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REFERENCE TO RELATED APPLI CATIONS This application clainms priority to

Uni t ed StVe® @462 si onal Application Serial Nos. 60/ 6B7I/HE®IS/GOEB37, 419,
and 60/637,412 filed on Decenber 17, 2004, which are incorporated in their
entirety by reference herein. BACKGROUND OF | NVENTI ON Autonotive el ectrical
wire | ocated under the hood in the er{\?i ne conpartnment has traditionally
been insul ated with aABRAGION BUSISTHNhEGHECGIEHSMatVIRE i nsul ati on di sposed
over an uncoated copper conductor. Thernopl astic polyesters, cross |inked
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pol yeSterincdr;gﬁ‘weﬁth?gleﬁleﬁﬁ}ertﬂfgﬁhef%\’aeﬁges}%%?i}ﬂe al so been found to crack when

exposed to hot salty water v ed when subjected to humidity
tenperature cycling. There is an increasing desire to reduce or elimnate

t he use BAGRGRIHAEDeAr ISYIEMNSIIOIN coverings due to their negative inpact on
the environnment. In fact, many countries are beginning to nandate a
decrease jn the use of hal ogenated terial s... wever, as__nuch,of the
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mat eri al s nmust be capabl e of being handled rn a manner simlar to CEol yVvi nyl

chl ori de.oveCrags ginkcpatd dcoppbly congidee habeinzoplasty  belypstensc ceessf linke
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i ncreased exponentially, as nore electronics, are being used in nodern
vehi cl es Teqriges 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
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dramatic increase in wiring has notivated autonobile manufacturers to
reduce overall wre dianeter by specifying reduced insulation |ayer

t hi cknesd¥32¢6@65Peci fying sma+ :r conductor sizes. FoOPCHKSMPI@I2836SO 6722
specifies, for a conductor having a cross sectional area of 2.5 square
mllinmeters, that the thin wall insulation thickness be 0.35 mllineters
and the ultra thin wall insulation thickness be 0.25 mllineters. The
reduct i omscréased aspiretiidly, waliore hlecﬂzmsssazpdse‘xgdisﬁﬁ ile glodesvefras. (ieng
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0.25 mllimeter wall thickness the insulation layer becones brittle after
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additional cost of the coating material and the coating process are
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wire having thin wall thicknesses. It has been proposed to enpl oy bilayer

or tril apent imnsud amandrelrfier being owpeacdite 120°¢ fort 600 heurse v aeisdar | ayer s

di sposed n 1he crosslink ene .and .t he op C ctor.
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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.



covering that are useful in the autonotive environnent. BRI EF DESCRI PTI ON
OF THE I NVENTI ON The above described need is net by a electrical wire
conpri si MY 20080¢BAHuct or; and a covering di sposed over PEEUSHWANUEES
wherein the covering conprises a thernoplastic conposition and the

t her nopl asti c conposition conprises: (i) a poly(arylene ether); (ii) a
pol yolefin; (iii) a block copolyner; and (iv) a flane retardant wherein

t he el ectickadingly,rthelsals an oapeiagingad e elec@ivele wites Jrasiget belegan 0@ cycl es,

deternined by the scr. i jfication of 1SO 6722 usi 7
Newt on | GRHEAE Al gL g 0 ey 048 SO RTTREI ey o amet ers, and an

electrical wire having a conductor wth a cross sectional area of 0.22

squar e NMERIEPFSEIGRPTION OPVRIE IYVRNIMON thi ckness of 0.2 millinmeters, and
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 @dhesbovefesenhpdneed isgaet by dele@rical WILOMRERNI nodul us | ess than
1800 I\/Eggggﬁ&ﬂ(ﬁ_, gﬁ\é)a) as determ ned by ASTM D790-03 using a speed of 1.27
mllimeters per imnute. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
schemati @ cepragenligbian ®fr ather osshsect wheredf the ebewingi campmese.a Fi gures
2 and 3 are perspective views of an electrical wre having multiple |ayers.

DETAI LED!sesepipgiin eoqnosition; ad dhebiemmoplastis SOmResifion EHBPIEST ns, which fol | ow,

ref erenc \ﬁ/i Ioi 1 @fh}o a nunber of terns which shall be defined to have
the fol | oM g yr@gnc%ﬁggs.e )3 WO 2006/ 065502 PCT/ US2005/ 042856 The si ngul ar

forns "afil)dpoiySlefimd "t he" include plural referents unless the context

clearly dictates otherwi se.. "Optional" or "optionally" neans that the
subseque%ﬂ‘ﬁﬁ%if@z‘ccf’? 6Vt or circumstance may or may not occur, and
that thedegehhRlb@RAahCl udes instances where

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.



t he event occurs and instances where it does not. The endpoints of all
ranges reciting the sanme characteristic are i ndependently conbi nable and

i ncl usi vavoeRIGHESHeci t ed endpoi nt. Val ues expressed as PGFHE3LF 048N

about” or "less than about” are inclusive the stated endpoint, for exanple,
"greater than about 3.5" enconpasses the value-of 3.5. SO 6722, when
referred to herein, is the Decenber 15, 2002 versjion of the standard. As
briefly dhscingvle bupoie’ “andcnd dhe” inchds phirel rofersnts anlgsgdhe serjextof

requirene pon their application. The requirenents for
aut onot i &Ie]aa}’pggﬁ%r%h%%f% cult to achieve, particularly in the absence of

hal ogenated materials. In particular, the conbination of good abrasion
resi st anceptibhagh dreroptienalydngauhonthandhdi gibsétduexilpi ledcyibed evdnf farcul t to
achi eve. Fect rical wires are exposed to signifjicant pmanipulation during
car manuPHEIUTRICRINAXMIBANARLASS U and et thsrdsaastion ARAudas 1astynees #b§reof spaces

and cavi ?ﬂeeesveﬁp c%ﬁﬂ'aﬁﬁ?ns‘i %e Jvhé]%lu d’HeE'nQQ configuration. This manipulation

frequently MRS trical Wres bei ng rubbed al ong a variety of
surfaces. In addition, over the life of the car, many w res are subjected
t o addi t Thaa¢ndpbimds iobnalduangey reottimgl thes eamé rnhnfmetepiaﬁd: art hedegehdakiyess of

the covering was the pri.mary _ prot.ect t abrasign and while sone
mater i al Cﬁmgw\éﬁﬁ@nad?ﬁuwwy theigeiE R hoy T s ERBOVIR 26 ererist i

electri Cﬁ%out” s W Rl lﬂ% ab%ﬁt”‘"éﬂe'lﬂauél@@%}ﬁé HofeB THBASRE fof BENMAEHdhQier
electrical wres wth thinner coverings increases, making t'he abr asi on

resi st andmnmbouﬂﬁes’tmmpa@emee/alwpﬂﬂtfant Abr asi on resistance, as
described herein, is determned by I SO 6722 on an electrical wre having a
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a needle with a 0.45 mllineter dianeter. AbraS|on results are reported in

cycles. A briwfliyQliscussbd \WOr20 08¢ 66D 02r BRGS0 42 Bafse fFbadiciRAfsS t he

abrasion resistance of the electrical wire is greater than 100 cycles, or,
nor e spe&fpangingdpon dhcinanplicatiign die reguiraments fos guigipotiag wiss aredifiifulor e

speci ficall r I h [ By nber of
cycl es chun leve‘géﬁﬁfgkrﬁ% gaar?g%ég %ﬁa]%ﬂg@r%g%tﬁgg’lﬁeﬁggﬁlgn%gm tance greater

t han 1000cmbiatiepof goed absastohGO8stanAn highaensiloplongaidn grddpgh flyxibflity e
covering | ensile elongation. As the electrical

f?icult 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 needie

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



wires are pulled through the various spaces and cavities during autonobile
manuf acture the covering nust have sufficient stretch to withstand the
mani pul alW@06s5Rout snapping. I n addition, over the IRGRUSNOYNGar, the
tensile elongation remains inportant for autonobile repair and ordinary
wear, particularly when attached to novable parts such as seats. The

t hermopl astic conposition has a tensile elongation at break, as determ ned
by ASTMEGREmeRs tis smastypeesistdnae of theselgntieal avira i prcaser thauaP0 €xlgnoy o,

nore specificall reater phan_or ual.~t o 40%
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| ess .tha%-e&ér ANk chil 30966 cidi&. bRiesmbAmunt ARsbdrefelcegadintel @reool ded as
described 1 n the Exanpl es. Anot her inportant i)roperty of the thernoplastic

conposi tamrsampées hianinghe absioniraystprce greats than 1900 argiepored aat BP0y t he
flexural nodulus. Flexibility is an inportant property for a covering as

the electrical. wr st he ah| I j W t hout
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standard for 60V and 600V single core cables in road vehicles, require
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covering rical wre i1 s exam ne cracks d defects.

El ect ri cagpotiahe $orusitogobie repapl asd iocdinaypwsir] ipanisulatizt where attaahiedretd| y
flexible prior to bejng subjected to conditions such as heat aging or
cheni cal moyae pekndiEh egssathg frequently have insufficient flexibility,
after being subjected to testing conditions, to be wound around a nandr el

wi t hout ‘8@?8}%@@@‘5&%8& ! ditibrd N8 o GOMEIE| dléhgaRo\@ BRAR! O68&E#nined by

PCT/ US20 ernopl astic conposition has a flexural nodul us of
800 to | ASTM Ha68S1B0MsinkeGrprad cladrs {sVR&hter BRaeor aqvel as0augphtmensat

fl exural nodul ys val ues of tes | es may vary signifi i f.
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Exanpl es and tested according to ASTM D790-03. Wthin this range the

f 1 exur al tensiboelbugnticayprayolgeéas eescrihechinghe Eggraples.o 1000 Mpa, or, nore
specifically, greater than

Another important property of the thermoplastic composition used in the covering is
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 manipuilated
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 elecirical 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,.



or equal to 1200Mpa. Also within this range the flexural nodulus may be

| ess than or equal to 1700 Mpa, or, nore specifically, less than or equal
to 1600 Msh2009p¢35€2 t he i ndi vidual criteria of abrasi on MESUROYHEES6t ensi | e
el ongation, and flexural nmodulus may be straightforward to achieve

i ndependently, it is surprisingly difficult to achieve adequate
performance in all three areas simultaneously. The thernopl astic

conposi t Tl teswoplased doepesition dwpra Jesurak njodake efnd0dkadess, than 1§60yol ef i n
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phases can ‘result i rmprovéd physical properties including hl%her i npact
st r engt hmatiuluewaluespewcabed kgeinarrte pbemed awipgrsamptes majded &y daseateddsi ng,

better flanqe retardance, . as well a t AN ' tis
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sized particles of poly(arylene ether) evenly distribut e% t hr gughout an
area of omllabtwnﬁﬁﬁ)@g’maon%la@ withindhisaengedhe fleggatmesupaniayi Ieil%gétﬂi‘a%rﬂf The

t her nopl ast ){:,ij?lsiti_ons Gkl hed I (@kly free of an

al kenyl eqﬂaﬁ)ﬁﬁ I'C gg’ioﬁ’%l%eﬂs%gcslﬁ%g y]s*{gﬁhgh@rg{]&rlﬁﬁ@ﬁ“@ ified polystyrene
(al so known as high inpact polystyrene or HPS). Essentially free is

def i _n](?d ﬂﬁiﬁpﬂlh%&h&ivﬁﬁlal gﬁ&ﬁh rbrabRnwekighncn ecnstetel¢ngatpn, oxd, flerord
specifically less than 7 w% or, npre specificall | ess. tha % or,
even nor BIogplE B piyaipldywarhie @hm\'%%@fepaﬁé%iﬂweﬁi}‘f S‘&PBW’Hg]iycd}fq‘%él i n? based
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t
copol yrmer{( _ enpbodi ment, the conposition is conpletely free of an
al kenyl aromatic resin. Surprisingly the presence of the al kenyl aromatic
resi n caffhaahahiopidsiic GMNDsIP006106EE02h@ET/ WBRODE: G 1856 twafilesss, tthe

phase. | ABOSEI BB > pERURAFYY e Ernery - Thaereteth e TR or
struct ur @hntiohs pRiset N8 onbABskiAndnk,) the @B1yhryen®@ 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



Q@ Q (1) wherein for each structural unit, each QL and 2 is independently
hydr ogen, hal ogen, primary or secondary |ower alkyl (e.g., an alkyl

cont ai ni NP ROO6H6SEOZar bon atons), phenyl, hal oal kyl , ankCLHEIY$/(42836

al kenyl al kyl , al kynyl al kyl, hydrocarbonoxy, aryl and hal ohydrocarbonoxy
wherein at | east two carbon atons separate the hal ogen and oxygen atons.
In sone enbodi nents, each Q is independently al kyl or phenyl, for

exanpl e, attedh the kgmpatinilizasian fretaendhy nelefrargen ether) inhasecpdrihe polvelefil . The
poly(arylﬁ¥£ ether) may conprise nol ecul es having ani noal kyl - cont ai ni ng end
group(s) ypically located in an ortho position to the hydroxy group. Al so
frequently present are tetranethyl diphenyl quinone (TMDQ end groups,

typi cal | wsabtdhaeth, brooly(drgiaat ber)tcaiprisas d plutaitycsf suelcru@ateinieg lof the

di phenyl U|none by product is present. The poly(arylene-ether) may be in
the fornmfsmuia ¢ nDponner a copolyner; a graft copolyner; an ionomner; or
a bl ock copolyner; as well as conbinations conprising at |east one of the
f oregoi ng..,Pol y(iaryl ene et her) includes pol yphenyl ene ether conprising

- phenyl ene ether units optionally in conbination with
2,3,6-trinme -1, 4- phenyl ene ether units. The poly(aryl ene ether) may be
pr epar ed Tdative coupling of nonohydroxyaromatic conpound(s) such
as 2,6-xyle 2,3,6-trjnethyl phenol and conbinations of 2,6-xylenol and
2,3, 6-tri 8t hyl@henol . égtalyst systens are generally enployed for such
coupling; they can contain heavy netal conpound(s) such as a copper,

bal t d,. | nb t 2006/065502
T UssoBEP D B ety SFTE Biihdrcintl gni Qe Stehoidenty b Aosine.
tertiarypamhfeor @@ddndﬁy%wefsqr@u t8EL O Ryl URAAITOr & of chbioh LpRgOl ng. I n

one enbodlnent the poly(arylene e her) nprises a capped poly(aryl ene
ether). piemeltialoslke) ammtakkw e@kwbék)ﬁay kbeylalécmbélddmcaﬂboaomp!pylr@dagent vi a
an acyl a

reaction, exa ing a n |s referably
one ¢ hat M ERIPERARY yheEinr KoTRV i Srypar ER e BERe i tirbtkah, e duct ng
or prevepiyded £6ReSn Bchoembbditdiats, BayQLLs @B?eﬂ&erﬁ@%lkﬂ%ﬂ eﬁ‘ﬂt fgn of gels
or bl ack specks duri ngl processi ng at el evate eratures. Suitable

cappi hg eemle (nel Yo, adr cashakdl B, inslspendenidy hydlogen 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 systenis 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



salicylic acid, anthranilic acid, or a substituted derivative thereof, and
the like; esters of salicylic acid, and especially salicylic carbonate and
| i near pWWQaWbiteyphat es, are preferred. As used herei n, PEHES208¥M285st er of
salicylic acid" includes conpounds in which the carboxy group, the hydroxy
group, or both have been esterified. Suitable salicylates include, for
exanpl e, aryl salicylates such as phenyl salicylate, acetylsalicylic acid,
sal i cyl i vanpeusbotet ematzndispaichsas iacypkenndsry ianghadiedprijosthing rabide or

pol ysalicyl ates and cyclic c nds. such as disalicylide and
trisali c?‘%gpglél?é?rhogw méﬁ?}&??%?fgmtgﬂg’gmppi ng agents are selected from
salicylic carbonate and the polysalicylates, especially |linear

pol ysal i gybaé eﬁlho@iﬁi@bnmﬁ@i[pta@tdrgeﬁe eQBI dosiptiieO Beapied pAIR(ahREROQNGY.
Exenpl ary capped pol y(arylene ether) and their preparation are described
i n Uni t edhstepanal fadroayogroups, mep be1@rpel Wihtecaing 32%ahdlaiBIwI48 t o Br aat

et al. I: Ly(aryl t ). WLt sal i te i l.ieved to
redace t RACABBE XG0, TS FRpifisgbhs choBBL ISRShEIE bhe iy i
pol y( ar ylegseeatinepbly¢hsidne ofHee) tharebpaatoihy of Qupendie cidasdinkagubdf thef

oxi dative coupling reactions that enploy amnes in the process to produce
t he pol ypelyincefdamsnand therfamaioth o4 &8Js ogriagk spokhsiuriget precessdenitnal

hydr oxy gr y(&arl: n :her, Spsc i.hle
deconpos???%%dg%nﬁPgﬁHg%nﬁgﬁﬁ%%rg@ﬁﬁﬂﬁgéggggagggﬁt?%néﬁéﬁﬁélF%@gdﬁlo result
in the s&agglienald] amhohiljardcidoy agubsiced dariyatane thereal) dnd e ey dstetsi on of a

qui none nethide end group, which.may in turn generate a _.

2, 6-di al R |85vcyﬁyoqﬂ5£yﬁsﬂeww\éﬁ:a S@‘ﬁ%’ﬁﬁ.ca%%bﬁ AR SReyoPsysigyiaice &cher)
cont ai ni ﬁ&f&i‘@dﬁ‘oﬁk Kka H&@W%m"‘ﬂe}rﬁ “Qﬁéygﬁédlfcﬂi@%ﬁd” %rach%'s'c% uhd henove
such am ho groups to resu In a capped term nal hydroxy group of the
pol yner ehaihnthamdrboly grommttd lonirafy gronpdeoxagth Make hedny edbeifredni hatabl® WO

2006/ 065502 PCT/ US2005/ 042856 salicylamde). The renpval, of. .t am no

o oup. an G KHEIEaBHHEE. pty G850, ol YT YtRe Sihet, HFa! PEiSHAS ot abl o
to high (eAPeNRVHE Rid, LIARERRY cdrBSHMd | il hBlybBMSTatesd SHRHAS b6 Pheguct s,
such as gel's, during processing of the poly(arylene etherj. The

pol y( ar ypelyealisyhss) anslagychia wemgopdsbuich s atisedieyindd anlifriseligdidghtIngine3, 000 to
40, 000 graps..per |l e / ol nd_a i ght ~aver.age,.nol ecul ar i ght of
5. 000 t SR BRIBEH: JRrerPaE sl e hEi g B SRR, SREUTE A 0B aphy
usi ng NOPSIEEERSTSS, 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 ystyrene standards, a styrene divinyl benzene gel at 40C and sanpl es
having a concentration of | mlligramper mlliliter of chloroform The
pol y(ar yMeh¥gteied) or conbi nation of poly(aryl ene et HEIYESMeH043456i ni ti al
intrinsic viscosity greater than 0.3 deciliters per gram(dl/g), as
measured in chloroformat 25C. Initial intrinsic viscosity is defined as
the intrinsic viscosity of the poly(arylene ether) prior to nelt mxing
wi t h ot hggsaleyhpudent sTlef retheval orfpdsi eingm ghgupundértbe omgping prowidst or di nary

nraier oSl FAER i Bl ol oP BB BB el 0 oy

(final rﬂe?iaﬂﬁﬂlﬁe MoBCASs, suvh aPdle duARE bro¥bsindbfthé ?(a?gl'leﬂer@tﬁérﬁ‘S' C viscosity
before melf mxing)/initial Intrinsic VISCOSIty ore melt mxing.

Det erm ni ng an exact rati o, when two initial intrinsic viscosities are
used, wi |Thedpqlstaeylswrethienit camnhaviges émb@r ryfregengiotecvlas gsight | ads3,000 the

POy St e O kS o R R R BB 0, o

can be Wh‘io@'dSYdefcérﬁ@n@Ifby/gélI;Qhﬁed@i@htdh%ﬂlﬁbglaPﬂ@uilhg infModispersd e
enbodi ment, the poly(arylene ether) is substantially free of particulate

i npuriti emhg;t)eam&astancﬁmds, ¥estyrene dbvieyldrenzene gl atel0&e andsampley Mawingi d, the
t bst a of b t lied
R R R e L R L D

et her) dlo%ﬁm]ry&@i@nld’fﬁd&(bwwﬂel éthér)stl%rssanthtf‘amhxﬂﬁﬁ&@m@cbwater fshigd ts fewer
than 5 visible specks when viewed in a |light box with the naked eye.

Parti cl esde@ﬂléfrlblml t gramh &l{gk a8l resasuIgd eint GPPEAIY ot HSE. gihéﬁ{ilernﬂﬂm% 40

t f
o 11 cul SEgopTipi SRL s TrRTE nBROGY vk &0 Gl RiMlent KHEHAMOD el L°F 01
gr am sanphiirgf with loﬂ(eiiwxh@@@enﬂ ehy cozﬂp@@@éﬂeﬂs uﬁde‘}ﬁﬂodfbjf bid bf @ﬂﬁzaqf CHCL13,

t he number of tgartlcul ates gram havi ng 0m cronmeters i s
| ess t harfkBbin §aﬁfetagefrrS@amﬁyofath@aeliy{alaflen%fhet)rmaﬁf ée m5230éﬂaglgﬂiéhﬂebased on

2006/ 065409 BeiPeeSbb BBy Taee T SRR ol Sl REH W ERL B ARy, 1) Cuea

to flow tdflepugdit tahieingnal inzziat iatrinsict Viewsity aieéoxefmellnenmﬂg)/inhltmlernt@mc m nut e

(plus or mnus fiyve pe cent). The conposition nmay conprise, oI, (aryl ene
ether) i YIRSt Brbtiftc Beigshees 6B CteBINgHE aTh SFRGE FRTI Y tpgsisal BibRIC
conbi ned W&l Gitks Ae 18, RINePEN SPGB M) 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 (CHCl;)
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 CHCl3, 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



pol yol efin, flame retardant and bl ock copolynmer. Wthin this range the
anmount of poly(arylene ether) nmay be greater than or equal to 37 wt% or,
nore spedVP rWal0P3p02 greater than or equal to 40 wt % Al RGI/UB0RI/M2836i s range
t he amount of poly(arylene ether) may be |less than or equal to 60 w% or,
nore specifically, less than or equal to 55 w% The polyolefin may
conpri se pol ypropyl ene, high density pol yethylene, or a conbination of

pol ypr opyispbredndlimgic dersiat thapel slktvied! tenfow Tireuglo thyepareiydee ata diow be

honopol ypr opyl ene .or. a pol ypropyl ene copaql yner. . Copol yners of
pol ypr opﬁ'ﬁ@ﬁéoaﬁﬁllﬁ%}%é’ler IP%‘F W@dwpgﬁﬁggerﬁ?@'soneti nmes referred to as

i npact nodified polypropyl ene. Such copolyners are typically heterophasic

and  haveriguidrsdsRivl Yal Qathpris@ehd 9513/(4? leR@GthePO P M @RtouhP ochaserobed h
anor phous and ‘crystal line phases. Additionally the pol ypropyl ene may

conpri se weigitnpirecnt i (@n%f based rop Bley pambiaed! veeagld| ginthe, paly tngtheon of
honmopol yner s Vi di fferent l.t i ng,tenpe ures, .and/.or a combination
of honopdl %ﬁl’ ﬁi.]t\%?enldmigﬁ%faﬁngrb R F@T%tlym'%?owlfhé? gh.ls FHES ee%m%larbﬂgnt t he
pol ypr omﬂo@;r(@rm@péth&?éma@ ¥ yehel hdeomeluaPieBY veis, @vﬁ’ibra%{aediﬁ@ﬂ@gt ic

pol ypropyl ene.” Crystalline polypropylenes are defined as pol ypropyl enes
havi ng a gteajernt thin onieqyal corp evife. ghém withinHhis rengeetdig amaougt ngiy&t‘yle%r e

oPect {1 Coblt TS 80,88 Bt BRIl s BUSTIRI R RERF

di f f er entgsaktegcanning calorinetry (DSC). In sone enbodi nents the
pol ypropyl ene has a nelting tenperature greater than or equal to 134C, or,

nore specifically, greater than or equal to 140C, or, even re
speci fi calliey po@/piezi@emmamawswt%mmﬁqwdﬂg ng%ﬁéye%lé’ﬁtihbfgg?s, of He

2008] 065503 Bt ERS Bo Ptk LB Rl ey B ST ol 1 ow rate (MR

greater than 0.4 grans per 10 mnutes and |less than or equal to 15 grans
per ten rMirupelypfapyidentar) oeWhbimbpolypiopyleasge nhpolypeipyldnk ovepodtreernay be
greater

1 ow r at & b P Balvpiaier T Per s Het eibolvinds AEsReiFREE RIS cos ¢ han
ﬁ/‘re | teglug\lﬁoiag%lgpaggﬁmdﬁwa%oﬁeﬁ@mé&almh chfI$mbRaRe i @Y Abtetdphsi@hdd ni n.
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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be determ ned according to ASTM D1238 using either powdered or pelletized
pol ypropyl ene, a load of 2.16 kilograns and a tenperature as 230C. The high
density pYP yWeMSEhe can be hone pol yet hyl ene or a pol yREHY$S2ME4286pol yner .
Additionally the high density pol yethyl ene may conprise a conbination of
honmopol ymer and. copol yner, a conbi nati on of honopol yners having different
nmelting tenperatures, and/or a conbi nation of honopol yners having a

di f f er enfThepblypraplybanehas e methidowirgh (NERSigreatgrchaed . hygraneperald mipéesa density

of 0.941 s ,per cubi entineter ta 0.9 ra . cent i r. In sone
enmbodi ne iﬁeﬁﬁg{é ioﬁﬁqﬂﬂﬁgilgﬁ%§ %rttﬁ_ﬁ}ln_gﬁgteﬁgélgnﬂﬁtﬁﬁ@lq %‘Fﬁpré‘gg‘% e greater
than or ggualow Patd 24y bOErcal®PRinSRREGLAT ©a).6 ¥/100hBAT Alsotwidiin @is eaRl to
126C, or, even nore’'specifically, dgreater than or equal to 128C. In one

embodi nethe, melhEomwetatd mgy be desp dhank err esuef tot Hb ok geredeasficailyp disy dhamarene i s

| ess than or egual to 140 he high densi yl ' | It flow
ove { eny P S P il B BPER ] o PRHYSHIN LRE AUBRR R | T
than or gguddterifnekd aBdordiBg PRI ASEM MDA Sising/ dither oWderdd bhigellbtied range
the nelt flowrate nay be greater than or equal to 1.0 g/10 mn. Al so

wi t hin t holyproamtpaethioadref 2.16 kivereasendayeperhssat 33 Cor equal to 10, or,
nore specifically, less than or equal to 6, or, nore specifically, |ess

t han or ual,to.5 .g/10 mn Melt flowrate can be determn ne ccording to
aSTI D1 238¢ Lieh g agisite POy isaF etrro tepdpir pobalsbPs eSit dbetyiad  of
2.16 kil APReNHd& ibdIReha hsdedaRity bIRkth THe 8RRt AcolmDInARAP! | se the
pol yol ef ie%giﬁﬁgln am)ltjlnt of 25%0 40l B\Aéi gﬁ Y pl)ercent (W9, baggd on the
conbi nedofipglopolyfet kad popylyaey| @ nembinatie) of fompoblyhiens hatihg differentar dant

d bl ock | Wthin thi f | yol.ef i b
areater THUMEPBRIHTY g0 hevioBRIIns Boupiaypredirf? SPEdel iy o
cqual "1 00R rall MOIAB0BARSSOR cROTHoSADB 28Ry MUY 1 Ak pircabre L <

range the anmount of %ol yolefin may be less than or equal to 37 w% or,
nmor e speé¢rtinagien tg 0.9

sgampaer wptiagigal to 35 w% | n some enbodi nents the
wei ght ratio of the poly(arylene ether) to the polyolefinis 1.0 to 1.6.

| n some enbodi BEAS S ?ﬁ%\%hi%ﬁge{mgﬁjﬁéf&hﬁ% ]I Mh @IS BN FHAR e T NE

pol yol ef in"1s 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 §
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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As used herein and throughout the specification "block copolyner"” refers to
a single block copolynmer or a conbination of block copol ynmers. The bl ock
copol yneWO g¥ei863582s at | east one bl ock (A) conprisi ng PEHER0DFTYH 2856y |

al kyl ene units and at |east one block (B) conprising repeating al kyl ene
units. The arrangenent of blocks (A) and (B) may be a linear structure or
a so-called radial teleblock structure having branched chains. A-B-A

tri bl ockwedpallyr eithirhtiserangwothblhmokst f pobypefisinay be desp duniongavalyip 331 kyl ene
units. A-B dibl ock copol rs have one .black,A conprising repeating aryl

al kyl ene™ifi ?%?n%%peﬁgfoﬁ’&ﬁﬁt e n%qg?elfogg Wktl@ aryl alkylene units may be
nonocyclic or polycyclic and may have a substituent at any avail abl e

posi ti onppmd BebEEGlehEs RO ratRHbt MBIR K sdetadan) ® thegblydeeral ky! groups
having 1 to 4 carbons. An exenplary aryl al kyl ene_unit is phenylethyl ene,
whi ch™ i s18hown6. rin Bomesmbadimenty the wWighl téle o haypolirmvieae chsmbld 86 al kyl ene
units havin to 15 carb s.long as the quantity of aryl alkylene
units exﬁ%lggif%flﬁsegr(‘fﬁtgﬁ?’iapaﬂ%ﬁpalaq'kyl ene units. Block B conprises repeating
al kyl ene units having 2 to 15 carbons such as ethylene, propylene,

but yl ene aA@ruséda@ERB4dORsoholitvibBe Stecifiationfbloble copul pgei”ngferBloorkinBenay
further corrgri se aryl al kylene units as long, as the qugppt' t{q}pﬂ al kyl ene
units exbleskiscopphyaeguemt i ¢opltanatiany et hlagk| canalmirs-s . T Cloh cCWPhERde of

bl ock A ] i]&%' ' i NEISATR B ' t than

ot her ocgﬁ%(?%%égg?eggp %ﬂ%g(%:f{%a{A(.A)\é@m I alrnl\g;}bﬁ%g?% ag)}?%tljr renc@ﬁtg?h ‘lﬁ)lfag{:eﬁﬁB may
have a nmehebldchi(Bhvebgiptisingirepeatisg thloanmitr TH2aiDg2068/ Bd60 (A)

PCT/ US2005/ 042856 _ di fferent than ot her ﬁcgur@ﬁnc?‘%}koﬂ% bl ogk . .The bl ock
copol ynefndrél) By peacknrgharoEE o 2 reaelled dadiet 0% PHEBE AV R¥sat ur at ed
car boxyl j id.:..l:n.ona _anbodi t b I SRRR[nETEr of
aryl al k)l}ﬁ%gglgédgﬁpétugs'an% Bg‘? kﬁbg%g ﬁ?ﬁﬁgnﬁfgvih%?(%&t@gﬂ ?%@g?ﬁ %((J)ns .stn)gh as

et hyl enereppatirpyirghakyleut yhitneAdd dikdankbiopatyinoars hafe enedlesk Amompoisinghe
foregoi ng. The B bl ock may. further ,conpr.ise. S0 unsat,ur at ed..car bon- car bon
bonda. | THk<IY GekaTfslsnp 8- biR POCPRh Seiebih P! SRS M8 s oq
herein " BQPAd'n%H/cﬁd@ S shydyelt b@Nmal hadehisaeditadnt ke by ivaiigblePositiofmnecul ar
structure [acking wel'l -défined bl ocks of either nononer, with "runs" of

any gi vethestyeljt @ortismon®uwitahtet aibstitnents inpdydenalkylrarates having hée4 errb®OSuni ts as

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

- - (I

Block A may fusther 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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by either the presence of only a single glass transition tenperature (Tg),
internmedi ate between the Tg of either honopol yrner, or as shown via proton
nucl ear r#gAIS065502 esonance net hods. Each A bl ock nmay hBOBUaWOH0EB3ge

nol ecul ar wei ght of 3,000 to 60,000 g/nmol and each B bl ock may have an
average nol ecul ar wei ght of 30,000 to 300,000 g/nol. Each B bl ock
conprises at |east one termnal region adjacent to an A block that is rich
in al kyl diféerenti then apitien acegirerwendtl AWickcBnt the tieekacapdyrer B3y i% rich in

aryl al kﬁg}%ggm Ded By agrefod %%'apgagwﬁeta%ﬁ afdrePlAULEAR A LS 1 15 10 75

wei ght the ck copol ymer. The
weight ratio of alkylene units to aryl alkylene units in the B bl ock may

be 5:1 tgn bn@emﬁwlﬁﬂﬁne,rthe Bback oapokymecspaymef uf thérlidier wssdridn U. S.
Pat ent Application . 2003/181584 and. are %Eiémar Ci aI aval able from
Krat on P@ kylﬁﬁps“m'ﬁdléf’r"lligﬂé { ddetrirwns KISATERINCEER R PLORYE é?’aa\été’ °AF TA- RP6936

and A R SBinad O gfr%ﬁ)as OB InPhkHoENEe $RE 1BSHI0ER Wiy ke Edifprise

pol ymer i on fene hers such as styrene. epeati ng
al kyl ene stk ugsangstet tcaifbbﬂmai‘ﬂmﬂ bohsmr”ﬁlgﬁﬁé)ﬁmcdxrmm}f be epea;rolhzg chmrémtimat ed

units derived froma diene sugh as b tadl ene. ad| e conpri se
1, 4- but aGPIéﬂlémérnd/AEﬁ' uged Q‘Efﬁ’cnad‘ioé‘ﬁgne KHEsTEP 108 s rf%?ne &F t1fi Fm&) A se sone

unsatura g.{gns@]ﬁetﬁﬁé ?a%kﬁ'@r @amde&aémoa%ngﬁ eltﬂ:éf AP R Y, erltﬁGK-uﬁ‘s@Rﬁ" yners

i ncl ude po ene-pol y(et hyl ene/ propyl ene) which is sonetines
referred ahy) gven pibigleshymoeme - qﬁainyr(ga tpkienet priopet aveegge of 20 units as shown

A T R A
2006/ 065%9%%&%&&%0915&%%0@%@ @maé Shbivrh 82 ph&tbn yﬁl@khw}nagnem

ene/ but yl ene) - pol ypheny %/ ene (sonetinmes referred to as
pol yst yr ecrenpwkyfathdrs| @‘raehl@u lpplen“@)/hpm yseyaregeanolepranyyeisbhtfotPoRit | t he

t her nopl ast.i nPos t| rls ck rst binrk
copol ymer Omad EAROE SRl PERE O P see R o i FoLl et gnt
percent bggedo @}i‘nélh@abﬁ)%lo@l@b@hfmﬁﬁ at he@stfdnesémbthalakgicn poyaeto aThe second
bl ock copol yner has an ar al kyl ene content |ess than 50 wei ght  percent

based on bidsl thatas deh mllgﬂpnwmtwd%@gwa ngf adirceab oy Meblockh 3@é?ﬁ511 ary

o e o NGRS Py TRAC R L e angr i a7 v
percent, based on the total weight of the block copolymel The welght 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-RP69335.

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

13



havi ng a phenyl et hyl ene content of 15 weight percent to 40 wei ght percent,
based on the total weight of the block copolyner and a second

pol yphenyY@e4p{063582 pol y( et hyl ene/ but yl ene) - pol ypheny| ePGl/UEN8S/HE856ng a
phenyl et hyl ene content of 55 weight percent to 70 wei ght percent, based on
the total weight of the block copolymer nay be used. Exenplary bl ock

copol yners having an aryl al kylene content greater than 50 wei ght percent

are co mmcvlgplaadnb@et}ml@rleﬂmbjf(@ﬂfﬂ @m batdenie)-patyehemyhhyleng) éspmatimes yeferredand have

grade napes s ch as H ades avail abl e wunder the
tradenar‘r{a‘”{vS l’fmreo]?ﬁ ﬁ%’ll m@%‘%ﬁglp&y bY oék copol ynmers having an aryl
al kyl ene content |ess than 50 wei ght percent are commercially avail able

from Kraf ofe Babodimes, tRoBErmidifastic 2dpipasiKoKBARRs@ndo ok @pabmenanes such
as G 1701, G 1702, G 1730, G 1641, G 1650, G 1651, G 1652, G lGSép ,
osition

A RP6936ThﬁdifStAllﬂFkBmUmerl hesoe avhigliari sne rRontenh greales thwp i gquat 1
LS e SR

copo ymer e 1:3to 3:1. In

sone enbprickentdy: hélﬂla@aﬁ%kyl(hﬁ{}%z}elmmelna&sﬁthamﬁﬁwelgn@emgﬁ bmd:cbmuthar V\BI ght
of 5,000 to 1,000,000 graps. per no é V}Ithi n %1 P%ﬁq@

nunber atestlayeighiel E@Lﬁeé?n%icﬁhtcoﬁﬁ aﬁm [CESEP: a0 Y n@??ﬁ)P k m)re
specific at | east
35-000 gttty i F B bRy BB po R AR e FRAT s tene? el gt
may pref ﬁaﬁbg y phenyigthylen8 0thteR Mg/ Smoti ghtqre;cambtcedlo spighit persant] Yasedpnt o

700, 000 | f | t 6

2006/ 065 Ww,wﬁ\ée? oggsg’@sae%él)‘lﬂ%‘ék 6@6‘5% e @0%8@%{‘}’18“% amount
f 7t

1 5 B O D AR S

W thin t IWesghlt pagentttt1 0 Inteigtk peoot, Ppawexd omehe ttal preaglg o theblaek er gr eat er

th t 8 t

wer gt B s oha el BHY o R et e Srr kB PSR her )

pol yol ef ity 4d femht f,@t:a{t%atcoﬁambrahw kvARBR! K6 Asehl s0deM thbivndéhink range
t he bl ock copol yrirer may present 1n an anmount |ess than or equal to 14,

or, nor eTwércEG amhlhh\;ﬁ gltaégsnanharﬁugh as dlid¥3, apweH, aspiomes ggenpyaslable
speci fical by md E8RninaREBraRIbaln korald. WileHMarD 1otk Wp&ignsh 0idNS

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 gréms 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.

14



conbi ned wei ght of the poly(arylene ether), polyolefin, flane retardant and
bl ock copolyner. Exenplary flane retardants include organi c phosphate
ester f| aM@2Meer50RNt s such as phosphat e esters conpriREIHYSHEMPES6gr oups,
substituted phenyl groups, or a conbination of phenyl groups and
substituted phenyl groups, bis-aryl phosphate esters based upon resorcinol
such as, for example, resorcinol bis-diphenyl phosphate, as well _ as those
based uptin blosk pharghsr spedsenisin ahamawaapl ¢o 2&%&1@%}1&1@51%@4\%39@-011 the

ol oot ggg"?ﬁaﬁ‘?‘? W@Mfﬁﬁ gﬁW&“Sh&‘?ﬁ%&f"e’Q‘? g tz%}g%p?[%% BB %02 230

and/ or 78:33mldr,  WigSe 1k Heebins -ulbdkhespdiphes phgtie fikeint Qﬂaﬂmmourﬁ:AS No.
57583- 54 bi s-phenol A bis-di phenyl phosphate (for exarrpl e, CAS No.

181028- @est)er thiami qnhe:nytl tcpﬁoglph@@lé speofically piter, thapor agual1tos) Swigh

t he 4 d
11T SOpLOBYNENYL b POGSRNEI L s AR By S g, pBSRRA it and
phosphat l%taﬁ"%rﬁranﬁ%ﬂmﬂd 1 é@i iy whithphtsphage t}ttﬁb!lbdgcolidilﬁnﬁummalba L1l
(RS)sl (RE)52 OROO O-P-ORA n | | II% wherein R, RS

and R6 amsermepreamenml lyssaharamktgaualgﬁoolﬁp Ohawrﬁg%pqmﬁ%llsf caF BBRST S R1- R4

are i ndependent an al.k D@ging 1 to
10 15 {Z]jg(%’/ }%@Q{&&ﬁ?“ﬁ%hﬁé car g)zngvle}%‘ ?ir)f%nﬁ%{a%d@ger equal to
1 to 25; cafisined Wghtsﬁ A ol yigenme dehdr), ypayolefit eflene refgudaht amd Black 2. I n
some enbodinents OR, OR2, OR3 and OR4 are independently derived from

phenol , eonodirfoel ky| phenol a di al kyl phenol or a trial kyl phenol. As readily
appreci ated by one of or di nary skill in the art, the bis-aryl phosphate is

derived £ QM @nPhSRREAR dan@HRRIAEYSa Rl DRBEHASest A dbttteroardan Sich-as
phosphate esters comprising phenyl groups, substituted phenyl groups, or a
combination of phenyl groups and substituted phenyl groups, bis-aryl phosphate
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 esier comprises a bis-aryl phosphate having

the Formula I11:

{R5) g1 (R8) g2

0O =|= =) O
RO~ P“O‘@-R—@O P-OR*
? QT
2 3
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-bis(4-hydroxy-3-
nmet hyl phenyl ) pr opane, bi s(4-hydroxyphenyl ) net hane, bi s(4-hydroxy-3, 5-

di met hyl AV hane and 1, 1- bi s(4- hydr oxyphenyl ) et habeT/UpOZHEss6 .
enbodi ment, the bisphenol conprises bisphenol A O ganophosphate esters
can have differing nol ecul ar wei ghts nmaking the determ nation of the
amount of different organic phosphate esters difficult. In one enbodinent
t he amourtbers; phoepinsegss cqndl teretorEs @ng sbEng fé ai GREERPha Bt er, is

0.8 wei ght reent, to 1.2 ' r§8NtHRASTSEL Ty i, ght of
pol y( ar y‘?qé‘ﬁg%eﬁﬁ%?) ,Rb%q%%\é\%h%r}%mﬁﬁogg ’c%%dl yne?ﬁﬁa?}equg@ep gghgr ant. In
one enbogireont fiensausndfkyiptendl, adtlk@biandanta irialkyifienell ent for the
electrical wre to have an average flame out tinme |less than or equal to 10

seconds wherein the  average flane out tine is ba_seg).ﬂon 10hsa | es. Fl ane
out ti meAp seasidly apprasiatedhy oRe ofirdinayprdlhay s gk B St BheBRSEihed in 1 SO
6722 for eseu.th a € ecti ef; h equahis0 2.5
square nﬁlﬁ%ﬁ{g!rjmtfé% udi nglgg%gf)gctrigg?h%a&e ﬁlas ?ﬁ%l% %E:béﬁ{ uct or 1\?\/lct&lth a Cross
sect i onahydas:ephefylBr@pmguar éontdlled metgissheand am)covel,2igp(4-hdrokpéss of 0.2

mllinmeters. |n one enbodi nent he flame retardant is. sent Ln. an anount
of 5 to methymhgrelrreRacent g’é%@%ﬂ*ﬁ@“ﬂ%ﬁﬁﬁﬂ@d wei gﬁgﬁ\“ﬁ@&f i %ér yl ene
et her), O opel Arge Abobdibdent hi s range
t he armu(%?1 %ﬂlﬁégmmrggl?g%cfgﬁtHg%@%gégg%g%%?ﬁ?tﬁﬁeaoga&e%ugl to 7? or nore

speci f i cthklbysphgicd abmprisdsdnspienaqial to 9 weight percent. Also within this
range the anmount of flame retardant can be |less than or equal to 16, or,

nore spegcifically, |ess than or, _equal..to 14 ight percen ditionally,
the ther @ﬁﬂ“g&qséh%%nﬁggﬁs_t iGR Haye pﬁ‘rffe&ﬁ&l In)]/&g(%@% c %glgt?ntn%/agﬁf utijg

addi ti vegete/pHBitioRSofNe | ¥R Hifféehtl @sniaMosiattf @tah AUfiagentls dhavi ng an
average 16 WO 2006/ 065502 PCT/ US2005/ 042856 particle size less than or

equal t oemabodiineniothe tarount efiphosaborus.gs thaeasplt of the reanapbesphateoster, i per s,

glass fihers, _.qglass her |cium car t I | d
rel ease nggﬁf@t Vi s%r ﬁ?r s‘;gég ta%?ﬁcfgxgtergg&gugﬁ {ahg F‘.”“&ﬁ‘{t‘]‘g‘%ﬁa"@%ﬁ ;Bgrs and

ot hers; %M?(aﬁ‘ﬂ@xﬁ&aher),ﬂioaﬁﬂéfﬁi,w&;copbigmﬁhrﬁ flalyesetardadtor ant s; anti-st<tic

agents; blow ng agents, foam ng agents, nmetal deactivators, and

conbi nat %nocr)]r?e gggé)c{ixlngllat? eoglgogrgt onfl?tlrlg ﬂ(a)L}etl'gt%r ag{ fsggulfggent 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

16



additives. In one enbodinent the electrical wire conprises an conductor and
a covering disposed over the conductor. The covering conprises a

t her nopl A% pWoEE#Pbsi ti on consisting essentially of poPGI/BESPENEEEt her)
having an initial intrinsic viscosity greater than 0.35 dl/g, as neasured
in chloroformat 25C, a pol ypropyl ene having a nelting terrperature greater
than or equal to 145C and a nelt flowrate of 0.4 g/10 m ;115 g/ 10 m n;
a bi s- arpirtipheizphess dhannd equal dphP mHeiBIHISS: SP%asoif‘?i(%a’E’B}foF Fﬁ‘i?% K3%i ng

differ enf}?%%ggla%soﬁ‘%{%ﬁtn&a gl%h%ﬂ;ss WBREE AL 8ndt, rl%fc %h@qucﬁo%l&’ REasbas an

aryl alk &t han or equa ht percent based on
the tot ajgeni A sofbess; fsltab&?ﬁzersbls@cdkamh}gbt )mbrhzarsdam sﬁm;dubhmlks copol yner
has an aryI aIkerne content |ess than 50 wej ercent ased .on the
total weplghicizsts; IhameugoftrshIcBRAES pBILGHER. 2 S}’(ga?%ﬁl OFHBr) i s

present |n. %ngﬂzfigf}ctlwto%h%%rﬂ Ra&s cbﬁ'@ﬁsfn %n@%?%ﬁﬁre BY the Wtebthg OF

pol yol ef 1™ ectrrcal wre as an abrasi on resistance of greater t han
100 cycl gsuiities. determ ned by the scrape abrasion specification of | SO 6722
using a 7 Newton |oad, a needle havi ng a di amster of 0.45 mllineter and a
el ectrical wre _having_ a conductor a cr (gucg 1ona area .of 0.22

square mf OPfetRhdaeRf the %%F?lnﬁ’lw Pﬂn@‘ls[eﬁla&ﬁgg AP Reters. The
t her nopl S o8%ild SorhRRgat ihefin mire@lm g@@her than
30% as ?%%Sr%%%ﬁlgg yéd,&l%g?\}lha T%_eéo u3|éng % Type | bg%aar?d al?peed of 50

m || i met esrsistieg essemtdlyy, ofa:mﬂy(axyﬂdmﬁﬂrea] hmlﬁﬂmgitlaésﬁﬂn&lﬁaﬁcwgw@W@&japascaI S
(Mpa) as det er m_.ned by AST ters per

mnute. G @fﬁa@ﬂﬁf?@?ﬂ’e i‘i“ ‘f‘rinltﬁtl iﬁﬁgpgﬁ/r%?qyi Vggnadlﬂ?gfttl and a
covering Ee U
ther mopl SOTERRS me bt O oﬂ‘%%?% e and QAP HB a8 AURLIH 15
percent ofi0ampg laytigah ehessakerld a cBﬁlbirmuBE ofieivghtlogle comriymert havipgl yol ef i n;
17 WO 2006/ 065502 PCT/ US2005/ 042856 % ht Z‘Sr cent OL}?Z bl ock
copol yreriffese agyldylsnagamiints BaFEER Fﬁt i I‘%QHB&"E’E HARAMIEDEDS t he
wei ght p?(?}lﬁglﬁiﬁ% rFﬂP 91 0 St{)r\?mg}ﬁgg%}d%ﬁfjbéé@& ghknobtd hrigebyfharyitene
et her), In, | ock yner

block copolymex 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 oycles, 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.

Tn 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;
17



and the flame retardant. The electrical wre has an abrasion resistance of
greater than 100 cycles, as determ ned by the scrape abrasion

speci fi cAYQaWodpSPB0O 6722 using a 7 Newton | oad, a necdBURMII/HISH
diameter of 0.45 mllineter and a electrical wire having a conductor with
a cross sectional area of 0.22 square mllineters and a covering wth a
thickness of 0.2 millineters. The thernoplastic conposition has a tensile
el ongat|mo232“dar@akerg@‘éafeblqch@np%%el,aslslddeterm ned by ASTM D638-03 using

T | b d f «50 | | . I
R B N A A
using a gRegthtRied veidift dNithe HEB(& Fen@%fhe{? mt;mlyomﬁa @wblrallemblsolyifnet he
t hernopl astic conposition are nelt m xe

pically in a {ns XI ng
devi ce sarshthadlame r@tanriwu nﬁllmgleéti@w]u‘wé? hagy a%wryrqaﬁss@ﬁe 0 eafﬁé

pol yol of 100 eyt BF bR Eire PRI L BeRAIRE 158 ain rﬁa”t ne

pol y(ar yN%weolﬁtdaar ) neede | HARET; @ d@@ﬁaat bbbl4szetllimatd aoftd ellaaﬂricgﬂ afnport i on of
the polyolefin are melt nixe forma first nelt mrwi!g bsequent |y,
t he pol ybiwfhg r emduetenivites @pSSt ﬁ@tlﬁéfﬂy%ﬂe@qu P23 $9vage ¢ mﬁfﬁrst a Red with

he f I ly, th
R o A

ol ynerrc conpa 1 zer be
mel t  m xggsil®elbagdtion aE break gf@ltér thArK 5 @ casadedernivesd iyh&SPHM POBROB usangd t he

remai nder of the polyneric conpatibilizer are furfh wi th the

first mer{Typaildanesd aspeest af 80 é’é‘ilﬁﬁﬁteﬁd?eé Wflﬁtleu?@t 'E‘P‘:?éu@i Wgﬁﬁﬁqfﬁned nel t
m Xxi ng Pl \Y S [ S 4 m xture
or can b{e%ggﬁg%\s/Mg&g) ap%s%&?gngsd?%ﬁ@??i%) 5/ms ?Mn]? %%Pg ufs%%eat ggé@rm&rfe mel t

m xi ng dee7eedlimeaetsydt mgmoae or nore types of melt m xing devices can be
used in these processes I n one enbodi nent, sone conponents of the

t her mopl asti c n that forns the cover Y, nt r ed and
mel t m x2He PR %&eﬂag SHGCUBRE! %ar%gwhﬁy%ﬁ t a‘l\’zﬁ“zggﬂeﬁ 1065502
PCT/ U820%£19g2§mce \é\!i&ﬁ o g Rloaglouaone! M}ﬁﬁfdeﬁQﬂthﬁﬁﬁtheH ogk @epol ymers,
one having a yl ene content greater than or equal to 50 weight

per cent amhodnrrseet;dhd mhe{alfylsmer@helé,npdb’l}ﬂleﬂfaICFéWéﬁﬂ@hé@ntﬂ@@ltpob@é%ﬁq R¥n 50
wei ght pg&ncu fgnéous{]y n[?ecﬂ yn(uxeé( | ens zeutlor}%l) ex%@gdﬁﬁgt, the poly(arylene ether),

polymeric compatibilizer, and optionally a portion of the polyolefin are melt mixed to
form a first melt mixture. Subsequenily, 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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bl ock copol yner having an aryl al kylene content greater than or equal to 50
wei ght percent can be nelt mxed to forma first nelt m xture and the

pol yol ef WD 2W8/06558 ock copol yner havi ng an aryl al kyl eREl/ERi0dHE8SHess t han
50 wei ght percent can be nelt mxed with the first nelt mxture to forma
second nmelt m xture. The nethod and | ocation of the addition of the
optional flanme retardant is typically dictated by the identity and

physi calwheopks biek, copolymer swiniptises 1o dllwcdt CQﬁOIYIhElS;f Da@‘r@a"iﬂéta@r #xht as wel |

understood in the general art of an ture. In
one enbdtf Bﬁﬁ‘?ﬁcor{t‘ﬁg PRGN IEPTLY ﬁ? ?@&ﬁ%ﬁ t\/ﬁ"g f’égn Pﬁr‘?ﬁwﬁorrponents
of 1he LACLIPRLIRL EoREAPOR! kP80 Right) pefochgithi gBlynkyiche cpahyaliahién, to
forma concent tet I's subsequen m Xed V\nththeremalnlng

conponerilsck ¢ imé)npeﬂ lya(vmg/dlreml etlwbern)e CObﬂeG‘t Kf eé@p chapnasrequabloy ! weight and

optional flape retargdant t han or
equal t PHHE GRRREME t%?‘? 0#?1?’&]%’&?%%}187‘ u’frgla (ﬁ%g) ﬂ/ éé@i/ gﬁégﬁlg%er) but
l'ess thap, @&éﬂ%ﬂfﬁfgaéd 291 LRYRAE @bkttt REs (e Jokyighepimdent daarbeanelopl e, the
pol y(aryl gn t her ymeric conpatibilizer, polyolefin and optional

fl ame r enmedanth nlaaﬁmem}emxtmw@ﬁ)rma %O@WU@@?‘W‘EWH ature of 240C to
320C, although brief periods in excess of this range may occur during nelt

e %, T LR B E RS hESab IR SR LAY sRRCGLERIRE i BpRagy caual to

250C, or rea an or equa so within
this r <'Jm(ﬂ@taielﬁl€b)ti P Reatity’ fnd pﬁymdae pkcﬁ;ﬁsstldsha@ Osrohelqmahqmd 3l@e, flane nore
speci ficall | ess than or equal to 300C, After aII ‘% conponent s
are nel trefrdad, ag reelhoindesstonti xinurtbe cgenesd #|9f ?f)f 3{“3‘hF"6 Ig}ef)ne of

gp::reD];rialt%g{%u aa?%/e;‘nnﬂl ?Iﬁegﬁlﬂ&ﬁm\%lt Iﬁtl] R L hRan is? n%lﬁéd) WBihedR offtfe 150

1§ range, e openi ngs nmay have dianeters | ess than
or equatorhgonts@ of meahaﬁwﬁﬂpmsuorcpmpnmeos,pegl fai partiby,of] the polyvdefimprtoequal to
110 mcroneters. Also within this r Egle t.he eni ngs. can have .di aneters

éxeddylthl%ﬁ 8

great er fonart @nceritaibatis sapeayatly FEMURIG OTPIPERS: gr eat er

t han or equal to 40 mcroneters. In one enbodinent the nolten mxture is

melt fil ﬁ&{gfalﬂ%l%@@ch&'j‘eol%k cobd AR 200 64106R 0 oIV BRRR4@ARBEGe NOr e

filters enings’W th a nexi mum di aneter that is | ess than or equal
to hal fme}‘t ntiked &t tekopessiro freatee tlm@mreﬁmj tothetgiess disneitien sympergiare of

t her erpI St Io?y(ar n%sétﬁm? Wt fs Aan t% egla-dalllgn Pe?npe%tﬁfe & {hgeﬂolwef% rand

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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pel l etization or underwater pelletization, cooled, and packaged. In one
enbodi nent the pellets are packaged into netal foil |ined plastic, e.g.,
pol ypr opN@HW606a8s or netal foil |ined paper bags. SulstBsoF4kRsseal | of
the air can be evacuated fromthe pellet filled bags. In one enbodi nent,

t he thernopl astic conposition is substantially free of visible particulate
inpurities. As used herein, the term"substantially free of visible

parti culmbe filtgrshatingsipemingn vaghpd inesinnon tdiendtérethaiols| lesstthen evapdite i on neans

that when_ t onposition is injection . molded to form5 plaques having
di mensi &F?%fﬁﬁﬁ?g‘la%ﬁ%@% © R e4nE OH;W? H5 Ui ckness of 3 mm and the plaques
are visually inspected for black specks with the naked eye the total

nunber  ofy bl A&k PRREKS cdtpositidn fda¥ €be PloR@@SinkS Pefies, tdimer &y eguadl to 100,
or, nore specifically, less than or equal to 70, or, even nore

speci f i calletizationss wridgrwaser pletization, sepled, ing mackageddilmeone ctfwedipeitet s are

mel t ed d the conpositiqgn | i .t he nduct on. L ui | e met hod
such as BxalEgne apacisry oo Pstiah Tied gy P s Rl thATE
coating @il WelinesphRReshe¥i tubatasicdiBvall 6f Gfskieadn bbrevadiatedplraethe
di stri butor, qug e, and die can be used. The nelted thernoplastic

a

conposi tpablet filledsagsa covering di sposed over a circunference of the
conductor. Extrusion coating nmay enploy a single taper die, a double taper

di e, other i I.€ I

conduct off GEnEr PR TR SRR EhisBRiigh s WFReAQIROTe BENOE. ¢y
be usef upartieulgteyinihgiticber noplest heretrgmbes tdnnofisubethotidly éetroSivisibleoat i ng.
Exenpl ary drying conditjons are 60-90C for 2-20 hours. . Additionally, in
one embaRArEHEte UNFIHGS e Xihen igHed & ithe (herPRBlapife FHBRPSLen Eeagh ibsition is

melt fil ﬁﬁéme chﬂé;%EitiBﬁ ég glgréepgibh %1@&12%*}811{; ‘Bg;ﬁécidég haliflg %Hﬂ&xs%@ oPlsNOr €

filters having opening ers o mcroneters to 150 m croneters.
Wt hin tihibsX Joamgeand he/igpe diidgesdoBiretre nsd teyplipreg aeatierallyiaspeotedequal to

30 micropeters, or, mpre. specifical] reater t r equal. t

mi cr onet ¥F P aci?l Pk Wlﬁﬁh_nthﬁﬂ?ai‘_e‘% §ﬁ%éh‘%/ﬁ)ga} VA O%%%‘%O@?% for' &1t e

PCT/ US2 0}9@@&3@%§@@s RN 1068 1811 90RN:ShDrdFpéciFRallf Isss thaor¥quedydio, be 130

m cronmeters, or, nore specifically, less than or equal to 110 m croneters.
Al t er nat éweelgore speriDradlyolesnihae or équal &y 30.have openings with a maxi mum
dianeter that is less than or equal to half the

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. Exirusion 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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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

speci fi cAYQ 0064065582 t han or equal to 310C, or, nore spectGT/E3RDY42858ss t han
or equal to 290C. Additionally the processing tenperature is adjusted to
provide a sufficiently fluid nolten conposition to afford a covering for
the conductor, for exanple, higher than the nelting point of the

t her noplqmmngscdjnm@wst inasty, ber legprthan %e@quﬁl da| 130 apicraaadersi 06 Mi%fer than

the melti n%ﬁg?lbgtl?ﬁosftg%nha %@F ] %)Hll@ c?omeq 'téﬂheﬁﬂfe fftﬁgﬁné’)é} Lon

coati ng ¥H t i's usua u5| hg & water bath, water

spray, afilterk %ﬁﬁe O entn gs O aalﬁaxﬁmumaﬂmme&r ﬂgt dmlem)ﬁlam eqoil tbHalffthe egoi ng
cooling nethods. Exenplary water bath tenperatures are 20 to 35C. After
cool i ng thivkness|of ghe qoyating i tejcendisiioid onto a spool or |ike device,

typically at a speed of 50 neters per mnute (mmn) to 1500 mMfmin. In one

enbodi g‘a’ﬁ?ﬁ/ %t?%%ﬁP ?éEE’O‘%EAJHeOJhrfn} deg(%%kfo‘ﬁ o%?n%/lel‘r*gséﬁ%ﬂy%é%rthﬁﬁ of Qg3 COveri ng

di sposed ctor t1ona be appliedto the

cover i ng320eQ, eneneRhpeiifely, 1de temnmogjubl B I08Cappimed specificadbndesst or
having one or nore intervening Iai%grs bet ween the conductor, and the
cover i ngthto droequak te AAPEFG. ngAddﬁtl@p@i theopecessing Emmpeminisy 15 pdpstehdPance, an

opti onal adhesio n nduct or
and cove P ealsﬁﬁé‘ﬁﬁﬁ@ ég’aoﬂan{éOW8 1881%;“@'%0%5’3 SQGJ?@IE Ic;il'gl‘“’ct a netal
deact i vafRlex Ahpe! hicRerdBR WenGelting poRy of tH‘égherlﬁbp@d@ﬁb h@ﬂhpoﬁt{axmdrendlbe
intervening | ayer conprises a thernoplastic or thennoset conposition that,

in sone gesdelly sutf asted(°THeghanthaot 8re mejtingoppiitsel 4hej thgineordastiand or a
pl uralltél of strands In sone cases, a plurality of strands nay be
bund! ed, C¥WRSE®E: or braided to forma conductor. Additional | y, the
conductor may have various shapes such as round or oblong. Suitable

conduct Of$ied Biahiddn, cdatthe BHetelE@tlicdl ivTid B thstily opaarsing & eataalbath, mabarwi r e,
lead 21 WO 2006/ 065502 PCT/ US2005/ 042856 w re, and w res, of al] oys

conpri si spgapnar iats 9brRecaRbindiiont evTeRBIing O%Pél@oreﬂfethecf@}ﬁﬁﬁg’cgo?oqlﬂﬂﬁ al so be

coated w t tin or The.cro i I conduct or
and thi Cm@ggs.o]gﬁ){eﬂoéa]ac%vué?tfzr éatﬁﬁt;; er aturésngxse 36 §6 1935 ﬁftgﬁcgghx}ghﬁe
electrical wire is wound onto a spool or like device, typically at a speed of 50 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

21



is typically determined by the end use of the electrical wre. The
electrical wire can be used as electric wire without limtation,

i ncl udi ndYO rWp/0eSRBIpl e, for harness wire for autonobi | RET/USAOPHOREH
househol d el ectrical appliances, wire for electric power, wre for
instrunments, wire for information comrunication, wire for electric cars, as
wel | -as ships, airplanes, and the |like. A cross-section of ap exenplary

el ect ri cere,winde wikgs s eafioyn pmpuisweE1one-prygrase [of §h%\fgfe§0m8d%2éﬁarsng?‘ha,

di sposed_over, a cong hn.on j.ment, the covering, 4,
corrprise(?n UEgmEY @ ﬁ@%%@%?%&?#t@gaﬁﬁggpﬁﬂ%h. Per spective views of
exenplary electrical wires are shown in Figures 2 and 3. Figure 2 shows a

cover i nglhderosh-sRa6ed arcavdthacanindiee tind thidknesosfthe soveging mdyuval iaby of
strands and an optional additional |ayer, 6, di sp@sed over, t he coveri ng,
4, and tiRéyRigHbdetegrnel bY fregid ushtsd AMeEIREIICURRIS ¢ b0 FleRCaLWIE SADr i ses a
f oamed the e i, L : d : ry a
unitary %o{ril%‘éc%sg(%dt ?gﬁ%g‘gghilﬁg{v}\nsﬁag%@b%}@%gf %%fr, &%?gﬁ%ggﬁ hg@g& gﬁgni tary
conduct ofor adtonaotdleanwiratfer henschgld elgetricalcapplianasne wanebiodichestric power,

i ntervening | ayer, a foaned co can

6, comrises 0Si 110 nduct or, 2,
al so conWif & BsEIRERF ‘f"&)’g%?r “’g‘?li“éﬂtﬂ&& COK‘”&WIQNEOWHS &-’Plf %8111&051&9&&? er bat ch
may be a\g%gsgmpg,gﬁgﬁ%g?gﬂgﬂeqmepri or to or during the extrusion coating

process. en a color concentrate is used it is typically present in an
anmount |l ess than or equal to 3 weight percent, based on the total weight

of the cAmpmsiseétom oflan exemplarpctichmat witgds sesd /o Figyirg he figwep sbowdai n t he
color concentrate is free of chloring, bromne i .

appr eci at¥EBs %nglsmseg YT 2 PHPRE ar |, T WA 81813%@%3}‘{’ %ﬁé cgger:r% i%ion prior
to the aggigiRs OfosRIIOheRRANEM adipdition. | PRABECHIVBEVIEBWRA] €@plarachi eved
and in sone cases it may be advantageous to enploy a bl eaching agent

and/ or caedricaltvibis| dre shavaninajevites 2 B SadliEwg 2a56Ws ¢ caerins Hoflispose

stabilization agents,are known in th i ai | abl e.
22" V0 2006 868385 et Cea DD DR of iR hEhF ARG 1B, |00
are furthedishdsed Bveatiad chyeringe 4f @hd alé rgndwetor, Di mint big eabadiphans,. thEXAMPLES
The foll ow ng exanples were prepared using the materials listed jn Table 1.

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 o 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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Tabl e 1. Conmponent Description PPE A poly(2,6-di net hyl phenyl ene ether) with
an intrinsic viscosity of 0.46 dl/g as neasured in chloroformat 25C
comer ci AP PO06RGEVE abl e from General El ectric under thePGHHEHOFGIE56PP0646. |
KGL650 A pol yphenyl et hyl ene- pol y(et hyl ene/ butyl ene) - pol yphenyl et hyl ene

bl ock copol ymer having a phenyl et hyl ene content of 30 wei ght percent,
based on the total weight of the block copolyner and commercially

avai | abl &heremmmaironendrelegtistlswiradee ftribergilhdsatedry be1®bowimpPnan-

pol ypr opy.l e havi anelt flowrate of 1.5 ¢g/10 mn determ ned according
to ASTNI%TE@%gggnﬁ@g%ribed above and comercially under the tradenane
D-015-C from Sunoco Chem cals. Tuftec H1043 A

pol yphenyxet Mipl &8e- pol y( et hyl ene/ but yl ene) - pol yphenyl et hyl ene bl ock

copol ynmer having a phenyl ethylene content of 67 weight percent, based on

t he total i ght, of the blocK copol ymer and commercially available from
Asahi Cﬂ“g\!ﬁ\?%lgqwing@iggpleﬁwm'%rmg%qs){ng the mater(l;als Iisteg m Table 1.

pol yphenyl et hyl ene- pol y( et hyl ene/ propyl ene) and pol yphenyl

et hyl enepp@l y(et hyl ene/ butyl ene) - pol yphenyl et hyl ene bl ock copol yners

havi ng 3 a3 Iﬁiﬂ.yl [ﬁeﬁb;?l“t ., I3-werght—percent, baed I t'thOC\)It al

wei ght ‘P TE—PTO0CK—GO, U'IK( --- ._i B a vV —avatTant S
Pol yner s 'hfider the grlduBOYrtinestRdRRenyigas ﬂ)ﬁg}n YA 28 MERElG ViGPS) | ene
having a nelt flow rate%le, & ?qsﬁi’?ﬂnlrblégé?r Q’?@dabcggng MEIASTM D1238

as desciihed _ahove Addaikabtaviens Ganespl Blestcapmdst thegmgdanageg P i calls under
the trag&ad0H - ZEX |3805E. BPADP Bi solpienylethyidriespady(cthylope/bngderient e ( CAS
181028-79-5) Exanpl egolyphénylethylene block copolymer having a phenylethylene
content of 30 weight percent, based on the total weight of the
block copolymer and commercially available from KRATON
Polymers under the grade name G 1650,

Pp A polypropylene having a melt flow rate of 1.5 g/10 min
determined according to ASTM D1238 as described above and
commercially under the ftradename 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 DI1238 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
23



Exanpl es 1-12 were nmade by conbi ning the conmponents in a twin screw
extruder. The PPE and bl ock copol yners were added at the feedthroat and

t he PP wa¥0aHdeassoziownst ream The or ganophosphat e est er PUBRESHdSeLsBY a
liquid injector in the second (downstream half of the extruder. The
material was pelletized at the end of the 23 WD 2006/ 065502

PCT/ US2005/ 042856 extruder and the pelletized material was injected nol ded
i nt o t estxtaperiamenie fpetletifddematesib]l moduhigsted ndolded sivloetes] eprganémsniarest i ng.

Fl exural nmodul us, (FM was .detern.ned usi ng ASTM D790-03 at a speed of 1.27
mllimet ﬂ?’@lr%jé?oﬁ(i‘?ﬁ’:{{@ tﬁ’?rﬂ]%i ° n{ﬂ‘?’é@g&g'i n Megapascal s (MPa) The val ues
given are the average of three sanples. Tensile elongation was determ ned

at br eakplaghRg mASIN EO2B 1S RicrdineBafthgoh STV Wobioreties spgalr oM nat e and
Type | bars. The values " are expressed in percentage (% . The val ues given

are the owidmetges pér Birsngidels exmiessed daMrgepaseds (MPak uFiad vatpepgive) #8d tensile

el ongatign were injection nold usi ng_an. inj.ection.pre . 600- 700
ki | ogr ank®f 0 tE°p rﬁg%ﬁ?@plﬁfn?ﬁ%ﬁ%r@%&%&gl% H‘Jg?(ﬁ]eteﬂ rrg%doéﬁs%% %Elfg seconds
on a Pl agkan Die3 86t hrspaedl@ysy Matheftsd yer&niMiiteaind Wype I blrs. THeevalhewsmi ni ng
nmol di ng conditions are shown in Table 2. Abrasion resistance was determ ned

on an el setexpreasedvin perasatacn (Yoh Tonudlaesoriven a1 the avgraze of Guarwlies Themet er

Cross sectigna over ' i): L et i ns ion

hi oknosemitgy s T a R B b Rl i St BB AL BHE N 1 .
Newt on  ( Mjedtion Ghregtreco MBI (8 Wil dgbards-Erddpen doubericatimeicnand arholdtimer esul t s
are expressed in cycles. The conpositions of the Exanpl es %d ta are

listed iaf T 80 secqadsonrgd Riastaili-69C2 omydere Mashingrt i Metd - £d Rabr asi on
resistan g L gp%sy pon of Exanples 1-12. The

t her nopl ’gg%fe‘é’ﬁaé@ﬁggrgoﬁ@g%o@gﬂ%ﬁrégﬁ%ﬁ 0 I%%’r 3-4 hours prior to
extrusion with the conductor to formthe electrical wire. Table 2 Drying
t enper at wheas{of) reSbtand was idoermmefionra Qydtticad evird banieg atconductor2wh a

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 drted 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 a4
Cylinder temperature

1 240
2 250
3 260
4 260
DH 260
Mold temperature 80




2 250 3 260 260 DH 260 Mold tenperature 80 24 WD 2006/ 065502
PCT/ US2005/ 042856
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OO0 O00O OOOMININMVLIINVIt M~+---~M N OOOOOMV
001" WO2006{65%2p Nice.. MUMO~ NO- 9 ~ ~ ~ N KETBSWRIPRESCAHW W
~U WD 2006/ 065502 PCT/ US2005/ 042856 Exanpl es 1-13 show that achieving the
deS|{ed tensile elongation, flexural nodulus and abrasion resistance in a
single conposition is surprisingly difficult, anpl e exhibits all three
]gesi r abl Exapplged thdeshow el agipen o the desired agmsile g@&gﬁ&}n’ §Wa{1]815’d8 Sles, a

| exur al an . MeBosi iAadrFRghe BffRIAAE QMRS 1br eak
greater ?r[]@l;%%ﬁ%é%lr&ﬁair}chaﬁhng@%c w%?sclﬁ&ﬂéfs an iné:r?ease of 10 \Xﬁééight
percent é&dhited alpthegydesitablapcbpartibs e ameabeasidn koisiapcggreatpetheantO gptlygar y| ene
ether) fails to have adequate t&gasioa resi st ance. %ba les 3 and 4, which
show t het gkl refios s (&P IR Bl Py RO EG0 B R €RaRaiBing s as
Exanpl es3do, 200 Ban £ AUEL AU h&RRIo BRI 4R pelcepdat drvgunal
nmodul us,3aﬁgyégbrggl?on ’r%s%%%ncé. The C'di fferléengS bet mﬁg%@g}gﬂ les | and 2
\\I/\ke]r sus 3aancredschai Hywelght perpuispdalyGryleie tther) dhidrclo kaygoidpaeate abasivpl e 5,

i ch

-~ 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. Esxample 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
1043 - - 5 5 10 - - 5 - - 135 15
KGi657 | - - - - 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 14 24 12 8 11 79 14 9
Elongation
M 1433 | 1242 | 1725 | 1519 11986 | 011 | 1695 | 2020 | 1456 | 1225 11950 | 2153
Abrasion

: 655 | 126 777 184 11060 | 241 1000 PHOOOD | 696 487 #1000 FIOOO
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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enpl oys a bl ock copol yner having a hi gher phenyl et hyl ene content than the
bl ock copolyner used in Exanple 1, denonstrates excellent abrasion

resi st an®O B/ 06a82 a fl exural nodulus that is too hi ghPCERSHpI/@286 whi ch
enpl oys a bl ock copol yner having a | ower phenyl et hyl ene content than the
bl ock copol ymer used in Exanple 1 has a |low flexural nodul us but
denonstrates poor abrasion resistance. Exanples 14-24 Exanples 14-24 were

nmade as Seprisinpled @bpositiong hisingghtal densityanplyelhylens3 whemorgmizied das and

results are shoqwn in Table 4. Table 4. 14,1 1.7 * * * 22% 23
s bs Sasmre Aempe Horoao g Be byt Ec s optP fertle Bhngfiten 227 25,
15 - - Tatt 8GR Tonmredsthfce, and o mewhal Righdr fiEHPAINdRLGS7 - - - - 10 - 5 HDPE
40 30 40 30 30 30 30 30 30 30 20 BPAl%P 10 10 10 10 10 10 10 10 10 10 10

ensile 54 37 58 4 24 12 8 11 79 14 9 FElongation FM 1433 1242 1725 1519
1986 911Wiéeshe op@ntiasdal bom deosibed1with ralsrease & 2gsverabgnbodiments, 000 241

1000 1000..696 487 >1000 .>1000..;.I,esi.St pEO cJusFeT T\ ih.gilar to
Exanpl es%™ lPﬁ%UH%@ﬂ%‘ﬁ)gg “%213-6 lusefjlggvﬂ?%g?ﬁfaﬁg%gem r}%hééésgmng? ﬁgﬁagﬁ%g? tensile
el ongat i givdléRxagiberRbitltied andlaheas irrcof sailpunderrting fiomfthe sddpet o

achieve. ~ 26 WO 2006/ 065502 PCT/ US2005/ 042856 Sur;c)iri Sié]\q%l y, conpositions
usi ng hi ghthdémentignpdn padifigp.apany RpdRcCRAsARSHLE B1ade AP BIRT YR osi ti ons

conprisi g 5 LRSS whhBRCRLL AR frdth BR8ALADT asi on

resi st an%gfaeggﬁépgngﬁ%%ﬁﬁ%mﬁ?%h@%&?@ﬁﬁlg}lé rlmdul uggﬁ%ﬁ’i I egt he i nveﬁlti on has

been desgiopbaterebt h Thetdsendeist mtendse viatathe eimbediomendtshe limited to the
particular embodiments disclosed as the best mode contemplated for carrying 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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wi |l be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elenents thereof w thout
departing fromthe scope of the invention. In addition, many nodifications
may be made to adapt a particular situation or nmaterial to the teachings
of the invention w thout departing fromessential scope thereof.

Therefore, it is intended that the invention not be limted to the
particul ar enbodi nents disclosed as the best node contenpl ated for carrying
out thi s WhikVEhCLAIMEDDIE: that the invention will include all enbodinents
falling within the scope of the appended clains. Al cited patents, patent
applications, and other references are incorporated herein by reference in
t heir entfli r et $n etiggAWieSoBipNisEDa | @ndugctorAane laecaveriogidisposesl o@mphé si ng: a

conduct OkpndRthr BwGRYAT Hﬁg cgﬁcﬁﬁfb? ehn¥ighs %erﬁlgﬂgﬁ? Qé]m m"ﬁ[?ﬁ' Bnd Nfe

conductor conprises a thernoplastic conposition an ernopl astic
conposi t tReMeRaicicomposifien CC&“@@B?(aryl ene ether); (ii) a pol on efin; (iii)
a bl ock copol yyepely@Rfene(di¥dry;2 flame retardant wherein the electri cal wire
has an abrasi gn resi stance o% greater than 100 cycles, as determ ned by
the scrape abfa&iP8hoEfci fication of 1SO 6722 using a 7 Newton load, a
needl e havi ng(“a) dhlék daspb@marptaga dianeters, and an electrical wre havi ng a
conduct or ‘2 Cros ectional area of 0.22 square mllineters and a
covering W|th fﬁ”&rﬁ%‘i 0.2 mllimeters, and wherein the

t her nopl ast i cwheapasé bieamuchuaﬁr@gs@msaarmﬁi r@agaht@af drbatBi ak 160 @ﬁﬂle%r t han
30% as det rm ned E ASTM D638- 03 u5| g Lﬁ%ug zgem rre and speed of 50
R PG’ (R %€

millimet & e%gpn Ng SCPRE ek enesl u?'ﬂ%ﬁ riﬁ?)’tﬁtoﬂ/lécg'?'gpascaI s
(Ma) asa rxéed:llermmlngcb cmys AG Mbﬁ?@%ﬁerusanmgameisaﬁed wire hTavﬁaZ; dtdridubiet er s per

2l kony! ARS8 ok VeaudndPABRE AR oG8R P 8P5ET 8P W = AatteR 't ne
t her nopl &2tmitimetarpawidt i on conpri ses a continuous pol yol efl n phase and a
di spersed pol yfae! R0 en&hBERi PR Rsition has a tensile elongation at break greater
than 30% as determined by ASTM D638-03 using a Type 1 specimen and a speed of 50
millimeters per minute, and a flexural moduius less than 1800 Megapascals (Mpa) as
determined by ASTM D790-03 using a speed of 1.27 millimeters per minute wherein the
thermoplastic composition is essentially free of an alkeny! aromatic resin.

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 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.

4. 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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3. The electrical wire of Claim1l, wherein the poly(arylene ether) is
present in an anount of 35 to 50 wei ght percent, the polyolefin is present
in an anount of 25 to 40 weight percent, and the bl ock copol yner is
present in an anmount of 7 to 20 weight percent, based on the conbi ned

wei ght of the poly(arylene ether), polyolefin, block copolyner and flane
retardant. 4. The electrical wwre of aim1, wherein the polyolefin

conpri ses pol ypropyl ene, high density pol yethylene or a conbinati on of

pol ypr opy ene Tard elecghaldevirsi tof Clpint yet ibreme th@ Sodypradyenel eanpiiseal awi r e of

Claimd4, i h py. rLs olypropyl ene ho ol yner,
a pol ypr dpyl Fe(%g@g%pg?@%ﬂ}'%é% aé ?&%ﬁo&&[&p%n@@o@ane?pg%’yaprcgéwﬁngﬁ%n h%rr%pol ymer
and a pol opylean Bomopayyarand Gpolifiepvtdnecopdlgaker.wi re of C ai m 4 wherein

t he high density pol yethyl ene conprises hono pol yethyl ene, a pol yet hyl ene

copol ymer_or a conbi nati on of honp pol yethyl ene and a pol yet hyl ene
copol ynme®: 7. ThRelegtricat wire &f Glgimed wherginaihmhigh dgnsite palvethdem bympprigepl ene has

a nelt flwo sdigt@fiend). e ' - L,hut es
when deter mong%ﬁaﬁ%nr diaﬁp&{o Ar%{%“%pé%%‘é'aﬂgf‘%a{ dgqoalv:ggrgjg H@?F}%i N %eim;ed

pol ypr opyAeRePovgthyieRE cgpPOIYe ki | ograns and a tenperature of 230C. 8. The
electrical wire of Claim4, wherein the high density polyethylene has a
melt flaowrate o .29 gra er 10 minutes to 15 grans per. 10 m nutes
when det érm né(ﬁe el?&%t??b‘f"ﬂ‘“gO{T@aﬁls‘h\)f"ﬁ"i'ﬁé@e RRYRIgPERRsRAS 3 BRE dPwdatsrof

pel | eti zedk biagls @m?:mi rgﬂhu_tl_dﬁotby‘lﬁ mm_erpﬁlr 1a_d1iaazd}s Q\fglea:dle&r&ﬁide@gic@éﬁingﬁg a

t enper at yy, 9. e electrijc re [ rein t

pol yprop%sgrﬁgbﬂ%‘gso'és'%f)?\?’%eggeﬂ%i&szguﬁo p&?pé(%(’%ra @ﬁ?ﬁ%#%%?mﬁ&ngsm 10.
The el ectartermpérature ef ZH0°Cl ai m 4, wherein the high density pol yethyl ene has a
melting tenperature greater than or equal to 124C. 11. The electrical wre

of Claim1, wherein the bl ock copolynmer conprises a diblock copolyner and
a tribl oék copbegiestricallwire Fhelawh dcwhéreial thevhioe dehsi6l @alyatiylensttersed metthe 1 ane

retar dantoGogRI 4rSPSo GRntY S LminlkRIBNAGaE LeF 10 minutes when determined

according to ASTM D 1238 using either powdered or pelletized high density
polyethylene, a load of 2.16 kilograms and a temperature of 190°C.

9. The electrical wire of Claim 4, wherein the polypropylene has a melting
temperature greater than or equal to 134°C.

10. The electrical wire of Claim 4, wherein the high density polyethylene has a
melting temperature greater than or equal to 124°C.

11. The electrical wire of Claim 1, wherein the block copolymer comprises a diblock
copolymer and a triblock copolymer.

12. The electrical wire of Claim 1, wherein the flame retardant comprises an organic
phosphate ester.

29



29 13. The electrical wire of Claim12, wherein the organi c phosphate ester
conprises a bis-aryl phosphate having the Formula I11: (R5) (R6) $2 OR O
OO OIn 11 RZR3 (IlIl) wherein RR RS and R6 are independently an

al kyl group having I to 5 carbons and R -R4 are independently an al kyl,
aryl, arylal kyl or alkylaryl group having 1 to 10 carbons; n is an integer
equal to 1 to 25; and sl1 and s2 are independently an integer equal to O to
2. 14. The electrical wire of Claim12, wherein the thernoplastic
conposition has a phosphorus content of 0.8 to 1.2 weight percent based on

the conbiped ygl 8|EEtr:8§1 wu%%f%(aﬁr@%beﬂﬁergm c%))t’gcaglglﬂn%:ﬂa%e?es g:?ﬁ%'ﬁrligé%%' ynmer

and organic phosphat e est I 'ec erein

t he therhﬁﬁﬁﬂ$$b%ﬂﬁﬁﬂﬁwgwﬂh©ﬁoﬁmmaMkﬂ conprises one or nore additives
selected fromthe group consisting of antioxidants, fillers having an
average particle size |ess than or equal to 10 mcroneters, reinforcing
agents having an average partlcle size |less than or equal to 10

m croneters, S|I|cates T| f RYisber s, (RBlsass of i bers, glass spheres, calcium

car bonat e, talc a% I ﬂ Sg de téa"UB ﬁbsorbers stabilizers,

| i ght stablllzers | u Pi ant asti ipirggents, dyes, colorants,
anti-static agents, blowjng agents foam ng gents net al deactivators,

and conbi nati ons conpri smhg one or nore of the foregoing additives. 16. The
electrical wire of daim1, wherein the poly(arylene et B}) conprises a
capped poly(arylene ether). 17. The electrical wire of Caim1l, wherein the
t hernopl astic conposition is substantially free of visible particulate
impurities. 30 18. The electrical wire of Caim1, wherein the

t her nopl ast i cwbeeinadiR®%iapd RPsre sdbsdranbtivedn alkyl gecripdiavipgrittd 6 chdvbes ampuriti es

greater kh—ﬁm ;}ré iﬂaecd’eﬂggrttlgrin alkyl, aryl, arylalkyl or alkylaryl group having 1 to 10
carbons; n is an integer equal to 1 to 25; and s1 and s2 are independently an integer

equal to 0 to 2.

14, The electrical wire of Claim 12, 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.

15. The electrical wire of Claim 1, wherein the thermoplastic composition further
comprises one or more additives selected from the group consisting of antioxidants,
filers 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.

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

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

substantially free of visible particulate impurities.
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19. The electrical wire of aim1l, wherein the poly(arylene ether) has an
initial intrinsic viscosity greater than or equal to 0.35 deciliter per
gram as neasured in chloroformat 25C. 20. The electrical wire of daiml
wherein the abrasion resistance is greater than or equal to 150 cycl es.
21. The electrical wire of Claiml wherein the tensile elongation is
greater than or equal to 40% 22. The electrical wire of Claiml, wherein
t he bl ock copol ymer conprises at |east one block (A and at | east one

bl ock (B) and block (B) is a controlled distribution copolyner. 23. The
el ectricah wi nfe Olielhal Myke HNEThN1! WheRA YA Shbdifashl SBFRbsitigh a8_amount
by weight and the poly(arylene ether) I's present |rﬁ) an anount by wei ght
and t he &auptientiabyfreael ngiticutste Mmparifies grester than 18 nMiweweteffan t he anount by

wei ght of the poly(arylene ether). 24. The electrical wire of daiml,
wherein the bl ock copol yner conprises a first block copol yner having an
aryl al kyPene Thoiiesticalwirgt &r Clatian . sthersiude pelyGoyisns ghen fesraefittidbased on
the t ot alntmiidMsc@ity tdeatht isdn BY @ifal COPOBY NRE(iteRPdr Jraf CRNheBSREK in

copol yner having an_aryl al kyl ene content having an aryl alkyl ene content

| ess t hafN8EPOMERt$RtC-per cent " based on the total weight of the second
copolyner. 25. An electrical wire conprising: a conductor; and a covering
di sposed qver _t he, conduct or erein the conductor ¢ rises a

her mopl 201 1 ¢ THO HEGEPONGIE BBt YL ETTar S RGO 5 GReEoen o s
essent i akbyalod 150 tyclaggol y(aryl ene ether) having an initial intrinsic
viscosity greater than 0.35 dl/g, as neasured in chloroformat 25C 31
(ii) a polypropylene having a nelting tenperature greater than or equal to
145C an@la néh¢ efdctinal wire obldm4l wberk; the iteénsjle aldmgsticar iglgrestestphate and
(iv) a cgap'lrg@%ogn of two bl ock copol yners having different aryl alkyl ene
contents erein a first block copolynmer has an aryl al kyl ene content
greater than or equal to 50 weight percent based on the total weight of

the firshybl 0gks CRRAIYTEFe BPE RN SCORMRRIPIRCHock copolymer comprises at least
one block (A) and at least one block (B) and block (B) is a controlled distribution

copolymer.

23. 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).

24, 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.

25.  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;
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copolymer has an aryl al kylene content |ess than 50 wei ght percent based on
the total weight of the second bl ock copol yner wherein the electrical wre
has an abrasion resistance of greater than 100 cycles, as determ ned by

t he scrape abrasion specification of 1SO 6722 using a 7 Newmon |oad, a
needl e having a 0.45 mllineter dianeters, and an electrical wire having a
conductor wth 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 ast i c (ig engdwirddyne haging atresiid tempeaiigareterdbarhoreaualgoddbt  t han

30% as r T, 38-03 using a Type | specinen and a speed of
50 Ilgﬁ%t%erﬁ%ﬂgﬂl rg%%dr?ﬁdgoqghd a flexural nodulus |ess than 1800

l\/EgapascaI s ( Kiped bigrary! deasehate med by ASTM D790-03 using a speed of 1.27
mllimeters pep AbdHiRatioR & tvﬁﬂhgék%%iyﬁm% s r‘(!\,\}]ngrcﬁﬁ&’f@ﬁt'aﬁl Bk ign@c&ﬁé]ﬂémt or,

and a covering dl sposed over e conductor el n the COI’] uct or conpri ses

a ther m¥{HeEadn ﬁélf%@l?ﬁbmqlwrém anreey! Ehylens spatent grealgnihasiof pevp! évP&i st s

essent i aleygnPhercéhtlbadél smrétiot\éew&&ﬁt o BB S b1 Rk c@p&%g(@fwé %&n@%i&@ﬁ) (i)
25 to 35 wel ght percent of olyolefin, (iii) to 12 wei ercent of a

bl ock coﬁBFP“i}YFB‘?" Bl ?Wwikﬁeﬂeocoi‘ r\?v@s@ﬁ'ﬂarb%q E’@Wf‘t B?rc%.”tfqa O'P gteatlo

wher ei n Weghtei 8 beddRt GRIRk So@dlenerbased on the conbi ned wei ght of the

pol y(aryl ene et her ol efin, the bloc e flane
Pt A Grnt - wheroPEn he SR B e T RS o St ba TR el ks | oooat er
t han 100 agyete@gined &% thiaestﬁp’ﬂ asteabmys;tel@mcsmmacﬁesatﬁ'ras|ueamgsp7eme\i/ﬂoﬁa¢adon of 1S0O
6722 usi ngrba 7 Newt o i eter dianeters,

dl h
ona’ an” chhebele AT o' nime s MR iee B A0 Brlad Sy LA FlndieBhr en of

0. 22 squaite andrbds seeti@rat aepdf 8.22>gearemgllimietdns and hicokerimg withfa th@kiRess of
mllinmetagr erein the thernoplastic conposition has a tensile

el ongati §r?s"§%”ﬁ*%?%r§% \Mr]eater than 30% as determ ned by ASTM D638-03 using
a Type | specwhenelrahhd tergpopladicofong®sition hps adeersile ghengatiematt weakagrgater f | exur al

modul us gm/haa@ d%%%ln%g?ﬁm%s(aﬁ)@gmiﬁ TyHET 5T CarkVa SRENPEP0- 03

using a spee nmeters per
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.

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

(i} 25 to 35 weight percent of a polyolefin,

(iti) 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 8722 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 D838-03 using a Type | 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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