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to United States Provisional Application Serial Nos.
60/ 637, 406, 60/637,419, and 60/637,412 filed on
Decenber 17, 2004, which are incorporated in their
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resins such as polyvinyl chloride, any replacenent

materi al s nust be capabl e of being handled in a manner
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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, . Howevér, 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
msulation but this success may be difficult to sustain as the requirements for

automotive electrical wire evolve. The amount of wiring in automobiles has
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wire dianeter by specifying reduced insulation |ayer

t hi cknesses and specifying snai',er conductor sizes.

For exanple, |1SO 6722 specifies, for a conductor

having a cross sectional area of 2.5 square

mllimeters, that the thin wall insulation thickness
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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.



BRI EF DESCRI PTI ON OF THE | NVENTI ON The above descri bed
need is nmet by a electrical wire conprising: a
conductor; and a covering di sposed over the conductor
wherein the covering conprises a thernoplastic
conposi tion and the t her nopl astic conp03|t|on
conprises: (i) pol y(aryl ene ether); . (i
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BRIEF DRSCRIPTIONOF THERBHNTIGNI ng a 0.45 miLlinmeter
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a speed of 50, m| ers m nute,. and a. fl exural
thefipHlFT PERSSiARAn HSOhREgA At BEP iRy Chyises:
() gﬁgﬁtd}ylrggge@gr)ASTM D790 03 using a speed of 1.27
Imeters pér minute. BRI EF DESCRI PTI ON OF THE

(11)[3@@Wdiﬁ$81 Figure 1 is a schematic representation of a
secgl on of .an electrical wire. Figures 2 and 3

(“%?Eﬁ)ﬁlércg}bo R \1/| ews of an electrical w re having
(ivafibhpk®akiaser s.  DETAI LED DESCRIPTION In this

specification and in the clainms, which follow,
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with gsesgsesitang! wes of PBedaere mﬂl@?etelé@% ARYEHE g thickness

0f@§¥?ﬁﬂﬁagg @ and that the description includes
i'nstances ere the event occurs and instances where

wheteirdthe sherafoplastic 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 foilow, reference will be made to a

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



The endpoints of all ranges reciting the sane
characteristic are independently conbinable and

i nclusive of the recited endpoint. Val ues expressed as
"greater than about"” or "less than about” are
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during normal use. In the past, the thickness of the
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some na
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insulation. As wiring density increases, the nced 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



manuf acture the covering nust have sufficient stretch
to withstand the mani pul ation w thout snapping. In
addition, over the life of the car, the tensile

el ongation remains inportant for autonobile repair
and ordinary wear, particularly when attached to
novabl e parts such as seats. The thernopl astic
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Theaﬂﬁnhgﬁﬁ‘sh‘&oéﬁﬁ%o%ﬁ%nl%saa 6 @longMidrelt Behlnts detned by
around a mandrel the covering of the electrical wre
ASTM B)@8i0FedsingrTpeat kuars, df dgrdete dhag, oEjegeal r foc 30%wi are gnore

us. t her | astic itian h r DI I .
spoft iRy DR B el REPQR, bl 2D MO afficl R oan o
equaBto B84, AHE RESIY cl6RGMioB hn bE &Sk Slaang @qlislss B0, The bars for
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tengiigtslensetion aig melded adpsedhrdi inithsxampiee” wound around a
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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 mandre]l without cracks developing in the

covering.



equal to 1700 Mpa, or, nore specifically, less than or
equal to 1600 Mpa. Wiile the individual criteria of
abrasi on resi stance, tensile elongation, and fl exura
nodul us may be straightforward to achieve
i ndependently, it is surprisingly difficult to
achi eve adequate performance in all three are?s
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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



wherein for each structural unit, each QQ and @ is

i ndependent |y hydrogen, hal ogen, primry or secondary
| oner al kyl (e.g., an alkyl containing |I to 7 carbon
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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



of salicylic acid, and especially salicylic carbonate
and |inear polysalicylates, are preferred. As used
herein, the term"ester of salicylic acid" includes
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fewer degradative prodicts, such as gels, during

et abr ocessi ng of the poly(arylene et her). The
poly(arylene ether) can have a nunber average
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in tﬁ@%k&@ &) @Vddﬁge fhe 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—alky]benzamine
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exhibits fewer than 5 visible specks when viewed in a light box with the naked eve.
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 CHCl;, 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
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rent me ow rate. 1n’one
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such as isotactic polypropylene. Crystalline
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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 temperatore less than or equal to 175°C.
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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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( 20(pnits as shown by either the presence
of only a single glass transition tenperature (TQg),

I nternedi at e
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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per
The butadiene may co:mpnse },4—butad1ene 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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myb h](kty}ene comehty ey thaw 5(h m@ﬂnlmrdeang& tdmembiciadly available from
nt greater t han or

CoDﬁL%fr@rssun%r t%@a&s’enéa%ﬁ@&wagn" greagefe mamss sych as G-

t
17(ﬁ%aL7dzgfc9%’@ g%llg E%ﬁéﬁg gtalﬁs%‘i* @W&ﬁs gf??@?ﬁ'}?ﬁ%m and

A- RRﬁQaﬁdant and bl ock copol yner. AI so within this range
t he bl ock copol ynmer may be present in an amount | ess
t han nor e ecificall

r..equal, tq 14
In gt Bty ths hegiion B, Ctbiost ictirh i 1, b REE opRidmer
andOer nﬁ%&tl cob@lyilr?ez Wq'he h;vmgﬁrxﬁ@@bf BRsedier do?@ltym%:@ ﬁ@ﬂféecﬁblock

i ght of the poly(arylene ether), polyolefin

COPnlama?«r dzaytbedndltdd:dck
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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copol ynmer. Exenplary flame retardants include organic
phosphate ester flane retardants such as phosphate
esters conprising phenyl groups, substituted phenyl
groups, or a conbination of phenyl groups and
substituted phenyl groups, bis-aryl phosphate esters
based upon resorcinol such as, for exanple, resorcino

Thehleckdeapiobmypérgh orpenitie an amoupkep 7 4529 weight parsen, bassh on the
i.s-.ph h as, f | i S- P
conBBHENTAB G5 HE PSR PR udh PHE Ryl ot

copBRaRpNalehas i8¢ rdnge 8¢ &ldokdedpobmmert mbs bal grydepha@nyih Jamount

phosphate (for exanple, CAS_No. 89492-23-9 and/ or )
greqte- BEn 1y equpletoodcotn BIOTHISBEAT kYR B G3HE Shaa P eqyabio 9 weight

exampl &, 1.:57583- Ba- ' ol
pe GIER SR MR B b BUFGRIERSAD) oo, name
retad@h028d BRck)copbivmphenydo whbmphitangd te bleckaropbbmdCAtay be
No. 115-86-6), tris(isopropyl phenyl) phosphate (for
pressrbifpincamens 19gs thanggegyalde 14 %Wﬁﬁwﬁ@ﬁy pssthn g equal

to 1%?%12 gﬁért g {p%{*ﬁgglil 9ess Itﬁ‘ano&equmq]if‘gﬂggﬂ cenf 98%H On the

€ ester comprises a bis-ary ate havi ng
contbigedroripht af Ithd polyRiyleat e(RE) gdlydleflh, fankl Biedmt-@drbleck
OOR4 nl I R2R3 (IIl) wherein RR R5 and R6 are
COPPWH?ﬁendently an al kyl group having I to 5 carbons and
- R4 are independently an al kyl, aryl, arylal kyl or

R
Exe%#féﬁgq{a){ﬁe AR BNIINE dredfc pRosphite GRlePBBME rBatdnBuch as
Integer equal to I to 25; and si and s2 are

phokpldép esstiant ¢omparsiigntnbgayl geopmsl ubstffuted 2henyh giomps, or a

congipii ot PORpHERGTE i BRGY kg Ao VRS S ART' posphate
estdld Bhded pBBR&or@fioiasuth iadl foy eRAgpIe] resdiBinbedRidiphenylphosphate,
appreci ated by one of ordinary skill in the art, the

as Weld-asrppsephessghos his-phenals weeh £% 09T £¥BNBISH Sophenol A bis-
dip]%?/@llogﬁl}éte?i &pohn%ne%bsod%rﬂgﬁty%% O%gﬁﬁgiaﬁésfﬁhate 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 I11:

{R%} s1 (R8s

oo RS e
R oﬁg_oK}R@o_g_o}ﬁ
| |

R R (11T
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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hydr oxyphenyl ) propane (so-call ed bi sphenol A),
2, 2- bi s(4- hydr oxy-3- net hyl phenyl ) propane,
bi s(4- hydr oxyphenyl ) net hane, bi s(4-hydroxy-3, 5-
di net hyl phenyl ) met hane and
1, 1- bi s(4- hydroxyphenyl)ethane I n one enbodi nment,
the bi sphenol ri ses bi sphenol_ A Organophosphate
catbess; ar 1§ a@antegmq tF &1tp RS m dotda¥ HeipIRPEndtraly ig isger
at i f 10 [ reatoRf
equagﬁfﬁs p{‘?a hegf)%l%senc]g}’ ? Pﬁ%ﬁ#ﬂf{ I E)Rg’nte)fReea‘?nl‘god1Q megl%tnl htgﬂjendenﬂy
deriadPfisth phEndihosphodlksipham] tadalkeiphbiol of atiwkylphenol.
organophosphate ester, is 0.8 weight percent to 1.2
ht percent based_on . the ¢ ed wei ght .
As 1;9@413 apiyreaied dohene of PRy é#ﬂﬁrﬂnt F&E‘k’%g‘m‘%‘eﬂho%m is
derl{{%ém% ot & d%‘i’sﬁohm{(ﬁ one E‘?{E‘Rﬁpa'rfe% pﬁéﬁﬁs anpufiiie 0f2 b BG(4-
ane retardant I's sufficie or t lectrical wire

hyditoayplesng!)propaner ageo-chliwmie obisphermd | eds, thari~ms(4dqmla¢xy-3-
to 10y§econds wher ei n e.flane o

t t,
metBdBRRYBROPBS anp| S4S(4 ﬁygf?é iy PE det dish 'rbg(ﬁf%f/ﬂ >
dim tﬂ?lphéxlgﬁ‘ﬂ?etﬂd'rﬁpﬁgﬁtl'IQBHs@L}%%?MﬁeW ahBeth iofe Ieﬁgao@zﬁ&t

les wth a cross sectional ~ area | ess than or
the eegplanot @ngnBesispirenohil | i neters using a el ectri cal
Wi re having a conductor with a cross sectional area

of 0.2.square mllingters danc rin i C
Orgforgosprifh Hofhel optt T EomuTBRUD AT RBATTY { RS A aang the
deteh8iRAHIRRTE thes aROBHESH diffRrean oagqubh& hdte teStefSdivivliht In one

percent, based on the conbi ned melg t of poly(aryl ene

embetiivesny thepwhyiesit eff iphosiblopiskas s peTwirirtha segenpplipsphate ester, is

t.ard hj t
o3 T8 "2 Uty R B il gy o
polB@eidnticthal) yolyalefial ock bepdlyeneragd dlandeqe@rdant.ght

percent. Also within this range t he amount of fl ane
retardant can be | ess thgfp or uaI

In g 6E1PY GBIy he PR, AR QTR OHS 11 A ETRF Slricd
wird @i dve %Fllaéy@élge e AR HRPIASIHag of ‘ég@ﬁstb HipQR RN Wherem the

opt’ion SO contain various tives, such as
ave:age iflamicchmntisle it ibasal on &b damplen fidace oyt tigens éethamn’lﬂ@ bgthe

average . 16 particle, si e
flanyh pEpBRGHieR Srocfil cqBtars més‘ééﬁgafn’smleq\”ﬁ@ a %?Sééectmal
areal lelgée&l%m & 8l f feh bes %quaeka a5 iSPRAr @Sng G16dHAl wire having a
carbonate, ftal and ‘'mica; nold release agents; W

condutar wehsq casalsiettionst erepueh Ods squeaghmidimaeiersi gnsh &n eyering

r| cants; plasticizers; pignents; dyes;
thmg%efsf)?gpr? " Hﬂ?mr static agents; blowi ng agents, foaning
agents, netal deactivators, and conbi nati ons

In dnerPitcdliméntOne Rimevéterdaht isf;&esfeﬁf agan ngiount 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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addi tives. In one enbodiment the electrical wre
conpri ses an conductor and a covering disposed over
the conductor. The covering conprises a thernoplastic
conposition consisting essentially of poly(arylene
ether) having an initial intrinsic viscosity greater
than 0.35 dl/g, as nmeasured in chi org{‘foorm at. 25C,

paﬁ”ff sine lopy/hemer panal Hy! Qamr@r)mrstﬁ@% SHCBS a?%ﬁlepisr%éqa@sa Ti0,,
thap or u r

ﬁbe}:ﬁ f&)gos %l?%os%ﬂé’ég 'i‘ 5E?+&naLé %ﬁ’ﬁa%deaarﬁ%a Unéla%eilse
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aryl al kyl ene contents wherein a first ﬁ)ock co

plasigigersh pegnyants; | Qigs =eraréoraer§ntaamstcare%@eﬁ AT G

[ b

st G B B e R ycgoing

addhiass.an aryl al kyl ene content |ess than 50 wei ght
percent based on the total weight of the second bl ock
copo r. ] ene et her resent .in an

In Gt GRPODP b1 G TGEEA SVTS I HrotiENGyT 4 HEvgine

disRetd Q{Ié?fth@ co% Qs eens b&@nn‘é" dfoﬁap?ﬁés ARh@RHoPHsOO composition
resi stance of greater than 00 ‘cycles, as determ ned

conkxytmgmsmuaﬁp ef abiyésilence etbett) |hfiv1ng1an mtldfmrre@cefrmsmsgmgter

|
oy S5icHet et o 1 LTI AT PYPREY oG BB P heline
temﬁ%rgpur@gl%%@g@aﬁ%?tehﬁﬂ% la?ﬁ?ﬁlﬁ{e Sgiegtfzﬂoéﬂ %‘Ré Ef ! 1(5;];?121?{0915

g/l(}r Rent Hoismpl pmgpﬁateoﬂiﬁ@sbdmmnatﬁtaﬁoﬁtwd bhskl @polymels having
el ongat ion at break great erf t{;@n 30%
|‘11‘S

diffasmamyb s ylsge Gantepts vahergipe PCléﬁ%POAY‘?Bred]é%f Bt ATk e
con{%r{ca %1' &%ngaﬁ/gpg uzﬂ"t@?é %(e}\%@?ex@eﬂt Gl G thB RSk W&éﬁﬁﬁﬁhe first

gapasca et erm ned
bIofk?&@og&aﬁghgg saccsmldﬂdcloéopo][ylﬁe? b b lar}étaﬁirybanpe:pnmtrﬂmsefh&n
n, one enbodi n electri re c r ses
50 BGiSl BFBPbRIS VB Dy W GE L SERoBE TR EOMEFor The
v, Gs SRABAH 35 @ Bﬁf m | FeRQMPRBIthE
po}g—(laﬁgﬁ%{set Tﬁ};}]érﬁ‘ e sent i al §r§/ lcr)ﬂfb 40 to 55 g\(}\\’/eealqght petr cgﬁltougtfby

weightpo] p}((!wlyﬁmn dhetdientiical Wi has asﬁahmeragmesp?éwemf gogatgr than

100p0| ﬁﬁ A térg%xged;b)% e]f'ére\\ﬁgi giﬁx 10@ %c?fq at@)fl o Igp%%z using a 7
Ne\m%h%s*@ra n¥&iBs %rﬂmgrredme@@tofp@as entlismaee ab@&eﬂe@flcal wire

t he combi ned wei ght of the poly(aryl ene et her} t he
havpy ¢aloaflaator whid Q)IC@)@S/S Sﬁ‘@b@]e@mﬂ of 0.22 square millimeters and a

covering with a thickness of 0.2 millimeters. The thermoplastic composition has a
{ensile 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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and the flame retardant. The electrical wire has an

abrasi on resistance of greater than 100 cycles, as

deternmi ned by the scrape abrasion specification of |ISO

6722 using a 7 Newton |oad, a needle having a

di aneter of 0.45 mllinmeter and a electrical wire

havi ng a conductor with a cross sectional area of 0.22
7toskﬁmmghmelukqnhefaabls)clan@p@ym@h%d| ng with a thickness of

5 oot BB T PR B PERAP A 8 %ed o
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tensﬂm Slrgasibe Bﬁaxeimgre)ater thanl 3066 rds deteominat IbblAS',&MrDéﬁa% usmg
optionall ort| on of. the polyolefin ar

a Type | Bah A FPeestoinsl] milmals ger Bip et Wffﬂh@od‘)ﬁus less
thaxﬁg:S?Q Lh?égeggas%ﬁls grhg %et%1ﬁe{3%)P%S‘ﬂ% §%190.- 03 Ssihprat §REd of

irst nelt mxture to forma
1.2%aﬁbim®btemper1mmtwre Alternatively, the poly(aryl ene
ether) and a portion of the polyneric conpatibilizer
may be nelt. m xed t orma first ne m xt ure d.
Thg FERP RS P erTda eriost BRar b ke fftolin o mel
miRRE YIRIdeC sicANBAtdnD chinpSindi e dxiulifiebr MBdnbufyi Xeiled th one
the first nelt mxture to forma second nelt m xture.

embiimanito tlearpoly(asylede eiier), mokimeyiq perapaibilizesasndygolyolefin are

sinRfiAb BUTc e, B °7 UF) b "k diibas, R TR R, e

pol?ﬁ@n@ EomiPAtBiliRt, tand 'Upﬁbﬂ@l)ﬁ@}id)r@l@ﬁ of fel pdﬁiydmgirom m)e‘lt fifdred to
es of melt m xing devices can he used in

fonpraoféléts@ékr, mixiyrenenbspisatinethe Polyeiin mwaﬁ%)féhe pigolefin
is RREMBRIARHIES witP RO Siddl e (it 9 Tirh NC&BHE thld pllRbire.

an extruder use
Aitéx@atwdmethe @obuatehe eller)\ad atpoetidal of ﬂlqumyth lcompatlblhzer

nprises, two bl ock copol ymers, one_havi an aryl
maralh@ym@h gttt APy e Brrmh gRrBre Bt éﬁent ﬁg%w%@eéﬁtand the
1enﬁ%{ t}feg%}ﬁnﬁﬁ Qggpé)cﬁﬁh%?\é'x@ﬁarth%f‘ nfithix@H KVHEBR first melt

con wel g percent, the poly(arylene
mlxittlﬂeew )"oranaj sdcbad 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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bl ock copol ynmer having an aryl al kyl ene content

greater than or equal to 50 weight percent can be

melt mxed to forma first nmelt mxture and the

pol yol efin and a bl ock copolyner having an aryl

al kyl ene content |ess than 50 wei ght percent can be

nmelt mxed with the first nelt mxture to forma
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mixghwithhe {iest relmeixbrn iy formi SERTBHSPYHE: pol yol ef i n
and optional flane retardant are nelt mxed at a
Thetrﬁgmgﬁ %BH”I ciaQBr‘?%tf‘ﬂﬁe E(ﬂﬂﬁ?rpbf B t1o§191 ﬂg}ﬁe %t@ﬁlﬁnt is ty%xcally
ure o ol y(aryl ene et her
dzcthtGSSbyt ﬂﬁrndéxlitﬁyctﬂgr;ﬁdaicabpmtpenme,r agyrselidfortlpid, of the flame
p ol efl For e the ol ryl.ene e .
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mar{ulf%'g%re atq E?%Qg%qbzﬁgiée@o tﬂéggoncl: afﬁ?ﬁoulgh brief per |Oggs(,) ©
compnnmts @&Sh@fthartmpplastm]g@npwtlmca,g duroriiep wélthe pplypledin, to

hin this ran e.te erat reater t
fomg s cabralrateqi S RDs Ty PR et P ARy 1op g S EhotdiEh
or equal to 260C. Also within thls range the
Thel RIRAEHMHE EherBYRE dopsiSmidhail wilefadual oftndll&ne edtardant are

nor'e speC|f|caIIy, | ess than or equal to 300C. After
melsmiredoit aé¢mpftrhfelrfbﬁﬁﬁ%@ﬁﬁ &t agusl tﬁeﬂhﬁ gk Bensitigneemppiagipe of

the poﬁz{(gp@n o e?)eb\rﬁelegs thahltflg @E&ghﬁfo?lu@ﬁlggﬁﬁx g (?frﬂ?é Polyolefin.

ViTrg openi ngs W t I amet er

For Mbxeh@iIBt efes polyariefe nithérdnpblmteric Wedrhpatibilivies, pa}ygb;ﬁn and
t he openi ngs may have dianmeters | ess than or

optiogd fiinee srierdentshaxbe mady BWixgdeitian GHLAg, teP’é@’éa‘?‘ilﬁé‘% 2&9"0 to

3205 itayEn BERe Rt o aheres ot S Bunll P kO B BE RS fiine
withth ﬁ'iFsCf g@ttﬁé %em atafPR8y SREFbAbCAbA Yor cfigabersotdad, @lore
eq ometers. | n one enbodi nent the nolfen

specffﬁliélly, gréater rtﬁiut 01f e redod . oaddo witkinahis rifgerthedemperature
filters having openl ngs with a maxjmim dj anmeter that

may ke Jessthan Rupdust teef¥3C, o maraFrecHicall hdessiakeresgaldp SORE--
cover| ng on the conductor. The thernoplastic

%rt %B;oes 'oxt Ial‘f Mé %&ngc?nefn% Eﬁ%%ngl?mx&?lthgﬁolteﬁiﬁm&?ﬁm R¥n 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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pel l etizati on or underwater pelletization, cooled, and
packaged. In one enbodinent the pellets are packaged
into netal foil lined plastic, e.g., polypropyl ene,
bags or netal foil |ined paper bags. Substantially
all of the air can be evacuated fromthe pellet
filled bags. In one enbodi nent, the thernoplastic
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circunference of” the conductor. Extrusion coating may

mme¥ploymandi haying a tipeknesdiod 3 mmdandbihe plagpes argivésuably fnspected
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tor BB BRI P Beral Y IRaoRD siires! EbsRoBRR ff My fve
placflemas jesihmah BEBy ] kd 100 Yr,RBorSpEdificdlly, thsy tHa@r equal to 70, or,
her nopl asti c conposition before extrusion coating.
eveER@npsrecificdllyi lags tognel aibakie 58 e 60- 90C for 2-20 hours.
Additionally, in one enbodi ment, during extrusion
t : e | ( 0§t | | S 1Tel ;
tn GRF B, RPIRR B pRlFURPRL' LOflplSudPlabplicd fg, the
con@ieo0y ABGRablE intdilerdssuth\ak RYtrogem coging tarfetreras ebdctik@] wire.
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In some embodiments it may be useful to dry the thenmoplastic 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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t hi ckness of the covering on the conductor. The

extruder tenperature during extrusion coating is

generally less than or equal to 320C, or, nore

specifically, less than or equal to 310C, or, nore

specifically, less than or equal to 290C.

Additionally the processing tenperature i s adjusted to
operpngy idtan efers umpy chedessy tapupy euilt &h 1S8nPBIPTICHES t @f, more

ford, a cover.i for : Ol X .
ol ' Sn IR reiel f RS RiFERREL D o Bl eS FRR R or more
filteBONRR YpkhiaBs woth AMELimER eedridiathhlyisdess|thasbr 4@ hi hkléthe

~than the nelting point of the thernoplastic

thwl@cm@@%ﬁhpicgvﬁrmﬁf%ﬁe e%tdugon coating the el ectrical

wire is usually cooled using a water bath, water

) r . : [
The B5R¥er, BpetsfiS fing SROT I ELAAR IF RERENT) N SR, oqual o
320%@t @1 mdad BpdcHialy,desy Ban ar eq2d tb 3185, orAfitoes speifldalig, less

the electrical wire is wound onto a spool or [|ike
thandevieqeql toy P4l | Additienallyelb wpcsonaeemperatipe s Adisted to

. m 10,1500, Mmn, |1n e ' . .
proif s bheleBy PO TphloredPRE ARARLIEMNerigh ;e gonductor,
for SQYHIN, Miighed IBRNABE thePWRY pdifito T8 dushoplastAdeinipasitih, or more

| ayers nmay be applied to the covering. In one _
specfitdigi wericast h)°Cohjghs ttham the mpliingepoinb of Hendremeplastic

havi.ng one or nore intervening |ayers between the
compgfiliet or and the covering to forma covering

di sposed over the conductor. For instance, an optional

ARAIREEEON cHAHFThE BRCHRYEWITTRY usdatly dbslpo ssidg ek aveckhath heater
conductor and covering. |In another exangl e the
@

sprayppuluetsor a waybbetien AOEwriRinghons piefare gédks fargeeipg cooling

rior_to [ yi the.covering. 0 I
melBE" R Gp3BR 50 a0 SRk VRO R B
elech AN 02t woRPPOfiotd §bol bhBke dévice Oyficalidse 9, spb&d S0FMERters

The conductor may conprise a single strand or a

per plimta(minginpto BX00awawin. | n some cases, a plurality of
strands may be bundl ed, twi sted, or braided to forma

[ ’ : "
i G, GOV s LSRR 1P 5 coven
dispoesiboiet eeScohdadtord eA dditibnad ieyersahay baviipdidd tothecopparge.
wre, aluminumwre, lead 21 wire, and w res of
one or, nore of the foregoing netals

al l oys conprisin 1 S.
In opesT g BF REYORNSE bEPEl: B KPR Tgvitty Pl B Fore
inteflehif@' 1a Iﬁ%&%&ﬁﬁ@%@a@bx‘ ah@anefcolvBene A9 dlbeh0f @Rering

thic negs of the covering nay vary and ‘
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 inchude, but are not limited to, copper wire, aluminum wire, lead
21



is typically determ ned by the end use of the
electrical wire. The electrical wire can be used as
electric wire without Iimtation, including, for
exanple, for harness wire for autonobiles, wire for
househol d el ectrical appliances, wire for electric

~power, wre for instrunents, wre r nformati
wireg gifrutiireaet gHOYSwPeBPFBRe aPe T the fptegojpiy mefds. The

concﬁﬂit&si?%?fdlg @eb%d»gilﬂﬂvat@,eﬁﬂbmwﬁ cross-section of an

exenp y electric e 1s seen in Figure 1. Figure
1 shows a covering, 4, disposed over a conductor, 2.
The lcrosenectambbateaefithe cohduatavand thipkness of themevedes gy vary and

. foaned ther | astic,composition. Perspegt] i Neli
is KNS SrE G P 54 A Pege S b ri e oy Fup o
be Wed 5& QHRictw 0 Mhodt BANEBEAYnclfiding] FP QR @plep Y@ hatness wire
conductor, 2, conprising a pluralrty of strands and an
for ewbinohits, addi firomaisehdg electria] agpligpeeeavist dor elgelric power,
._coverin 4, and.the.conductor, 2. | '
wirg, 8 st gy o JRIREAR GRS oy icaty e, S IGaTE B, ws
welCARANRRE! dilMihes GRAAHETRE., 2, can also conprise a
unitary conductor. Figure 3 shows a covering, 4,
di sposed over a unitary conductor, 2, and apn
A cioss-8e0fienioh gn lexgaplaryeeledtrica rareisssen ingrigurelnekigure 1 shows a
i nt eryven] r [ 0 LB 4
covtiifaeromer S8 B aENRY ] IR AR RORRO SR 4
comphike dsfoaed Gh@mophistie nongosition. NBatmchet oiewsyl peemplary
added .to the conpgsition prlor_togr during the, .. 4
eleciriqal Hates Arecharnig Figusees and Hy Eieuse £ SRS & EREEHEr &rdspose
ultor S, URILHS ¢ ' d bnd198itfoAa ayer,
ove S, PR A SRR e
6, digiogit ovaf thehvenngosi aridothe ¢andocter, shbddi anenemblydiment, the

and/ or pi gnent I d in,the color,. copcentrate is
coveigh A FORRTIEI S 0AMSH GRTHOPLASHS FPRIBITHR  RGIdushia g Segiso
conﬁ;\‘is@ Q%n?c&rgf]&gxhbctmi. NEolife REhowd HBowBhE) 4, Aisgol&d over a unitary

onposi ti rior tothe addition of color concentrate
condmyor, 2npaten tritvevéiinglaysn|tor Inagte evendiment, the igtereeningslager,

; b d ' .
. it EH A E AR SRR oSSR Ry o

strafdid color stabilization agents are known in the art
and are comercially avail able. 22 The conposition and

electrical wire are further_illustrated by the )
A colir| ewcerrao AT Maskrbately teyahp added OXRIPPYRPOSTRR prior fo or

duﬁ%%é%éé%tﬂ%io?é%qgkgﬁro%gs? WHER 3 S USARMLERGs TBEK i¥dyPically

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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Tabl e 1. Conponent Description PPE A

pol y(2, 6-di nmet hyl phenyl ene ether) with an intrinsic

vi scosity of
25C comercially available from Genera
under the grade nane PP0646. KGL650 A

pol yphenyl et hyl ene- pol y(et hyl ene/ butyl ene

0.46 dl /g as nmeasured in chloroform at
El ectric

The spipphEHn nHyeleqiEcad Wek aze peiaredlupEaiecth @y dhe following non-

| ene content of 30 weight percent,
hmﬁﬁgq%gﬁlﬁ%v\ei ght of the block copol ynmer and

based on

comercially avail able from KRATON Pol yners under the
EXgndpleE®iane G 1650. PP A pol ypropyl ene having a nelt

flowrate of 1.5 g/10 mn
ASTM D1238 as descri bed ,above, and

rc
Thw OpNE N ALy esgv@f@reéwfeﬂdﬁngdh%wt%ﬁ%?@ap a

determ ned according to

under
‘tec H

1043 A pol yphenyl et hyl ene- pol y(et hyl ene/ but yl ene) -

TablRal. yphenyl et hyl ene bl ock copol yner having a

Coll gﬁ%lterny PIEri i tent or 67 Wel gm percent; based on
Pl’%;ﬁn{e}’éf‘a %ﬂé&ir a%in'gi qf“rg i (g%% %%i“%?(‘ﬁé’é;;;}é{yﬁ’;
Tn)ét ure of ava1 fp(?flll Gengﬁal E]ectnc under the grade name f
KG3659Y phenyl pthhyl ene- pol y( etmmaylbﬂwkm@meby(@bylypﬁbwyleee)
t hyl ene b| palplumpytstlyteres bheki capodyrpére hyvieg hy | eeylethylene
content of | dchtevei gh30 wesght gricenbassel on thheotabtvadight of the
wei ght of |berckl @pblyaapoiniesmnandall e evagaite akdtdk KRATON
avai | abl e T pgRfl mﬁglgymrﬁmqsm he grade name G

-0o/7. T HDPE b bl e YL Mt NAYI g & 5TTe) g
flow rate bl ot OALEA, Sd?éﬂ/f“%z rd%stg*ﬁ)e ATt
D1238 as dpscri X p %IO
from M tsu ‘Wﬁarer ﬁ‘é" ?rf%e I?r/ ZeR Sunoco

ﬁp@a}ﬁhpnnl A hi.s-di

5305E....BPA henyl

th hate ((‘AQ

TufigfdbE379-

OT
=

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
2/10min 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 organophosphate ester was added by a liquid injector in the second

(downstream) half of the extruder.

The material was pelletized at the end of the
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Exanpl es 1-12. Exanples 1-12 were nmade by conbi ni ng

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 liquid injector in the second

(downstream) half of the extruder. The material was
extrpdidr| atd fedpelietizhé negieridf washinjectdl meldaddiyo derd speaimens for

| et.ized i al i, N d | ded i
ﬂexﬁ%LE%héﬁg ap én%{lflj @ﬁ%ﬁ’nh‘gﬁﬁghg agg tgns‘: Infaoelt g?ltgati on

testing. Flexural nodulus (FM was determ ned using
FleARENLETA0s 0BVBtwas sRaednal udin@ ASTNMI DY9®RORIs apgreed of 1.27
~mnute and is expressed in Megapascals (MPa) The |
millgngtespegivapesng is esessybindyedappseaty @y anpeagiues given are
Tensil e naat i t ] d [
the S8R0 TR EHLEG oFen® FHRaNEE Pl JUERNUE e SiMe
ASTIMIR6IS-0mnsa spde of 3b ueilimaes pexmirss ent TyppEbaenThgealues
(%9 . The values given are_the average of 3 sgérpl es.
are qpEessehHpP@seee Phexiheariuen glnen reaiia ayeRgs pied samples. The

samgleg qg@héﬁﬂ;\l"‘@%@u@%@ﬁﬁﬁn@ﬂ‘e %hge?ﬁ)nu\%xréQnﬁ@tioﬂ Rio®&ddl g an

ressure o ograns-force per” square
injecitont preEdues oAHA0-Z00 ddldgminsHorcofped Squace 2éntimmxtanmsl ohold time

Plastar Ti-80& from_JoyQ chi_nery & Met al ., LID.
of e Z0etrgPRineR Hlmtﬂ'gﬂc%)ﬁaihf?%_ yar4adHBt %ﬁﬁ%‘alo%%- bID.
The@%%ﬁkr%lnf)ﬁ%g&ﬁﬂgﬁm‘é@% dAsbRnATraed 20n an el ectri cal

W re having a conductor with a 0.22 square mllineter

cross sectional area and a covering with a 0.2 )
Abrpsibn resistance wassddtermiind ethaie Riselgisal Wise deviog & exsidyetanzdth a

s tested according to | SO 6722 using a.rt QD14 .

024 S M AGE GG Wpthel 3ot Pl vl et

insul QM thivkA8. ABIRNES feefdtanbe GYEleeRd albardRQISOI7RDIsIE a 7
the Exanples and data are |isted in Table 3.

NevepediN)iload anilregiceds vitlse Qb millingicr dgametert o Thp ety pre
resi.stan wer e produced using the conposition of
eXpﬁgsaeﬁﬁPecg&%'lz. The t hernopl astic conposition was dried
at 80C for 3-4 hours prior to extrusion with the
Theaofghositions dDthkExamiphs aall dath nicclitedrin®abléTabl e 2 Dryi ng
tenperature (C) 80 Dry tine in hours Cylinder
t enper.at ure

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 d
Cylinder temperature

1 240
2 250
3 260
4 260
DH 260
Mold temperature g0
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0O %000000Co 'pInM. M.-i to 00 00 OOO
ONO dami - InO d Vv-=000Trt InON O0O0QG O
OOMInIn MM ~n'finM-+4- - M N O%O0OO00O0M
d .--~ . N~1Inin, OU MUMQQ Qpl-( 0o "p (Sa
OOP3q~~aanEvvw~ ~'U [~ a~E 25 Exanples 1-13 show

that achieving th deSI ile elo
Exaie 4 SHEH U TH ot EdnE devon (aglSr Do eyl qgpgelus
’ obitfnf &1 e ks b8t 1B |
T e el PAbl e propert os . an abr i oh.
e},hﬂ)as iaH tthree degrablt ;B*opttmasn— 40 0biayioh essistange fereskarthan 100 cycles,

Iusles nd.a tensile atlo
a AcRare Rl Bt Gt A PaoBie  BPSHS, dhbion i AR P then
300@%{ BeLRRRE, %w%@lawﬁ oeteaREHE EMveight Pabanp mp(ylmgyl@n@land
decrease of 10 wei ght percent pol y(aryl ene ether)
a defcae;dss of d Ohawightapke o el yadykesie aather) fails to have adequate abrasion
resistance. Examples 3 and 4, which show the same trend in poly(arylene ether) and
polypropylene amounts as Examples 1 and 2, both have sufficient tensile elongation,
flexural modulus, and abrasion resistance. The difference between Examples 1 and 2
versus 3 and 4 being the composition of the block copolymer. Example 5, which
employs a block copolymer having a higher phenylethylene content than the block
copolymer used in Example 1, demonstrates excellent abrasion resistance but has a
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 Tiss 19 J20¢ |21% |22 |23 |o4% |25

PPE 50 |40 150 |40 150 |50 |55 |55 |55 145 145 |55

KG1650 110 |10 |5 5 - - 5 - - 15 |- -

Tuftec '

o |- 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 |10 110 10 |10 10 [10 |10 |10
Tensile |57 5y |37 |58 |4 24 |12 |8 1ol 14 o
Elongation

FM 1433 | 1242 | 1725 | 1519 | 1986 | 911 11695 | 2020 | 1456 | 1225 | 1950 | 2153

Abrasion | oos | 106|977 | 184 11000 | 241 1000 P1000 | 696 | 487 1000 100G

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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resi stance. Exanples 3 and 4, which show the sane
trend in poly(arylene ether) and pol ypropyl ene
anounts as Exanples | and 2, both have sufficient
tensile elongation, flexural nodulus, and abrasion
resi stance. The difference between Exanples | and 2
versus 3 and 4 being the conposition of the block

SurpiapeslymepmpEEARH &siBg HiEh chensErppayghyens owhen s9BIRGFRE, to
havi hi qF t t .
con a0 B0 NSRBI Sg Eact Rl b0e b, Bbpetion
higlahabSkion regsisdeparisometvhbelsigher fldxerlralduhmdul us t hat

is too high. Exanple 6, which enploys a bl ock

copol ynmer . havi ng | ower, enyl et hy|l ene content .than .
Whip & I EERiSOpH Jirere ﬁ’gdi”ﬁgg%ﬁlﬁ%y o a feerel Rpdiments, it
wiIlfﬂeeMe?gtodH’Bi%t}%%e Ridticd SIRRSET ALESaRRR chaRie@$hf be made and

resi stance. anpl'es 14-24 Exanpl es 14- wer € nmade as
equilekats eyl babostitwed for ebgents thereBk amthbetsiepartidg from the scope

ot PSR OB SRR 0 TROLE g TERL o

situforrSt AR BIORadPnE2DI4Re hvedon ¥Withdif Hpalind Gom &sential
- 515 - - Tuftec - -~ 5510 - - 5 - - 15 15 "H1043

scopGUESa0Tr 3 Therefore, 10s -ingndedHiRE the izEntion 3pt 3¢ Boitgd tgche

30,30 20 .. BPADR. 10 0.10 10 10 10 .,10.10 10. .
pord P o discgsesps e RO oo cpp g Eh il definggut this
invekdidR, Buf 4Batkhd v Aih Willlindi686 22 Qﬁ@:o&ﬂa’i@itslﬁﬁﬁlg]vﬂﬁﬁn PHebstope

Abr asi on resistance 126 777 184 1000 241 1000 1000 696
of thgappeodal dews. * Conparative exanple Sinilar to

Exanpl es 1-13, Exanpl es 14-25 show that the desired

| i.on [ . : :
AN SREPREBAL B auEOSAS B4 PR Blincls SYH RO hlin by
refeBétcpfin Siefidnyiretg.onposi ti ons using high density

pol yet hyl ene, when conpared to
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conpar abl e conpositions conprising pol ypropyl ene, have
| onwer tensile elongation, higher abrasion resistance,
and somewhat hi gher flexural nodulus. Wile the
i nvention has been described with reference to a
several enbodinents, it wll be understood by those
skilled in the art that various changes nay be nmade
and equivalents may be substituted for el enents
CLihkiSeof wi t hout departing fromthe scope of the
invention. In addition, many nodifications may be nade
to adapt a particular situation or material to the
t eaghi ng&n efecttibd Wwikv@MprRthew t hout departing from
essential scope thereof. Therefore, it is intended
t hat ceMuctPrigadti on not be linited to the particular
enbpodi S 46| 0s& : S . l,a .
For® cRreyinaRBRFUTRIE @8 LBy En WERAP (R0 Bb fR "L ibrises o
theimapdastic oompesition and It embdplastib o psittos chmptiseag wi t hi n
the scop of the appended clainms. Al cited patents,
pat ent éﬁﬁ1$%%@pﬁﬁgfﬁ§ d other references are
I ncor por@t edolyeleihn by reference in their entirety.
27 CLAIMS;. | . An electrical wire conprising: a
conduct diD) HerkEopelererigddi sposed over the conduct or
wher ei n tH8g o %{ﬁﬂgm onprises a thernoplastic
conmposition and the thernoplastic conposition
conyhdreigghe ¢ledtrigal poike i anl abnasiet degsthnce ofigrdata than 100 cycles,

ol vol efin, (iii),a block.copolyner, (v fl
o5 Ry Yt P s FRTRaP TR a7 fwida aRalordfiRo. o
neetlRdasihgndeiohilgmert éhamehad) addih aysties wircasvidghebhdrest with
by the scrape 3prasion speci fication of SO 6722 using
a CLoSS SQQHARA AT R L -2 2SS e8I BRI 47 2acqyeue With 4 thiskigss of 0.2
mildn@RRL e4s, and an electrical wire having a conductor
W t a cross sectional area of 0.22 square
m | Whateit éhs thgndoplassiswenipegitini thhs a tersile Rlvogaionfat Graak greater

Lhd i eter n nelnothe thernoplasti.c conpositio
] Rl g BB T s e PR EP e R S5 20 s0
milletersnparedinby, AGTM 6384 OFodusisnigssachdry PBOI Mepawisea (Fps) as

a SIP%%d og, ]\%q) : - ,
determined by AST 790-03 using a speed of 1.27 millimeters per minute, and
wherein the poly(arylene ether) and the polyolefin are present in amounts such

that the weight ratio of the poly(arylene ether) to polyolefin is 1.0 to 1.6,

2. The electrical wire of claim 1, wherein the thermoplastic composition

comprises a continuous polyolefin phase and a dispersed poly(arylene ether) phase.
3. The electrical wire of claim 1, wherein the polyolefin comprises

polypropylene, high density polyethylene or a combination of polypropylene and high
density polyethylene.
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mllimeters per mnute, and a flexural nodulus |ess

than 1800 Megapascals (Moa) as determ ned by ASTM
D790-03 using a speed of 1.27 mllineters per nmnute,

and wherein the poly(arylene ether) and the polyolefin
are present in anounts such that the weight ratio of

the poly(arylene ether) to polyolefinis 1.0 to 1.6.

2. The electrical wire of claiml1, wherein the

t hednopl abe ieiEC@i@ﬂﬂ'pw'Siﬂ taf oraimc dnphérsiestha pobypropymeascomprises a

poRistRleRs MeRlIBER & BaPbRRTLREreoBRLIT 10 nspBPHEtde of o
polptopeleat homeIpnérsas a ppBlHYRyRAY befeymdH gh density

pol yet hyl ene or a conbi nati on of pol ypropyl ene and
hi gh density polyethylene. 28 4. The electrical wre

of el ai MR woeksl Rty aghvar W}eﬁ{‘% %grdle?@igy %ﬁgethylene

pol ypr opyl ene honopol yner, a pol ypropyl e cop
comprises domsi palyetbriend, 8apolfyollhybn@pypdmelhon@p@dmmmnoand omo

P B Rl R i tenai 1y pol yet hyl ene.

conpri ses hone polyethylene a pol yet hyl ene copol yner
or tion of ho pol yet hyl ene and a
pol fet hS’ﬁ @%@e%ﬁéw%ﬁ%m PRI Tb e OBATORMGng hat @ melt flow

rat&bad. mggams\/\ﬁk@rl@nﬂmﬁtgﬁopg HRRORY BNGihas vhelBller 1?1111@&"&(:00:dmg3
rate of 0.4 grans per 10 m nutes to 15 granms pe

to AdShiYt Bd2%hesing @@\wemdn@:dp%l@bmdonqwmomcbcamsawﬁl@"%1mknlwggams

oletized pol ypropyl ene, a | oad of 2.16
muﬁ@l Srgﬁgggf a'tenperature of 230 C. 7. The

el ectri cal MAre of claim3, wherein the high density

poI ethy has a flow rate of per
0 i nut B Festia! 91555 %@? S Oh i arekiebHE Sen or i g hes
meﬂ&Wﬂteﬁg (9.0 M%@%%nu@s Rgl %Em@bem%ﬁ%@ vien get:cilﬁmmed

pel letized high density polyethylene, a |oad

aCCQ]qllé)Egrtanﬁ\SgM RI2Ehpising (itbeipfpoygered. o8, perfh:ézed hlgh density
poiﬁétﬁ?ﬁaﬁd %%advéﬂfﬁq 6c?<fl 1lams%§até’x\£&r§b:% Jrh§oPe! ypropyl ene

as’ a relting ra ure greater than or equal to
134 C. 9. The electrlcal wire of claim 3, mhereln t he

hi gh de it t.h S ture
or Bt or TR G o b vt Bl GRRHT Laf @ meling
temyefaau@@m@ieatm b;. eq/MaetroaBm the bl ock copol yner conprises
a diblock copolynmer and a tribl ock copol yner.
9. The electrical wire of claim 3, wherein the high density polyethylene has a

melting temperature greater than or equal to 124° C.

10.  The electrical wire of claim 1, wherein the block copolymer comprises a

diblock copolymer and a triblock copolymer.

1. The electrical wire of claim 11, wherein the triblock copolymer and

diblock copolymer have a weight ratio of 1:3 to 3:1.
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11. The electrical wre of claim1ll, wherein the
triblock copolynmer and di bl ock copol yner have a
wei ght ratio of 1:3 to 3:1. 29 12. The electrical wre
of claim1, wherein the flane retardant conprises an
organi ¢ phosphate ester. 13. The electrical wre of
claim 12, wherein the organi c phosphate ester
conprises a bis-aryl phosphate having the Fornula |11
( R5)E| () d@tlicaR@6re/ ofRI4inO0CVRAein thd fliR@e R3arflarticpmprises an
R5 and R6 are independently an al kyl group
'€ carbons and R1-R4 are i ndependently an
aIkyI aryl, arylal kyl or aIkyIaryI group having | to
carbons nis an integer equal to |l to 25; and s
and13s2 ate F'ﬁ%}éﬁaén\déﬁtqf Clgtem il3t Bgereine figapreatipgthesphaes ester
code?%eﬁz!t gﬁlawl‘faﬁbsp‘ﬁ‘at@%aﬁﬁg e i IIIV\’her ein the
her nopl astic conposition has a phosphorus content of
O 8 to 1.2 weight percent based on the conbi ned wei ght
of poly(arylene ether), polyolefin, block copolyner
and or n| ( Sphatéehste 5. The electrical wre
of glaiim _Qgiggﬁﬁogy§ Lyl ene ether) conprises
a cappe %y 16. The electrical wre
of claﬁﬁ11 mhereln t he thgrnnplastlc conposition is
substamﬁlally free of visigle particulate inmpurities.
17. The electrical wire of claim1, Wherein the
th [ fir
a?&{/lﬁ%ﬂll Z(tsgsfagg‘g{gﬁzt?? g@b&éﬁggﬁi ra%“aﬁ?i @Fbgb%%}{% | t(?g cgtfbons and
R1~38 ar hedapkadntly cal alhy[elﬂf atcyllaal{}rhol alk@ﬂmybgmuphewmg to 10

carRet BN EesShUT 14 16520 ol B (e ePalEnf: ndpregeeaual

to 0gbam as neasured in chloroforn1at 25 C.

org,ﬁmg ﬁospilat{—:

14, The electrical wire of claim 12, wherein the thermoplastic corﬁposition 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.

15.  The electrical wire of claim I, wherein the poly(arylene cther) comprises a

capped poly(arylene ether).

16.  The electrical wire of claim 1, wherein the thermoplastic composition is

substantially free of visible particulate impurities.

17. The electrical wire of claim 1, wherein the thermoplastic composition is

substantially free of particulate impurities greater than 15 micrometers.

18.  The electrical wire of claim 1, wherein the poly(arylene ether) has an
initial intrinsic viscosity greater than or equal to 0.35 deciliter per gram as measured in

chloroform at 25° C.
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30 19. The electrical wire of claiml| wherein the
abrasion resistance is greater than or equal to 150
cycles. 20. The electrical wire of claiml wherein the
tensile elongation is greater than or equal to 40%
21. The electrical wire of claim1, wherein the bl ock
copol ynmer conprises at |east one block (A and at

| east one block (B) and block (B) is a controlled

di stribution copolyner. 22. The electrical wire of

claim1, erei.n the | yolefin is pr in.an

o by MoglegrRa g BRekBrty s o SBERar yodhce is greater
thaproesqidl td NsoagycREoUNt by wei ght and the anount by

wei ght of the polyolefin is |less than the anount by

wei ght of the poly(arylene ether). 23. The electrica

W' r QO of ‘?htfi% giu]rcal m%ro?'cﬂnﬁh%lﬁ'ré?r‘f hle%mﬁé gllgﬁéz}t@ﬁg?éijeg‘tgsthan

first copol yner having an ary
Olﬁbﬁt@HWWQreater than or equal to 50 wei ght percent
based on the total weight of the first block
copol yner; and a second bl ock copol yner having an

arypi.al kyhceﬂectﬂmtv&ﬂ:toﬂbwmng vmmazﬁ We lﬂb&wwegzmeb@pﬁses at
| ess th 0 weig percent based on_the total wejght
ea%fOﬂ@HDéO fad @b Baq‘»twﬁ@ lock4B) ¥hd bl@%&&%} iscmsoniiolled @ittibution
hédp | further conprising an intervening |ayer
disposed bet ween the conductor and the covering. 25.
The electrical wire of claim24 wherein the

I nt 5 ven I c co ition. 26.
Thegel ecw]?ggiaﬁylg\ﬁnr%ﬁ%gf Fal m* 1y e\}\ﬂgetg? m°Y {rﬁ%%m s present in an
amblln'erbm)/pé igigtand ttwqbﬁ(sny!dn@ r&tHeS) is @ES@ftin ah EMOﬁlﬁtGﬁy \Qéigi&rhnd the
nyl icr 27. An electrica
am%ﬁ%ﬁ/.“ﬁ ﬂﬁ 'fn%ﬁ RObR I@t*a 689 ﬂﬁa the aoepat Pweuahg@%@éaowér!cne
ah&ge conduct or wherein the covering conprises a

t her nopl astic conposition and the thernoplastic
conposition conprises: (i) a poly(arylene ether);

(ii);a pﬂlley@lzc%fiéarll 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.

24.  The electrical wire of claim 1 further comprising an intervening layer

disposed between the conductor and the covering.

25, The electrical wire of claim 24 wherein the intervening layer comprises a

foamed composition.

26.  The electrical wire of claim |, wherein the thermoplastic composition is

essentially free of an alkenyl aromatic resin.
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(iii) a block copolyner; and (iv) a flanme retardant
wherein the electrical wire has an abrasion resistance
of greater than 100 cycles, as determ ned by the
scrape abrasion specification of 1SO 6722 using a 7
Newt on | oad, a needle having a 0.45 mllineter

di anmeters, and an electrical wire having a conductor
with a cross sectional area of 0.22 square

m | B7.met Ansleandalavicosenprisgngni t h a t hi ckness of 0.2
milji rs, and wherein the thernoplastic conposition
haségyggﬁgﬁﬁggelongation at break greater than 30% as

det gravvadty [5spédd M 3e 0Snd§itod véhelyPehd cBRETHMBSMAREs a
mllinmeters per mnute, and a flexural

a speed of 50, |

thefipalie PRESTHWAN TROGNRPMTHS CANROS{H 5 LPmaLses:
determ T -03 using a speed of 1.27
il ne?gfasﬁ%%(ﬁm ﬁl?tﬁ%g and wherein the bl ock

copol ynelii) spabyeie§es a bl ock that is a controlled
distri bu(tiiii)oanolo&oc%gl)l%gl%xt;'aﬁz
(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 I1SO 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, and
wherein the block copolymer comprises a block that is a controlled distribution

copolymer.
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