ABRASI ON RESI STANT ELECTRI CAL W RE CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clainms priority to United States Provisional Application
Seri al Nogo 2060/%B3s02406, 60/ 637,419, and 60/ 637,412 fil eg¢corusbwsenisss 17,
2004, which are incorporated in their entirety by reference herein.
BACKGROUND COF | NVENTI ON Aut onotive electrical wre | ocated under the hood
in the engine conpartnent has traditionally been insulated with a single

| ayer of high tenper ajzmres $1030 RESISNA NTSFICSETR yAT, VAIRRINcoat ed copper
conductor. Thernopl astic pol yesters, cross |inked pol yethyl ene and

hal ogenat ed resins such as polyvinyl chloride have long filled the need for
the high tenperature insul ati on needed in this challenging environnent that

requi res FROSSREFFRENCELY REIATED MAHICATIPRS st ance, flame retardance,

and flexibility. Thernoplastic polyester insulation |ayers wth outstanding
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have al so, been found, t.o cracl% when exposed to hot salty water and have
fail ed whBROPARERARET SPtHE S e TR ure cycling.  There is an
increasing desire to reduce or elimnate the use of hal ogenated resins in

coveri ngspddgk ¢ROURED DFROALNYRONNMPact on the environnent. In fact, many
countries are beginning to nandate a decrease in the use of hal ogenated

materials. However, as nuch of the wire coatjing extrusion equipnment was
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pol yet hyl gng Basuhavagdl Yoheencaiduerss! ulhdrmoplastii diohgesterghcloesrpiiadur e
polyethylene and halogenated resins such as polyvinyl chloride have long filled the
need for the high temperature insulation needed in this challenging environment that
requires not only heat resistance, chemical resistance, flame retardance, and

flexibility.

Thermoplastic polyester insulation layers with outstanding resistance to gas and oil,
are mechanically tough and resistant to copper catalyzed degradation but can fail
prematurely due to hydrolysis. The insulation layers in thermoplastic polyester
insulated electrical wires have also been found to crack when exposed to hot salty

water and have failed when subjected to humidity temperature cycling.

There is an increasing desire to reduce or eliminate the use of halogenated resins in
coverings due to their negative impact on the environment. In fact, many countries
are beginning to mandate a decrease in the use of halogenated materials. . However, as
much of the wire coating extrusion equipment was created based upon the
specifications of halogenated resins such as polyvinyl chloride, any replacement

materials must be capable of being handled in a manner similar to polyvinyl chloride.

Cross linked polyethylene has largely been successful in providing high temperature
insulation but this success may be difficult to sustain as the requirements for

automotive electrical wire evolve. The amount of wiring in automobiles has



insulation but this success may be difficult to sustain as the requirenents
for autonotive electrical wire evolve. The anobunt of wiring in autonobiles
hasi ncr easedo@xg@ssventi al |y, as nore el ectronics are bei prgTuSeesiomssoder n
vehi cl es. The dramatic increase in wiring has notivated autonobile

manuf acturers to reduce overall wre dianeter by specifying reduced

i nsul ation |ayer thicknesses and specifying sma r conductor sizes. For

exanpl e, h&hRA%ApeRatiafly, o8 mbrerelcttonird Ued Béindavdnig roduinsehislest Thsal area
of 2.5 square ml Fi meters, that the thin wall insulation thjckness be 0.35

m || i met edrematielincheaseiin wiingtiap meaivater pytomzghilepmamyfackies 4o prluge ouerall

mllimeters., The reductions.in | | ati L] _thi S icfficulties
when usi n§& rBLEFIeH B S%%ﬁ?%‘tghﬂ?fj{e}‘??tea. 8@%‘?@%&% %gé&@%g? f@? h%egiﬁyeﬁ’%he
t hi nner i gsdileatbiductcteiest Fot kxanpley BRUbY2D Bpestiivs) for atdoaduwbr havieg awhen

aged at oven tenperatures between 150C and 18CQ0C, This limts their thernal
rating. Fopsseseatipha aregrofed.& savare millignetersnthat Hig o Wakh drsulabiog JRICEResYi t h an
adj acent cr I t LAgul atj - bBGiRidetdR. M | 11 meter
wal | thic en(ggiH@ﬁ‘ﬁ%@%ﬁ(%e&#gf?ﬁ@vﬁﬁ%ﬁ% tﬁgﬁﬁlﬁ%%? J6'%I‘g'es nlo% %r ack when
bent around a mandrel after being exposed to 150C for 3,000 hours. But a
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copper catalyze gradat i1 on, Ich” s w y recogni zed as a problemin
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recogni zed that stabilizers yield only partial protection for electrical

Wi re havi elgettindln wiggl haying ck resessigked polyethylene insulation layer with a 0.25

millimeter wall thickness the insulation layer becomes brittle after being exposed to
150°C for 3,000 hours. The deleterious effects created by these extremely thin wall
requirements have been attributed to copper catalyzed degradation, which is widely

recognized as a problem in the industry.

It is possible to coat the copper core with, e.g., tin, in order to prevent the copper from
contacting the crosslinked polyethylene but the additional cost of the coating material
and the coating process are expensive. In addition, many automotive specifications
require that the copper conductor be uncoated. It is also possible to add stabilizers,
also known as metal deactivators, to the insulation material but it is recognized that

stabilizers yield only partial protection for electrical wire having thin wall thicknesses.

It has been proposed to employ bilayer or trilayer insulation materials wherein a
protective resin based layer is disposed between the crosslinked polyethylene and the
copper conductor. However, manufacture of bilayer and trilayer insulation materials
is complex, requires increased capital expenditure and the multi layer material

presents new issues of inter layer adhesion.



It has been proposed to enploy bilayer or trilayer insulation materials
wherein a protective resin based | ayer is disposed between the crosslinked
pol yet hylwoeoendsiobe copper conductor. However, manuf actrarasefoshiisayer and
trilayer insulation materials is conplex, requires increased capital
expenditure and the multi layer material presents new issues of inter |ayer
adhesi on. Accordingly, there is an ongoing need for electrical wres having
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BRI EF DESCRI PTI OF THE | NVENTI'ON The above described need is net by a

el ect ri caloveiingthetarppsefithig thaawoengiice G1viroamgna covering di sposed over the
conductor wherein the covering conprises a thernoplastic conposition and

t he ther i bEOﬁ IW.W' (i) a poly(arylene ether); (ii) a
pol yol ef W?ggﬁﬁgﬁc polérrer; angm(i v) a flane retardant wherein the
electrical wire has an abrasion resistance of greater than 100 cycles, as

det er mi nerhdypotb@essab@pecedlis art bya sieetichi wat canpofing:SO 6722 using a 7

Newt on | oad, a ngedl e having a 0.45 mllineter dianeters, and an el ectrical
wire havidwpnduetenddétor with a cross sectional area of 0.22 square

mllimeters o@@x?n% &iQYdzkd NGy ttll[};b BohlhGhN85Rerlh e dBvblihgBedRhstise@Nsl Wherein
the thernoplastiT conposition has a tensile elongation at break greater

t han 30% tasmstelstiocaagodittorASIMhPEREMOAlastsd cognpmsifippecompsigesci men and a speed
of 50 mlineters per g wte, and a flexural nodulus |ess than 1800
Megapasc ik RNPETYIER Feter mi ned by ASTM D790-03 using a speed of 1.27
mllinmet e("ii?a%fyoi@ﬂﬁ‘,‘t e. BRI EF DESCRI PTI ON OF THE DRAW NGS

(iii) a block copolymer; and

(iv) a flame retardant

wherein the electrical wire has an abrasion resistance of greater than 100 cycles, as
determined by the scrape abrasion specification of ISO 6722 using a 7 Newton load, a
needle having a 0.45 millimeter diameters, and an electrical wire having a conductor
with a cross sectional area of 0.22 square millimeters and a covering with a thickness
of 0.2 millimeters, and

wherein the thermoplastic composition has a tensile elongation at break greater than
30% as determined by ASTM D638-03 using a Type I specimen and a speed of 50
millimeters per minute, and a flexural modulus less than 1800 Megapascals (Mpa) as

determined by ASTM D790-03 using a speed of 1.27 millimeters per minute.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a cross-section of an electrical wire.
Figures 2 and 3 are perspective views of an electrical wire having multiple layers.
DETAILED DESCRIPTION

In this specification and in the claims, which follow, reference will be made to a

number of terms which shall be defined to have the following meanings.



Figure | is a schematic representation of a cross-section of an electrical
wre. Figures 2 and 3 are perspective views of an electrical w re having
mul ti pl e WeyessssETAI LED DESCRI PTION In this specifi caticonsasndoissé he
clainms, which follow, reference will be nmade to a nunmber of termnms which
shall be defined to have the foll ow ng neani ngs. The singular fornms "a,"
"an," and "the" include plural referents unless the context clearly
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descri bed _event or circunstance may or may not occur, and that the
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expressed ds "greater 'than "about™ or "l ess than about™ are inclusive the

st at ed endipomstancd may exanpinet olayr,catl dhat tthadesabipinn Behbdeemsanpasdese t he

val ue of }?'5' | SO 6722,. when r fer.rgd to herein, is the Decenber 15, 2002
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t he absence of "hal ogenated materials. In particular, the conbination of
good abr awmbinabésirst mabeivepf dhe resiied bedpoingngélvaesrexaragsed aph “dréasstitban ity i s

difficult_ to,achiev El ectyical wres,ar ed,tp _signifigant
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a vari et yhaf aboRfg 88 cadinsmydsttheSalti®opshi eve the final wring configuration.
Thi s mani pul ation frequently involves the electrical w res being rubbed
along a variety of surfaces. In addition, over the life of the car, many
wires ar dSOUbj2echen rebererddp hicesinlis Bisesewhedh s LAY vapigalof thestandard: he past

the thickness of the covering was the prinmary protection agai nst abrasion
and whi | CASBli& 1y discussed before, electrical wires must meet a wide range of requirements

depending upon their application. The requirements for automotive wires are difficult
to achieve, particularly in the absence of halogenated materials. In particular, the
combination of good abrasion resistance, high tensile elongation and high flexibility is

difficult to achieve.

Electrical wires are exposed to significant manipulation during car manufacture as
wire harnesses are threaded through a variety of spaces and cavities to achieve the
final wiring configuration. This manipulation frequently involves the electrical wires
being rubbed along a variety of surfaces. In addition, over the life of the car, many
wires are subjected to additional abrasion during normal use. In the past, the
thickness of the covering was the primary protection against abrasion and while some
material might be worn away, enough remained to provide sufficient electrical
insulation. As wiring density increases, the need for electrical wires with thinner

coverings increases, making the abrasion resistance of the covering more important.

Abrasion resistance, as described herein, is determined by ISO 6722 on an electrical
wire having a conductor with a cross sectional area of 0.22 square millimeters and a
covering with a thickness of 0.2 millimeters using a 7 Newton (N) load and a needle

with a 0.45 millimeter diameter. Abrasion results are reported in cycles. In various



material m ght be worn away, enough remained to provide sufficient
electrical insulation. As wiring density increases, the need for electrical
Wi res wi twotbegnsssozcoverings i ncreases, nmaking the abragconse@siosisanice of
the covering nore inportant. Abrasion resistance, as described herein, is
determ ned by 1SO 6722 on an electrical wre having a conductor with a
cross sectional area of 0.22 square mllineters and a covering with a

t hi cknes$ 8fdfhtdMink labABloaresistehdtofathd eNewtcanw(rblis pratr dn Wongeltise with a
0.45 miIlineter dianeter. Abrasion results are reported in ceycgéqeagy_ In
is

var i ousembodorespesifictlly, greatesithin ereequal Nt e¥cleshar sVer mare sp

greater tha 0 cycles, , e i.f1cal al to
T50-cycl et b 2yl TP b sokboP RS oliRA% 1090
cycles. The samXleHainsMDssragbn fat6t-08e gauater €dni 1900 @AQreportedsamil0e8. havi ng an
abrasion resistance greater than 1000 are reported as >1000. Anot her

i mportant property of the covering is tensilge e]ongation. he. el ectri cal
Wi res ar dnother dapprrm AP R0l e W§n§%é%éeélsg‘?18{°8§%i°ﬁ eés(}@?sle (jtr’a‘fﬁ{ onobi | e

manuf actur.e the ¢ [ S f§iaCdRhd SLABEGN dh@nM 4dishebide t he
mani pul at1'oh \?\AFet rPgﬁl}?‘ﬁ s{ri}g% ng}.léqf%ﬁg %i{qagér?, Ia‘lggl/er the |i flégmof the car, the
tensil e ehgn@atirenhd esmiing nusp bataniffitient stdntsbwitbstargbtiermamipuletieh nar y

wear, particularly when attached to v e parts such.as seats. .The
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the electrical wire nust be capabl e of being bent and pani pul ated wi t hout
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| eak. equal to 50%. The tensile elongation can be less than or equal to 300%. The bars for

tensile elongation are molded as described in the Examples.

Another important property of the thermoplastic composition used in the covering 1s
flexibility, as indicated by the flexural modulus. Flexibility is an important property
for a covering as the electrical wire must be capable of being bent and manipulated
without cracking the covering. A crack in the covering can result in a voltage leak.
In addition, several tests included in ISO 6722, the international standard for 60V and
600V single core cables in road vehicles, require that the electrical wire be subjected
to a prescribed set of conditions and then wound around a mandrel. After being
wound around a mandrel the covering of the electrical wire is examined for cracks
and defects. Electrical wires using thermoplastic compositions that are minimally
flexible prior to being subjected to conditions such as heat aging or chemical
resistance testing frequently have insufficient flexibility, after being subjected to
testing conditions, to be wound around a mandrel without cracks developing in the

covering.



In addition, several tests included in I SO 6722, the international standard
for 60V and 600V single core cables in road vehicles, require that the

el ectri cavowssmeb®m2subj ected to a prescribed set of condcriuspesansss hen
wound around a mandrel. After being wound around a mandrel the covering of
the electrical wire is exam ned for cracks and defects. Electrical wres
usi ng thernopl astic conpositions that are mninmally flexible prior to being
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in all three areas simultaneously. The thernoplastic conposition described

herei n compdilsemaztbel gmsghtfonparghasekievainsdepssieatly,rit haserisngly difisl (ar yl ene
et her) phase., The ol‘)]éol ef m phase :1 a conti.nupus %]ase. I n one enbodi nent,
t he pol y(tﬁr*’}?h’@ﬁ"‘ea‘éft%ﬂ@ PepRERgce I g g%%er%rg%i; TR ?i‘ée"g {yol efi n phase. Good
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. continuous phase. In one embodiment, the poly(arylene ether) phase is dispersed in
the polyolefin phase. Good compatibilization between the phases can result in
improved physical properties including higher impact strength at low temperatures
and room temperature, better heat aging, better flame retardance, as well as greater
tensile elongation. It is generally accepted that the morphology of the composition is
indicative of the degree or quality of compatibilization. Small, relatively uniformly

sized particles of poly(arylene ether) evenly distributed throughout an area of the

composition are indicative of good compatibilization.

The thermoplastic compositions described herein are essentially free of an alkenyl
aromatic resin such as polystyrene or rubber-modified polystyrene (also known as
high impact polystyrene or HIPS). Essentially free is defined as containing less than
10 weight percent (wt%), or, more specifically less than 7 wt%, or, more specifically
less than 5 wt%, or, even more specifically less than 3 wt% of an alkenyl aromatic
resin, based on the combined weight of poly(arylene ether), polyolefin and block
copolymer(s). In one embodiment, the composition is completely free of an alkenyl

aromatic resin. Surprisingly the presence of the alkenyl aromatic resin can negatively



tensile elongation. It is generally accepted that the norphol ogy of the
conposition is indicative of the degree or quality of conpatibilization.
Smal |, relvetwaaleysoani formy sized particles of poly(arylpemaseidseidssevenl y
di stributed throughout an area of the conposition are indicative of good
conpati bilization. The thernoplastic conpositions described herein are
essentially free of an al kenyl aromatic resin such as pol ystyrene or
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H PS) . Eiiﬁntially free is defined as containing | ess than 10 wei ght
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pol yol efin and bl ock copol yner(s).” I n one engodlnent, the conposition is
conpl et elfprhule€l)of an al kenyl aromatic resin. Surprisingly the presence of
the al kenyl aromatic resin can negativelyaffect the conpatibilization

bet ween the pol y(aryl ene ether) phase and the pol yol ef m phase. As used
herein, a %¥yRol yfaryl ene ether)" conprises a plurality of structural units

of the for (1): wherein for each structural unit, each QL and Qis

i ndepend 0egen, hal ogen, primary or secondary |ower alkyl (e.g., an
al kyl cont ai g 1 to 7 carbon atons), phenyl, hal oal kyl, am noal kyl,

al kenyl al kg?', abkynyl al k{}, hydrocarbonoxy, aryl and hal ohydr ocar bonoxy

wherein at |east two carbon atons separate the hal ogen and oxygen atonms. In
sone enbodi nents, each QL is inde en]dentIFx;, al kyl or phenyl, for exanple,
Cl- 4 al kyvhergindorgach sgwcwgali%emcﬁdé n#nd Qhipdpedpepdantlyhvdigen, Ijagen,

pol y(aryl t he ri ecul i i | kyl - C, y ni ng end
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di phenyl dmlqhy FOCH _oEp@dd@(erqlg aﬁﬂ@@éﬁpp carbon atoms separate the halogen and

oxygen atoms. In some embodiments, each Q' is independently alkyl or phenyl, for

example, Cj4 alkyl, and each Q? is independently hydrogen or methyl. The
poly(arylene ether) may comprise molecules having aminoalkyl-containing end
group(s), typically located in an ortho position to the hydroxy group. Also frequently
present are tetramethyl diphenylquinone (TMDQ) end groups, typically obtained from

reaction mixtures in which tetramethyl diphenylquinone by-product is present.

The poly(arylene ether) may be in the form of a homopolymer; a copolymer; a graft
copolymer; an ionomer; or a block copolymer; as well as combinations comprising at
least one of the foregoing. Poly(arylene ether) includes polyphenylene ether
comprising 2,6-dimethyl-1,4-phenylene ether units optionally in combination with

2,3,6-trimethyl-1,4-phenylene ether units.

The poly(arylene ether) may be prepared by the oxidative coupling of
monohydroxyaromatic compound(s) such as 2,6-xylenol, 2,3,6-trimethylphenol and
combinations of 2,6-xylenol and 2,3,6-trimethylphenol. Catalyst systems are
generally employed for such coupling; they can contain heavy metal compound(s)

such as a copper, manganese or cobalt compound, usually in combination with



The poly(arylene ether) may be in the formof a honopol yner; a copolyner; a
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preferred. used herein, the term“ester of salicylic acid" includes

conpoundsofi salivplic IaClﬁh@nd:e@SIbe}‘)@ﬂYg%dmpllC tcaﬂ@owdram)dyln@qaomlysalncylbms; drave been
esterified..Suit sal i ﬁil at es

Soen ao ereibts A ol Rk LB POl ARl el i A AT Wormiat i o' %5

pol ysal i cyhigh @se cdrB@;lnglﬂoﬁﬁ th@%?dﬂob(?%@éurp@r)b‘éﬁi h&! b’Heﬁ?est%Hﬁed?YShithl60WpoundS
such as disalicylide and trisalicy I n_one enbodi ment the_ capping

agent s arseliedptest Bglydeontos apaaple.c acdr saliailaiesingichhas phenyl salicylate,

acetylsalicylic acid, salicylic carbonate, and polysalicylates, including both linear
polysalicylates and cyclic compounds such as disalicylide and trisalicylide. In one
embodiment the capping agents are selected from salicylic carbonate and the
polysalicylates, especially linear polysalicylates, and combinations comprising one of
the foregoing. Exemplary capped poly(arylene ether) and their preparation are
described in United States Pat. Nos. 4,760,118 to White et al. and 6,306,978 to Braat

et al.

Capping poly(arylene ether) with polysalicylate is also believed to reduce the amount
of aminoalkyl terminated groups present in the poly(arylene ether) chain. The
aminoalkyl groups are the result of oxidative coupling reactions that employ amines
in the process to produce the poly(arylene ether). The aminoalkyl group, ortho to the
terminal hydroxy group of the poly(arylene ether), can be susceptible to
decomposition at high temperatures. The decomposition is believed to result in the
regeneration of primary or secondary amine and the production of a quinone methide
end group, which may in turn generate a 2,6-dialkyl-1-hydroxyphenyl end group.
Capping of poly(arylene ether) containing aminoalkyl groups with polysalicylate is
believed to remove such amino groups to result in a capped terminal hydroxy group of
the polymer chain and the formation of 2-hydroxy-N,N-alkylbenzamine
8



pol ysalicyl ates, especially linear polysalicylates, and conbi nations
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pol y(aryl %‘e?t n%txri]negr. )T erlgecr)cr:enttggeﬁlirtlcrease can be calculated by (final intrinsic viscosity
after melt mixing — initial intrinsic viscosity before melt mixing)/initial intrinsic
viscosity before melt mixing. Determining an exact ratio, when two initial intrinsic

viscosities are used, will depend somewhat on the exact intrinsic viscosities of the

poly(arylene ether) used and the ultimate physical properties that are desired.

The poly(arylene ether) used to make the thermoplastic composition can be
substantially free of visible particulate impurities. In one embodiment, the
poly(arylene ether) is substantially free of particulate impurities greater than 15
micrometers in diameter. As used herein, the term “substantially free of visible
particulate impurities” when applied to poly(arylene ether) means that a ten gram
sample of a poly(arylene ether) dissolved in fifty milliliters of chloroform (CHCls)
exhibits fewer than 5 visible specks when viewed in a light box with the naked eye.
Particles visible to the naked eye are typically those greater than 40 micrometers in
diameter. As used herein, the term “substantially free of particulate impurities
greater than 15 micrometers” means that of a forty gram sample of poly(arylene ether)
dissolved in 400 milliliters of CHCls, the number of particulates per gram having a
size of 15 micrometers is less than 50, as measured by a Pacific Instruments ABS2

analyzer based on the average of five samples of twenty milliliter quantities of the
9



m xi ng wi th other conponents of the conposition. As understood by one of
ordinary skill in the art the viscosity of the poly(arylene ether) nmay be
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di ssol vedsk 400 mlliliters of CHO 3, the nunber of particulates per gram
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bl ock copol yner. thin this range the anmount of poly(arylene ether) may be
great er t Ranolymeescpfalolwpsordiengtang Tabber wp plock sepelymersl 4rg sometimes referred

to as impact modified polypropylene. Such copolymers are typically heterophasic and
have sufficiently long sections of each component to have both amorphous and
crystalline phases. Additionally the polypropylene may comprise a combination of
homopolymer and copolymer, a combination of homopolymers having different
melting temperatures, and/or a combination of homopolymers having a different melt

flow rate.

In one embodiment the polypropylene comprises a crystalline polypropylene such as
isotactic polypropylene. Crystalline polypropylenes are defined as polypropylenes
having a crystallinity content greater than or equal to 20%, or, more specifically,
greater than or equal to 25%, or, even more specifically, greater than or equal to 30%.

Crystallinity may be determined by differential scanning calorimetry (DSC).

In some embodiments the polypropylene has a melting temperature greater than or
equal to 134°C, or, more specifically, greater than or equal to 140°C, or, even more
specifically, greater than or equal to 145°C. In one embodiment, the polypropylene

has a melt temperature less than or equal to 175°C.
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centimeter to 0.965 grams per centimeter.

In some embodiments the high density polyethylene has a melting temperature greater
than or equal to 124°C, or, more specifically, greater than or equal to 126°C, or, even
more specifically, greater than or equal to 128°C. In one embodiment, the melting

temperature of the high density polyethylene is less than or equal to 140°C.

The high density polyethylene has a melt flow rate (MFR) greater than or equal to
0.29 grams per 10 minutes and less than or equal to 15 grams per ten minutes (g/10
min). Within this range the melt flow rate may be greater than or equal to 1.0 g/10
min. Also within this range the melt flow rate may be less than or equal to 10, or,
more specifically, less than or equal to 6, or, more specifically, less than or equal to 5
g/10 min. Melt flow rate can be determined according to ASTM D1238 using either
powdered or pelletized polyethylene, a load of 2.16 kilograms and a temperature as
190°C.

The composition may comprise the polyolefin in an amount of 25 to 40 weight
percent (wt%), based on the combined weight of the poly(arylene ether), polyolefin,
flame retardant and block copolymer. Within this range the amount of polyolefin may

be greater than or equal to 27 wt%, or, more specifically, greater than or equal to 30
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repeating aryl alkylene units. The pendant aryl moiety of the aryl alkylene units may

be monocyclic or polycyclic and may have a substituent at any available position on

the cyclic portion.  Suitable substituents include alkyl groups having 1 to 4 carbons.

An exemplary aryl alkylene unit is phenylethylene, which is shown in Formula II:

L

D

Block A may further comprise alkylene units having 2 to 15 carbons as long as the
quantity of aryl alkylene units exceeds the quantity of alkylene units. Block B
comprises repeating alkylene units having 2 to 15 carbons such as ethylene,
propylene, butylene or combinations of two or more of the foregoing. Block B may
further comprise aryl alkylene units as long as the quantity of alkylene units exceeds
the quantity of aryl alkylene units. Each occurrence of block A may have a molecular
weight which is the same or different than other occurrences of block A. Similarly

each occurrence of block B may have a molecular weight which is the same or
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and 300,000 g/mol. Each B block comprises at least one terminal region adjacent to an A
block that is rich in alkylene units and a region not adjacent to the A block that is rich
in aryl alkylene units. The total amount of aryl alkylene units is 15 to 75 weight
percent, based on the total weight of the block copolymer. The weight ratio of
alkylene units to aryl alkylene units in the B block may be 5:1 to 1:2. Exemplary
block copolymers are further disclosed in U.S. Patent Application No. 2003/181584
and are commercially available from Kraton Polymers under the trademark

KRATON. Exemplary grades are A-RP6936 and A-RP6935.

The repeating aryl alkylene units result from the polymerization of aryl alkylene
monomers such as styrene. The repeating alkylene units result from the
hydrogenation of repeating unsaturated units derived from a diene such as butadiene.
The butadiene may comprise 1,4-butadiene and/or 1,2-butadiene. The B block may

further comprise some unsaturated non-aromatic carbon-carbon bonds.

Exemplary block copolymers include polyphenylethylene-poly(ethylene/propylene)
which is sometimes referred to as polystyrene-poly(ethylene/propylene),
polyphenylethylene-poly(ethylene/propylene)-polyphenylethylene (sometimes
referred to as polystyrene-poly(ethylene/propylene)-polystyrene) and
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al kyl ene units having 2 to 15 carbons such as ethylene, propylene, butylene
or conbinations of two or more of the foregoing. The B bl ock may further
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is defined as referring to a nDIecuIar structure | acking well-defined
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such as s epeating al kylene units result fromthe h dr ogenati on
of repeatthagtoﬁaisatelghatﬁlthmllnlscldempwbdllerrr end aa dsesped spadyphesylsthyihicene. The
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pol yphenyl e | ene-pol y(e é,o ne/ propy ene) which is sonetinmes referred to
as pol ystmeeheupal. yErtrhylhonklopk cpytismels having an aryl alkylene content greater

than 50 weight percent are commercially available from Asahi under the trademark
TUFTEC and have grade names such as H1043, as well as some grades available
under the tradename SEPTON from Kuraray. Exemplary block copolymers having an
aryl alkylene content less than 50 weight percent are commercially available from
Kraton Polymers under the trademark KRATON and have grade names such as G-
1701, G-1702, G-1730, G-1641, G-1650, G-1651, G-1652, G-1657, A-RP6936 and
A-RP6935.

In one embodiment, the thermoplastic composition comprises a diblock copolymer
and a triblock copolymer. The weight ratio of the triblock copolymer to the diblock
copolymer may be 1:3 to 3:1.

In some embodiments the block copolymer has a number average molecular weight of
5,000 to 1,000,000 grams per mole (g/mol). Within this range, the number average
molecular weight may be at least 10,000 g/mol, or, more specifically, at least 30,000
g/mol, or, even more specifically, at least 45,000 g/mol. Also within this range, the
number average molecular weight may preferably be up to 800,000 g/mol, or, more

specifically, up to 700,000 g/mol, or, even more specifically, up to 650,000 g/mol.
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pol yphenyl et hyl ene- pol y( et hyl ene/ propyl ene) - rol yphenyl et hyl ene (soneti nes
referred to as pol ystyrene-pol y(ethyl ene/ propyl ene) - pol yst yrene)

andpol yphsoybatdsyioene- pol y( et hyl ene/ but yl ene) - pol yphenylpetrhysh@sm4issonet i nes
referred to as pol ystyrene-poly(ethyl ene/butylene)-polystyrene). In one
enbodi ment, the thernoplastic conposition conprises two block copol yners.
The. first blno.k copolymer has an aryl alkylene content greater than to
equal t 070 pIRkIUNpoRAIE eNprebisns afla®Bmbing: dfot @l 20meight patertHeséd osthdl ock

copol ymer. The second bl ock copol ymer has an aryl al kyl ene content |ess
than 50 weinghmed peeighinof Bsealy@ryleifecthen apolielegnt ﬂé\“etl}‘f@rg"é% &H@ltbg?‘g‘ck

copol yner. An_exenpl.ary,. conbi I f i A

pol yphen)91)}%91?4’§7‘|'3]énerW ﬁ%llnytejést W??é;ﬁﬁeé/ gf&tc §|°8Eé%6ﬁ’§“§ﬁ§%§? ées'? 1ill’[lyﬁleﬁne aiﬁ%ﬂltng a
pheny! et hydagfehao ot @Ghalab 8 ryveioghtpaeeficating gteated Ghanedigbduapes deweighbased on
t he total” weight of the bl ock copolyner an?

pﬁ lyp Ih e {1 %Dle?:ﬁhtyb asaépol the cephicd ﬁé?iglﬂft R ) Bﬂgllyi%%g%%ré Nydef g a
enyl e n ; .
pheny I‘Xtﬁl&ﬂ%%%‘?d&%l%% é:gécilgxgﬁly\ezkﬁgtwﬂﬁﬁ Q%g;ra%é% the b‘f@:’k%fxi% Rales @y bdased on

t he total _ copol ymer e used. %plary Bl ock
copol yﬁeﬁ)?es_hﬂt?ﬁlh% a'ihﬁt_)ul':iht ]édlss &#akyblr eqeal co nd ent myresiceificalipiesthaeondquaber cent
are comrerci ally avail abl e from Asahi under, t tr.ademar k, TUFTEC and h

gr ade narﬁ%é%@feﬁvezi‘sumﬁPS?lﬁa%nwsﬁ?}é’é‘%&Hﬂaldngé’gelgﬁﬁef%?m Rasg 8&1&? he e

tradenamg | %@E%Fgg%}(%e%@%(a&gégﬂ?ﬂ@@’ ggiy%féﬁn(} RBeYFRi8aiadNGodn aryl

al kyl ene cont ent s than p nt are comrercially avail able

f rom Kr ate@polyaiey.ner s under the tradenmark KRATON and have grade nanes such
as G 1701, G 1702, G 1730, G 1641, G 1650, G 1651, G 1652, G 1657,

A- RP6936 and A- RP

_ 935. . . In one enbodinment. . the ther l.ast | sition
conpr i sedXEMAHY %@%@%WC@HS OLEANIG BROSPRAE SHSH @?@Tg%“?‘fﬁl&hﬁsﬁgﬂ?@r atio of
the tri b'r}ﬁ&%bglﬁwoésw?rco%ﬁsn% $hbhyaC kerPRO| bR TtuteRY phéyl: grotips,3od.al n some
enbodi ment s e bl ock copol ynmer has a nunmber average nol ecul ar wei ght of

combination of phenyl groups and substituted phenyl groups, bis-aryl phosphaté
esters based upon resorcinol such as, for example, resorcinol bis-diphenylphosphate,
as well as those based upon bis-phenols such as, for example, bis-phenol A bis-
diphenylphosphate. In one embodiment, the organic phosphate ester is selected from
tris(alkylphenyl) phosphate (for example, CAS No. 89492-23-9 and/or 78-33-1),
resorcinol bis-diphenylphosphate (for example, CAS No. 57583-54-7), bis-phenol A
bis-diphenylphosphate (for example, CAS No. 181028-79-5), triphenyl phosphate (for
example, CAS No. 115-86-6), tris(isopropylphenyl) phosphate (for example, CAS No.

68937-41-7) and mixtures of two or more of the foregoing.

In one embodiment the organic phosphate ester comprises a bis-aryl phosphate having

the Formula III:
(R 1 R®)s2
1 9 a (-l-)s 9 4
R O—IID-O \ / R‘<\::/>~O—l?—0 R
9 9
R? R3

(§10))
wherein R, R® and R® are independently an alkyl group having 1 to 5 carbons and R
R* are independently an alkyl, aryl, arylalkyl or alkylaryl group having 1 to 10
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5,000 to 1,000,000 grans per nmole (g/nmol). Wthin this range, the nunber
average nol ecul ar wei ght nay be at |east 10,000 g/mol, or, nore
speci fi cavbypocatssioeast 30, 000 g/ nol, or, even nore specipCiraskéogosmse | east
45,000 g/nmol. Also within this range, the nunber average nol ecul ar wei ght
may preferably be up to 800,000 g/nol, or, nore specifically, up to 700, 000
g/ mol, or, even nore specifically, up to 650,000 g/nol.The bl ock copol ymer
:NZ i 5[1 tesg]@.‘;r?%lgs; %rlls %?thﬂé eIOéquZIt tﬁol ;c’cﬁzﬂ\zedirghdfl epﬂrsdealn'e indzpemitntin ab hetegamnbi ned
poly(arylene ether), polyole a tardant and bl ock
copol ymeequalite §i ta” 3 hils S@@ﬂg@bpﬁﬁn%ltg nggfbﬁélan ‘ﬁ%fedfl@%ﬂ e anC

anount greater. than or e Cor i finsak eater than or
equal tod§rl if&ﬂ?p %r}oé,ean@'éﬁéaéft p%rlll O?’ ﬁedlgg?r]glhﬂ{ebg%méihgﬂt}hgl?en%e pol y(aryl ene
ether), polyolefin, flanme retardant and bl ock copolyner. Also within this

r1 ane t heyshleadily @Qg@dimle?rbyr@e beordinase skilli in the astyiienbisiaed phokphatots equal to
, or, nore specifically, |ess than l. 3, .

speci fi cdptiyed | &8 ¢ H‘anbbsph%fﬁﬁal t X?%%Wg'?;_ﬁ}“p%‘g?%lént?%%lggg\éej;%'g?slr@' conbi ned
vei ght oﬁlyagégg@%},gll()@{oﬁ@e %ctleé%eg pobyah&loln, Abanmeznetigudaioaast bl ock

copol ymer: anme retardants include organic phosphate ester flane
r ﬁt ar Fanh&ﬂsﬂpﬁen&lspm%hat e bﬂ#égférwmmni}@m@aphe nyl tis(ddyydroxyehst it ut ed
phenyl groups,. or conbi nat j o] henyl gro and, subst | t.ut.e henyl
oroups. - BTECBYpRersRReca { o S @HSE BRI LR DR opogEnedty
exanpl e, ﬂﬁeegi%ﬁhgpéongjrgégbﬁmimhosphate, as well as those based upon

bi s- phenol s ch as, for exanple, bis-phenol A bisdiphenyl phosphate. In one

enbodi nent, the organi c phosphate ester is selected fromtris(al kyl phenyl)
phosphat ©rgfmphespnisl esstebASca. hagaghffoing malgcalar 7wemhis )makipg o ths nol

bi s- di phenyl phospha for ex I Y - 54- oDl s- phe A

bi s- di phéiﬁé"FBHlégg% é?& 2“% P@P“@x‘%f@fen@%%‘i pl?"é?ﬁ%% %?7115173)5‘31@‘%“?% Bﬁe%
phosphat n{foaim@x MPrBourABS phosphbhfs; 86the)resultr fthe deganophdsphetapityr, hosphat e
(for exanple, CAS No. 68937-41-7) and m xtures of two qr nore.qf tpe

f or egoi n@.8 weight percent to 1.2 weight percent based on the combined welgqht 0

poly(arylene ether), polyolefin, block copolymer and flame retardant.

In one embodiment, the amount of the flame retardant is sufficient for the electrical
wire to have an average flame out time less than or equal to 10 seconds wherein the
average flame out time is based on 10 samples. Flame out time is determined by the
flame propagation procedure contained in ISO 6722 for cables with a cross sectional
area less than of equal to 2.5 square millimeters using a electrical wire having a
conductor with a cross sectional area of 0.2 square millimeters and an covering

thickness of 0.2 millimeters.

In one embodiment, the flame retardant is present in an amount of 5 to 18 weight
percent, based on the combined weight of poly(arylene ether), polyolefin, block
copolymer and flame retardant. Within this range the amount of flame retardant can
be greater than or equal to 7, or more specifically, greater than or equal to 9 weight
percent. Also within this range the amount of flame retardant can be less than or

equal to 16, or, more specifically, less than or equal to 14 weight percent.

Additionally, the thermoplastic composition may optionally also contain various

additives, such as antioxidants; fillers and reinforcing agents having an average
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I n one enbodi nent the organic phosphate ester conprises a bis-aryl
phosphate having the Formula I11: wherein R R5 and R6 are independently an
al kyl growp 20@wmice®21 to 5 carbons and R1- R4 are i ndepemrdenishoosadmsas kyl ,
aryl, arylalkyl or alkylaryl group having 1 to lOcarbons; n is an integer
equal to 1 to 25; and si and s2 are independently an integer equal to O to
2. In sonme enbodi nents ORlL, OR2, OR3 and OR4 are independently derived from
phenol , ?agngmiéqyésn?anoﬂdequaltzbi]a]m;clrcprhamsl sush as, for exdnigyle,phiesatss, Tikk, readi | y
appreci ate one_o [ [ [ I.S- [
der i ved fiber £l éibﬁ@n%ia.sls Ekaé%ﬁés:éa li%ilgcﬁﬁgﬁaﬁae;%‘?ﬁw‘ﬁdgi‘% gﬁ%lfigr?f-% ate i
hydr OXypggé}%é%;) PROBEREH ao-tgﬁip]ikgg Ricsphengl Mbilizer2-lsEtheldy Witynid;

met hyl pheryl’)’propane, |sf - hydr oxyphenyT) met hane, bi s(4-hydroxy-3, 5-

dlrIb ms'([j hyl @J[@ﬁyi%élﬂﬁpig&xhrmtsawa;, ¢ol riasis 4 ahty-st- o yaghatay blosting agents, nfogimng

enbodi nent,. the bis I [ i .

have di  FepHthgneiBl Goa OO R R e PO e (oY PO Eoant of |
di fferentadgirtg,ggl c phosphate esters difficult, hi one enbodi nent the anount
of phosphorus, as the result of the organophosphate ester, is 0.8 weight

percent to 1.2 weight percent based on the combined weight of poly(arylene
ether), polym embpdinient khe eheoinyenbrwiaadofipaises Lot eandapior and driOVedbdi nent

the amouni, of the flanme retardant is suffici f LG i t
have an V&% Oqué_Lr% °8ﬁ‘iu°§“?rrre eeggvepﬁgnco%)n ng%fj%Itﬁ{ngtogglsgéeggﬁggﬁ%%weirﬁ tﬁe
aver age fd.agBiisséitiaRy oS pSIgeRflepRether) having as inifthldmeinsistvisdosiey prsatdet er m ned

by the flame propagation procedure contained in | SO 6722 for cables with a
cross sechim®ab diges messsradnarchirofoguat 268 ;2 BolypreayenehpYingaREIdng si ng a

Squar e miPmPHEREs gty i oo g4t rbegeiaronrse i PRisl B IR Gne
embodi mengy o L § bRyl fhepHAR kS BAGEMor Bf Ao BBKNopSlynierd Bavifig Wei ght
different aryl alkylene contents wherein a first block copolymer has an aryl alkylene
content greater than or equal to 50 weight percent based on the total weight of the first
block copolymer and a second block copolymer has an aryl alkylene content less than
50 weight percent based on the total weight of the second block copolymer. The
poly(arylene ether) is present in an amount by weight greater than the amount by
weight of polyolefin. The electrical wire has an abrasion resistance of greater than
100 cycles, as determined by the scrape abrasion specification of ISO 6722 using a 7
Newton load, a needle having a diameter of 0.45 millimeter and a electrical wire
having a conductor with a cross sectional area of 0.22 square millimeters and a
covering with a thickness of 0.2 millimeters. The thermoplastic composition has a
tensile elongation at break greater than 30%, as determined by ASTM D638-03 using
a Type I bar and a speed of 50 millimeters per minute, and a flexural modulus less
than 1800 Megapascals (Mpa) as determined by ASTM D790-03 using a speed of

1.27 millimeters per minute.

In one embodiment an electrical wire comprises a conductor and a covering disposed
over the conductor. The covering comprises a thermoplastic composition consisting
essentially of:

40 to 55 weight percent of a poly(arylene ether);

25 to 35 weight percent of a polyolefin;
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percent, based on the conbi ned wei ght of poly(arylene ether), polyolefm

bl ock copol yner and flanme retardant. Wthin this range the anmount of fl ane
r et ar dantwoamdnss@eeat er than or equal to 7, or nore specirfise@sioyssgr eat er
than or equal to 9 weight percent. Also within this range the amount of
flane retardant can be | ess than or equal to 16, or, nore specifically,

| ess than or equal to 14 weight percent. Additionally, the thernoplastic
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conbi nat il6Asyclesnasidsieryingd dydhe sRRC BrasipR SPSHEGHPRY 04 B8N 2 one
enbodi e t he .el ectrigal .\ C i g
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conposi t iRingoNTbadichg WiEentiosk Isgctifnabatea( af YI28nwyuetehmiljinteters rgdam i ni ti al
intrinsic viscosity greater than 9..35 dl / gts me Sl.{l’ed i n ¢chl oy of orm at
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phosphat SEERE R8Nl hat T or of two bl 0¢ copolyners having different aryl
al kyl ene Lopsenba ades eperd 2ff50r millibletrk peopoivyerend raBexamalangdulas lojs ene
content greater than or

equal to 50 wei ght ed.on the al
wei ght ofthama8¢Q Mftgamsaéﬁ?mb@w@ﬁf%wg Ys@?@ﬁﬁ%ﬁ@g@ ‘&%’b%ﬁﬁ%?‘i ﬁgs an
aryl al kyjl A6 I t han 50 wei ght percent based on the total weight
of the seléﬁlgul%ﬁ%gfp%%rpo étr?er. The poly(arylene ether) is present in an

amount by wei ght greater than the anmount by wei ght of polyolefin. The
el ect ri calhenaneponasts af thethesiaphastie spgpasitien ofe mele arieed, tyiepllyon adyelfes, as

determ nenqix?IYg tdt':%c% €02 easaba&lacszgnqgoér%%?gi feixgr%érogr qianl:ﬁ@ 0 figér. UStNgnd 7
embodiment, the poly(arylene ether), polymeric compatibilizer, and polyolefin are
simultaneously melt mixed. In another embodiment, the poly(arylene ether),
polymeric compatibilizer, and optionally a portion of the polyolefin are melt mixed to
form a first melt mixture. Subsequently, the polyolefin or remainder of the polyolefin
is further melt mixed with the first melt mixture to form a second melt mixture.
Alternatively, the poly(arylene ether) and a portion of the polymeric compatibilizer
may be melt mixed to form a first melt mixture and then the polyolefin and the
remainder of the polymeric compatibilizer are further melt mixed with the first melt

mixture to form a second melt mixture.

The aforementioned melt mixing processes can be achieved without isolating the first
melt mixture or can be achieved by isolating the first melt mixture. One or more melt
mixing devices including one or more types of melt mixing devices can be used in
these processes. In one embodiment, some components of the thermoplastic
composition that forms the covering may be introduced and melt mixed in an extruder

used to coat the conductor.
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Newt on | oad, a needle having a diameter of 0.45 nmillinmeter and a electrical
wire having a conductor with a cross sectional area of 0.22 square

m | i met ewe 2asbessogovering with a thickness of 0.2 mill ipoetusees/oTisss

t her nopl astic conmposition has a tensile elongation at break greater than
30% as determ ned by ASTM D638-03 using a Type | bar and a speed of 50
mllimeters per mnute, and a flexural nodulus |ess than 1800 Megapascal s
(Mpa) asydchemei iesk R¥pAPH CHAPris tha Bhck @peBthedd, dheZiaving bhreeyler s per
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percent 8f a&ﬁ@fﬁ%@r?ﬂn&%k@? F[qhearr’) §;d g’%%%ﬁﬁ%g%wﬁﬁoq%%r 2%&8}(1)%?3}‘%% yol efin; 7
to 12 webghk BESEARY haling Al @vkalkped yoreent greddeBthto of 2quaditgls0 weigbient of a
flame retardant wherein the weight percents are based on_.the c I.ned
}[Aﬁl gp]t ofpeltCh?t q@ng&mﬂ%ﬁJ@Xﬂdlt@tfﬁ@F?,ﬁmtﬁéelb@PVBTeéf’#ﬂ %H@YBQ@B@H@&% r, and
e ane retardant.. e | C I+ i | | of
gr eat er tcﬂ%(ﬁylfﬁ]bﬁ%‘%g 3§,ar§sa%g}g%ﬁeer é?n(lnrtléleﬂgi lgvnﬁﬁ%gg(ﬁ%@%ﬁé@g??ﬂﬁg%ﬁﬂ i cation
of | SO 6%gRed!withdhefirst eWhntiRtuk@@dorm aseedidentiamixtgrea di ameter of 0. 45
mllimeter and a electrical wire having a conductor with a cross sectional

area of 0.22 squar i1 met 1d ' it h i cki
11 et b e BRISHPRGE e BREBGPT I PHAET A ER Y EeE) BRENbh at
reak gr %.. i . - 07 i
and a spgiz(%gtc%? Loggﬂ%%ﬁﬁtﬁg? Sggﬁhﬁ’é‘rﬁlﬁ '?%l,e éﬁ%{l’ 56 ??gga}qgfd’%dﬁf-ﬂdﬁ%elssb? Lan
1800 Megagasiaal as( MeH) uaderstoodrini Hed goyerAlSTEM OF 9pelp@en silleys aangipdleait of 1. 27

mllineters per mnute. The conpopents of the ther | ast i i
melt m x%nuf%r@allpfqer?"gb‘%ﬁl@%ﬁnﬂ&?i fﬁ?d“%l&;?r @ntslﬁccﬁ@%egnwglgﬁégﬁgﬁéngl on are
extruder cgfnpﬁﬂémyw A X&rmopRstR8omposition, e.g., a portion of the polyolefin, to

form a concentrate that is subsequently melt mixed with the remaining components.

The poly(arylene ether), block copolymer, polyolefin and optional flame retardant are
melt mixed at a temperature greater than or equal to the glass transition temperature of
the poly(arylene ether) but less than the degradation temperature of the polyolefin.
For example, the poly(arylene ether), polymeric compatibilizer, polyolefin and
optional flame retardant may be melt mixed at an extruder temperature of 240°C to
320°C, although brief periods in excess of this range may occur during melt mixing.
Within this range, the temperature may be greater than or equal to 250°C, or, more
specifically, greater than or equal to 260°C. Also within this range the temperature

may be less than or equal to 310°C, or, more specifically, less than or equal to 300°C.

After some or all the components are melt mixed, the molten mixture can be melt
filtered through one of more filters having openings with diameters of 20 micrometers
to 150 micrometers. Within this range, the openings may have diameters less than or
equal to 130 micrometers, or, more specifically, less than or equal to 110
micrometers. Also within this range the openings can have diameters greater than or
equal to 30 micrometers, or, more specifically, greater than or equal to 40

micrometers. In one embodiment the molten mixture is melt filtered through one or
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enbodi nent, the poly(arylene ether), polyneric conpatibilizer, and

pol yol ef mare sinultaneously nelt m xed. In another enbodi nent, the

pol y( ar ylwoeo&tdsssop, pol yneric conpatibilizer, and opti egaldsyoosopmsssi on of
the polyolefmare nmelt mxed to forma first nelt m xture. Subsequently,

t he pol yol efmor remainder of the polyolefinis further melt mxed with the
first nmelt mxture to forma second nelt mxture. Alternatively, the

pol y(arylgne fﬁt%ﬂeﬁa)vir?%‘gpéﬁmrﬁlit@@ Bfxite Piahereetha ic tospaianod équel toray be
melt mxed to forma Tirst melt m xture and then the polyolefin and the

r emai ndehalfpof theghislshesmef the eoueibeg pbiheicorduciefe further neit mixed with the
first melt mxture to forma second nelt m xture. The aforenentioned nelt

m xi ng processes can. be ieved w thout i sol; didibe efth &St meihndn xt ure
or can be’dc e@’%}gﬁlagi/c icé)%%ra&fq’]?l\rélg tc#e i:fértrﬁe?gll?gom%xtur’e.e One or _rrmre mel t

m xi ng deyilaeatibn ot udicaeanneeetizaton dopheds and padiagedri ki oge debodsentan be

used in these processes. I n one enhaqdi Sone co onenﬁs of the

. t
t her mopl dke pellgdapoandkased g rmetal Fil ll}gg]@wté?>i hg> PAYPEEY r 888 8Y and
mel t m Xr%getélnfoﬁﬁiﬁgatﬁa&gf b %ss.eguﬁs(?a ?ﬂﬁ’é AN ONHUEHObe YRAalel rddh Ak
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copol ynmer conprises k copo one having an aryl alkyl ene
content geBatfiledttagn or equal to 50 wei ght percent and a second one having
an aryl al kyl ene content |ess than 50 wei ght percent, the poly(arylene

ether) and the bl ock copol yner having an aryl .al kyl ene.cqont e reater than

or equal I’Eld’@oer%‘?dgﬁ‘?mpgﬁ%g]?ﬁmé’ﬁ S%%%%P?Slwr}( &Y S‘%t@gﬁwca{? i&sf’glrlr)g?t

m xture gagidige Hﬁ?gﬂh%ﬁ R{xénﬁ’sea bk BOREHY MRubAMaNG B8e sty Vistlky| ene
wel g

content l'ess tnﬁan percent can be nmelt mxed with the first melt
m xture tpartiotate ampeddesd whért apphiedutoe theTHhermenlesie eavapasiioat memsothat he

addition of the optional.flange ret nt. i s-typicall ks - he
i dentity 4 tgﬁ;?@%l?%slm‘bt} %?d&]ﬁfqﬁ {“"g{ege? tf%rg} ?g}lac%}lgﬁalll%\xu?%{il%egglt% ﬂsegﬁgme
ret ar danty, asx WelhmURdafasi208ihi dknbReofBener aid @k plebepalewigiallpitspystednd t hei r
manuf acture. I n one enbodinent, the flanme retardant is conmbined with one of
t he for black specks with the naked eye the total number of black specks for all five

plaques is less than or equal to 100, or, more specifically, less than or equal to 70, or,

even more specifically, less than or equal to 50.

In one embodiment the pellets are melted and the composition applied to the
conductor by a suitable method such as extrusion coating to form an electrical wire.
For example, a coating extruder equipped with a screw, crosshead, breaker plate,
distributor, nipple, and die can be used. The melted thermoplastic composition forms
a covering disposed over a circumference of the conductor. Extrusion coating may
employ a single taper die, a double taper die, other appropriate die or combination of

dies to position the conductor centrally and avoid die lip build up.

In some embodiments it may be useful to dry the thermoplastic composition before
extrusion coating. Exemplary drying conditions are 60-90°C for 2-20 hours.
Additionally, in one embodiment, during extrusion coating, the thermoplastic
composition is melt filtered, prior to formation of the covering, through one or more
filters having opening diameters of 20 micrometers to 150 micrometers. Within this
range, the openings diameters may be greater than or equal to 30 micrometers, or

more specifically greater than or equal to 40 micrometers. Also within this range the
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conponents of the thernoplastic conposition, e.g., a portion of the
polyolefin, to forma concentrate that is subsequently nelt mxed wth the
remai ni ngwoaowaesswes. The pol y(aryl ene ether), bl ock copolryusesosopssyol efin
and optional flanme retardant are nelt m xed at a tenperature greater than
or equal to the glass transition tenperature of the poly(aryl ene ether) but
| ess than the degradation tenperature of the polyolefin. For exanple, the

pol y(arybgagn@t dfimeterdohyyresd dessothpat dbietiadeto, 1361 yidrefieteranat, aporeonal
flame retardant may be nelt nmi xed at  .an extrug«?r temperature of 240C to

320C, al sprsifitallpr jeas thearqroual 1o EXLBREORFIH| FIgE Rt O ng nel t
m xing. Wthint BJ gnipgsfc‘g{ﬁpyat ﬁ&gxih‘ﬁM%{ﬁé%&hém 108 {84£8L 8fual RARalPEhequal to

250C, or, re's i reater an or equal to 260C. Also within
t hi s ranggcidess éRhpesairing@nihy chelucess t han or equal to 310C, or, nore
specifically, less than or equal to 300C. After sone or all the conmponents

It mixed, the nolten mxt be melt fil d .t hr ough f
il tors A RudORPRBEIAF GBS SHEYSPLCOrTB0° Sravabolsr ddFydal e © o0

m cr omet %?g"(iz%} Plofe Ecf R8s ThBE oPREII S 10, dtauprélsprrialg, legss than

or equal mcronmeters, or, nore specifically, less than or equal to
110 m cr gt 8F Squadl ©0299°Chi Mddiiisnatignge fdrbecssipg emgeratae ihaad@istidatret er s
greater than or 'equal to 30 microneters, or, npre specificall reater
than or eguade 2 snffigienily fuifemelten cqmpaskiondapEardherrverng f?ﬁﬁ%‘? éﬂXdrHC ure is

melt filtered throt P I i kD i mum

i arret er o gyenedt s RS B8 BRI poibES P RO AR s SR

coveri ng sBififiglyC andedst or0°CThesHeh ethap phasiekingoppiasidii dre dammbplaftor med into
pellets, either "by strand pelletization or underwater pelletization,

cool ed, anthppsitkaged. I n or?e enbodi nent the pellets are packaged into
metal foil lined plastic, e.g., polypropylene, bags or netal foil |ined

paper bagss  Substant)allVal | [GAD BEe8 @R Ghkef HAR) Wher Pel | et

filled bays qxﬁ’ugolﬁrgcéﬁ ngcflhggir?tcgctaﬁgﬁteﬁée?s#op?gst e co%posi tion i S

subst ant isgldyy afifjes @f a \cofibirlation comprising one or more of the foregoing cooling
methods. Exemplary water bath temperatures are 20 to 85°C. After cooling the
electrical wire is wound onto a spool or like device, typically at a speed of S0 meters

per minute (m/min) to 1500 m/min.

In one embodiment, the composition is applied to the conductor to form a covering

disposed over the conductor. Additional layers may be applied to the covering.

In one embodiment the composition is applied to a conductor having one or more
intervening layers between the conductor and the covering to form a covering
disposed over the conductor. For instance, an optional adhesion promoting layer may
be disposed between the conductor and covering. In another example the conductor
may be coated with a metal deactivator prior to applying the covering. In another
example the intervening layer comprises a thermoplastic or thermoset composition

that, in some cases, is foamed.

The conductor may comprise a single strand or a plurality of strands. In some cases, a
plurality of strands may be bundled, twisted, or braided to form a conductor.
Additionally, the conductor may have various shapes such as round or oblong.
Suitable conductors include, but are not limited to, copper wire, aluminum wire, lead
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particulate inmpurities. As used herein, the term"substantially free of
visible particulate inpurities" when applied to the thernoplastic

conposi t iwo 20®awessokhat when the conposition is injectiorcimisd@dotssé orm 5
pl agues havi ng di mensions of 75 nm X 50 mm and having a thickness of 3 mMm
and the plaques are visually inspected for black specks with the naked eye
the total nunber of black specks for all five plagues is |ess than or equal
to 100, @fire, HBAevisgest bileal tompligss ohbam moreeqiuttle fovegoing oretaley ehhearor e
specifically, less than or equal to 50. ILn one enbodinment the pellets are
nel t ed aﬁ@!lcilq@@ré@%ﬁé%qlﬁ St Pt G-+ 1 P VEDnduct or by a suitabl e met hod
such as extrusion coating to forman electrical wire. For exanple, a

coating extr U SRULPREN o PMHeRoAGRESEWd thIcRAGE @R the Bdveakemaphateand
di stributor, nipple, and die can be used. The nelted thernoplastic

conposi t iivtypfalipElermined biyrige dird pos etithowbactricat wmiteu nFher derical fwirg ean
conductor. Extrusjon coatin . _enpl oy. i ngle tape i e taper
di e, ot h&f VaphAdFIECRICeV T & @Imqﬁﬁ%iigﬁ%,i18ﬁu§1|ngdfo&exg1§p%bgélrﬁ? ag?le Sg ﬁ@péconduct or

central |y and aygiics, dife FrPhdtdbhdld Whectiidhl SpPRarREd) Odlireredt Blettricnpowdre usef ul
to dry the thernoplastic conposition before extrusion coating. Exenplary

dryi ng coviri farangrementss vig0for finformatton hermymicagien, twish 1| gjectiip cafigeas

enbodi nent, during .extrusi cpating, the thernoplastic conposition is nelt
filteredWekds 1p§0a1f;ﬁqr}?§,tqngﬁh%ﬁ€?.he covering, through one or nore filters
havi ng openi ng di aneters of 20 mcroneters to 150 mcroneters. Wthin this

range, the RREBEMBE oA RREBPIENEYctiEalgviealsakeer aFigore ke qRighret DsiBHvs a
m croneters, or nore specificall %reater than or equal to 40 mcroneters.
Al so Wi t Ivovering, <, rdisngsed ﬁé@pérﬁoﬁé‘éc ol a?r-retl’ér%leneé?b%ﬂP@s he RAYFTINE. dqual to

130 mcroneters, .0 r ifLc -l ess 0L Bana
m cr omet eCIDgl.pI“lB\?% 3rf?1)glfn :g@et ?/%?’ Edgagncghig\ré SIﬁ%ﬁ'e ?lérPlt?éeané have gﬁtggfﬁgg‘% th a
maxi mum o eedat fvileb ate showneds Figdres? and 8qEature @ shaws a coneering ékdispnsedf t he

covering on the conductor. The extruder terTRer ture dur,i Ql% e‘xtf si on
coating iwega ﬁ@?@ﬁoy, 1. cemriging aguglitef stgnds and an optional additional layer,

6, disposed over the covering, 4, and the conductor, 2. In one embodiment, the
covering, 4, comprises a foamed thermoplastic composition. Conductor, 2, can also
comprise a unitary conductor. Figure 3 shows a covering, 4, disposed over a unitary
conductor, 2, and an intervening layer, 6. In one embodiment, the intervening layer,
6, comprises a foamed composition. Conductor, 2, can also comprise a plurality of

strands.

A color concentrate or masterbatch may be added to the composition prior to or
during the extrusion coating process. When a color concentrate is used it is typically
present in an amount less than or equal to 3 weight percent, based on the total weight
of the composition. In one embodiment dye and/or pigment employed in the color
concentrate is free of chlorine, bromine and fluorine. As appreciated by one of skill
in the art, the color of the composition prior to the addition of color concentrate may
impact the final color achieved and in some cases it may be advantageous to employ a
bleaching agent and/or color stabilization agents. Bleaching agents and color

stabilization agents are known in the art and are commercially available.
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32Q0C, or, nore specifically, less than or equal to 310C, or, nore
specifically, less than or equal to 290C. Additionally the processing

t enper at we 206/@8509st ed to provide a sufficiently fl uidpowhisessoerspesi tion
to afford a covering for the conductor, for exanple, higher than the

mel ting point of the thernoplastic conposition, or nore specifically at

| east 100C hi gher than the nmelting point of the thernoplastic conposition.
After extThSt@peRadn agd tdhetridabetird el fusihee illssttatedaby Yhe dell@dngsiodg a wat er
bath, water spray, air jets or a conbination conprising one or nore of the
fore90|ndﬂéﬁﬁgﬁﬁgnﬁkﬁhods Exenpl ary water bath tenperatures are 20 to 85C.
After cooling the electrical wire is wound onto a spool or |ike device,
typically%ﬁghﬂqﬁﬂ@ed of 50 nmeters per mnute (nMmn) to 1500 mMmn. In one
enbodi ment, the conposition is applied to the conductor to forma covering
di sposed over the conductor. Additional |ayers nmay be applied to the

cover i ng. THenfolowingndxedhipha vter¢ hepaedpeisg thomaiesialapisteded Tabled . conduct or

havi ng one or nore intervening |l ayers between the conductor and the

covering.tg forma covering disposed over the conductor. For instance, an
Opt i onal T bﬂ esion pr ot ng-- | ay-er—may he—dij cpccnrl hetween-the-—condu ¢t or and
coverin C‘PIHPWF hpr BOI? he conductor may he coated with a net ,al

deacti vatRRE prior to [apmols(Ag-dimethylnhenylane ether) it aneintrénsamnpiseosityi of

i ntervening | ayer conpt.#6edl/m ashmeanpédshi chloroféieratndsC compostinilpn t hat

I n sone |cases, is foanadilablbéonpGensrildiiectsy vaderphe gadananagPO646.r and or a
pl yral I tykah 650 rands An some cases, palyphei éthy]y;n@ olS{dtaylese/bayleR®- bundl ed,
tw sted,| or braided t Jl%H&l?leH@MBCBBEk yh@nBhlide 4 MResaElyche] may
nave vaiious shapes SRR o kR oSkl bAThE (6ANINGHRTGE ¢! ude,
but are not |imted t%lo&?pc% 5?&‘9 L and b%n@?dﬂﬂ’v %al b?ea n'i I(R% N res of
al l oys clonpri sing one| © gHa : conduct o may

al so be lcoated—with Qlymex;sq;;l gt g,gr d :

PP " 'A% polypropylene havmg ‘a melt flow rate of 1.5 g/10 min
determined according to ASTM D1238 as described above and
commercially under the tradename D-015-C from Sunoco
Chemicals.

Tuftec H1043 A polyphenylethylene-poly(ethylene/butylene)-
polyphenylethylene block copolymer having a phenylethylene
content of 67 weight percent, based on the total weight of the
block copolymer and commercially available from Asahi
Chemical.

KG1657 A mixture of polyphenylethylene-poly(ethylene/propylene) and
polyphenylethylene-poly(ethylene/butylene)-polyphenylethylene
block copolymers having a phenylethylene content of 13 weight
percent, based on the total weight of the block copolymers and
commercially available from KRATON Polymers under the grade
name G 1657.

HDPE A high density polyethylene having a melt flow rate of 0.8
g/10min determined according to ASTM D1238 as described
above and commercially available from Mitsui Chemicals under
the tradename HI-ZEX 5305E.

BPADP Bis-phenol A bis-diphenylphosphate (CAS 181028-79-5)

Examples 1-12.

Examples 1-12 were made by combining the components in a twin screw extruder.

The PPE and block copolymers were added at the feedthroat and the PP was added

downstream. The

(downstream) half of the extruder.

organophosphate ester was added by a liquid injector in the second
The material was pelletized at the end of the
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The cross-sectional area of the conductor and thickness of the covering may
vary and is typically determ ned by the end use of the electrical wire. The
el ectri cavowesmessaan be used as electric wire wthout |iwctraisc@s/4isse! udi ng,
for exanple, for harness wire for autonobiles, wire for household

el ectrical appliances, wire for electric power, wre for instrunents, wre
for information comrunication, wire for electric cars, as well as ships,

ai rpl anegyyafd dodethlel fletifed NRSETHS &Rdsi Difecedd avlddeinm acy spbemicns dal wire is
seen in Figure 1. Figure 1 shows a covering, 4, disposed over a conductor,
2. 1 n ondlerwibuiodens and teasiboslengaign tetingonpri ses a foamed t her nmopl asti ¢
conposition. Perspective views of exenplary electrical wires are shown in

Fi gures and.3. Fi.qu (o) .COVEriNg, b &P 20, uct or,
2. compr PG et iR R s 1S 3 R 3 D er . .
di sposed nguBhettRPet AHRIE AFd iddexpasised ineV egupdstatsqMPa). Tha vaives giviendiarent, t he
covering, 4, conprises a foaned thermfpl astic co osi,tieﬁ)n. Conduct or, 2,
can al so thomperrese of thise tsamplesondersilgrelongaion avas deiempined e PEakngng,

di sposed A r@@g% gtfysrp%gg %:f'% %illinge,telgggr A hRT G D6arb AYRE vaifies | N one

enbodi ne erverl ayer, nprises a foaned conposition.
Conduct Ofare &presded Al s@cavaper (Ve Thephlnespivey acef the avemgsof Asaoples. Tancentrat e
or nasterbatch may be addgd to ositi on?rlgr.i or.to uringg t he

he conp . 0
ext r usi orfamples ifergllgraelegeduipha éFnéli? glongYILR ere dRigein H‘é’i‘%? i P& ypical |y
present i.n. i : i ; CRIAla hdldsree on the
t ot al vveilglﬁ?%&aﬁgg%g %gﬁgg%???gﬁeéﬁﬁggﬁﬁgeTgﬁ%g%%gﬁéeﬁ?ﬁlg%é and/aor pi gnent
enpl oyed dfr 5tthe2Ocscondscam e fsstat B-3065,f frae Tolyodvirdringrs, & Meai Ge- BhB.

fluorine. As appteci ated by one of skill in.the art, the color of the
CoNposi ti%rﬁ?“?]&fngt%g{dﬁég ‘é%‘&?t’tqnﬁﬁre OE’BII%:TQIEIS tentrate may inpact the final
col or achieved and in some cases it may be advantageous to enploy a
bl leach' NOARESH rANURE vl Riershiadd b @@ticomicalgRitt havBlgeacdidngoagdit 5 and
col or

0.22 square millimeter cross sectional area and a covering with a 0.2 millimeter

insulation thickness. Abrasion resistance was tested according to ISO 6722 using a 7

Newton (N) load and a needle with a 0.45 millimeter diameter. The results are

expressed in cycles.
The compositions of the Examples and data are listed in Table 3.

Electrical wires, as described with regard to abrasion resistance, were produced using
the composition of Examples 1-12. The thermoplastic composition was dried at 80°C

for 3-4 hours prior to extrusion with the conductor to form the electrical wire.

Table 2

Drying temperature (°C) 80

Dry time in hours 4

Cylinder temperature

1 240

2 250

3 260

A 260

DH 260
old temperature 80
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stabilization agents are known in the art and are commercially
avai |l abl e. The conposition and electrical wire are further illustrated by

t he fol | owbngognerdozn ti ng exanpl es. EXAMPLES The f ol | owpog/isz@sphsse wer e
prepared using the materials listed in Table 1. Table 1. Exanples 1-12.
Exanpl es 1-12 were nmade by conbining the conponents in a twin screw
extruder. The PPE and bl ock copol yners were added at the feedthroat and the
PP was added downstream The organophosphate ester was added by a |iquid
injector in the second (downstream half of the extruder. The nmaterial was
pelletized at the end of theextruder and the pelletized material was
injected nolded into test specinens for flexural nodulus and tensile

el ongation testing. Flexural nodulus (FM was determ ned usi ng ASTM D790-03
at a speed of 1.27 mllineters per mnute and is expressed in Megapascal s
(MPa) The val ues given are the average of three sanples. Tensile el ongation
was determ ned at break using ASTM D638-03 at a speed of 50 mllinmeters per
m nute and Type | bars. The -val ues are expressed in percentage (% . The

val ues gi venjanejtiie ayerage|of 8 sanples. The sanples for flexural nodul us
and tensile eL§ngation i %qkedﬁiqg ol ded using an injection pressure of
600- 700 kiqu*%&kvuovc¢.p osgware(centinmeter and a hold tinme of 15 to 20
seconds on af|Plfastar Ti-80G2[Trom Joyo|Machinery & Metal Co. LTD. The
remai ni ng noldiing ¢onditiansjare|shown)in Table 2. Abrasion resistance was
- ey . LN = & .
det erm ned omn—aw|elleet nis¢call—\ e [Havi-ng a conductor with a 0.22 square
mllinmeter cross s§ct|(nal ar ea d a covering wth a 0.2 mllineter
insul ation thtgkness,, Abiasibongr exisgance was tested according to I1SO 6722
using a 7 Newtor|(N) —l oadarmd & needreiwith a 0.45 mllinmeter dianeter. The
results are e¢xpressed iinjcyclies. |o
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The conpositions of the Exanples and data are listed in Table 3. Electrical
W res, as described with regard to abrasion resistance, were produced using
t he conpowot2o@mesfoz Exanpl es 1-12. The thernopl asti c composiusb@s/owss dri ed
at 80C for 3-4 hours prior to extrusion with the conductor to formthe
electrical wire. Table 2Table 3. *Conparative Exanpl eExanpl es 1-13 show
that achieving the desired tensile elongation, flexural nodulus_ and

abr asi on Bxesipkkant show shas ianlgkeing dhp dssitaddmnsils elengotips,i feguyal apeduleul t .

Exanple 1 exhibjits all three .desirable. praperti. - ' i st
g ¢ R A Ry s R T v S ey
tensile clopgatiie ﬂp-aﬁge@as&gg}s&@ésex aih HRBsiaR Yosiyice Ereard ka2l 00ABickds, has an

i ncrease o0 perc I n pol ypropyl ene and a decrease of 10 wei ght
per cent pdiex@eal yheehibusdedsethn 1300 Mlpecaridaa tensitree] ongation st hesek greasaitBaance.

pory br opyPtndaintile Lot es Sanree ettt 3 e PResr Ak PSP EkRERa I

el ongat i Qnyectda8X WE ab WSk MScendPHlyRtyREE @hekLRilS tamate adh@atdi dtresi@nce
bet ween Exa%pl%s 1 and v%b??sus%ygﬁg 4 bei n)g t he conposition of the block

copol yneresisExmep|Bxabplestd i drphicl shew theosamesenst proly@aensgtierhagther

henyl et hyl ene content th t he bl ock | > :
Ceronst r SOLETRIET TNk p e ST Pol 147 anparie pulithn) RosedBhettn, o ¢ ha
is too highurdExRMRIR, fhd WiGdh ReRlaYS Thblidfkente petvser Examplasd and Dwer

phenyl et hyl ene content than the bl ock copol yner used in Exanple .1 has a | ow
fl exur al versgal3usnddibeingtheseamnosiopafr thaiedk eapoheastst Bxamrle py alpfles 14- 24

Exanpl es 14-24 d i | t 1-13.
Gompos 1RSI EL ARy Y8Rl AR R Il AT QP METBRRE o o

t o Exanpl®@polymks uséX Bk @dple4r, Fenohsivtehatcellbne dbesionertsistanbé bat hona of
flexural modulus that is too high. Example 6, which employs a block copolymer

having a lower phenylethylene content than the block copolymer used in Example 1

has a low flexural modulus but demonstrates poor abrasion resistance.
Examples 14-24

Examples 14-24 were made as described above With regard to Examples 1-13.

Compositions and results are shown in Table 4.

Table 4.
14 15 16 17 18%* 19 20%* 21* 22% 23 24% 25%
PPE 50 40 50 40 50 50 55 55 55 45 45 55
KG 1650 10 10 5 5 - - 5 - - 15 - -
Tuftec
H1043 - - 5 5 10 - - 5 - - 15 15
KG1657 . | - - - - - 10 - - 5 - - -

HDPE 30 40 30 40 30 30 30 30 30 30 30 20
BPADP 10 10 10 10 10 10 10 10 10 10 10 10

Tensile 37 |54 37 58 |4 24 12 8 11 79 14 9
Elongation
FM 1433 | 1242 | 1725 | 1519 | 1986 | 911 | 1695 | 2020 | 1456 [ 1225 | 1950 | 2153
Abrasion

. 655 | 126 777 184 1000 241 1000 p1000 | 696 487 1000 1000
resistance

*Comparative example

Similar to Examples 1-13, Examples 14-25 show that the desired combination of

tensile elongation, flexural modulus and abrasion resistance is difficult to achieve.
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tensile elongation, flexural nodulus and abrasion resistance is difficult
to achi eve. Surprisingly, conpositions using high density pol yethyl ene, when
conpar ed wo 20@essoabl e conposi ti ons conpri si ng pol ypr opycenso0sayssé ower
tensil e elongation, higher abrasion resistance, and sonewhat hi gher

fl exural nodulus. While the invention has been described with reference to
a several enbodinents, it will be understood by those skilled in the art

that varig g%basﬁ{wg@&n PONLAR THAle Mgl Resity gotydisylemy Wlkers bsbartedt ®d f or
el enents t eof” W t hout departing fromthe scope_of the nventlon In

addi t i oncomparpblepatinipasiiions FoMPENE OREIaPYl 6“%1&1&16? lowerfensites lopgatiofyat i on or
mat eri al e t.eachi ngs of parting fromessenti al
scope thé‘?ggﬁf ghrﬁ%’? E?SBSF%ce’l @dlsgﬁfhpéﬁg%%??]h%&bﬁeh}ﬂﬂgent| on not be linited

to the particul ar enbodi nents di scl osed as the best node contenpl ated for
carryi ng yweile tHei 1Svéiieanids Been describbéitwithheférancentoi 0 sevaidl lenibodinuigs, at |

nbodi ts fall thin th d cl
ot ont 5. wilhenindappIGo 10nS SFLITOPR GFt el 1 NG SEeE TN OB BATSERH her ei n
by referen lvafeﬂtstlﬁéf}%: % Ogtﬂ')ts{l{:u VoY Eehehi (riBbMrihdiR: departifiB fRINERe'scoid Wi T e

conpr|5|ﬁﬁ a con r a covering disposed over the conductor wherein
t he condugtiey in@exun. SI@lSadﬂutdmerrmnphmshﬁcatlommmslhel wad estocadapiea piltréc'#olpl astic

t | t her f
2 7oF ook cOpeIEmatE hite cahreknd P s Spbe iR PERG L Lo
has an a%r BRrdo2S! ﬁ:&@ﬁ)‘?e,olft 19" ﬁ%ﬁ&erd Eﬁaarﬂhel%eﬁﬁsﬁ et baslidré@raithed by the

scrape abr sl on speciflcation of O 6722 using a 7 Newton | oad, a needle
havi ng a fartialarienibodizhents dlSdﬂdeHSSﬂ;le bert mndesbatemplated foxicawying out this

invention, but that the invention will include all embodiments falling within the scope

of the appended claims.

All cited patents, patent applications, and other references are incorporated herein by

reference in their entirety.
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havi ng a conductor with a cross sectional area of 0.22 square mllineters
and a covering with a thickness of 0.2 mllineters, and wherein the

t her mopl asbi2e06meBRsi ti on has a tensile el ongation at breaksgssaisss t han
30% as determ ned by ASTM D638-03 using a Type | specimen and a speed of 50
mllimeters per mnute, and a flexural nodulus |less than 1800 Megapascal s
(Mpa) as determ ned by ASTM D790-03 using a speed of 1.27 mllinmeters per

m nute. RyphhesatestvEeais:wire of G aim 1 wherein the thernoplastic
conposition is essentially free of an al kenyl aromatic resin. 3. The

electrical wwre of Caim1, wherein the thernoplastic conposition conprises
a conti ndoys pol slettafs WHRQWIRHINE di spersed pol y(aryl engpet her) phagg. 4,
The el ectri cal Cv(\)/i el ]gglai m 1, wherein the poly(arylene ether) is present
in an amount Of §g%o’§ wei ght percent, the polyolefin is present in an
amount of 25 ta0cARringididposgebeanhe candhdidrewhtérenk theopaldyeter comppsdsent in an
anount of 7 to 20 wei ght percent bas%d on the conbi ned wei ght of the

pol y( ar ylteermoplarias yompRsitias arthe tegrgplatis SopPeFiigRGOPPENE 1 et ar dant . 5. The

electrical wr, ' erein the polyol efi [ I
_ _ 1 Tet pol yol efin conpri ses pol ypropyl ene,
hi gh density ;Sﬁlaﬁieot%ﬁg%ﬁg o}rléi\g conbi nati on of pol ypropyl ene and hi gh

density pol yet(liyh polgolefin; The el ectrical wire of Caimb5, wherein the

pol ypr opyl ene conpr.i ses a_ pol ypropyl ene honopol yner, a pol ypropyl ene
copol yner or é“@é‘rﬁ%?ﬂ‘a‘%qPSW%‘fr?/g‘dpol ypr opyl ene honopol yrrgr gﬁd gy

pol ypropyl ene ( RHM B etardant The el ectrical wire of aim5 wherein the high
density pol yethyl'ene conprises homo polyethyl ene, a polyethyl ene copol ymer

or a conbi nat ivdrereif thenadeqintal ewing lheh @naabuastorp o¢sjsbarieg| engrealspshapneP0 8. The

electrical Wre Aoty mSeret Tt PPetRicafd) 8F9s8%72 g off oW rate
Newton load, a needle having a 0.45 millimeter diameters, and an electrical wire
having a conductor with a cross sectional area of 0.22 square millimeters and a
covering with a thickness of 0.2 millimeters, and
wherein the thermoplastic composition has a tensile elongation at break
greater than 30% as determined by ASTM D638-03 using a Type I specimen and a
speed of 50 millimeters per minute, and a flexural modulus less than 1800
Megapascals (Mpa) as determined by ASTM D790-03 using a speed of 1.27

millimeters per minute.

2. The electrical wire of Claim 1 wherein the thermoplastic composition is

essentially free of an alkenyl aromatic resin.

3. The electrical wire of Claim 1, wherein the thermoplastic composition

comprises a continuous polyolefin phase and a dispersed poly(arylene ether) phase.

4. The electrical wire of Claim 1, wherein the poly(arylene ether) is present in an
amount of 35 to 50 weight percent, the polyolefin is present in an amount of 25 to 40
weight percent, and the block copolymer is present in an amount of 7 to 20 weight
percent, based on the combined weight of the poly(arylene ether), polyolefin, block

copolymer and flame retardant.
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of 0.4 granms per 10 minutes to 15 grams per 10 minutes when determ ned
according to ASTM D1238 using powdered or pelletized polypropylene, a |oad
of 2.16 kiwbagssassssand a tenperature of 230C. 9. The el eetmiusadoswiszsss of
Caimb5, wherein the high density polyethylene has a nelt flow rate of 0.29
grans per 10 mnutes to 15 grans per 10 m nutes when determ ned accordi ng
to ASTM D1238 using either powdered or pelletized high density

pol yet hylsene, & Qadunfl 2wk lfl @@sias 1 andhaeinermer polypkfiaf cbAPdi€es 10. The
electrical wire of daimb5, wherein the pol ypropyl ene has a nelting

i—, err\;lamer at gpbbfpmm{]hlghéﬁn%ﬁy rodyeshylens orzveombinationiod p@b@é?mil%an%ﬁ?@ of Claim
, erein the hi ensity polyethylene has a nelting tenperature greater

t han or g&ﬁs&gqogye%iﬂ@_e- 12. The electrical wire of C aigm 1,rrpV\herei n ?he

bl ock copol ymer conprises a diblock copolyner and a triblock copol ymer. 13.

The el ectq,i calThei electeibalCharienofl Cluineri wherbin fleapelypatpytaiantonuings ises an

organi ¢ phosphate ester.14. The electrical wire of Caim13, .wherein the

or Pani(a ;pl@bmm_tl@eeh@é@méw&fpi%é’@lﬂr%%@n&r SPORYRE, A e CHMBINALCR 102 For nul a
: . erein [.€1.) 1 kyl havi
5 carbond® 501%19“,3?‘0% z’oﬁﬁ%égg%g@ﬁﬁp%%gﬂ%ﬁ;f a)r/yl 2l E;F or 7 Lo

al kylaryl group having 1 to 10 carbons; nis an integer equal to 1 to 25;
and si amd s2 Eiee elentieple ventdfy Ciimi At ederciedbal high densiy 2polyghylere

electrical wire of Cajm13, wheregi he t her nopl asti ¢ ,conposid. on has a
ph_osEhor ;F@nﬂ@ﬁ?%mm%ﬂf’o ehyieeqa ?O%ﬁﬁ'ﬁﬁneﬁ@g@me?ﬁ’ﬁfe@%mn% %%hrggrll ‘hed
wel ght o Ojel)Qelﬂ)( 1&evdn8mn 1dne RPbKedegf i n, bl ock copol ymer and organic
phosphateP _ste’g. 18. %??e ect rcin?aWV\/i re of Claim1, wherein the
t her nopl astic composition further

8. The electrical wire of Claim 5, wherein the polypropylene has a melt flow rate

of 0.4 grams per 10 minutes to 15 grams per 10 minutes when determined according

to ASTM D1238 using powdered or pelletized polypropylene, a load of 2.16

kilograms and a temperature of 230°C.

9. The electrical wire of Claim 5, wherein the high density polyethylene has a
melt flow rate of 0.29 grams per 10 minutes to 15 grams per 10 minutes when
determined according to ASTM D1238 using either powdered or pelletized high
density polyethylene, a load of 2.16 kilograms and a temperature of 190°C.

10.  The electrical wire of Claim 5, wherein the polypropylene has a melting

temperature greater than or equal to 134°C.

11.  The electrical wire of Claim 5, wherein the high density polyethylene has a

. melting temperature greater than or equal to 124°C.

12.  The electrical wire of Claim 1, wherein the block copolymer comprises a

diblock copolymer and a triblock copolymer.

13.  The electrical wire of Claim 1, wherein the flame retardant comprises an

organic phosphate ester.
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conprises one or nore additives selected fromthe group consisting of
antioxidants, fillers having an average particle size less than or equal to
10 m cr onwbens/ocsdenf or ci ng agents havi ng an aver age partiralseosiozssé ess
than or equal to 10 mcrometers, silicates, TiQ2 fibers, glass fibers,

gl ass spheres, cal ciumcarbonate, talc, mca, nold rel ease agents, W
absorbers, stabilizers, light stabilizers, lubricants, plasticizers,

pi gnent s,;4dyesp,.ColophRMt Svircd R CRidt 16, J@RAE, thel oiian pbevphate taam ng
agents, netal deactivators, and conbi nations_conprising one or nore of the
f or egoi ngomgdidsi ateis-aryl phosphatedipvingthe Bernwle Hlof G ai m 1, wherein the
poly(aryl ene ether) conprises a capped roly(arylene ether). 18. The
electrical wire of daim1l1, wherein the thernoplastic conposition is
substantially free of visible particulate inpurities. 19. The electri cal
wire of Claim1, wherein the( astic conposition is substantially
free of particulate inmgurifti *¥har 15 ni croneters. 20. The
electrical wire of @aipmg o3 \ &SL(%:WIene ether) has an initial
intrinsic viscosity greéeate 7. dial tp O.n35 deciliter per gram as

measured in chloroformijat 25C. 21. The electrical wire of daim1 wherein
the abrasion resistanc&®? s greater than or Riqual to 1?@1 cycles. 22. The
electrical wire of daim1l wherein the tensile el onga 3n is greater than
or equal to 4Qus..d3 R @I IECHE itRbendehfly @h a@a@'gi’@uﬁ&hdﬂﬂ@ Btd1s ch®ohd ock
copol yner conprises at |east one block (A) and at [east one block (B) and
bl ock  ( BjandR'eR caraindspérakindy su alkylitaidnarylafol prrelkylapd grqushasingt fa E&l wire

of Claiml1, wherein the polyole i~$. present . i n i and t he
ool v/ ar yiogihos: iy gn 1ecesP Suihes 1 oz BRERFRAGS7 o aRPRbe P hell, 70
vei ght ofeghfigomabyol efmis less than the amount by weight of the

15.  The electrical wire of Claim 13, wherein the thermoplastic composition has a
phosphorus content of 0.8 to 1.2 weight percent based on the combined weight of

poly(arylene ether), polyolefin, block copolymer and organic phosphate ester.

16.  The electrical wire of Claim 1, wherein the thermoplastic composition further
comprises one or more additives selected from the group consisting of antioxidants,
fillers having an average particle size less than or equal to 10 micrometers, reinforcing
agents having an average particle size less than or equal to 10 micrometers, silicates,
TiO,, fibers, glass fibers, glass spheres, calcium carbonate, talc, mica, mold release
agents, UV absorbers, stabilizers, light stabilizers, lubricants, plasticizers, pigments,
dyes, colorants, anti-static agents, blowing agents, foaming agents, metal deactivators,

and combinations comprising one or more of the foregoing additives.

17.  The electrical wire of Claim 1, wherein the poly(arylene ether) comprises a

capped poly(arylene ether).

18.  The electrical wire of Claim 1, wherein the thermoplastic composition is

substantially free of visible particulate impurities.

19.  The electrical wire of Claim 1, wherein the thermoplastic composition is

substantially free of particulate impurities greater than 15 micrometers.
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poly(arylene ether). 25. The electrical wire of Claim1, wherein the block
copol yner conprises a first block copol yner having an aryl al kyl ene cont ent
great er twenoewoss@ral to 50 wei ght percent based on t heptonsbooswisgbs of the
first block copolyner; and a second bl ock copol yner having an aryl al kyl ene
content having an aryl al kylene content |ess than 50 wei ght percent based
on the total weight of the second copolyner. 26. An electrical wre
conpri si ng; a Therdkwtia wisndf @lagoviewhegeinitsppolgthrdeey ethew hepadasitiel wher ei n
t he conductor conprjses a thernoplastic % osition and the ther | astic
conposi t ilANgieEscosiy @xesttthap o egpal 10 Y. ggfeffﬁlé‘?ry?eér%a@t ar?e’?“)eaﬁﬁléﬂg an
initial i mtrif%si cgg%psi ty greater than 0.35 dl/g, as neasured in

T (T

chl or of o't 286 i) a polypropylene having a nelting tenperature

greater than or equal to 145C and a nelt flowrate of 0.4 to 15;(iii) a
bi s- aryl ophosphrt@caneh Wive oBCranti whtremnthe fabtasmnlrksistinasap @rsatertbathavi ng
different aryl al kylene contents wherein a first bl ock copol yner has an
aryl al kyreaeal éphd ﬁYCl‘ficfreater than or equal to 50 wei ght percent based on
the total weight of the first block copolyner and a second bl ock copol yner

has an any alid 0% GV dine 1| ifbin hoRhaRlcaRkaaNTs Garachg of e t otal
ocC

wei ght of "the secon copol yner wherein the electrical wire has an
abrasi on eqeslite@tice of greater than 100 cycles, as determ ned by the scrape
abrasion specification of 1SO 6722 using a 7 Newton |oad, a needle having a

0.45 m | jnet dianeters an.electrical, Wr ] r wth a
cross sectron gfheaql%cén@? “ﬁfﬂ%} A Wl’r‘ﬁr?lflitﬁ%t’lg &S C(gpnoz}%éygcg)\?g) & %%)%Q[\L/i\ﬁsﬁ a
t hi cknes s, Rfp10ci2(A) hhd BBIeBStSone®l8ck (B) and block (B) is a controlled distribution

copolymer.

24.  The electrical wire of Claim 1, wherein the polyolefin is present in an amount
by weight and the poly(arylene ether) is present in an amount by weight and the
amount by weight of the polyolefin is less than the amount by weight of the

poly(arylene ether).

25.  The electrical wire of Claim 1, wherein the block copolymer comprises

a first block copolymer having an aryl alkylene content greater than or equal
to 50 weight percent based on the total weight of the first block copolymer; and

a second block copolymer having an aryl alkylene content having an aryl
alkylene content less than 50 weight percent based on the total weight of the second

copolymer.

26.  An electrical wire comprising:

a conductor; and

a covering disposed over the conductor wherein the conductor comprises a
thermoplastic composition and the thermoplastic composition consists essentially of:

(i) poly(arylene ether) having an initial intrinsic viscosity greater than 0.35
dl/g, as measured in chloroform at 25°C;

(i) a polypropylene having a melting temperature greater than or equal to

145°C and a melt flow rate of 0.4 to 15;

31



wherein the thernoplastic conposition has a tensile elongation at break
greater than 30% as determ ned by ASTM D638-03 using a Type | specinen and
a speed olo200emck3obnet ers per ninute, and a flexural nodglrus20es%2850an 1800
Megapascal s (Mpa) as determined by ASTM D790-03 using a speed of 1.27
mllimeters per mnute. 27. An electrical wire conprising: a conductor; and
a covering disposed over the conductor wherein the conductor conprises a

t her nopl ast i ¢ (ddriasatyil phosphetetahé t her nopl asti c conposition consists

essenti al | f. (i) 40.tq 55 wei f. a. ) co(ii
cosentL el ), oo sy o Sp b R R R B Ry L) ()
bl ack Coltﬁlﬁhéé%.r WII;]&QH d 1128} b ck Qodcdyel BRlarPAYTERYIcAé contbhtaieatérctan dant

wherein e wei ght percents are based on the conbi ned weight of the
pol y( ar ylegnd tetI0ewdight feecano bysst efrthe tatel weigkiofdbe rsyback capelymee arqd ane

t ardant wher ei h i cal wi [ j
Lhan 100 tyerpd logk Gereri pag ey A S RnEs] dh STUAPTIRRA, O “T'so

6722 usi ngs@ dn NRWANWERRAOF the BROAM BlokRoPWymed. 45 mi | 1 neter dianeters,
and an electrical wre having a conductor wth a cross sectional area of

0. 55\/(1 squar e hm'wlhdrcﬁat‘élleselaqtdc wioe des 75 dliresion resistancsefs grsatep thanyil P9 net er s,
an erein e thernoplastigc co Shtl . . iclyene ] t break
greater tHETBEHY etggm@ag&}ly rﬁ%ﬁesﬁrrgg% akgfmgl%ﬁﬁﬁg?ﬁégg nggglqhg %e?i nen and
a speed Ofjew@nNMohd,i AMBbE&IIS HAGgM DUBemilindte dikmutersalandgdudlacritassire han 1800

Megapascal s (Moa) as determ ned by ASTM D790-03 using a speed of 1.27?
m i met erayingep q)fpindmt@r_ with a cross s%:ctional area of 0.22 squage miﬁgneters and a

covering with a thickness of 0.2 millimeters, and

wherein the thermoplastic composition has a tensile elongation at break
greater than 30%, as determined by ASTM D638-03 using a Type I specimen and a
speed of 50 millimeters per minute, and a flexural modulus less than 1800
Megapascals (Mpa) as determined by ASTM D790-03 using a speed of 1.27

millimeters per minute.

27.  An electrical wire comprising:

a conductor; and

a covering disposed over the conductor wherein the conductor comprises a
thermoplastic composition and the thermoplastic composition consists essentially of:

(i) 40 to 55 weight percent of a poly(arylene ether);

(ii) 25 to 35 weight percent of a polyolefin;

(iii) 7 to 12 weight percent of a block copolymer; and

(iv) 8 to 12 weight percent of a flame retardant wherein the weight percents
are based on the combined weight of the poly(arylene ether), the polyolefin, the block

copolymer, and the flame retardant

wherein the electrical wire has an abrasion resistance of greater than 100
cycles, as determined by the scrape abrasion specification of ISO 6722 using a 7
Newton load, a needle having a 0.45 millimeter diameters, and an electrical wire
having a conductor with a cross sectional area of 0.22 square millimeters and a
covering with a thickness of 0.2 millimeters, and
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wherein the thermoplastic composition has a tensile elongation at break greater than
30%, as determined by ASTM D638-03 using a Type I specimen and a speed of 50
millimeters per minute, and a flexural modulus less than 1800 Megapascals (Mpa) as

determined by ASTM D790-03 using a speed of 1.27 millimeters per minute.
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