Scan Mass from 29 10 330

Table B. (. Conditrons

Instrumeni: Agilent TRO0A Gas Chromatography svstein

Coluan: DB-5SMS colamn (30 max 0.25 oun ID x £.O pm film)

Carrier Flow: Onens Inlet;
1.0 rlimin constang flow 45°C, hold 5 nEn Injecior Temp: 200°0
Helium carrier gas Tota! nin time: 3.0 min Split Ratie: 15
Injection: Detecior: MSD
Manual injcchion 106 ub MBS Scarce Teraperatane: 2305 MS Ouad Tempemture: 150°C
Awx-2 Temperahae: 280°C. Acg. Mode: Scan Mass from 2% to 350

DBETAILED DESCRIPTION
FO058] The present disclosure provides a composion. The composifion contains (A) a silans
functionalized ethvlene-based polyvmer, (B) a hindered phenol antioxidant, and () an aromatic amine-~
aromatic salfonic acid salt.
Fo031] In as embodiment, the (C) aromatic amine-aromatic sulfonic acid salt bas the following

Structure (B}

:@\ R " Structure (1)
R R2 } Y 90 /’ﬁ\‘R.4 be g
o

wherein Y is an integer from 1to 2, or 3; R’ is selected from an arvl group, a substituted arvl group,

an alloe] group. or a substituted alkvl group: R is selocied from an arvl group. and a substituted arvl

group: R’ is selected from an arvl group, a substituied arvl group, ao alkyl group, a substituted alkyl
3
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group, or hvdrogen; R is selected from an ary] group, and a substituted arvl group; and X is an
teger from Fte 2, or 3, or 4.

A, Silane Funciionalized Ethylene-Based Polymer
FO52] The composthion toludes a silane functionabized etbylenc-based polymer. A “silane
functionalized ethylene-based polvimer™ is a polyimer that contains silane and equal to or greater than 30
wi%, or a majority amount, of polymerized ethyvlene, based on the total weight of the polymer.
Nonkumtng examples of suitable silane functionalized polvolefin mchede etfivlene/silane copobymer,
silanc-grafted polvethiviene {(Si-g-PE}, and combinations thereof.
FS3] An “cthvlene/silane copolymmer”™ is formed by the copolyinerization of ethyvlene and a
hydrolysable silane monomer (such as a vioyl altkoxysilanc monomer). o an emboduvent, the
ethylene/silane copohymer is prepared by the copolymenzation of ethyviene, a hvdrobvsable silane
monomer and, optiopally, an vnsatvrated ester. The prepagation of ethylenc/silane copolymers is
descrbed, for example. in USP 3,225,018 and USP 4,574,133, cach incorporated herein by reference.
FO054] A “silane-grafied pobvethviene™ {or “Si-PE™ is formed by grafting a hydrelysable silane
monomer (such as a vinyl alkoxysilane monomer) cito the backbone of a base polvethyvilene. In an
embodiment, grafiing takes place in the presence of a free-radical generator, such as a peroxide. The
hvdrolysable silane monomer can be grafied 1o the backbone of the base polvethvlene {1} prior to
meorporating or compounding the Si-g-PE info a composition used to make a final articke, such as a
coated conductor {also known as a SIOPLAS™ processy, or {1} sinndtaneousty with the extrusion of a
composition to form a final article {also known as & MONGSIL™ process, it which the Si-g-PE is
formed in sire during el blending and extrusion}. In im embodiment, the Si-g-PE is formed before the
Si-g-PE 15 compounded with aromatic amine-amomaiic subfonie scid salf, hindered phenol antoxidani,
and other optional eomponents. In another ernbodiment, the Si-e-PE is formed i site by compounding a
polvethvienc, hvdrelvsable silane monomer, and peroxide iatiator, along with aromatic amine-aromaic
selfomic acid salt, lindered phenol amhoxadant, and other ophonal components.
FO55] The base polvethyienc for the Si-g-PE mav be any ethylene-based polyvmer disclozed hersin.
Nonfimiting examples of suitable ethviene-based polvmers include cthylene homopolvmers and
ethvlene-based interpolymers containing one or more polymenzable comonomers, such as an
unsaforated oster and/or an g-olefin. In an embodimert, the ethyvlene-based polvmer i selocted from a
fow density polvethylene {LIYPE}, a high density polvethylene {HDPE), and combination thereof
F6056] The hydrelysable silane monomer used to make an cthvlene/silanc copolymcrora Sig-PEisa
silane-contabung monomer that will effectively copolymerize with ethyvlens to form an cthylenc/silane
copolviner or geaft to an ethylene-based polyimer o form a Sig-PE. Exemplayy hvdrolysable silane

monomers are those having the following Stucture (A):

9
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&
J—; I G (CnH?m \a)xSiRNf; .
- Structure (A)

wherein R! s a hydrogen atom or methyl group; x and v are 0 or | with the proviso that whenxis 1, vis
i n s an mteper from 1 to 12 melusive, or nis an mteger from 1o 4, and each R" ndependently 15 a
hydrolysable orzanic group such as an alkoxy group having from 1 to 12 carbon atoms {c.g.. methoxy,
ethoxy, butoxy) arviosy group {e.g., phenoxy), amaloxy group (e £, benzyvioxy), aliphatic acvloxy group
having from | to 12 corbon atoms {e g, formyloxy, acetyloxy, propanoyioxy), amino or substituted
amino groups {alkyilamino, arviaming), or a lower alkyl group having 1 to 6 carbon atoms inclusive, with
the proviso that not more than ope of the three R proups is an atkyl.

F6057] Noshmiting examples of suitable hydrolysable silane monomers include sitanes that have an
ethylenically unsaturated hvdvocasbyl groap, such as vinyd, albv, isopropenyt, batenivl, evelohexenylor
gamma-{meth)acrvioxy abbyl group, and a hydrolysable proup, sach as, for example, a hyvdrocarbyloxy,
hydmcarbonyloxy, or hvdrocarbylaminoe group. Examples of hvdmolysable groups inchade methoxy,
ethoxy, formvloxy, acetoxy, propionyloxy, and atkyvl or arvlamine groups.

[6358] In an embodiment, the hydrolysable silane monomer is an unsatnrated alkoxy silane such as
vinyt tnmethoxy sthane (VIMS), vinvl tricthoxy silane, viny] tracetony silane, gamna-{methiacryioxy,
propyl trimethoxy sifane, and miviurcs of these silanes,

FE059] Nonlmibing examples of sutlable unsaburated esters used to make an ethvlene/silane copolymer
mclede afko] acndate, alkyl methacrviate, or vinyl carboxylate. Nonhimiting examplcs of suttable afkyl
groups include methyl, cthyl, n-propyvl, i-propyl, n-butyl, -butyl, cic. In an cmbodiment, the atkyl group
has from |, or 2 to 4, or § carbon atoms. MNonlinuting examples of suwitable alkyl acrylates include ethyl
acrylate, methyl acrviaie, t-butyl acrvisie, n-butyl acrviate, and 2-ethylhexyd acrviate. Nonlimiting
examples of suitable atkyl methacrylates inclnde methyl methacrvlate and n-buty! methacrviate. Inan
embodinent, the carboxylate group has from 2 10 3, o1 6. or § carbon atoms. Nondaniing examples of
setable vinyl carboxylates include vinyd acetate, vinyl propionate, and vinyl butanoate.

{6068 In an embodiment, the silane functionalized ethylene-based polymer contains from 0.1 wite, or

based on the total weight of the silane funchionalized ethyvlene-based polymer.

f6el] In an embodiment, the sifane functionalized cthylene-based polyvmer comtamns, consists
essenfially of or consists off (1) from 30 wi%s, of 60 wi%, or 70 wi%s, or 830 wis, or 90 wi¥s, or 935 wi%
10 97 witho, or 98 Wi, or 99 wiTe, or less than 10O witl% cthylene; and (i) a reciprocal amount of silane,
or from greater than 0 wit%, or 1 wi%s, or 2 wit%, or 3 w1%, to 3 wi%, or 10wt or 20 wi%, or 30 wit%,
o1 40 wi%, or 530 wi% silane, based on the fotal weight of the silane hmctionalized ethylene-based

polymer,
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[0062] In an embodiment, the silane funcoonalized sthylene-based polymer has a densny from 0.850
giee, or0.910 pfec, or 0.920 p/ecto 0.922 g/oc, 0.923 glec, or 0.930 ¢/ce, or 3.550 gfoc, or 0965 ofce. In
another embodiment, the silane functionalized ethyvlenc-based polymer has a deosity from 6.850 g/ecto
0.963 gloc, or from .900 wiee to 0.930 gice, or from 0.920 giec to 5.923 gioe.

FO063] Inan embodiment, the silane functionalized ethylene-based polymer has a melt index (M) from
81p/i0min or 0.52/F0min or 1 0/18 min, or 1.5 /10 minto Z /10 min or 3 ¢/10 min_ or 10 g/10
pun, oF 13 g/E0 min, or 20 g/19 mom. or 30 g/10 man, or 40 g/10 vun, or 50 /10 min. In another
embodineent, the funciionalized cthvlenc-based polviner has a melt index (M) from 0.1 g/10 min (o 50
2/ B min, or from 4.5 /10 min to 10 g/10 min, or From 0.5 ¢/10 min o0 5 /10 mun,

[o064] In as ombodinent, the silane functionalized cthvione-based polymer is an ethylens/silane
copobmer. The ethylenedsilane copolymer contains ethylene and the hydrolvzable silane monomer as
the only monoemenc ungs. Inanother embodiment, the ethylene/silane copolyvmer optionaily mclodesa
Ca, o Cy 10 Co. o Cg, of Cyg, oF Cra, of Cis. o Chg, oF Cop o-0lefin; an unsamiraicd oster;, and
eomtbinations thereof, Tn an embodiment, the sthylene/fsilane copolymer is an ethylenc/unsaturaled
ester/silane reactor copolymer. Nonlimiting exarnples of suitable ethylenc/silane copolyroers inchude 51-
LINKT™ BFDA-343]1 NT and SI-LINKMMAC DFDBB-5451 NT, cach available from The Dow Chemical
Company.

[6065] The ethyvlene/silane reactor copolymer may comprise two or more embodiments disclosed
herein.

[O66] In an embodiment, the sidane functionalized ethvlene-based polvmer s a Sie-PE.

FO067] The base cthylene-based polvmer for the 5i-g-PE inclades from 50wt or 55 wi%, or 60 wi%,
or 63 wi%s, or TO wi%, or 80 wi%%, or 80 wi%, or 93 wi¥e 10 97 wiYh, or 98 wi%, or 99 wi%, or 100 w126
cthylene, based on the total weight of the base ethvlene-based polviner.

[O068] In an embodiment, the base ethylene-based polymer for the Si-g-PE is an cthylene/ie-olefin
copolymer. The a-olefin comtains from 3, or 4 to 6, or §, o7 12, or 20 carbon atoms. Nonhouting
examples of suitable g-clefin inclode propylene, butene, hexene, and octene. In an embodiment, the
sthvlene~-based copolymer is an ethyleng/ontenc copolymer, When the ethviene~-based copolvmerisan
ethvlene/e-olefin copolymer, the 85i-¢-PE 15 a silane-grafted ethvlene/e-olefin copolymer. Nonlimiting
examples of suiinble othyvlens/v-olcfin copolymers usefl as the base othvlene-based polymer for the Si-
2-PE include the ENGAGE™ and INFUSE™ resins avatlable from the Dow Chenucal Company.
F6069] Blends of silanc functionalized cthylenc-based polymers may also be used, and the silanc-
fimctionalized cthyvlenc-based pobymer{s) may be dilited with one or more other polvolefins to the extent
that the polvolefins are {3 miscible or compatible with one another, and (11} the sifane fonctionalized
cthvlene-based polvmer(s) consanres from 30wi%, or 40 wi%, or 30 wi%, or 33 wi%, or 60 wie, o1 70
wibs, or 30 wih, or 3G wils, or 95 wi¥h, or 99 wit% o less than 100 wi%% of the blend (based on the

i1
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combinged weight of the polyolefins, mcluding the silane funcionalized ethylene-based polyvmer),
[6070] The silane functionalized cthivicne-based polvmer may comprise two or more embodimerss
disclosed herein.
8. Hindered Fhenol Aniioxidant
[i71] The composition contains a hindered phenol anttoxidant,
[6072] A “hindered phenol antioxidant” is a primary antioxidant that acts as a radical scavenger. The
handered phenol antioxidant contains a phenol group. Nonlinuing exaroples of surtable hindered phenol
antioxidants include pentaervthritol tetrakas{3-(3,5-di-tert-butyvi-d-hvdroxyphenyDpropionaie}; 1,35«
trimethyl-2 4,6-tnis-(3,5-di-tert-butvl-4-hydroxyvhenzy -benzene pentasrvihaityl tetrakis-3(3,5-¢ i-tert-
butyl-4-hydrosxcyphenvij-propionate; n-octadecvi-3(3 5-di-iert-butyl-4 Jnydroxyphenyl Fpropionate, 4.4°-
methvlenebis(2,6-tert-butyl-phenol); 4,4 -thiobis(6- {ert-butvl-o-cresol}; 2,6-di-tentbutylphenol: 6-{4-
hydroxyphenoxy 2 4-bista-cepyh-ihioy1 3.3 mazine; di-n-octviliokethyl 3.5-diternt-butyl-d-hvdroxy-
benzoate; and sorbitod hexal3-(3.5-d i- ten-bitvl-d-hydrosor-phenyi-propionate}. and combinations
thersof.  Such bindered phenol anttoxidants are commercially available from BASF and inclade
IROEANOX™ 565, 1010, 1076 and 1726,
[6073] In ancmbodiment, the hindered phenol antioxidant is pentacrythritol totrakis{3~(3.5-di-tert-butyi-
A-hydroxyphenyipropionate), commercially available as IRGANOX™ 1616 from BASFE.
FO074] The hindered phenol antioxidant may comptise two or more embodiments disclosed hereimn.
. Aromaric Amine-Aromatic Sulfonic Actd Salt
FHF?S] The composition contains an aromatic amine-aromatic sulfoms acud salt,
[0076] An “aromatic amime-aromaiic selfonic acid salt.” or “AS-ASAS.” 15 a salt compound formed
from an aromatic amune and an aromatic sulfomc acd. The AS-ASAS may be a mono-amme, a
di-amine, of a tri-amine. The AS-ASAS excludes salt compounds formed from linear amines and/or
branched amines. Farther, the AS-ASAS exchides salt compounds formed from lincar sulfonic acids
snd/or branched sulfomce acids.

FO77] An “aromatic amme™ is 2 compound having the following Structese (1)

N /Y Structure (i)
R5 \RG
X

wherein R is selected from an arvl group. a substituted arvl group, an alkyl group, or a substiteted
alkyl group: R® is sclected from an arvl group, and a substituted arvl group; R’ is selected from an
aryl gronp, a substitined aryv! group, an alkyl group, a substimited alkvl group, or hydrogen; and X s
an infeger from 1102, ov 3, or 4.

[6078] In an embodiment, i Structure {I1), R’ is selected from a Ce-Cao ary] group, a substitated e

Cua arvl group, a C;—C atkyl group, or a substituted O Cag alkyl group: R is sclected from a Cg-
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Caso arvl group, and a substituted Cs-Cye aryl group:. R is selected from a Ce-Cap arvl group, a
seebstituted Cp-Cyp arvl gronp, a U--Cyp alkyl grovp, a substituted C;--Cy alkyl group, or hydrogen:
and X 13 an integer from 1 t0 2. 0r 3, or 4,
FOO79] Nonbouting examples of siniable aromatic amines mchude 4,47-bas (alpha, alpha-dimedhivibenzyly
diphenviamine; Ni-(d-methyvlpentan-2-¢)}-N4-phenvibenzene-1 d-diamine, N N -diphenylp-
phenylenediamine; dif]1,1%-biphenvij-d-vijamine. {27 4-trimethyl-1 2-dihydroquinohne), 9.9-
PumethyE9, [0-dihvdroacnidine: N-Phenyl-2-vapbihylanune. N L N4-difnaphthalen-2-vlibenzene- 1.4~
diamine; N,N-Bis<I 4-Dimecthyipenty}-P-Phenvienediamine; N N'-di-scc-butvi-1 4-phenyloncdiamine;
Ne-fsopropyl-N'-phenyl-1, 4-phenylenediamine; 6-Ethoxy-2.2 4-trimethyi-1 2-dibvdroguinoline, and
combinations thereof.
[6U88] An “aromatic sulfonic acid” is a compound having the following Structure ([T}

ﬁ Structure (1}

HO™ ﬁ"“‘k“

o
wherein R is selected from an arvl group and a substituted arvl group.
F6081] Nonhmiting examples of soitable aromatic subfonic acids include naphthalenc sulfonie acid;
dodecytbenzenssaifonic acid {DBEA}), 4-methyvibenzencadfonic acid; naphthalenc-2-sulfonic acid; 4-
dodecylbenzene sulforuc acid: Putoluenesulfonic acid; 2.4.5<4nmethyibenzenesulfonic acd; 2.4.6-
wrichlorobenzenesulfonic amd;  naphtbalene-2-subfonic  acid:  naphthalene-l-sulfonic acid; 4
methythenzencsulfonic acid; benzence sulfonic acid, substituied naphihatene-T-sulfonic acid; substituted
naphthalene-Z -sulfonic acid; 4-(tert-butyvlibenzenesutfonic acid, and combinations thereof.

[8082] The AS-ASAS has the following Strucmee {I};

H
NE\ R? !e! Structore (I}
R! R2 . Yeo/"\R4 -R4 Y
o

wherein Y is an integer from 1to0 2, or 3; R’ is selecied from an arvl group. a substituted arvl group,
an atkyl group, or a subsuituied alky] group; R? is sclected from an arvl group, and a substituted arvi
group; R’ is selected from an aryl group, a substituted arvl group, an alky] group, a substituted alkyl
group, or hvdrogen; R is sclected from an ary] group, and a substituted arvl group; and X is an
integer from 110 2, 0r 3, or 4.

[6083] In an embodiment, in Struchre (B Y s from 1 1o 2: X s frorn 110 2, or from § 60 3, or from |
o4 R is selected from a C-Cap. or Co-Cag, 0r C-Cae, o1 Cy aryl group, a sobsuimted Co-Cag, oy T
Con, of CoCys, or Gy aryl group;, a €;-Cy, or C)-Cyy, or C-Cyy, or C4-Cy alkvl group, or a
substituted C,—(yy, or C;—Chg, 07 Ci—Cy alkyl group: R? is selected from a CoCap, 08 C—Cop, o7 C—

i3
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Cys, or Cg arvl group: and a substituted Ce-Cag, or Co~Cag, oF Cs—Cas. or Ca arvl group; R is selected
trom a CoCap, oF Co-Can, 03 To-Chs, o1 G anvl group; a subsaituted Ce-Cyp, 07 G- o, 0r Lo-Chrs o1 g
aryl group: 8 $1—Cap, or C;—Cag. o8 T Chp, 0or Co—Cy alky group; a substituied C;—Ca. 08 C1—Cap, 01
Ci—Cre, oF C—Cs alkyl group; or bvdrogen; and R* is selected from a Ce—Cao, 0r Co—Con, 0or Co—Cis, or
Coarvl group; and a substitated Co-Cig, or Co-Cap, or Co-Cas, or Ce aryl group.

[6084] In an embodiment, the AS-ASAS has a molar ratio of sulfur to nifrogen from 08:1. or 'l k0
131, Io another embodanent, the AS-ASAS has a molar mtio of sulfur o natrogen of ;1.

FOOBE] Nonhinmuting examples of suifable AS-ASAS are depicted below in Table C, and include the
Stractures {EV)-(X1). and combinations thereof.

Table C. AS-ASAS Stuciures
5o,
H, Strvuctare
OHO+OHO
)
SO
H SMrucmire
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[O086] In an cmbodiment, the AS-ASAS is sclected from Strucihre (TV), Structure (V). Struchure (V)
Structure {VH}, Structure (VID, and Structure {X13.
F60RY] In an embodament, the AS-ASAS i selected from Structre V), Stnecture (V) Struchue (V)
and Structime (VI
[B08E] In an cmbodunent, the AS-ASAS 15 selected from Structure (X)) and Structure (X).
0B In an embodiment, the AS-ASAS is selected from Stractare (1V) and Struchure (IX).
F6090 In an embodiment, the AS-ASAS is selected from Structure (VE), Structure (VIID), Strectrs (X3,
amd Stracture (X1}
FO093] The AS-ASAS s notpobyinenic. In other words, the AS-ASAS 15 void of, or substantially voad
of, dimers, trimers, and fetramers of the aromatic amine.
FBU92] In an embodiment, the AS-ASAS is synthesized by mang the aromatic amine wath the artomatic
aulfonic acid m an organic solvent or a wax, for a penod of from one, or two to three, or four, or five, or
six hours at room temperatare (23-23°C). Nonleniting examples of suitable organic solvent inclade
dichioromethanc. toluene, and combinations thercof,
FO003] The aromatic amunc-aromatic sulfonic acid salt (AA-ASAS) may comprise two or more
embodiments disclosed heremn.

D, Optional Adiditive
[6i94] In an embodiment, the compoesition inchudes (A} the sdane functionalized cthyvlese-based
polvimer, (B} the indered phenol antioxidant, {C} the aromatic amine-aromatic sulfonic acid salt, and
{I¥) one or more optional additives.
FO0US] Nonhimiting examples of suitable optional additives mclude antioxidants {other than the (B)
hindered phenol antioxidant), colomants. comesion mbubitors, lubricants, wax, silanol condensation
caalvsts, wlra violet (UV) absorbers or stababizers, anti-blocking agents, coupling  agents,
compatibahzers, plasticizers, fillers, processing aids, moisture scavengers, scorch retrdants, metal
deactivators, siloxanes. crosslinking coagenis, extends oils, and polvolefins {other than the (A) silanc
functionalized ethylenc-based pofvmer), and combingtions thereof
[6096] In an embodiment, the composition includes an anteox idant that is different than the (B) hindered
phenot antioxidant. A nondimiting exarnple of a suitable anoxidant is a phosphite anfioxidand. such as
IRGAFOEY™ 168, available from BASF. In an cmbodiment, the composition contains from 0 wi%o, or
0.01 wi% to 0.5 wie, or 1.0wt %, or 2.4 wi%, or 3.0 wie antioxidant, based on total weight of the

composition.
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(60971 In an embodiment, the composition includes awax, The wax mav be used 0 reduce the mekl
viscosity of the compositon. Nonfmmiting examples of suitable wax include ethyviene-based polymer
wax, propylene-based polymer wax, paratfin wax, microcrystatiine wins, byv-product polvethvlene wax,
Fischer-Tropsch wax, oxidized Fischer-Tropsch wao, functionalized wax such as hydroxy stearmnmide
wax and faity armide wax, and combimnalions thereof,

[60498] In an embodiment, the composition includes silanol condensation catalyst, such as Lewis and
Bronsted acuds and bases. A “silanol condensation catalyst” promotes crosshnking of the sifanol
flnctionalized polvolefin. Lewis acids are chemmical species that can accept an electron pair from a
Lewis base. Lewis hases are chemical species that can donate an electron pair o a Lewis acid.
Nonlimiting examples of siutable Lewis acids include the tin carboxyviates such as dibuty] tin dilaurate
{DBTDL), and vanous other organo-metal compounds such as lead naphihenate, =inc caprviate and
cobalt naphthenate. Nonhmeting examples of sudtable Lewis bases include the primary, secondary and
tortiary anuncs. These catalysts are typically used in mwoisture cure applications. In an embodiment, the
carnposition includes from O wit, 07 0.00F wi% to 0.1 wi%. or 1.0 wi% silanol condensation catalvst,
bascd on the total weight of the composition. During the MONOSIL™ process, the silanol condensation
catalyst is tvpically added 10 the reaction-extruder so that it is present durning the grafting reaction of
sitane 1o the pobvolefin backbone to form the i s Si-g-PE. As such, the silane functiomalized
cthylene-bascd polvmer may experience some coupling (light crosslinking) before # leaves the extruder
with the completion of the crosslinking after # has lefi the extroder, typically upon exposare {0 moistue
{e.g.. asauna bath or a cooling bath) and/or the humidity present 1o the environment m which it is storad,
transporicd or used.

F6099] In on embodiment, the composition nchades an ulirva violet {UV} absorber or siabibizer. A
noplimiting example of a suitable UV stabilizer is a hindered amine light stabilizer (HALS), such as
1.3, 3 Triazine~2 4, G-triaming, N .N-1, 2-ethanedivibisN-3-4 6-bishutyl(1 2,2 6, 6~-pentamethyi-4-
piperidinybamuna- 1.3 S-iazin-2-vlamunopropyb-N N-dibutvi-N N-bis( 1 2 2 6 6-pentamethyl-4-
piperidinyiy-1.3. 8, 12-etrakisid, 6-bis(n-butyl-n-1,2 2 6 6-pentamethvi-4-pipesidy lanne)-1,3, 5-triazin-2-
vi}-£,5,8, | tetraazadodecans, which is commercially available as SABOTMSTAR UV-1 19 FHom SABO
Sp.A. of Levate ltaly. In an embodiment, the composifion contaims from 0 wite, or $.001 w10 .01
Wi, or B wi 9%, or 3.0 wi% UV absorber or stabnlveer, based on total wweight of the compombion.
FO01OG] In an embodiment, the composition mcledes a metal deactivator, Metal deactivators suppress
the catalviic action of metal surfaces and races of metallic mincrals. Mcetal deactivators convernt the
traces of metat and metal surfaces o an inactive form, ¢ g, by scquesiering. Nonlimiting examples of
suitable metal deactivators include 1.2-bis(3,5-didtert-butyl<d-hydioxyhydrocinnamovihvdmeine, 2,27~
oxanyndo his[cthyl 33, 5-di-ter-butvl-d-hyvdroxyphenyvlpropionate], and axalyt
bis{benzvhideonchvdramide) (GABH). In an embodiment, the composreon contains from O wi%e, or

16
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greater than § withe, or 0.01 wi% to 0.03 wi¥e, or I wi%., or 10 wi% meial deactivator, based om the total
weiht of the composition.

FOO181]) {0 an cmbodiment. the composition inchudes a filler. Nonlimiting examples of sustable fillers
melade zine oxide, zine borate, zine molvhdate, zine suifide, carbon black, organo-clay, and
combinations thereof. The filler may or may not have flame retardant propertics. In anembodiment, the
filler is coated with amateriad (such as stearnic acid) that will prevent or setard any tendency that the filler
might otherwase have to mderfere with the silane cure reaction. In an embodiment, the composition
contains from 0 wi%, or .01 wi% o 1.0 wt %, or 3.0 wite, or 5.0 wi% filler, based on iotal weight of
the composition.

F60102] In an erobodunent, the composition mcludes a processing aid.  Nonlimiting examples of
seritable processing aids include oils, organic acids (such as stearic acid), and metal sakts of orgamic acids
{such as zinc stearate). In an embodiment the composition contzans from 0 wi%, or 001 wit%w 1.0
wt %6, or 3.6 witSs processing aid, based on total weight of the composition.

FO0103] In an embodiment, the composition inchudes a nuwnshure scavenger, Moisture scavenpers
remove or deactivate urnwanted water 1n the composition to prevent vnwanted (prematune} crosshinking
and other water-initiated reactions in the composibion during siorage of at exdrusion conditions.
Nonbiating examples of moisture scavengers mclude organe compounds selected from ortho esters,
acctals, ketals or slanes such as atkoxy silanes. In an embodimient, the moisture scavenger is an atkoxy
silane {e.g., hexadecylmbmethoxysilane). The alkoxy silane moisture scavenger is not grafied to or
capolymenzed with a polyolefin, The moisture scavenger is preseot m an amowyd fom O widh, or
greater than § wit%%, or 0.01 wi% to 0.2 wi%, or 1.0 wit, based onthe total weight of the composition.
[OB104] 1o an embodirpend, the composition inchades a siloxane. A nonlimiting example of a seiteble
siloxane is a polvdimethyvisiloxane (PDMS), such as dimethyivinylsilyl  terminated
polvdimethylsioxanc. In an embodiment, the composition contains from 0.2 wi%%, or 0.5 wit% 10 1.0
wi%, or 5.0 wi% siloxane, based on the total weight of the composition.

FO0165] Inan embodiment, the composition includes a crosstinking coagent. A “crosshinking coagent”™
is a substance that inmproves the crosshinking efficiency of a composition. A nonlimiting example of a
swtable crosshinking coagent is mallyl isocvanumate {TAIC). In an embodiment, the composition
contains from 0 wi%, or greater than 0 wi%, or 8.1 wi% 10 0.5 wi%, or 1.0 wi% crosslinking coagent,
based on the wotal weaght of the compomition.

[60196] 1o an cmbodiment, the composition includes a polvolcfin that is differcnt than the (A) silanc
functionalized ethvlene-based polymer. Nonhmiting examples of suitable polvolefing include ethyiene-
based polvimer, propylene-based polvmer, and combinations thereof. Nonlimiting examples of sutiable
cthvlene-based polvmer inchude LDPE, cthylenefethy] acryviate (EEA)} copolvmer, and combinations
thercof. In an embodiment, the polvolefin 1s not functionalized. In an embodiment, the composition
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contains fFom G wits, or I wi%, or 3 wi%hio 3 wibe, or 10 wi%s, or 15 wi%h, or 20 wi%, or SO wi%o, or 70
wit% polvolefin, bascd on the total weight of the composition. 1n another embodiment, the composition
comaing from 1 wt¥% to 70 wi%, or from 1 wit% o 10 wit%%, or from | wi¥oto 3 wi% polvolefin (such as
LIIPE andior EEA copolymer), based on the toial weight of the compositon. Inao embodiment, the
polvolefin is a carrier polvolefin that is combined with the {B) hindered phenol antioxidant and/or the
{Ch AS-ASAS to form a catalyst masterbatch, and then the catalyst masterbateh is combined with the
{A) silane-funchonalized ethylene-based polymer to form the composinon.
FODI97] Inancmbodiment, the composition contains from O with, or greater than & wit%, or 0.001 w1
0001 wi%e, or 0.1 wi%, or 0.5 wilo, or 1O wi %6, or 2.0 wil%, or 3.0 wi%s, or H0.0 wi%e, or 15 0wi%, or
20.0 wi% additive, based on the total weight of the composition.
[00108] The additive may comprse two or mome embodiments disclosed herein,

E. Composition
F60169) The composition contains {A) the sitane functionalized ethylene-bascd polviser, (B) the
hindered phencl anttowdant, (C) the aromatic amine-aromatic sulfonic acid salt (AS-ASAS), and,
optionally, {18} an additive. In an embodiment, the AS-ASAS has the Stnucture (1),
[B0136G) In an ombodiment, the composition is a crossiinkable composition. In a figther
embodunent, the composition 15 a moisture curable composition. In other words, the composiiion is
capable of crosshinking upon exposure to moisture {e.g.. a sauna bath or 2 cooling bath) and/or the
humidity present in the environment in wiich it is stored, wansported or used. Moisture cure conditions
mclude the presence ofwater {e.g.. a5 a bath or bunndaty present in the exvvironment), and a temperature
of from 20°C, or 23°C o 25°C w 307,
[oB111] 1nasombodunent, the composiion is acrossimbed composition. The crosshinked composition
is formed by crosslinking the crosslinkable composition. In an embodiment, the crosshinking of the
crosslinkable composition begins in anextruder. In another embodiment, crosslinking is delaved uniil
the crosshinkable composition 1s extruded, such as upon a conductor. Crosslinking of the crosslinkable
composition is mitiated and/or accelesated twough exposure o hwmd environment {o.g., ambient
condifions or cure in a sauna or water bathh. 1o an embodiment, crosstinking of the crosslinkable
camposition 1s mbiated and/or aceelerated through exposure to moisture. The crosshnked composition
meides bonds between the silane funchonalized ethylene-based polymer chaine.
FO01I2) In an embodiment, the composition confains, consists gssentially of, or consists of: {A) the
silanc funciionalized cthvicnc-bascd polymer, {B) the hindered phenof antioxidant, (Cythe AS-ASAS,
and, optionally, {3} an additive.
[6133] In an embodiment, the composition contains from 30 wi%s, or 40 wi%h, or 30 wit%, or 60
wit%, or 70 wi%, or 80 wit, or 90 wi% to 93 wi¥, or 97 wi%, or 93 witl%, or 99 witt silanc
functionalized ethylene-based polbymer, based on the total weight of the composition.
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[6114] Inanembodiment, the compostiion contains fom 0.03 wi%, or 0.05 w6, or 0.09 wi% 10 3.10
wit%, or 0.2 wi%s, or (.5 wit%. or 1.0 wt?6 hindered phenol anfioadant. based on the total weipht of the
LOMPOSItIon.

FOULES] 1o asembodiment, the compostion contains from 0.05 wis, or 8.08 wiSs, or 0. Hi witda, or 0.1 1
wils 10 8.16 wi¥s, or 8.26 wi%, or 030 wi%, or 1.0 wi%o, or 2.0 wi%, or 3.0 wi¥, or 4.0 witby, or 5.0
wi% AS-ASAS_based on the total weight of the composition.

[6d116] Inanemboediment, the composition contams, conststs essenially of, orconsists of; (A} from 30
Wit to 99 wils, or from 30 wi% to 89 wit%, or from 80wt to 99 wi%y, or from 90 wi¥s to 99 w19, or
from ¥ wite to 95 wils functionalized ethviene-based polvmer {sach as ethviene/siane copohymer}, (B)
from 0.03 wi% o0 1.0 wit, or rom 4,03 wilh to 0.5 wi%e, or from 4.65 wih o 0.2 wi%, or from 3.09
wi% i0 0. 10 wi¥e lundered phenol antiocadant; {(C) from 0.05 wie 10 3.0 wito, or rom 003 wi%h io 1.0
wi%, of from §.05 wi%to 0.50 wi¥h, or from 0. 10 wile o .20 wi¥e, or rom 0. 11 wi%w .16 wits AR
ASAS (such as the AS-ASAS having the Stucture (1)), and () from & wite 10 20 wi%s, or from greater
thar 0 wi¥e to 20 wit%, or from weater than 0 wi¥e o 10w additive, based on the total weight of the
composiion. I a fusther embodiment, the composition 15 a crosstinkable composition.

[B0137] In an ombodiment, the composition has a hot creep afler curning in a water bath at 90°Cfor 1
hour of less than 160%, or less than 120%, or less than | 10%, or less than 160%, o Jess than 30%. o
from (M, or 406% fo 50%, or 100%, or 1109, or 120%, or 16084, I an embodiment, the composition
has a hot creep after curing @ a waler bath at 90°C for 3 hows of less than 150%%, or less than 130%, or
tess than 109, or less than 100%, or less than 8%, or less than 70%, or less than 409; or from 0%, or
20%, or 30% to 40%, or 70%, or 8055, or 100%. or F310%, or [30%. or [50%. In an embodiment, the
composition has a hot creep afler curing in a water bath at 80°C for 6 hours of less than 1509, or less
than 100%, or less than 30%; or from 0%, or 20%, or 50%. or 70%:to 753%. or 80%, or 100%, or 150%.
FOOLE8) Inan embodiment, the composition hag a hot creep after curing in ambient environment for 69
hours of less than 100%, or less than 70%; or from 0%, or 20%, or 50% to 70%, or 100%. In ap
embodament, the composition has a hot creep after cuging m ambient enviromment for 96 howrs of less
than 107, or less than 10%, or less than 80546, or from (94, or 20%, or 50% to 70%, or 105%, or
{1 16%. In an embodiment, the composition has a hot creep afler cunng in ambient environment for 180
hours of less than 1409%; or from 0%, or 20%. or 30%, or 70% to 130%. or 1530%. In an cmbodiment,
the composition has abot creep after curing in ambient environment for 168 hours of less than 140%, or
fcss than 100%, or less than 90%, or less than 60%; or from (%, or 2094, or 50% 1o 60%, or 95%, or
100%, or 120%, or 140%. In an embodiment, the composttion has a hot creep after curing in ambient
environmend for 230 hours of Jess than 100%, or less than 80%, or less than 60%, or less than 35%. or
from 0%, or 20%6 1o 359%, or 60%%, or 30%, or 16094,

FO01E9] Inancmbodiment, the compostiron has a hot creep aior cunmg in awater bath at 90°C {3 for |
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hour of less than 160%, or less than 130%, or less than 1109, or kess than 100%, or less than 30%;
and/or {ii) for 3 hours of less than §50%._ or lessthan 130%, oricssthan |180%. orlessthan 100%, orless
than 80%, or less than 70%, or less than 40%; andfor {11) for & hours of less than 130%. or less than
1009, or fess than 88%. In an eobodiment, the composition has a hot creep afler curing in ambient
environment, (1} for 69 hours of less than 100%, or less than 70%,; and/or (1) for 90 howrs of less than
110924, or less than 100%, or less than 80%; and/or (1) for 100 hours of less than 140%; andfor (1v) for
168 hours of less than 140%, or less than 10094, or tess than 99%, or less than 60%: and/or (v) for 230
hours of less than 100%, or less than 80%, or less than 609, or less than 53%. A low hot creep is
advantageous n wire and cable applications because it demonstrates that the composifion has crossiimked
{1.c.. cured).

[00120] Inanembodiment, the AS-ASAS, the hindered phenol anticxadant, and a carner polvolefin are
combined to forn a masterhatch. Then, the masterbatch s combmed with the sijane~-functionahized
sthyiene-based pobyvmer to fonm the composition. fnan embodingent, the masterbateh {also referredto as
a““catabvst masterbatch ™) containg, conwists essentially of, or consists o (3) from 0.05 wi%s, or 010 wit%,
of {150 wit, or 1.0 wi%e, or 2.0 wils, or 2.3 wi%e i 3.2 wi¥, or 4.0 wi%e, or 5.0 wio, or HPwil AS-
ABAS; {ii} from 0.03 wi%, or 045 wi%, or §.10 wi%, or 3. 530 wi%s, or 1.0 wi%, or 1 30 wit. or 1.99
wi¥ato 2.0 wia, or 3.0 wit, or 4.0 wi% hindered phenol antioxidant; and (1) from 86 wis, or 90 wit%.
or 94 wi% (o 96 wi¥, or 59 wi¥, or 99.92 wi% carter polvolefin (such as EEA copolymer and/or
LIPPE}, based on the total weight of the masterbatch. 1n a further embodiment, the carrier polvolefinisa
blend of EEA copolymer and LDPE at a weght ratio of 111, based os the total weaght of the blend,
[60121] Inanembodiment, the composition, or the masterhatch, exhibits an 1sobatylence reduction of at
least 50% compared to the same composition, or masterbatch containing the aromatic solfomc acikd of the
asomatic amine-aroratic sulfonic acid salt, instead of the salt. In an embodiment, the composition, of
the masterbatch, exhibits an isobutviene reduction as measured by HSGC with Sample Preparation
Method 1 of at least 50% compared to the smme composition, or masterbaich contaming the sromatic
sulfonic acid of the arcanatic amine-aromatic subfonic acid salt, instead of the salt  In another
smbodunent, the compostion, or the masterbatch, exhibits an isobutvlene reduction as measwred by
HSGC with Sample Prepamation Method 2 of at least 59% compared to the same composition, or
masterbaich contarning the aromatic sulfome acid of the aromatic aminc-aromatic sulfonie acid salt,
mstead of the salg.

F60122] 1nan conbodiment, the compostion, of the mastcrbatch, oxhibis an ischutvienc gencration peak
area of Tess than 6,000,000 per gram (g7), o less than 5000000 57, or less than 4,800,000 g7 or from 0
o™ 40 6,000,000 g or from 1,000 g7 10 6,000,000 ¢, or from 360,000 g 10 6,000,000 2™, or from
500,000 g™ 10 5,000,000 ¢, as measured by HSGC with Sample Preparation Method 1.

FBBEZ3] Inanembodement, the composion, or the magiorbateh, oxhibits an isobutviens genceation peak
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area of less than 1.4 x 16" per mole of sulfur {mol™), orlessthan 1.2 x 16" mol”, or less than 1.0 x 10*
mof™, or less than 5.0 x 10" mol™; or from Omol“ to 1 4 x 0" mol orfrom 1 0x 10’ mol o 1.4 x
10V mol”, or from 1.0 x 10" mof 1o 1 4x 16° mol™, as measured by HSGC with Sample Preparation
Method 1.
[O24] inanembodiment. the composition, or the masterbatch, exhibits an ischutylene generation peak
area of less than F.000,000 per gram t;g']}, or less than 100,000 g'l, or fess than 80,000 g'l, or less than
75,000 g or from 057 10 1,000,000 ™, or from 100 g7 to 160,000 27, or From 10 ¢ 10 80.000 8™, or
from 100 ¢ o 75,000 g™, as measured by HSGC with Sample Preparation Method 2.
FPEZS] Inan embodinent, the compasition, or the masterbatch, exhibits an ischutylene generation peak
arca of less than 1.8 x 107 per nxole of sulfur {mol™), or fess than 1.7 x 10° mol”, or less than 1.6 x 107
mol”’, or less than £.5 x 1Y mol”; or from Gmol to 1.8 x 107 mol”, or from 1.0 x 10°mol” 10 1.80x
10° mol”, or from 1.0 x H® mol™ 1o 1.70 x 10° mol”, as measured by HSGC with Sample Preparation
Method 2.
[00126] Low iscbutylene peneration {e.g., a peak arca of less than 6,000,000 ¢ and/or a peak area of
fess than 1.4 x 10 mol”, as measured by HSGC with Sample Preparation Method 1) is advaniageous
because ischatviene is toxdc. Therefore, a reduction in isobuiylenc gencration keads fo improved safety
in handiing the composition and masterbatch. as well as decreased production costs.  Furthermore.
isobutylenc is gencrated i the present composition and masterbatch as a result of deconposition of the
hindered phenolic antionidant. Therefore, reduced isobulylene generation indicates that decomposition
of the hindered phenolic antioxidant 1s advantageously reduced. or avoided,
[00127]) In an embodiment, the composttion containg, consists casenhially of, or consists of

(i) from I wi®h o 3 wi%, or 10 wi%s, or 20 wit¥, or 40 wit%, or 50 wi%s catalvst masterbatoh,
based on the total weight of the composition, and the catalyst masterbatch containing, consisting
essentially of, or consisting of (a) from 0.05 wi?, or .10 wi%, o7 0.30 w6, or 1.0wit%%, or 2.0 witdh, or
23 wit% 0 3.2 wi%e, or 4.0 wi¥, or 5.0 wi%, or 10 wi% AS-ASAS (suach as an AS-ASAS having the
Structare {1} and a molar ratio of suifur to mitrogen of 1:1}; ¢b) from 0.03 wi%, or 0.05 wt%, or 0.10
wit%s, or (.30 wi%h, or 1 O wi%, or 130 wit%, or 1,90 wiSs 1o 2.0 witle, or 3.0 wi%, or 4.0 wi hindered
phenol antioxadant; and {c} from 85 wi%h, or 90 wit%, or 94 wi% to 96 wibh, or 99 wi%, or 99.92 wi
carrier polyolefin (such as EEA copolymer and/or LDPE), based on the tofal weight of the masterbatch;

{i) from 30 wi%s, or 6{wi%s, or 80 wi®s, or 90 wii, or 23 wi% (o 99 wiYh silane-functionalized
cthylenc-based polymer {c.g., cthylenc/silane copolymer);

the catabyst masterbatch has one, some, or all of the following propertics: {a} an isobutylene
reduction as measured by HSGC with Sample Preparation Method | of at least 30% compared o the
samc masterbaich containing the aromanic sulfonic acid of the aromatic amme-aromatic sulfonic acid
salt, mstead of the salt andior (b) an sobudviene reduction as measured by HSGC wih Sample
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Preparation Method 2 of at Teast 50% compared to the same masterbaich containing the aromatic
aidfonic acid of the aromatic aminc-aromatic suHonic acid salt, instead of the salt; and/or {c)an
isobutylene generation peak arca from 0 g7 10 6. 000,000 7 or from 1,000 2™ to 6,000,000 &7, or from
300,600 g™ 10 6,000,900 g"l, or from 300,000 ¢ 10 5,000,000 g", as measwed by HSGC with Sample
Preparation Method 1; and/or (d) an isobuiylene generation peak area of from O mol ™ 0 1.4 x 10 mot
orfrom 1.0x 10" mol  to 1.4 x 10" mol™, or from 1.0 x 16" mol” to 1 4 x 10" mol”, as measured by
HSGC with Sasaple Preparution Method 1; and/or (e} an isobutvliene generation peak area rom 0 g™ 1o
1,000,000 57, or from 100 g7 t0 100,000 g™ or from 10027 10 830,000 ¢, or from 00 g7 10 75,0007,
as measured by HSGC with Sample Preparation Method 2 and/or {f) an isobutylene generation peak
arca of from G mol” o 1.8 x 10" mol™, or from 1.0 x 10° mol 1o 1.80 x 10" wol, or from 1 6 x 10°
mol” o 1.70 x 10”7 mol”, as measured by HSGC with Sample Preparation Method 2; and

the composiiion has one, some, or il of the following properties: {A) a hot creep afler awing I a
waier bath at 90°C, (A1) for 1 hour of less than 160G%, or lessthan 130%, or lessthan 1 10%. orless than
100%. or less than 30%,; andfor {A2) for 3 hours of less than 130%. or fess than 130%, or less than
1 10%, or less than 100%, or less than 80%, or less than 70%, or less than 40%; and/or (A3} for 6 hours
of kess thare 150%, or less than 0%, or less than 830%. and/or {B} a hot creep affer curing in ambient
environment, {B1) for 62 hours of less than 0%, or less than 70%; and/or (B2} for 90 hours of less than
1 H%4, or less than 190%, or less than 80%: andior (83) for 100 hours of less than 14094; and/or {B4) for
168 hours of fess than 140%6, or less than 100%. or less than 920%, or less than 60%; and/or (B5) for 230
hours of fess than [G)%, or less than 80%, or less than 60%, or less than 35%.
[O0128] §isumderstood that the sum of the components in each ofthe foregoing compositions yviclds
100 weight percent {wi%4},
FOBE2Y] In an cmbodiment, the composition is void of or substantially void of, propylenc-based
pobviner, such as silans functionalized propyvlene-based polymer and malcic acid functionalized
propylene-based polymer
FO0130] inan embodiment, the composition is void of, or substantially void of], sulfonate esters and/or
gsters of sukfonic acid,
[6i131] In an embodiment, the composition 13 void of, or substantially void of, epoxy resin
F60132] The composition may compnse bwo or more embodimenis disclosed herom.

F.  Couted Conductor
F60133] The prescot disclosure provides a coated conductor. The coatcd conductor inchudes a
conductor and a coating on the conductor, the coating includmy a composition containing (A} silane
fmctionalized ethylenc-based polymer, {(B) hindered phenol anttoxidant, {C} AS-ASAS, and,
optionally, {13} an addimive.
[G0134) The composition may be any composition disclosed herein.
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[G135] In an embodiment, the composiiion 1s a crosslinked composition,

[60136] Inas cmbodimcnt, the coating is an msulation sheath for a condecior. in another embodiment,
the coating 1s a jacket for a conductor,

FOUL37] The process for producing a coated conductor includes heating the composition o ag least the
meliing temperature of the sifane functionalized ethyvlene-based polymer, and then extruding the
polymeric nelt blend onto the conductor. The term “onto” includes direct contact or indirect contact
between the polvmertc moelt blend and the conductor. The polvimenc mel blend s in an exprudable state.
During and/or after extrusion, crosslinking occurs to form a crosslinked composition.

FI3R] The coating is located on the conduactor. The coating may be ome or more inner layers such as
an insulatng laver. The coating may wholly or partially cover or otherwise swround or encase the
conductor. The coaing may be the sole component surrounding the conducior. When the coating is the
sole component surrounding the conductor, the coating may serve as a jacket and/or an insulation. Inan
smbodunen, the coating is the outenmost faver on the coated conductor. Ahematively, the coating may
be one laver of a multlaver jacket or sheath encasing the metal conductor. In an embodiment, the
coabtitg directly contacts the conductor. In another embodinent the coating dircctly contacts an
mysulation laver surrounding the conductor.

FO0139] 1o an embodiment, the coating directly contacis the conductor. The term “directly contacts,” as
used herein, is a coating configuration whereby the coating s located mmmediately adjacent to the
conductor, the coating touches the conductor, and no intervening layvers, no intervening coatings, and/os
BO Eervesing structures, are presemt between the coating and the condustor.

[60140] In another embodiment, the coating indirectly contacts the conductor. The ferm “indirectly
contacts,” as used herein, is a coating configuration whereby an intervening laver, an intervening coating,
of an intervening struchure, is present between the coating and the conductor. Nonfimiting examples of
sritable intervening lavess, intervening coatings, and infervening straciures include insulation layers,
maisture bargier layers, buffer mbes, and combinations thereof. Nonlimiting examples of suntable
msulation layers include foamed misulation lavers, thermoplastic insalation layers, crosslinked msulation
lavers, and combinations thereof

[6i141] In an embodiment, the composition containg carbon black, and the coating is a sepuconductive
faver on a conducior.

[60142] The coating s crosslinked. In an embodiment, crosshinking of the crosslinkable composition
begins m the cxtmeder, but only to a mirumal cxtent. In another cmbodiment, crosslinking is delaved
untit the crosslinkable composition is extruded upon the conductor. Crosslinking of the crosslinkable
polvineric composition can be intiated andfor accelerated tlyough exposere to humid environment {e.g.,
ambicnt conditions or cure In a sauna or waker bath). In an embodiment, crosshinking of the
crosslinkable composition 15 wniiated and/or accelerated through exposure & moisture.

23



CA 03148664 2022-2-18

WO 2021/042356 PCT/CN2019/104650

[G143] In an embodiment, the coated conductor 1s selected from a fiber optic cable, a communications
cabde {such as a twelephone cable, a local area network (LAN) cable, or a small form-factor plupeable
{SFP) cable), a power cable, wiring for consumer clectromics, a power charger wire for cell phones
and/or computers, compuer data cords, power cords, appliance wiring maserial, home mienor winng
material, consumer electronic accessory cords, and any combination thereof,
[60144] The coated conductor may compiise fwo or more embodiments disclosed herein.

G FProcess
[0145] The present disclosure provides a process for moisture curing a silane-functionadized ethylens-
hased polymer. The process includes (A} providing an aromatic amine-aromatic selfonic acid salt
(AS-ASARS)Y, (B) mixing the aromatic amine-aromatic sulfonic acul salt with a hindered phenol
anlioxidant (o form a catalyst composition: () contacting a silane functionalized ethviene-based
polvmer with the cotalvst composition o form a crosslinkable composition; and {IJ) exposing the
crosslinkable conmposition 1o moisture cure conditions to foun a orosslinked composition.
FOBId6] Mossture cwre conditions include the presence of water {e.g., as a bath or humidity present in
the environment}, and a temperatore of from 20°C, or 23°C w0 25°C 1o 30°C.
[60147] In an embodiment, the (B) mixing the AS-ASAS with a hinderced phenol antioxidant to
form a catalvst composition and the (T} contacting a silane functionalized ethyviene-based polymer
with the catalyst composition to form a crosshinkable composition ocowr simubtancously. Tn other
words, the AS-ASAS, hindered phenol antioxidani, and siane functionalized cthylene-based
polveter are simultancousty blended to form the crosshinkable composition,
[00148]) In an embodiment, the (B) nuxing the AS-ASAS with a hindered phenol antioxidant wo
torm a catatysi composition inchides forming a masterbateh containing, consisting essentiallv of, or
consisting of (i} the AS-ASAS {such as the AS-ASAS having the Structare {I), with a sulfir to
niteogen molar ratio of 1:1), {ii} the hindered phenol antioxidant, and (ii1) a camrizr polvolefin, The
masterbatch and the carnier polvolefin may be anv respective masterbatch {also referred to as a
catalyst masterbatch} and camier polvolefin disclosed herein. In an embodiment, the carrier
polvolefin is a blend of EEA copolvmer and LIPE.
[6i149] In an embodiment, the process mchides synthesizing the AS-ASAS by mivng the aromatic
amine with the aromatic selfomic acid 1 an organic selvent or a wax, for a penod of from one, ortwo to
three, or four, or Aive, o six hours at room temperature (23-23°(). Nonlimiting examples of suitable
organic solvent include dichloromethanc, tohiene, and combmnations thereof
[O150] The process may comprise two or more embodiments disclosed herein,
[6E51] By way of example, and not Tunitation, some embodiments of the present disclosure will now

be desenbed in detadd in the following examples.
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[8152] The matcnals used in the examypes arc provided 1 Table 1 below.

Table 1. Materials

PCT/CN2019/104650

Compenent Specification Squrce
SELINKTMBEA-3451 | ethvlene/sifane copolymer The Dow Chemical
NT density = 0.922 g/ce; melt index = [.5 o/10 min Company

density = 0.92 g/og; mell index = 2.3 /10 min

DXM-2035 ethylenc/ethyt aciylate (EEA) copolymer The Dow Chemical
19 wi%s ethyl acryiate; roelt index = 20 g/10 min, Company
deusity = {1.93 gicc

BXM-346 fow densiy polyethylene (LDPE); CAS 9602-88-4; | The Dow Chemical

Company

RGANOX 1010

hindeced phenol antioxidant, CAS 6683-19-8;
pentasoyihrito] tetralos{ 343, 5-di-teri-batv -4~
Iy droxypheny Iipropicnie

BASF

NACURE™ BZ01

aromatic sulfonic acid; naphthalcne sulfonic acid

K.ing Industrics, Inc.

DHSA

aromatic sulfonic acid; CAS 27176-87-0;
dodecy thenzenesnlfome acid (DB A)

Esnergy Chemical

4-methy fhenzenesulfonic

aromalic subforic acid; 4-mothyibenzenesulfonic

Shanghai Haohoog

acid

98%; CAS 120-18-3

acid monohydrate acid monohydrate, 23% solution; CAS 6192-52-5 Biomedical
Technology Co., Lid
naphthalene-2-sulfonic aromalic sulfonic acid; naphthalene-2-sulfonic acid, | Shanghai Macklin

Biochemicat Co., Lud

trifluoromethanesulfomc
acid

frifluoromethanesoifonic acid, 99%;
CAS 1493-16-

Enerpy Chemical

methancsalfonic acid

methanesuifonic acid, 999, CAS 75-75-2

Shanghai Macklin
Biochenscal Co., Lid.

paphthalene-1-sulfonic
acid

maphthalone--sulfonic acid, 98%,; CAS 85-47-2

China Langchem Inc.

NAUGARD™ 445

aromalic ankng, CAS 10081 -67-1
bis{4-2-phenvipropan-2-viiphenv Damine

Encrgy Chemical

di¢f 1 ebipheny H~d- aromatic amine;, CAS 102113984 Bide Pharnmtech Ltd
yijannne di(f 1. | -binhenvij-d-vanrine, 97%
AD 4020 aromatic amine, Ni-(4-methy ipentan-2-yb-N4- Tiangin Heowos
pheny bhenzens- | 4-diamine, 98%; CAS 793-24-3 Biochem LLC
AQ 24 polymerized amine, CAS 26780-96-1 Bide Pharnmtech Lid
polymenzed },2-dihydm-2, 2 4-nmethy lquinotine
prixfure of dimner (3045 wiSe), trimer {2540 wi%a).
g tetrmmer (315 wita)
ditsobuty Eamine diisobuiviamine, 99%: CAS 110-96-3 Merck
diisopropylamine diisopropylamine, 99%:; CAS 108-18-9 Merck

A Ceatalyst Salt Syathesis

[61%3] The catalvst salts of Table 2 are synthesized by combinmyg 1¢ renol amine with 10 mmol acid

1 a reacteon flask that contains 10 mb dichloromethane. For amines containing more than one amino

group, the amount of acid within the reaction mixthare is varied to achieve the destred stoichiometric ratio

between the sulfnnc acid and amino groups,

[O154] The reaction mixture is stirred for two hours &t room @emperature (23-23°C). Then, the

solution is evaporated using a rotary evaporator under a reduced pressuse of 0.1 MPa at 35°C for 15

nunutes, and the calalyst salt sobid product is obtained and dned over a vacunm at room temperature

o

€23--25°C) for a peniod of 6 howrs.
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[G155] The ammne, acid, and resuling catalvst salts are provided m Table 2. Agshownin Table 2, Ex
Sabt 1-4 B Salt 7, Ex Salt 9, Ex Salt Fi. and Ex Salt 15 cach is an AA-ASAS.

8. Catalyst Salt Masterbatch Preparation and Pellefization
FOULS6] DXM-203 (EEA copolvmer) and DXM-446 (LIDPE) are fed in equal anounts {te, a 1l
weight ratio) into a Brabender mixer sei at a temperature of 120°C and arotator speed of 13 rofations per
mumite {rpm} Then onc of the catalyst salis of Table 2 and IRGANOX™ 1010 (Jundered phenol
antioxidant} are fed mio the maxer, and the masterbatch composition Is maxed for three muouses at a
temperature of 120°C and a rotator speed of 30 rpm.
FEIST] After mixing, the Catalvst Salt Masterbatch is fed mnto a Brabender single-screw extruder ser at
120°C, and pelictized.
[00158] Each Catabvst Salt Masterbatch containg 4.4 mmol/100 g sulfonic groups, based on the
respective catalbyst salt masterbatch. The composition of each Catalyst Salt Masterbatch is provided
below in Fable 3.
FOBIS9] Catalvst Salt Masterbatches of Table 3 are measared for isobutviene by HSGC orby GO, afler
Sample Prepamation Method | or Samiple Preparation Method 2 as described above in the Test Methods
section. The resukts are provided in Tahles 4A and 4B below. Inthetables, “NM™ indicates a valuc was
not measured.
[60160] Asshown in Table 4B, the catalyst masier batch MB2 1 {which contains DBSA) gencrates two
times the amornst of isobutylenc than cataly st master batch MEB 19 {which contains naphihalene selfonic
acid), as measured by GC and Sample Preparation Mothod 2. This suggests that DBSA tends to
decompose hindexd phenol antioxidants at a faster mte than naphthalene sulfonic acid. However, as
shown in Table 4A, catabyst magster batch MB2 {which contains Ex Salt 2, an AA-ASAS formed using
DBSA and NAUGARD™ 445}, surprisingly generates much lower iscbotviene compared to catalyst
master batch MB19 (which contains naphthalence sulfonic acid). Not wishing to be bound by any
particular theory, it is believed that at Feast 50% sobutylene reduction can be achieved by using the

aromatic amine-aromatic sulfonic acid salt instead of sorresponding sultonic acid.
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Table 4A. Isobutyilens Measurement by HSGC and Sample Preparation Method 1.

MB1 ME2 MBE3 MB: | MBI1S | MBIO
Peak AteaHSGL) /Weight, 2 3 SREA06 | 4.5 704006 | 1. 60EH06 12 ASE407 16 06503 | 8.19E-+06
: SGC ; y - T P ) o -

Ef;ﬁmea (HSGC) per mol Sulfur, S.S6E+10|1.045+11|3.63E+101 S.56E+11}1.3SE+10| 1.86E+11

Table 48. Isobutviene Measurement by HSGC or GC, and Sample Preparation Method 2.

MB4 | MBT | MBE | MBII | MBIZ | MBI9 | MB2:

HSGC Measwwement
,%}: ﬁfg‘ﬁa HEG0) 6565104 T13R104 | 2. 705105 | 5. 58E 104 18 05E104 ) 1078106 NM

Peak Arca (FISGO) per

1 FASEAOD! T a2E-09 16 13509 [ 2TE+HOV 1 B3E+09]2 2B+ 10 NM
rod Subfur, mol

G Measurement

Peak Area {GC) /Weigly,
~L
2

NM NM NM N N 1 7TE+O6 | 3. 53E+H06

Peak Area (GC) per mol

. 3 N™M WM NM NM NM 4 T BEOZEHID
Sulfur, mol

C.  Composition Preparation
FODI61] SELINKY™DFDA-3451 NT {ethyvlene/sitane copobymern) peliets and Catalvst Salt Masterhatch
fof Table 3) peliets are dry blended to form a dry blend with 93 wi% SELINK ™ DEIDDA-S431 NTand 3
wit% Cagabyst Salt Masterbatch, based on the total weight of the dry blend, The drv blend is fod o a
Brabensder single-screw extmuder set at 160°C, and are muxed untif the composifion s in a molten fonm.
Then, the composition 1s extraded o a tape having a thickness of 1 mm.
[B0I62] At lcast onc tape for cach sample is placed into a waler bath sct af a wemperature of S0°C.
Samples are tested for hot creep after siting n the water bath for | hoete, 3 hours, and 6 houwrs. Sample
composttions that are crosshinkable undergo cure in the water bath,
[O0I63] At least one tape for each sampde is placed on 2 workbench in ambient eovironment (room
temperature of 23-23°C, 530% relative lmumidity). Samaples are tested for hot creep afier siting i
ambient envisonment for 69 hours, 90 hours, 100 hours, 168 hours, and 230 howrs. Sample compositions
that are crosslinkable underso cure in the ambient environment,
[60164d] The composition of cach sample, and the results are provided below in Table 5.
[601638] As shown in Table 5, CS 6, C5 8, 8 13, and €8 14 cach comains {A} cthyiene/sifang
copolymer (SELINK™ DFDA-343 ] NT), (B) hindered phenol antioxidant (TRGANOX™ 1D, and
{} an aromatic amine-linear subfomic acid sale (S Salt 6, CS Sali §, CS Salt 13, and €S Salt 14, (56,
CS 8, C8 13, and €S 14 cach lacks an aromaic anunc-aromatic sulfonic acid salt. €85 6,588, C5 13,
and €85 14 each broke during hot oreep testing at all time lengths—indicating that the compositions are
not cured. Consequently, €S 6, C5 8, C§ 13, and C8 14 are not moistore crosslinkable compositions.
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[eR166] CS 16and €8 17 each contams {A) ethylene/silane copolvmer (SILINK M DFDA-345F NT),
(B} hindercd phenot antioxedant (IRGANOX ™™ (G140}, and (C) & lincar aminc-aromeic subfonic acid salt
(CS Sak 16 and CS Salt 173, €S 16 and T8 17 cach lacks an aromatic amrune-aromatic sulfonic acud salt,
5 16 and €5 17 each broke dunng hot creep testing at all time lengths—indicating that the
compositions are not cared.  Consequently, €S 16 and CS 17 are not moisture crosslinkable
COMpOositions.

[00167] CS 18 contains (A) ethviene/silane copolymer (S-LINK™ DFDA-3431 NTL (B) hundered
phenol antioxidant (IRGANOX™ {010}, and {C) a polymenic arormatic amine-aromatic sulfonic acid salt
(€6 Sale 1R). €8 18 lacks anon-polymenc an aromatic antine-aromatic sudfonic acid sale. €5 18 broke
during hoi creep testing ai all time lengths—indicating that the composition is not cured. Consequently,
8 18 13 not a moisture crosslinkable composition.

[60168] S 19 contmns (A} ethnvlene/sikime copolymer (SELINKT™ DFDA-3451 NT), €B) hmndered
phenol antoxidant (JRGANQOX™ 1010), and (C) aromatic sulfonic actd (NACURE™ B201H). €8 19
facks an aromatic amine-gromatic sulfonic acid sale.  As shown m Tables 4A and 4B, the catalvst
masterbaich contmned in C5 19 (MB19) exiubits an isobetviene generation peak aren of greater than
6,044,000 per gram (3,190,000 per gram) measured by HSGC and Sample Preparation Meothod 1.
Consequentlv, T8 19 1s dangerous to produce and handie.

[ee%] S 10 OS5 12, and C5 14 cach contains {A) cthvlena/sitane copolymer (SI-LINKT™™ DFDA-
5451 NT), {8} hindered pheno] antioxidant (RGANONXT™ 1010}, and {C) ap aromatic amine-aromatic
sulfonic acid salt that has a molar ratio of sulfur fo nitrogen greater than 1.3:1 {2 1 ¢C8 Sal 10, €S Sak
12, and C8 Salt 14). €S 18, C8 12, and CS 14 cach broke duning hot ercep westing at all time lengths—
mchicating that the compositions are not cured. Conseguently, U5 10, C5 12, and C8 14 are not moistare
crosslinkable compositions.

Fe0176] In contrast, a composition {(Ex 1-Ex 4, Ex 7, Ex 9, Ex 11, and Ex 15} containing
(A} ethylenefsilane copolyvmer (SELINKTM DFDA-3451 NT), (B} hindered phenol antoxadant
{IRGANOX™ 10103, and () an aromatic amine-aromatic sulfonic acid salt that has a molar ratio of
sulfur to nitrogen greater than 111 surprisingly oxhibats suttable botceep (e.g., a hot creep of 130% or
fess after gaining in ambient environment for 168 hours}—indicating that the compositions are
crosslinkablo—while also exlubiting safe fevels of sobutylene genemtion {eg., an msobutylene
generation peak area of less than 6,000,000 per gram measured by HSGC and Sample Preparation
Method L.

i 15 specificathy mtended that the present disclosure not be hinuted 1o the embodiments and iHlustrations
comtained herein, but mmclede modified forms of those embodiments including portions of the
emboduneits and combinations of clements of diffcrent embodiments as come within the scope of the

following clams.
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CLAIMS

We Claon;

i. A composition comprising:
{A} a silane Rmctionalized ethyienc-based polymer;
(B} abindered phenol antioxidant; and

{C) an sromatic andne-aromatc sulfonc acid salt.

2. The composition of claim 1. wherein the aromatic amnne-aromatic subfonic acid salt has a

Structure (1)

Structure (1)

wherein Y 1s an integer {from 1 to 3;

R} is selected from the group consisting of an ary) group, a substinsted aryl group, an alkyl

grougp, or a substituted alkyl group:

R’ is selected from the group consisting of an ary) group, and a substituted arv} group:

R’ is selected from the gronp consisting of an aryl group, a sobstifuted aryl group, an alkyl

group, a substituted alkvi group, or bydrogen:

R} is selected from the group cousisting of an arvl group, and a substituted arvl group; and

¥ is an infeper from 110 4,

3. The composition of claim 1 or 2, wherein the aromatic amine-aromatic suifonic acid salthas a

molar ratio of sulfur o wtrogen of i1,

4. The composition of any one claims 1 — 3, wherein the silane functionalized polyolefin is

selected from the group consisting of a silane-grafted ethvlene-based polymer and an ethvilene/silam:

copolymer.

5. The composttion of any one claims 1 — 4, comprising
{A} from 30 wi% o 9% wi% silanc imctionalized othvlenc-based polymer;
{(B) from (.03 wi% to I wt% hindered phenol antioxidant; and

{C} from $.05 wit 1o 5 wi% aromalic amme-aromatic sulfonic acid salt,

6. The composition of any one claims 1 - 3, whercin the composition is crosslinkable.

7. The composition of any one claims 1 - 6, wherein the composition has a hot creep after

curing in a water bath at 90°C for 3 hours of less than 100%.

8. The composition of any one claims | — 7, wherein the composition has a hot creep afler

curing in ambient environment for 168 hours of kess than 100%.

9 The composition of anv onc claims 1 - 7, whercin the composition exhibifs an isobwtvienc

33

CA 03148664 2022-2-18



CA 03148664 2022-2-18

WO 2021/042356 PCT/CN2019/104650

reducion of af least 30% compared to the same composition confaining the aromatic sulfonic actd of
the aromatic aminc-aromatic sulfonic acid salt, instead of the salt.
i0. A coated conductor comprising

a conductor; and

a coating on the conducior, the coating comprising the composition of any one claims I - 9.
ik A process for moistore curing a silane functionalized ethylene-based polyiner comprising:

{AY  providing an aromatic anune-aromatic saifonic acid sali;

{B} mixing the aromatic amine-aromatic sulfonic acid salt with a hindered phenol
antioxidant to fonm a catalyst composition;

(Y combacung a silane functionalized cthvlepe-based polvimer with the camalvst
composition o form a crosslinkable composition; and

(I}  exposing the crosshinkable composition to moisture cure conditions o form a

crosshinked composition.

iz he process of clamm 1], wherein the (B) mixing and the {(C) contaching occur
sizyneancously.

13. The process of claim 11, wherein the {B) mixing comprises forming a mastcrbatch
COMPTISING

the aromatic amine-aromatic suifonic acid salt;
the hindered phenol antioxidant; and
a careier polyoletin,
14, The process of any one claims [ — |3 comprising (A} providing the aromatic amine-aromatic

subfonic acid salt having a Structare {13}

:7@\ R® ﬁ Struecture (B
Rik Rzi' ) Y o ﬁ\R4
O

wherein Y is an mtcger ffom 110 3;

R} is selected from the group consisting of an arvl group, a substituted arvl group, an alkyl
group, or a substiteted alkyl group;

R* is sclected from the group consisting of an arvl group, and a substituted arvi group;

R’ is selected from the group consisting of an ary) group. a substituted arvl group, an alkyl
group, a substituted alkvi group, or hvdrogen;

R* is selected from the group consisting of an aryl group, and a substituted arvl group; and

X is an integer trom 1 1o 4,
15, The process of anv one clairs 11 - 14 comprising (A) providing the aromatic amine-aronsatic
salfonic acid salt having a molar ratio of sulfur to nitropen of 1:1.
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