ABRASI ON RESI STANT ELECTRI CAL W RE CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clainms priority to United States Provisional Application
Serial Nos. 60/637,406, 60/637,419, and 60/637,412 filed on Decenber 17,
2004, which are incorporated in their entirety by reference herein.
BACKGROUND COF | NVENTI ON Aut onotive electrical wre | ocated under the hood
in the engi ne conpart ABRASHAS RESETIAN ORI IRIBAEWIRISUl ated with a single

| ayer of high tenperature insulation disposed over an uncoated copper
conductor. Thernopl astic pol yesters, cross |inked pol yethyl ene and

hal ogenat egrH8S RREESHINE a® pol yMimybeoithatdse have long filled the need for
the high tenperature insulation needed in this chall-engi ng environnent that

requi res ngt only heat  resistance,. m cal resistance, flanme retardance,
hnd Tl oxi b SEPIHABE ot BLTTE R Oh P ST Er TTRATPR FBRFSErSELREh our of and! ng
resi st ancesd/ss79ms, anes70i1b, ard ey/eEphanilenbh Yodangh 1andosesitsdhant to copper
catal yzed degrapaéjog_put_c n f iléigﬁnaturely due to hydrolysis. The

i nsul at i onPPEPBFES PFHFRHFE P HETC OB st er i nsul ated el ectrical wires
have al so been found to crack when exposed to hot salty water and have
fail ed wheRASHIGREEINUOFANNENITHINY tenperature cycling. There is an
increasing desire to reduce or elimnate the use of hal ogenated resins in
coverings Qlighivd Helca 8B NILAEA ! HBEChe Bibd BonE BLO Bt mehhdact, many
countries are beginning to mandate a decrease In e use of hal ogenated
mat eri al s. tréddivmelér heeminsyiaiehwish a sihgle Wivere! bightinmyrasxe ingwiion dsgodeprrent  was
created bas p it .ons e r eshiisy: h as

pol yvi nyl %ﬁ?d#ﬁ%g?ﬁgﬁyaﬁﬁéig@gﬁéﬁ? ngﬁ%?ggkggnﬁg%ggﬁ’agﬁngg&gf bei ng
handl ed i npdyatieese rnd haivpdeanted oesipe kyoi as yblyeinyorhiaile heyvolgg Fifled g

pol yet hyl en : dR:D ol | erature
insulationm%ﬂ?ﬁﬁﬁ%%égﬁ%%ggggﬁgéﬂﬁg$§?%#$§% %s%%m%g% g?ﬂkggaﬁﬁggrequirenents
f or aut onoteivieeseh@conly cladat wesistanegothemicaThresisimseinflané wwierdangg, iandaut onobi | es
has incr eﬁ%%qi,ts,xponenti ally, as nore electronics are being used in nodern
vehi cl es. e dfamatic increase in Wiri ng has notivated autonobile

manuf acturers to reduce overall wre dianeter by specifying reduced

i nsul at i onTheapeplastipipelyerias Jesslation laypre it ppishndipg rsisranecoR dige Bt oikj zes. For
exanpl e, |20 SLRaiARE bk 8sd rés%ag@t&eﬂgwa@a}(ﬁe@%@gﬂﬁpﬁm@ﬁ@gnSﬁgtI onal area
of 2.5 square mllineters, that the thin wall insulation thickness be 0.35
mi | 1§ met er BremARrebhdutfa hydrelnein \iEel IMPROR dBYesn it Hieerankasic pelyesios

m | 1P et er g fBe cleQAUE LD Rade o ikh 26un@ o VRl whiti SkiReSSonRegngi fficul ties
when using crosslinked pol yethylene. For .crosslinked polyethylene die

t hi nner i neierand bave Bedrvheh pebigsied 4o pagidint temperaisydingt hermal 1ife, when
aged at oven tenperatures between 150C and 180C. This limts their thermal

rating. ForThexXarmlifeangakaeth ir&Rbe W dignifey ihe gsaofopResaaandachor W th an
adj acent crosslinked polyethyl ene insul ati.on | ayg}ré havi n 75 mllinmeter

a 0.
wal |t hi ckfRYEENgs Ut feRPhPESa iy e TSt PATT P BH A faOHS‘éa§9ﬁ8‘E"%éer“ack when
bent ar oungke 8egiRakl Blmealides dQedndin @eNQs efthal PerkbdGnift@Tals3 HIOGvRr s. But a
simlar electrical wre havi n%a cross| i nked pol ge%%l ene i ns%ati on | ayer
with a 0. 280 |9 Bt Bre GarTrer FFERIVE sEIEDS Y| JEt Pﬁgewoﬁe mes brittle

after bei ngesxpesed of Qaid2RGel QEsind, Q0P 20 GhSinylT BE0AG), hgrrbasmeditf ect s
created by ‘these extrene i,n wall requirenents haye been attributed to

. y thin. ) .
copper cat BRYHEHTHEGE 5P ShDehaRed 18 aRpagasniIEE iy gdotilenr obl em i n
the industry. It is possible to coat the copper core with, e.g., tin, in
order to pCaMeniket helyehppes had 1emRlE bevhacdcend:! thprockingHighnkepergaley et hyl ene
but the addition cost of the cpati terial and the.coating process are
expensi ve. mIS‘Hat&’é‘aﬂfti tgi‘? SUTRHY TRt ‘?rgffﬁ%@ lRal éﬁgﬁ%ﬁ%qu}r@amttsr ggt hat the
copper congushefvebgedinaDat:edevdite. | SThal @mupossivilieg o atbthodli@bhdsi zers, al so
known as netal deactivators, to the insulation material but it is
recogni zed that stabilizers yield onlky partial protection for electrical
wire having thin wall thicknesses. It has been proposed to enploy bilayer
or trilayer insulation materials wherein a protective resin based |ayer is
di sposed between the crosslinked polyethyl ene and the copper conductor.
However, manufacture of bilayer and trilayer insulation materials is
conpl ex, requires increased capital expenditure and the nulti |ayer
material presents new issues of inter |ayer adhesion. Accordingly, there
is an ongoing need for electrical wires having a hal ogen free covering that
are useful in the autonotive environnment. BRI EF DESCRI PTI ON OF THE
| NVENTI ON The above described need is nmet by a electrical wire conprising:



a conductor; and a covering di sposed over the conductor wherein the
covering conprises a thernoplastic conposition and the thernoplastic
conposition conprises: (i) a poly(arylene ether); (ii) a polyolefin; (iii)
a bl ock copolyner; and (iv) a flame retardant wherein the electrical wire
has an abrasion resistance of greater than 100 cycles, as determ ned by the
scrape abrla&ie&md &mﬁénhiamahé mnrecﬁect:&ﬁbsﬁa}aﬁeimgtm@ iram@deNewthotes| 3ae, a needl e
havi ng a

d al I
conduct or W’P?fmdn% ?38?5‘ ‘%“83% ﬁ% ﬁlgﬁwg{é%guq%?o 8 g&taémr%% " vgf‘%% Ob%péfrl 2 gaﬁd a
covering W danteh dyngsafiafy Cedidcadi inkilatigh dayger thr.ﬂdmewdaeraed npdcifging her nopl asti c

conposition hgs a.tensil e | on rea reat er .than 30% as
det er mi ned™ Y AEFNTH D T§f‘%@)pl%t%$9§gz$8p§8§%g I ARG aoréla"én “of 50
m | | i met er o @kctivhi ke, ofarﬁdsqaasé heNiteaks, mMatkle usin lred Snduhugion ﬂaﬂﬁﬂes&/bgapascal S

i o BRI DEGOR BTN CR T TR B s o1 O 0Bt 10

representation of a cross-section of an electrical wire. Figures 2 and 3
are per spetid m@mbm mmi:laam ehi dtichines|powi dificnltes ngemuing ghwlitlager s.

DETAI LED DE t Nl at ] ; al ich follow,
ref erence W E:me Oé‘iga&ﬁ%ﬁ@gétﬂ%? ﬂlg%}gﬁ]@iléﬁl?‘gﬁgll elblgﬁr%n? wed to have
t he fol |l owtesgt iﬂf&ﬁﬁm}glscrmammé srh@gagearat bomnembaativet dniweerahiD°Ctdné” i ncl ude
pl ural referents unless th text clearly dictagtes otherw Optional "
or "optionH0 G Thiafeits R b eﬁﬁa JHHEe LR 5 pi&eaé’cg dlogif‘éﬁ?f‘“%am rcunst ance
My or maycdppdr Bfdidior waRén Ecﬁ]@demtdi@sﬁiﬁé@pélpéthyﬂéhellﬁ@laudxe&yérﬂﬁhﬁ@@eS wher e t he
event occurs and insta wher e s.not. The ndp0| n f all ranges
reciting tHhé %‘QH@“&%‘&?Q@F@W%F|ﬂ8’“é’|cé‘n$ﬁ’6é‘]§@]ﬁwf¥e§ el ?’i%‘% “&nd i ncl usi ve
of the rechdegofiROPRiaftire Ml 485 SXPI:SS eshoaor YOGPRSEs. tHAR safigut " or "l ess
than about”™ are inclusive the stated endpoint, for exanpl|e, reater than

about 3. 5" elewahdtes davinthe asstiskedt padvasiyinsongaion WFénW’rﬁéfaepgéd to herein,
i s the Deceib@ktelpall A8y leShhih 1d/8ER5ARAR10 45 bBRE 8idoYeddbscussed
before, electrical wres nust neet a wi de range of requirenents depending
upon t hei r 18P Ifcal00dmmsTHE delgtarieusriaes creed Bytherrorivaelitivgaire difficul t
to achieve Qgheghg@ efkals. In

parti cul armq‘?ﬁm;e’nﬁ#b?{l%%flgﬁn% &g%%gg&gggg%‘%adre ?st ance1 le gh tensile

el ongat i onrcaspdizad gie frb@sei bi the tiyludtyy. di fficult to achieve. Electrical wres
are exposed to significant manipul ati on during car manufacture as wre

har nesses ﬁrsepofs:ﬁ&@%ﬂg%@uw y&f&m%vb&@f b@tﬂn %o@%ﬁ@&v@ﬁ%e@%eﬂr@ﬁ to achieve
the final wring confiquration. ul ation frequently involves the

el ect ri cal camfacERs Herief 1?%@@3’8@V%%b%fh?é‘ﬂii1§9%ﬁi gest elipe %R‘?E%g mptgrigladit i on,

over the 'hﬂd%@fcoéut}gp{%@éss af@&%ﬂeﬁ@!\ke% MRty HaRE brembeeagdeifdagnal abr asi on
during nornal use h the pas the thi ckness of the coverjing was

t he
primry pr @ﬁ@&ﬁh@ﬁh%WWs@nM%éPé‘ﬁm&WG \}\Hﬁla@‘@)@ﬁ@i%ﬁ’t?@iﬁls‘&‘]ﬂ’?ﬁr@ht be WOor n

away, enough, QR 26ektd %&E&be@%%@ lfnkl.géﬂ%ﬁtmfﬁélﬁpﬁﬁt'Ii:ﬁlmdo@ékgdanhéton As
vmrlng density increases, the need for electrical wires wth thinner

coverings Ftatdhizs do‘?ﬁﬁkéﬁrﬁ@ PEFiestigh o slediticel wvér dpvingdingralithigknesder i ng nore
i nportant. Abrasion resistance, as described herein, is determ ned by |ISO

6722 on anpel.eobéd ?x@bos‘é@i ﬁ;@mhﬁmyﬂﬂaﬁereﬁﬁﬂwdrcmsuwnbm nibtERBSShEeeh onal  ar ea
of 0.22 square mllipeters and a coverin éhlck ss 0

mi | 1§ met er BrO§HYeg o8N asRblRv S s EIROsPORRI A eacr p?}\lﬁ"f %{‘e(ﬁ‘n‘gﬁ‘em | lineter
di ameter. Abyasicfiuci®S olvevehlBar@RAFd Elhilkybr GYEBSer InbulMRH infltkials

is complex, requires increased capital expenditure and the multi layer material

presents new issues of inter layer achesion,



enbodi nents the abrasion resistance of the electrical wre is greater than
100 cycles, or, nore specifically, greater than or equal to 150 cycles, or,
even nore specifically, greater than or equal to 200 cycles. The naxi num
nunber of cycles counted is 1000 and sanpl es havi ng an abrasion resi stnee
greater than 1000 are reported as >1000. Another inportant property of the
covering i scdofRsdy, ahdt dngabhaing Asdtive clettéed riicalhavibg @shabrzen ek | ed t hr ough
the various spaces and cavities durin .autogobile manuf acture the covering
must have SUFFIEHE AR SR 8% 4 ‘fehegg A& FThe mani pul ation wit hout
snapping. In addition, over the life of the car, the tensile elongation
remai ns i NPRIFFAMESAROPTIAN OROHIH RIVERJHOX and ordinary wear, particularly
when attached to novable parts such as seats. The thei noplastic conposition
has a tensi (o] ' L er ‘ﬂﬁg] y ASTM D638- 03 using Type
| bars, iST%%QE%EEQ$%gﬁ&%$LEg%§?gfgagggg&gf&hnDrgbspecificalIy, greater

t han or equedndtaord®¥ or, even nore specifically, greater than or equal to
50% The tensj el iqn. S - t % ., The bars for
tensile eI%ﬁ%g%?§nd§ﬁ%g%n é§ﬁ§s§§%¥§?i§§ &?ng%hggéﬁg%ﬁ%ggg&ﬁﬁgther

i mport ant {ropelattc cofpostieontanéd thedpaeistc cwmpeisivt pawrrigesed in the covering is
flexibilit L.ndi by the flexural nodulus. Flexibility is an

i nport ant %%%%%%?gﬂ%%r %ﬂcovering as the electrical wire nust be capable of
bei ng bent (iaadolgelniipul at ed wi t hout cracking the covering. A crack in the
covering .cagn r | & I .vqltage leak. In addition, several tests included
in |SO 672%?“?ﬁé%fh(ﬁ ﬁ%t%gnal standard for 60V and 600V single core cables
i n road veliviclibse reteduitre that the electrical wire be subjected to a
prescri bed, gel, ofe GONMLE LADRaLRMANRR AOUAT, BF BURG: AIPAALRIe AT LET DeiNg
wound around a nandre e covering of the ele tfical wre IS exanned for
cracks andddefért by tElseepy dbcalonwposiatimiofi @ AE2mspkastiavteoapbsi ti ons t hat
are Mm ni ma Lyl ) Dos Rlihiferd QBRIAI LRt SELRS 0 GRAM { dpigspuch a' s heat
agi ng or chéenical "resistance testing frequently have insufficient

fl exi bi | i t with abtoer selienngraudfj0Ee tewre oiltiresstrs agl conding vobs thidgngse wound
around a el.. W t ho cracks developing in the covering. The
thernDpIag?ﬂgg%%%%%%ffﬁgn has a fl exural nodulus of 800 to | ess than 1800
Megapascal shébiRale, thExpelasienoaphasont ke ghtnsithavndationx eirbatak rapdisr dsnval ues of
test sanpl LY. ST gk PV o | - ol . djs ishi ons are
used. All %ﬁé%ﬁﬁ%ﬁ%ﬁﬁﬁﬁPUQQ@%ﬁﬁgéOééé%?gﬂgﬁgaggéﬁﬁgjgggg%%gggggd usi ng
sanpl es nohiltdeas pdestuiched 4 fexthbmBkampbeshand0d depadscasddipdiaig to ASTM
D790-03. Wt hin i I I .greater than or

equal to 16%8“wgﬁgy%ﬁ?ﬁﬁgﬁﬁigﬁg%ﬁgﬁﬁﬁﬁP§?Eg?@§§§?5¥ﬁgﬁm%%'equa| to 1200Ma.
Also within this range the flexural nodulus nay be |less than or equal to
1700 Mpa, Bﬁﬁﬂp85§b§£?ﬁﬁﬁb%%khyDRk%ﬁﬁG%han or equal to 1600 Mpa. Wiile the
i ndi vi dual “Ccriteria of abrasion resistance, tensile elongation, and

fl exural nodulus may be straightforward to achieve independently, it is

sur pri si ngFigudilfi§ i sipmaticoeesspletion AdepsateiPeriEpEisere "i'd al | three areas
si mul t aneously. The thernopl astic conposition described herein conprises at
| east two pRa’es ands PObuSeafidvidhaten abdral peb iiathange pikier) phase. The
pol yol ef m phase i s a conti nuous phase. I n one enbodi nent, the poly(aryl ene
et her) phase_i s dispers in the polyolefin phase. Good conpatibilization
bet ween thQEEﬁQQQ%DggﬁRﬁﬁggﬂt in inmproved physical properties including

hi gher inpact strength at | ow tenperatures and roomtenperature, better
heat agi ngin it fpecifibdianend &t dreddaiog, wiish wilblv, aferegpeeatiBrbetragigitb@ el ongati on.
It is generally accept.e f .conmposition is
indicativen'ﬁ?b‘%lﬁgte d@%%“%?ﬁé%%qﬁ?ggégQﬁgﬁgﬁ?ﬁ%ﬁ |§%§ on. Small, relatively
uniformy sized particles of poly(arylene ether) evenly distributed

t hroughout an area of the conposition are indicative of good

conpari bilization. The thernopl astic.,conpositions described herein are
essentially free of an al kenyl arona?ic resin such as pol ystyrene or
rubber-nodi fied pol ystyrene (also | cnown as high i npact pol ystyrene or

H PS). Essentially free is defined as containing | ess than 10 wei ght
percent (W%, or, nore specifically less than 7 w% or, nore specifically
| ess than 5 % or, even nore specifically less than 3 wt % of an al kenyl
aromatic resin, based on the conbi ned wei ght of poly(arylene ether),

pol yol efin and bl ock copol yner(s). In one enbodi nent, the conposition is
conpletely free of an al kenyl aromatic resin. Surprisingly the presence of
the al kenyl aromatic resin can negatively affect the conpatibilization

bet ween the pol y(nyl ene ether) phase and the pol yol efin phase. As used
herein, a "poly(arylene ether)" conprises a plurality of structural units



various other materials such as a secondary amne, tertiary am ne, halide
or conbination of two or nore of the foregoing. In one enbodi nent, the
poly(aryl ene ether) conprises a capped poly(arylene ether). The term nal
hydr oxy groups nmay be capped with a cappi.ng agent via an acyl ation
reaction, for exanple. The capping agent chosen is preferably one that
resul ts i nTia digstr feastsV apdhyd &hyl souedephed yeftdes ehlygssribeuaitexy or
preventing crlog‘soltl nki ngmof t he pol yner chains and the formation of gels or
bl ack specRE TG BFotTssing at el evat ed tenperatures. Suitable capping
agents incl ude, for exanple, esters of salicylic acid, anthranilic acid, or
a substi tu‘téar;ﬁouiﬂ’r iarat‘@pﬁenallmérzegefns thad thm@ubsipk@pﬁ}esdeecrrﬁ)ed)f ewad iccyl i c acid,
and especi I t Li;nea are
preferred. Caf&'lé%mg 8“}%‘ ok 1Cﬂnf &{tgg& éirg%%g%} &7 %uoﬂ +°¥‘§d3% llng%g%% gﬁerl ncl udes
conpounds tﬂmewmhic&hursbmi:wm:b@megﬂbdqmsn@the hydr oxy group, or. both have been
esteritied. Suitable salicylates include, for exarrpl e, aryl salicylates
such as phﬁ{y IC C onate, and
pol ysalicyla EJﬁdi)gllhnc?{il gﬁ eﬂm% héﬁ:n?’ﬁgﬂgr ygﬁﬂg f/}gaa c%(?)s/ at eswghp&n%é%g i C conpounds
such as du@aibﬂreivlleladfémaw@lvm of téelqczisd ¢rdpoiny rvadive cemrpsell #seisteatchtiatappi ng
agents are;sglacted HLOMGA! ] &)ﬂoiu%wg aeb&ﬂfﬁ)&dgtﬂgt k6B 1¥5‘2§xéa&¥' ates,
espeC|aIIy I'T hear polysa |cy at es, conmbi n ons co i ng one of the
f or egoi ng. thExsep] 3 \eneumpesds tﬁ)@kéﬂ’éﬁatvfﬁliene ether) and their preparation are
described in United States Pat. Nos. 4,760,118 to Wite et al. and

6, 306, 978 10 BrAatheR terdled tIRRRA, @chQ@leyeﬁtﬂareﬁ/iSe@@z%ﬂﬁfn)ofmetsﬂn&?& ysalicylate
is also believed to reduce the anount of am noal kyl term nated groups

present in t 0 ne the chain, The ani noal k rou s are the
result of %&p‘b‘%&‘\%&%ﬁﬁ?ﬂ ‘?rﬁgf EI%WTB‘??@‘{SEQF“@H??E%{?H%‘E ﬂ?’rﬁ% tf‘he process
to pr Od:mﬁdetgaﬁutgaipyﬁ ey L}ﬁﬂeatﬁhhe‘hé reqUi Feeqeammeﬁiokmtmgwmm @il toblt he
term nal hydroxy grou ene et he n usceptible to
deconposi t P g %iﬁr&ﬁﬁ?lgy F%F]E“F’é‘é gﬂ%&g&@éﬁﬁﬁﬁé‘ﬁ% oﬁ’ P”éﬁ%‘iﬁ Tg?/ed to result
in the re%ﬁﬁ:ﬁxﬁﬁd}rﬂﬁg@éd idsIFR A6 sOhcS B0 RESily/cIeHFh NS sal digh Mexipigdsct i on of a
qui none Hj dllel en oup which may in turn generate a

2, 6-di al ky‘# i henyl end group. Capping of poly(aryl ene ether)

cont ai ni ng am noal kyI groups with polysalicylate is believed to renove such
am no gr oufisciti@! méss lbite eixposad wpgmﬁcmmlpaﬂandnydmbs}gwagmmpfa@éretable pol ynmer
chain andtheformatlo h oxy-N, N-al kyl benza S Ilcylamde)
The removal™¢ ]fmf’ff%sesaaﬁ% eaded E’im@ha V%Wty({:)gp%l ‘)“r/‘?gangr"%‘\’h eté} acmfioel yfaryl ene

et her) t hafina srnmgroenﬁguaiuble ’ﬂes mag:buihmrﬁeaqamuwezsvohteheieehytrmﬂsm}es| ng in fewer

degradati v t such_as S ur| r S t he oI y(aryi ene
et her). The r%orlue?eg “%ﬁe"a‘é‘%%sf%”%a?% Cpg r{’)ﬁ 3$ téﬁ%rfgﬁ ot %ul ar wei ght
of 3,000 tmxrekoaxﬁosﬁb;gmm petht:crm] ebxé:gaﬁmﬁhl)n@nﬂvmi W, ghm e easage ol ecul ar
wei ght of 00 t.o, 80,00 ation

chr anat ogr AL e e e Pl PE e S e IRI VP ene di vi ny)
benzene gehatatal 4fighiabd wwanmpives émvgingenaamdnioepxbmaé isofficiefit dlestritd! | gr am per

mII|I|tero chl oy of orm ene .et r.co tion

b0l y( ar y1 HETERe e RE Sy RPToRrs 1t Ten e crieberEy Vap dRef  han 0. 3
deci | i t er scopeingg inareadet Indafiing tlrebreias wsBdnéavich covoihgimeatnpabt. [ niti al
intrinsic viscosity is defined as the intrinsic viscosity of the
poly(aryle r i of the
omposi 11 antoe EitiaR Sl BolEhdl ¥ G i AOR STRO BRSO

vi scosi ty wire hmezgpﬁod:oym(hantquveﬂhez teodaeﬁqtmmé;mdaeaf tﬁ{iZtsqm‘s@%!]émgh@ran@ﬁt er mel t

m xi ng. The perc fi intrinsic
viscosity ar’ ?m ol E}a%?dcg F bﬂ% %ﬁﬁ] W%an? %ﬁfﬁﬁ%’%ﬁfﬁ”ﬁﬂ‘g@%ﬁ f% J(i)IFe mel t

m xi ng) /i niith al0.4p rmﬁﬂimrm dzamﬁtsnosbztayoﬂoea%dtsarmbertamlx|cyr@¢s Detvmmms ning an
exact ratio, when two initial intrinsic viscosities are used, wll depend
somewhat on the exact intrinsic vi sc95| ties of the poly(arylene ether) used
and the ultinmte physical properties that are desired. The poly(aryl ene
ether) used to make the thernoplastic conposition can be



substantially free of visible particulate inpurities.ln one enbodi nent, the
poly(arylene ether) is substantially free of particulate inpurities greater
than 15 microneters in dianeter. As used herein, the term"substantially
free of visible particulate inpurities” when applied to poly(arylene ether)
means that a ten gram sanple of a poly(arylene ether) dissolved in fifty
mllili teregqbgémf%n‘{s%eogbpdrsﬁh (&sirahCel ) th & ¥1Bdthdat Svirk VB EatdriaR l@O\éyﬁdcsb' e specks
when viewed in a t%p box with the naked eye. Particles V|S|§etothe
naked eye carmoreypicizplly sraniss bagpoerugl Ot IBRYAS: H EY8 RV FRECHIGE anet er . As
used her ei .. d B8, ekl t%l%@ﬂ:)ﬁcms %&Maaﬁﬁzﬁﬁz RfRastdyas ahlted BBVGti es greater

than 15 mTroneters” neans t ort ram sanpl e of Bol y(aryl ene
et her) di sedbaraes avingan ﬁiﬁfftslqnllﬁﬁﬁ%ﬁ%‘? @Fat 009 pre roparieseds “8P%bar ti cul at es
per gram having a size of “15 microneters is Iess than 50, as neasured by a

Paci fic | nglinimentsuABRpah i ietobaser nilt Bengavier age i dtimiel sanpl es of
twenty milliliter quantl%l es of the 9 dissolved féiuége“ C terl al that is
AY

al | owed t gvifssowet Rrbbdghratse BRarayiPBYy saices pf ofviig £ ot FI?I liter per

m nute (plHgu@lonnd ﬁku%mfehﬁgnﬂ@trrﬁe@&&fﬁmamtr&mkﬁstaa@ ﬂfmyar@@mm se the
pol y(aryl ene ether) in an anount of ng rcent wr% , based on

t he” conbi rigdoweingpringfinepdtgn PWéli‘%/II‘fé r?étbétc% Fhp te gé?“i’“hre Pane ret ar dant

and bl ock ﬁ@@ﬁwlf&eéum&{&b&l@h&a&m@ 5angs Hhe W&ﬁyoaf:heﬂoiﬁﬁﬁr%ﬂ%ene et her)
may be greater than or equal” to 37 w% or, nore specifically, greater than

or equal treovgblewpds sugh &e4F-thin this range the anount of poly(aryl ene
ether) may be less than or equal to 60 wt% or, nore specifically, |ess

than or equgl th&xﬁw%ﬁstwt%npgﬁ@)rpﬁsy&ieeﬂcﬂerbldi@yho@mmfda&easp&wymfneqbykene hi gh
density pol et h | ene, i nat.i on of pro y%}yg@ and hlrgh density
pol yet hyl ehel @38p(55| 9?5?%% Par® 8o ite “or™%

pol YIOF0py|s%@&ﬁ@aﬁ?oéiydﬂ@rthan@la@dayw%,afr 4ol mfegmydxm&y,ag‘ﬁehwrlﬂbiQ@m olr bl océ )
copol yners are soneti nes impac opyl ene uc
copol yner scH#ide pYBi dAF e?“ﬁéi"@%’ﬁﬂﬁ%‘ﬁ&al &hrgﬁ‘é’\rlgq‘?rjﬁtf)é%?egg {’%F%Oﬁg sections
of each cogp@BeRhgdion haypidobhdamyephoms Eambier yst al | i ne phases.
Additionally the pol ypropyl ene may conprise a conbination of honopol yner

o oo e Bap SR RS0 O (RRRRLTEE B AR gk AL Envaile 21 11 1O

t enper at ur | on o Mers havin ferent nelt
fl ow rat e. fidgxibilmpeasendiaaidrignte ﬂémrquoﬁphap};ﬂlemhémmummnfapraiwytst alline

pol vor opyL ene Sch. as L SOLAEL! 6 DOl NRL DML NG e Bl Ak pal.ypr opy! enes

aving ystal reater than
or equal t@zt}ﬁﬂ%;radﬁng ﬁmm@respgcAfurmlmyqe cgweaigaan tela!éhmo& Wétqgtalealto 25% or,

g R MR T e e e be

det er m ne 1 ng Ca ‘orlne
600V single core cabies in road vehicles, require that the electrical wire be subjected

to a preseribed set of conditions and then wound around a mendrel. Afler 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 & mandre]l without cracks developing in the

covering.



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 nore specifically, greater than or equal to 145C. 1In one
enbodi ment, the polypropylene has a nelt tenperature | ess than or equal to
175C. The pol ypropyl ene has a nelt flowrate (MFR) greater than 0.4 grans

per 10 mi nigh @ferddgabRS Sorkdd@iBo hased UkurkiomdSulgy afrBoper lekethamilati es (WLO
mn). Wthin this range the nelt flow rg}te may 1beg}gﬂlﬁeat&ar tlfagnior equal to
0.6 g/ 10 n'eeermrdy MiPehi Fxpeicrcerish J@ePh B Errg BErYE YRy 6e' | ess than O
equal to 104,pRE malRhe SR8k ftlyGadient 1REGing batitons AQquadd. tal Hexual , nore
specifically, less than or equal to 5 WO mn. Mlt flow rageg.can be

det er mi nedn@bE AR CHIAGTNEDYSEPLHE A §SIBE fHEles ARG | eti zed

80' yP{ Opyltﬁ@ﬁxan?p?és%ﬁl tRfed Zecd@ideith AYTRITS7RNTh. aviigipey @igertee AsuRBOC. The hi gh
ensity po

yet hyl ene can be hono pol yethyl ene or a, oé%et_h I‘ﬁge copol yner .
Addi t i onalmsduiusanayivgiereaenden o a9t ot %H‘i‘emnﬁg?méa%f?‘ia EAHHAT nati on” of
horopol yneg, eg&h‘i”toc%gwﬁmmso itk Aatd RenSfurd aeRo! MIEsScRathrg di f ferent
melting tenpératures, and/or a conbination of ho | yrners having a
di ff erent fméflﬂttoHWP%P@?HOWGWQHM&@?I%’P91’?961319%%&% can have a density
of 0.941 grans per cubic centineter to 0.965 grans per centineter. In sone

enbodi mentwhiihéehh@hiad@nsitdiy op @brreshytkienseeh asik dRighiiong atdefiparaht ure greater
than or equal to 124C, or, nore specifically, greater.than.. qual to
126C, or, YT SEEEEATY R EREP AR §r° et R 1 n one
enmbodi nenty, tiheemBlduhRPelG IR Al Breabrchh@mbitgbodgnsi ty pol yethyl ene is

| ess than or equal to I40C. The high density polyethylene has a nelt flow

rate (MFR),.greater.than or ual to 0. 29 qr e 1.N nd | ess than
or equal tU%lglel(fﬁo&m?ﬁ‘bg?m?oéﬁgrrjn%ﬁsﬁ jgesd 18691713%0% ls.eg\ﬂg ¢ |nmtoh sageri’agge the melt
flow rate pooldie greatad 4 haiy(eyeneqetbdr) tpbask. 0 Tg¢ IOLyeicfin phasoisngt hin this

range the nel.t flow rate may.be | ess than or e £o 1Q:. Qor,.: . ore
speci fi cal ‘foff‘fm‘}"@%ghﬁsﬁa?? or %’(ﬁﬁéfne?etbﬁ“@,w% %rﬁﬁ%ereg#eg)lp%hé%%gg? %%ﬁd fﬁle)ss t han or
equal to 5thg/phQorein febd fdoodvecrapsibimmtideebadetmr i mbaseaceoraithignt o ASTM

D1238 using eithe owder ed or |l etize | v I of 2.16

ki | ograns %ﬁ’&ovﬁﬁ tpéﬁ%éax\gﬁ? Frg‘esa?dggﬁ%%lé? ﬁregn O%p%%\ i 8ﬁﬁ§ﬂai§&g%{?r%%sse t he

pol yol ef i naridnoan tanpatrepbett2Ohdn0aghl, hetkeg Hmp eeterdmtce,( ast WAL, asksaéd on t he
conbi ned wei ght. of the_ poly(arylen | | etardant and
bl ock copoltYFHErFIoPER R }l&f ﬁ%‘%’ "1{1 %Cé’gp%?‘ﬁ%gﬁ%ﬁﬁ%%%%ﬁ%%@éﬁoﬁHﬁﬂa{? be greater
than or equacathe o fhaMdfrecar quatinr ef epmetifilizabl.y Smell, edttevelyt Ynaforndy equal to 30

W% Also within thi the, a £ ol | th
Saual o SPUANIE TTRee e LAy SruBle SRR R B3 LIS

sone enbodid@ikigot he imixiaght of padd omphtitilwetipol y(aryl ene ether) to the
polyolefinis 1.0 to 1.6. In sonme enbodi nents the weight ratio of the

pol y(aryl e?}[xe Ff]texng?as{ig cﬁg&?&sﬂ%sy &k nbrinhE R Rhti i aRe b Qn laQedy16. As used
herei n and %roug out t specification "block copolynmer” refers to a

si ngl e bl oskmeidposinerch es pelysoets eraublenmedifist ceksaspe(@rek¥nmie bl ock
copol ymer conprises X e s K1 (AL § S [ aryl

al kyl ene uﬁ$$§n=ﬁ§wg§ﬁ$é§§?3%n 'g?%@&m?éﬁkéﬁﬁggﬁg%kgg?gﬁggg%émﬂalkylene
units. Thel@weiakgenent (wof), bl,oukes speAficalydess Byanawt Vo or andre spsaificalyr uct ure or a
so-cal |l ed radjal .telebl ock i r | -B- A triblock
copol yrer s{eﬁsa " V\\;}e)t /%Io%celgeén %E%t)é écﬁcgill Segér @%‘égtvﬁ%&%&y@&g%@?%%ec units. A-B
di bl ock copeiybexé chate consndl wakhtAofcohyiayshnghepediolaly adyiod kyl ene
units. The pendan yl _noi et f Y | e nonocyclic
or poIycycpﬁ?ﬂﬁﬁﬁkhg@(Wgﬁgb§£%ﬁqg?%?§nnf%g?%%%§k§§§¥ﬁgi%§mg%§T ion on the
cyclic por tiomatic Seiint &bipesisgip dteiptasent sf thnelkedd aminkijd regin oupweitwiyng 1 to 4
carbons. An exenplary aryl al kylene unit is phenylethyl ene, which is shown
in Formula Il: Block A may further conprise al kylene units having 2 to 15
carbons as long as the quantity of aryl alkylene units exceeds the quantity
of al kylene units. Block B conprisesérepeating al kyl ene units having 2 to
15 carbons such as ethyl ene, propylene, butylene or conbinations of two or
nore of the foregoing. Block B may further conprise aryl alkylene units as
|l ong as the quantity of alkylene units exceeds the quantity of aryl

al kyl ene units. Each occurrence of block A may have a nol ecul ar wei ght
which is the sane or different than other occurrences of block A. Simlarly
each occurrence of block B may have a nol ecul ar weight which is the sanme or
different than other occurrences of block B. The bl ock copol yner may be
fimetionalized by reaction with an al pha-beta unsaturated carboxylic acid.

I n one enbodi nent, the B bl ock conprises a copolyner of aryl alkylene units
and al kyl ene units having 2 to 15 carbons such as ethyl ene, propyl ene,



pol yphenyl et hyl ene-pol y(ethyl ene/propyl ene)-polyphenyl ethyl
ene(soneti nes referredtoaspol ystyrene-pol y(ethylen e/ propyl ene)-pol
ystyrene)and pol yphenyl et hyl ene-pol y(ethyl ene/ butyl ene)-pol yphenyl et hyl
ene (sonetinmes referred to as

pol ystyrene- pol y( et hyl ene/ butyl ene) - pol ystyrene). I n one enbodi nent, the

t her mopl asiffect the ofasitibiliafion GaPRES®S pbinGuriime ket phade iR Fik. pollarshi r st bl ock
copol ymer has an aryl al kyl ene content greater than to equal to 50 weight
percent ba¥%&tf-on the total weight of the first block copol ymer. The second
bl ock copol yner has an aryl al kyl ene content |ess than 50 wei ght percent
based on thmu@@baﬁmwi‘gﬂﬂ(ar@feﬂ ﬁber);’@ompﬂsebb@hkaE@qu@hymal uréta oBstenpl ary
conblnatlo @Lock copolynmers is a first

ponphenyI@Fﬁy? e- pol y(et hyl ene/ but yl ene) - pol yphenyl et hyl ene havi ng a
phenyl et hyl ene content of 15 weight percent to 40 wei ght percent, based on
t he total
polyphenylet *nepoly(ethylene/butyl ene) - pol yphenyl et hyl ene having a
phenyl et hyl-e t-ent of 55 weight percent to 70 wei ght percent, based on
t he total of t he bl ock copol ynmer may be used. Exenpl ary bl ock

copol yners QZV|ng an aryfl al kyl ene content greater than 50 wei ght percent
are comrercially avail abl e fron1Asahi under the trademark TUFTEC and have
gr ade nangs, suc i | abl.e. under the

tracl enane” %{Ie %iﬁ“@%’#‘%{w Cgrﬁﬁfjgfys ’8&%’ ‘Feﬂtg’alaf P28 ng an aryl

al kyl ene cprhmaeylbx k&ssdat-h &iweb @llkyie{eght anpakid entita@ding icmmanbbxalaioms}aval | abl e

fromlCratqn P unde tr. and, have gr,ade nanes such
as 01701, iﬁg‘% ok f‘%ma@‘y&é’ﬁ‘fﬂy@jﬁg@%ﬂy@%g%&"6&%}5’?” 1787 A R P6936
and A- RP69&5¢&aydrod:anbamey mﬂa@ﬁh freladst twh earbhe bopp | sagidte tieohgdaghtandn conpri ses

a di bl ock co ner and i | o pQl yne Th ht ratip of the
tribl ock dgﬁg %E Oﬁge %ﬁ%& &Ezglﬁy%é?e mﬁ%mﬁqg of pfiegyly < for "I'n sone
enbodinent@@mhb bh@@ﬁqﬁomdlwnth%@&;@%ﬂmﬂhew awmﬁﬁganmﬁ&ﬁﬂulamemelght of

5,000 to 1 Wthi.n s _range, the nunber
Sver age. ol LAY R gy B S S e B PlRgl-Cor i e
specificaJ@ymﬂ@gwﬁmﬂgﬂaﬁﬁmQQQagﬂm@h&ﬁmrmtBM@Muﬁp@ﬁm@peﬁmﬁkgakMy at | east
45,000 g/ mp er ave cul ar wei ght
oy pr ef er BB BeoEi s Bebu B d b e ST PR St o 700, 000
ghnol , or ,re@denmbiires qpatibietealethy] dipiEnyiouiba, HYABoMbmS preseibe bl ock copol yner
is present in an anount of 7 to 20 wei ght percent, based on the conbi ned

copol ymor . eERER bR dbERerbe e AR b et P BB T 2"

anount gr eap@mtlha:nloooms‘qgﬁaﬂ bledk @polgmer; nmwél spenbiktias cyppipingat er t han or

othor) . CpaPaoiear o BhrEREoRES SPBRhaR ERP A Slodherbleg SR M Ao
range t he d@hmckng@;ﬁedlyln@w -heyhdoglepr ebentniisnopdnoaiydu morbassont Wgh or equal to

: n or equal to 13, or, even nore
speC|f|ch%§6%ﬁ§§h} zﬁﬁk¥$a%§%§ﬁ&?% 12 wei ght percent based on the combi ned

wei ght of the poly(arylene ether), polyolefin, flame retardant and bl ock
copol yrer . TEx @rpylaayione | eshes) reavartganrepaiedc brd&eoryidative plhoepisatd ester flanme
r et ar dant “ﬁﬁ% ubsti tuted
phenyl gr gﬁé}‘sﬁﬁﬁg@g&?@ﬁg?ﬁ%ﬁﬁ%ﬁ%&h%Qmw*ﬁérng% ZEJ*E% S ti tutgd phenyl

gr oups, b|%m@ﬁvhmﬁhégﬁﬁhﬂém@bﬁ@ﬁSB%éé@@ﬂhﬁﬁmmﬂbsd@%ﬂwﬁl%@@Gﬁ as, for
exanple, r S 0 ed upon

bi s- phenol%ﬁgﬁnggﬁ09£6$gg§§2%%hﬂgb?§pg%eﬁgﬁﬁAﬁﬁhgd eny g1ﬁ}a'g%hate In one
enbodlnenﬁU@tﬁ%aoWGEﬁl@Hmﬂ@swhﬂt@m@%ﬂ@mpmwdsémﬁﬁfeﬁCmmbm$mmn§@hlkylphenyl)
phosphate (for exanple, CAS No. 89492-23-9 and/or 78-33-1), resorcinol

bi s- di phenyl phosphate (for exanple, CAS No. 57583-54-7), bis-phenol A

bi s- di phenyl phosphate (for exanple, S No. 181028-79-5), triphenyl
phosphate (for exanple, CAS No. 115-86-6), tris(isopropylphenyl) phosphate
(for exanple, CAS No. 68937-41-7) and m xtures of two or nore of the
foregoi ng. In one enbodi nent the organi c phosphate ester conprises a

bi s-aryl phosphate having the Formula I11: (I1l11) wherein RR R5 and R 6 are
i ndependently an al kyl group having Ito 5 carbons and R - Rel are

i ndependently an al kyl, aryl, arylal kyl or alkylaryl group having 1 to 10
15 <carbons; nis an integer equal to 1 to 25; and sl and s2 are

i ndependently an integer equal to 0 to 2. In sone enbodinents OR, OR2, OR3
and OR4 are independently derived from phenol, a nonoal kyl phenol, a

di al kyl phenol or a trial kyl phenol. As readily appreciated by one of
ordinary skill in the art, the bis-aryl phosphate is derived froma




hydr oxyphenyl ) pr opane(so-cal | edbi sphenol A), 2, 2- bi s(4- hydr oxy- 3-

nmet hyl phenyl ) propane, bi s(4-hydrox yphenyl)net hane, bis(4-hydroxy-3 ,5-

di et hyl phenyl ) m et hane and 1, 1- bi s(4- hydroxyphenyl)ethane. In one

enbodi ment, the bisphenol conprises bisphenol A O ganophosphate esters can
have differing nol ecul ar wei ghts nmaking the determ nation of the anount of
di fferent \riganoteP HRSPRARL GrcSdses SsetlinkifryCithine, toRidnansndadiigent the amount
of phosphoru%. as the result %f t he, organophosphate ester, is 0.8 weight
percent t FORPHA{R YRTC pePREAT PHEEI SN t he conbi ned wei ght of pol y(aryl ene
ether), polyolefin, block copolyner and flane retardant. |In one enbodi nent,
t he anDunUnQﬁeEhémﬁhaﬂpmé@b@&ﬂﬂﬁﬁeﬂ&ﬂ&uhbhﬁkenhmkémohhﬁﬂaheﬂmﬂlCal wireto
have an ag&ﬁéggﬁ % out tine |ess than or equal to 10 seconds wherein the
aver age fl pel XY SOWRSRY BnCB s Kilth R STPE R LR FHECT s det er ni ned
by the fl amnm,cfma@ampan ’}pzl‘eca:@@ﬁilg’zﬁg@ﬁiwhbﬁlnrieﬂrdfmabﬂﬁ@uﬁt’ﬁ&&eiuﬁﬁ iwcables with a

cross sectional .are u are ers using a
ol ectr callbarrs LTS Ie s b S wbte H P of 0
square m |;Jd1}ﬁi&tr ehsinangd &@Mﬁ;rohl’\@f gdi ekr&%}s s@#ck® .ddridg blocsmsihgras. |1 n one
enbodi nent flane ren§§ IS ﬁgesent an,anmount, of 5 tg 18 wei ght
per cent, H%%@H SRR REMES T eﬁﬁﬁﬂ aggnts, e &r?réﬁ@n@fh8¥WSogolyolefin
bl ock copalysle adBtmft-ane dorl azrﬂam&musw thvatitdhaesipngeand fie; anmunt of flame
retardant can bg %r ate tha or .e to 7 % nor e saec flcally, greater
than or edUafipEe FoPpRY E’eﬁ“’yﬁl‘?&’oﬁi‘tﬁﬁf’ BP PODAHGE e anDunt  of
flame ret gjrefaméd. Cz&ﬂué@& hbems Heham ‘asteeUalicylio o487 ihude@igosiiec fical ly,

| ess than aor. equal ,to 14 ercent itionall t he t hernoplastic
conpos! & 1 RHHAGE GBPTBHAPI T UGoRG FEAF P VAT BUS S G, SUATh. ag

ant i orl darﬂaﬁcylaftw len@le Aok fe@innflQr @iy Osallg@itts sbayla@gprfamyia\saso@zg& parlti cle
Slze less t eqgu croneter or .exa sili1cates,
Ti 02, fibefey ﬂf"é]é"s i b%aﬁlgyhcqu%g%pﬂ@r@iysaﬁﬁffa&sum@&anﬁdwﬁ*( g*?eaf alc, and

m ca; nol dholhiRaBes agebydic cbiMpARSOERBIES dissli@hid h@emamytﬁie as cht ght

stabilizers and others; |ubricants; plastjci nents

col orants; e“&ﬁ?’imegi § Eapﬁﬁ‘én?@ntsbﬁlﬁvﬁaﬁae;ggé‘}% ﬂ‘fyéié gty it o t}{ met al

dggct i vat qmssalﬁ;@ﬂte@ QUIfcdEY 1i646 p@mdiyiﬁd:sngndca&&]bﬁfatlmrcSmQﬁSIﬂgf‘tﬁmfoQr egOl ng g
addi ti ves. i ment the electrical npri ses, an conductor an
S Cover | ng M EHEHG | QRGP BN e U G nEhCb B (11 BSRRIoRdEe o

t her mopl asdeb&ibeDMPOsiich ISeies Pan Blos t4, 7150, | 8 seWhitabd . «68 608, y(sa6 Brane et her)
having an initial intrinsic viscosity greater than 0.35 dl/g, as neasured
in chl or of%fm at 25C; a pol ypropyl ene having a nelting tenperature greater
than or equal to 145C and a nelt flowrate of 0.4 g/10 mn to 15 g/10 mm a
bi s-aryl ph@ﬁmg@b@@aﬂdm&ﬂmombmqabkﬁnwbh13mbobﬁmmhtoaﬂm&wﬁemsmmaving

different ar ene ntents wherein a firs C has an
St o R BrinGS Y e S e S e e e B KB Dasedon
t he total mmn@mgdgﬁmpimmﬁkn@ﬁhmfom@mcmpnhymg&mamﬁm@xsempmgamhmsk copol yner

h | th 0 t t he total

haraht of A RET A FBr R RS et Sheto THEH DR BREP AR 0 o or cent | n

ar annuntfhynmﬁlgh&a@wgmn@rofhmm ﬁ&ﬁh?nmunah?y wmi?hts?ﬁqpmky@ietir The
ectrica st ance r.eat er a cycles, as

Gotor m madiebyrinBoR af et Mhiuthen e SeRieafin N SRARES B0umts po S

Newt on | oadgenavatieed einrhavirnecoaddy amikand Ok ptedbiondfkigmmbermehide a el ectri cal

111 ot er 9 Rt EUAPTIG. U ReRernt ORI ORI RELETS. The

t her nopl asctapgmg@m@@(aﬁyzaﬁ dias) @nta@nig i;sﬁmedimgadup@mtatpob;rsﬂagﬂmgneat er than
30% as dq@Frnln % D638- 03 u3|p e 1, b?&ﬁgnd a spﬁgd of 50

ml 1 et erEHER GHCRGTESIC ﬁ@ngggyg%gfgyt gapascal s
(Mpa) as dei epdliied BunASIN DROOL&datii Nof az&p@e@-ﬂ,ﬁ\f Ak Aberichibt met ers per

m nute. I n one enbodi nent an electrlga wire conprises a conductor and a
covering di sposed over the conductor? The covering conprises a

t her nopl astic composition consisting essentially of: 40 to 55 wei ght
percent of a poly(arylene ether); 25 to 35 weight percent of a polyolefin;
17 7 to 12 weight percent of a block copolyner; and 8 to 12 wei ght percent
of a flanme retardant wherein the weight percents are based on the conbi ned
wei ght of the poly(arylene ether), the polyolefin, the block copolyner, and
the flame retardant. The electrical wire has an abrasion resistance of
greater than 100 cycles, as determ ned by the scrape abrasion specification
of 1SO 6722 using a 7 Newmon | oad, a needle having a dianeter of 0.45
mllimeter and a electrical wire having a conductor with a cross sectional
area of 0.22 square mllinmeters and a covering wth a thickness of 0.2



When the bl ock copol yner conprises two bl ock copol yners, one having an aryl
al kyl ene content greater than or equal to 50 wei ght percent and a second
one having an aryl al kyl ene content |ess than 50 wei ght percent, the

pol y(aryl ene ether) and the bl ock copol ynmer having an aryl al kyl ene cont ent
greater than or equal to 50 wei ght percent can be nelt mxed to forma

first nmelt (iﬁlié‘}ﬁ&iﬁl@e)and“héh@m@@k Y@l tef laﬂn@n@m&pmfnﬁctﬂﬁe%ﬁﬁh rgs&rwdaavd ng an aryl

al I cyl ene con | ess percent c ed with the
first nelt PP#}YE?HG?‘? efhﬁ’)fﬂ%ﬂt l‘ﬁ‘%"% %tvgﬁ%qﬁ‘&l‘l PR A0 %Xéﬁ‘ e‘éfFFd | ocati on
of the addigbdantadf prbfRtsORich anads, iﬂdrﬁﬁ?ro&%&:ﬁédﬂtﬁ% p¢1§(awe@mﬁlaﬂ)y dictated by
the identity and physical properties, e.g., solid or liquid, of the flane

r et ar dant wel | ynderstood .in the eneral ar 0 oys and their
manuf act ur 62¢ PRYBREEHEE fEnaYe fHE PFabiE 488 ( %ﬁﬁfﬁﬁ§%€§%%§%48ymnth one of
thF anFonaan@O ]grfamts her kbRr(ERRl st |a07]@@momgeubzﬁmammg:7esghamlpaom @ndof tEe )

ol yol efin orm a concentrate that. i s, subse nt melt, m xed with the
Pem)s/u ni ng é&h@% FaRL &S dqtmp %Y(%FW@H%‘OQFWQWEO%U%W“{%‘E}?}PQW@ 5 pol yol efin
and opti On@blyi’eﬂn@sﬁ@qtﬁ%ﬂsd@&&mﬁé 8iviiel benbing @@ ﬁtéi()actaﬁﬁr@eﬁﬁ}ﬁésuﬁa@zr@raeat er than
or equal tot | ass transition _tenperature of the pol | ene et her) but
| ess t han @%ﬂ%@é%ﬂ%{ ﬁ&lﬁfuﬁ@rﬁﬁéwé{iif%ofcfmﬁ@%&%@f{fwﬁ en %/erbszrarrm e, the

pol y(aryl epgn@hfiRh)of ngayﬁ&{ele%eag AR iBithi & 8hsic KAyl efdaft: a1ad e@pt i onal
flame retardant may g m xed at an extruder tenperature of 240C to

320C, alt héé@ﬂelﬁrneéfgr@ﬁ%r(ﬁléﬁﬂsaﬁ AceRcdsis dforelams o 2ide rajiabadinsicduri ng mel t

m xi ng. vaﬁ&ﬁuﬁhi&ﬁh&ﬂ&ﬂﬁehﬂ%mk&%&@&@kﬂm%;&EM@@%mQ@%&%?ﬁDE@QﬂﬂPr equal to
250C, or, nore specifically, greater than or equal Al'so within

this rangeriHee veEhperatomenthn iHe cp@@%ﬂﬁtﬁﬁaﬁ-ﬂdwd%aa% byt taw@i'@@mam nor e

speci fical kpj ik 83 SutiRAR s QkinPEURd pcriﬁa@@%eth&i hﬁp bé Q%T% 2% ﬁ*@ertah@r conponent s
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centrally and avoid die lip build up. In sone enbodinents it may be usefu
to dry the thernoplastic conposition before extrusion coating. Exenplary
drying conditions are 60-90C for 2-20 hours. Additionally, in one

enbodi ment, during extrusion coating, the thernoplastic conposition is nelt
filtered, prior to fonnation of the covering, through one or nore filters
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range, the openings dianeters nay be greater than or equal to 30

m cronmeters, or nore specifically greater than or equal to 40 m croneters.
Also within this range the openings dianeters may be | ess than or equal to
130 mcroneters, or, nore specifically, less than or equal to 110



wire, and wires of alloys conprising one or nore of the foregoing netals.
The conductor nay al so be coated with, e.g., tin or silver. The
cross-sectional area of the conductor and thickness of the covering may
vary and is typically determ ned by the end use of the electrical wire. The
electrical wire can be used as electric wire without |imtation, including,
for exanpl %wscflf’é’d ﬁ%ﬂzﬁ§ %a‘ﬁénaﬁth];tqg aﬂ%&f%bﬂd\@ ﬁtrou\@h rti?e Jn?f zé}cé't' %EHE,QJ d .

el ectrical appliances, wre l'ectric power, dr instrunents, wire
for |nfornmﬂﬁdhmeﬁmthI@ﬁﬂn@ﬁ3@hﬁpémﬁ®$ﬁé¢E@@%ﬂc cars as well as ShIpS,
airplanes, and the Iike. A cross-section of an exenplary electrical wire is

seen in Fi gyt @odiposftodUhs &nﬁaﬁ@é"%e%o@;ﬁé&?&hé‘ Gthed in Gh SBRSRMLO0ME, & conductor,
2. In one enbodi nent, the coverin riSes a foaned thernopl astic

conposi t | oNEiZPEPERFEE (e, VREhoNOHe éﬁ@hﬁ%wlg@ et thei ray(aixjepe sthgde shown in
Figures 2 apdofdfin, Elaﬁiéﬁ’é‘tam%a&%&"%}c%k(‘c@;y&ﬁh&g Whhindhig 9&%@%&){1%11@0@0”0'““ or,
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can al so conprise a unitary conductor. Figur€ 3 shows covering, 4,
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enbodi ment g5t i ntervening layer, 6, conprises a foaned conposition.
Conduct or, 2, can also conprise a plurality of strands. A color concentrate
or masterbatch ma}/ be added to the conposition prior to or during the

ext rusi on CBatHRGIGHR oY oMt PYBGPBFIce dREk fersity ePetiydisg 0T 4 s typical ly
present i N afbiddRHRE pdiAsSyihamdiizieaty fobethvidpé ght percent, based on the
total weight of the conposition. %n one enbodi nent dye and/or pignent

enpl oyed |§§t he. col or conc n ate IS free of chlorin bro ne and

fluorine. A dPPPERYSESE by o ‘8“%‘1‘3 YRIEPYIENG T ¢ PORPIOPYIFRR ORRR %?el'of t he
conposi t i omopslizQérs bbpd ypeopglide frdanbief o;ciﬁb@crcopasmaﬁh;reabmetm wfagmct the final

bl cachi g SYBTEOAnAPOR BN BroIS bl P1eD SRS SR Lo By SATPAG- Rfont & and

col or st ab&hvezaﬁ“ﬁ@mmgeﬁg secAs® dhewh doﬁlpbﬂi’tﬁt af &a&nﬁbtﬁl’amomﬂmﬁrﬁil ally
avai | abl e. 03| #gno 2}9 el ec tri c% wire are further .illustrated by

the fol | owH: -Bﬁp S¥ t4 nB’F’é’é’ B8 SFRARISP & PO5RIMREC e Yanpl es wer e
prepar ed usbmepdfneer AL edopéil@er iaS t@tbihdtiod adil ﬁ)nﬂﬂpof?ﬂal@}semlvmg%ﬂfﬁ&ﬁe nt

Descri ption 6- di yl. phenyl ene ether) wt n.int Sic |sc05|ty of
0 a6 d | o TR SRR Ge o oseRe e PP SURR G f 1 om
Gener al El @dewrite. under the :. ado name PP0646. PPE 1(01650
Apolyphenylethylene pol y(et hyl ene/ botyl ene) - pol yphenyl et hyl ene bl ock

copol yner e _C toElCent . based on
t he total e%b%f} %ﬁﬂ%%?él@i% 05‘16I6§1%$&ém r%géwcg’% OPﬁenéang? dbl e from
KRATON Pol ysmmsc piderpyidie dhaddlinvameyr@idbB6s 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 o
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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PP A pol ypropyl ene having a nelt flowrate of 1.5 g/1 O m n determ ned
according to ASTM 01238 as descri bed above and commercially under the
tradenane 0-015-C from Sunoco Chemicals. Tuftec H1043

Apol yphenyl et hyl ene- pol y( et hyl ene/ but yl ene) - pol yphenyl et hyl ene bl ock
copol ynmer havi ng a phenyl et hyl ene content of 67 weight percent, based on
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e
phenyl et hyl ene cont en 3 wei ght” percent, based on the total weight of
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the grade EHEAL R A 6Ly henegdhavieng,a melt flow
rate of of§9§§%§%%§§§§€ rnlﬁéhnﬁggbr§$%%¥t% STNﬁ01238 gs dgscribed above

and commertsi dtepinad aickabive ©roRIN PIAS ThHenicidsr PowAded of ielletizgdiename HI - ZEX
5305E. BPA -ph A bi, s¢ i 181028-79-5) Exanpl
o REEA g of?ﬁékx%ﬁ%%?%@%@a&%. ) Exanpl es

1-12. Exaﬁ% re made e conponents in a twin screw
extruder. The PPE and bl ock copol yners were added at the feedthroat and the
PP was addéd tighndmsigamolyFhelewr gandphbsphatodvethsiees onas medidddldayy a |i quid
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of homopolymer and copolymer, a combination of homopolymers having different

melting temperatures, and/or a combination of homopolymers having a different melt

flow rate. The high density polyethylene can have a density of 0.941 grams per cubic

cenlimeter to 0.965 grams per centimeter.

In some embodiments the high density polyethylene has 2 melting temperature greater
than or equal to 124°C, or, more specifically, greater than or equal to 126°C, or, even
more specifically, greater than or equal to 128°C. In one embodiment, the melting

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

The high density polyethyiene has a melt fiow rate (MFR) greater than or equal to
0.29 grams per 10 minutes and less than or equal to 15 grams per ten minutes (g/10
min), Within this range the melt flow rate may be greater than or equal to 1.0 g/10
min. Also within this range the melt flow rate may be less than or equal to 10, or,
more specifically, less than or equal to 6, or, more specifically, less than or equal to 5
g/10 min. Melt flow rate can be determined according to ASTM D1238 using either
powdered or pelletized polyethylene, 2 load of 2.16 kilograms and a temperature as

190°C.

The composition may comprise the polyolefin in an amount of 25 fo 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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extruder and the pelletized material was injected nolded into test

speci nens for flexural nodulus and tensile elongation testing. Flexural
nodul us (FM was determ ned usi ng ASTM D790-03 at a speed of 1.27
mllimeters per mnute and i s expressed in Megapascals (MPa) The val ues
given are the average of three sanples. Tensile elongation was determ ned

at break %&W%&SM@%&&& Bd an?ozrﬁgﬁgﬂh@fcﬁﬁ%ambbRdsmﬁt%rseq@cﬁ&oJﬂl nute and

Type | bars. The values are expres i'n_percentage (9. The values given
are the av\’et?/ag!eff@fe@e@ﬁ%b’égs“hm@%#ﬁ?égwf’ér flexural nodulus and tensile
el ongation were injection nolded using an injection pressure of 600-700
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on an el e%wogi@h]ME&I%\&lgn)goaéconduct or wwth a 0.22 square mllineter
Cross sectlonal area and a covering with a 0.2 millimeter insulation

t hi ckness. ion re te cor » 2Q 67 using a 7
Newt on (N9 4 %E%WB 3 ﬁ’é ﬁ etsﬂe‘i’;t1I cﬁts q’r%%’(i%ﬁaﬁ%\t{%% be?ear%ré‘)t&esrmé% %he resul ts
are expresgest édpolsyet 08.a Ihdimkiepos lbIdcbnﬁpdﬂf,'méi’ﬂe "E)eahstpdkesoparymedat a are

i 0 abrasion

listed in Table 3. Electrical wres, as descri a}%
resi st ancePOMREFS 2hleaT 8&%‘30{]&%@0’?1?{@‘@6%82?% ?%lna%%mg‘émﬁpalng ! %&2 The
t her nopl asdne GideR TRY SdrkirRihg WaSatthipl it wWBOC The axﬁaﬂgedmtmﬁblpmhsqm to extrusion
with the co ductor toﬁormth electric J& in terrperature
(O 80 Dr yPiHS oK Yot 8w ST den PERpEr B TSk oS TE 6360
branched chains. A-B-A iiblock copolymers have two blocks A comprising :
repeating aryl alkylene units. A-B diblock copolymers have one block A comprising
repeating aryl alkylene units. The pendant aryl moiety of the aryl alkylene units may
be monocyclic or polycyclic and may have a substituent at any available position on

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

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

- = (D

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

each occutrence of block B may have a molecular weight which is the same or

12
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different than other occurrences of block B. The block copolymer may be

functionalized by reaction with an alpha-beta unsaturated carboxylic acid.

In one embodiment, the B block comprises a copolymer of aryl alkylene units and
alkylene units having 2 to 15 carbuns such as ethylene, propylene, butylene or
combinations of twe or more of the foregoing. The B block may further comprise
some unsaturated carbon-carbon bonds. The B block may be a controlied distribution
copolymer. As used herein “controlled distribution” is defined as referring to a
molecular structure lacking well-defined blocks of either monomer, with “rans” of
any given single monomer attaining a maximum mumber average of 20 units as shown
by either the presence of only a single glass transition temperature (Tg), intermediate
between the Tg of either homepolymer, or as shown via proton nuclear magnetic
resonance methods. Each A block may have an average molecular weight of 3,000 to
60,000 g/mol and each B block may have an average molecular weight of 30,000 to
300,000 g/mol. Each B block comprises at least one terminal region adjacent to an A
block that is rich in alkylene units and a region not adjacent to the A biock that 1s rich
in aryl alkylene units. The total amount of aryl alkylene vnits is 15 t0 75 weight
percent, based on the total weight of the block copolymer. The weight ratio of
alkylene units to aryl alkylene units in the B block may be 5:1 to 1:2. Exemplary
block copolymers are further disclosed in U.S. Patent Application No. 2003/181584
and are commercially available from Kraton Polymers under the trademark
KRATON. Exemplary grades are A-RP6936 and A-RP69335.

The repeating aryl alkylene uvnits result from the polymerization of aryl alkylene
monpomers 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 polyphenylethyiene-poiy{ethylene/propylene)
which is sometimes referred to as polystyrene-poly(cthylene/propylene),
polyphenylethylene-poly(ethylene/propylene)-polyphenylethylene {sometimes
referred to as polystyrene-poly(ethylene/propylene)-polystyrene) and

13
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polyphenylethylene-poly(ethylene/butylene)-polyphenylethylene (sometimes referred
to as polystyrene-poly(ethylene/butylene}-polystyrene).

In one embodiment, the thermoplastic composition comprises two block copolymers.
The first blnck copolymer has an aryl alkylene content greater than to equal to 50
weight percent based on the total weight of the first block copolymer. The second
block copolymer has an ary] alkylene content less than 50 weight percent based on the
total weight of the second block copelymer. An exemplary combination of block
copolymers is a first polyphenylethylene-poly(ethylene/butylene)-polyphenylethylene
having a phenylethylene content of 15 weight percent to 40 weight percent, based on
the total weight of the block copolvmer and a second polyphenylethylene-
poly{ethylene/butylene)-polyphenylethylene having a phenylethylene content of 55
weight percent to 70 weight percent, based on the total weight of the block copolymer
may be used. Exemplary block copolymers having an aryl alkylene content greater
than 50 weight percent are commercially available from Asahi under the trademark
TUFTEC and have grade names such as H1043, as well as some grades available
under the tradename SEPTON from Kuraray. Exemplary block copolymers having an
aryl alkylene content less than 50 weight percent are commercially available from
Kraton Polymers under the trademark KRATON and have grade names such as G-
1701, G-1702, G-1730, G-1641, G-1650, G-1651, G-1652, G-1657, A-RP6536 and
A-RP6933,

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

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

specifically, up to 700,000 g/mol, or, even more specificaily, up to 650,000 g/mol.

14
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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, flame retardant and block
copolymer. Within this range the block copolymer may be present in an amount
greater than or equal fo 8, or, more specifically, greater than or equal to 9 weight
percent based on the combined weight of the poly(arylene etﬁer), polyolefin, flame
retardant and block copolymer. Also within this range the block copolymer may be
present in an amount less than or equal to 14, or, more specifically, less than or equal
to 13, or, even more specifically, less than or equal to 12 weight percent based on the
combined weight of the poly(arylene ether), polyolefin, flame retardant and block

copolymer.

Exemplary flame retardants include organic phosphate ester flame retardants such as
phosphate esters comprising phenyl groups, substituted phenyl groups, or a
combination of phenyl groups and substituted pheny! 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 ester comprises a bis-aryl phosphate having

the Formulsa [II;

(R5) g1 [R®)g2

0 A AR 8
R’Owﬁ*OMR—QOH§"O}R4
? o
" R (1)
wherein R, R® and R® are independentiy an alkyl group having 1 fo 5 carbons and R
R* are independently an alkyl, aryl, arylalkyl or alkylaryl group having 1 to 10
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carbons; 1 is an integer equal to 1 to 25; and s! and s2 are independently an integer
equal 1o 0 to 2. In some embodiments OR!, OR?, OR® and OR* are independently
derived from phenol, a monoalkyiphenol, a dialkylphenol or a trialkylphenol.

As readily appreciated by one of ordinary skill in the art, the bis-aryl phosphate is
derived from a bisphenol. Exemplary bisphenols include 2,2-bis(4-
hydroxyphenylpropane  (so-called  bisphenol A, 2,2-bis(4-nydroxy-3-
methylphenyljpropane, bis(4-hydroxyphenylmethane, bis{4-hydroxy-3,5-
dimethylphenyl)methane and 1,1-bis(4-hydroxyphenyl)ethane. In.one embodiment,

the bisphenol comprises bisphenol A,

Orgenophosphate esters can have differing molecular weighis making the
determination of the amount of different organic phosphate esters difficult. In one
embodiment the amount of phosphorus, as the result of the organophosphate ester, is
0.8 weight percent to 1.2 weight percent based on the combined weight of

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

In one embodiment, the amount of the flame retardant is sufficient for the elecirical
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, lock
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 equel to 14 weight percent,

Additionally, the thermoplastic composition may optionaily alsc contain various

additives, such as antioxidants; fillers and reinforcing agents having an average
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particle size Jess than or equal fo 10 micrometers, such as, for example, silicates, TiOs,
fibers, glass fibers, glass spheres, calcium carbonate, talc, and mica; mold release
agents; UV absorbers; stabilizers such as light stabilizers and others; lubricants;
plasticizers; pigments; dyes; colorants; anti-static agents; blowing agents, foaming
agenis, metal deactivators, and combinations comprising one or more of the foregoing

additives.

In one embodiment the elecirical wire comprises an conductor and a covering
disposed over the conductor. The covering comprises a thermoplastic composition
consisting essentially of poly(arylene ether) having an initial intrinsic viscosity greater
thar 0.35 dl/g, as measured in chioroform at 25°C; a polypropylene having a melting
temperature greater than or equal to 143°C and a melt flow rate of 0.4 g/10 minto 15
/10 min; a bis-aryl phosphate and a combination of two block copolymers having
different aryl alkylene contents wherein a first block copolymer has an aryl alkylene
content greater than or equal to 50 weight percent based on the total weight of the first
block copolymer and a second block copolymer has an aryl alkylene content less than
50 weight percent based on the total weight of the second block copolymer. The
poly(arylene sther) is present in an amount by weight greater than the amount by
weight of polyolefin. The electrical wire has an abrasion resistance of greater than
100 cycles, as determined by the scrape abrasion specification of IBO 6722 using a 7
Newton load, a needle having 2 diameter of 0.45 millimeter and a electrical wire
having a conductor with a cross sectional aree 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 | bar and a speed of 50 millimeters per minute, and a flexural modulus less
than 1800 Megapascals (Mpa) as determined by ASTM D790-03 using a speed of

1.27 millimeters per minute.

In one embodiment an electrical wire comprises a conductor and a covering disposed
over the conductor, The covering comprises & thermoplastic composition consisting
essentially oft

40 to 35 weight percent of a poly(arylene ether);

23 to 35 weight percent of a polyolelin;
17
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7 to 12 weight percent of a block copolymer; and

8 t0 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. The electrical wire has an abrasion resistance of greater than
100 cycles, as determined by the scrape abrasion specification of ISO 6722 using 2 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 2 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,

The components of the thermoplastic composition are melt mixed, typically in & melt
mixing device such as an compounding exiruder or Banbury mixer. In one
embodiment, the poly(arylene ether), polymeric compatibilizer, and polyolefin are
simulianeously melt mixed. In another embodiment, the poly(arylene ethet),
polymeric compatibilizer, and optionally a portion of the polyolefin are melt mixed to
form a first melt mixture. Subsequently, the polyelefin or remainder of the polyolefin
is further melt mixed with the first melt mixture to form a second melt mixture.
Alternatively, the poly(arylene cther) 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 mixiure. 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.

18
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When the block copolymer comprises two block copolymers, one having an aryl
alkylene content greater than or equal to 50 weight percent and a second one having
an aryl alkylene content less than 50 weight percent, the poly(arylene ether) and the
block copolymer having an aryl alkylene content greater than or equal to 50 weight
percent can be melt mixed to form a first melt mixture and the polyolefin and a block
copolymer having an aryl alkylene content less than 50 weight percent can be melt

mixed with the first melt mixture to form a second melt mixture.

The method and location of the addition of the optional flame retardant is typicaily
dictated by the identity and physical properties, e.g., solid or liquid, of the flame
retardant as well understood in the genersl art of polymer alloys and thewr
manufacture, In one embodiment, the flame retardant is combined with one of the
components of the thermoplastic composition, e.g., a portion of the polyolefin, to

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

The poly(arylene ether), block copolymer, polyolefin and optional flame retardant are
melt mixed at a temperature greater than or equal to the glass transition temperature of
the poly(arylene ether) but Jess than the degradation temperature of the palyolefin.
For example, the poly(arylene ether), polymeric compatibilizer, polyolefin and
optional flame retardant may be melt mixed at an extroder 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
fitered 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 equel to 40

niicrometers, In one embodiment the molten mixture is melt filtered through one or
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more filters having openings with a maximum diameter that is less than or equal fo

half of the thickness of the covering on the conductor.

The thermoplastic composition can be formed into pellets, either by strand
pelletization or underwater pelletization, cooled, and packaged. In one embodiment
the pellets are packaged into metal foil lined plastic, e.g., polypropylene, bags or
metal foil lined paper bags. Substantially all of the ajr can be evacuated from the
peliet filled bags.

In one embodiment, the thermoplastic composition is substantially free of visible
particulate impurities. - As used herein, the term “substantially free of visible
particulate impurities” when applied to the thermoplastic composition means that
when the composition is injection molded to form 5 plaques having dimensions of 75
mm X 50 mumn and having a thickness of 3 mm and the plagues are visually inspected
for black specks with the naked eye the total number of black specks for all five
plaques is Jess than or equal to 100, or, more specifically, less than or equal to 70, or,

even more specifically, less than or equal to 50.

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

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

In some embodiments it may be useful to dry the thermoplastic composition before
extrusion coating. Exemplary drying conditions are 60-90°C for 2-26 hours.
Additionally, in one embodiment, during exirusion 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 dizmeters 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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Exanpl es 1-13 show that achieving the desired tensile elongation, flexural
nodul us and abrasion resistance in a single conposition is surprisingly
difficult. Exanple 1 exhibits all three desirable properties - an abrasion
resi stance greater than 100 cycles, a flexural nodulus |ess than 1/300 Ma,
and a tensile elongation at break greater than 30% yet Exanple 2 which has
an i ncr eaggndhs Wanwedrghtaypes cestthion opakygpropjilenecrandes, decresse of 10
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di f f er enc &igsaesiREHe BVEHPE B9 CHHEY- ver sus 3 and 4 being the conposition of
t he bl ock copol ymer. Exanple 5, which enploys a bl ock copolynier having a
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specifically at least 10°C higher than the melting point of the thermoplastic

composition.

After extrusion coating the electrical wire is usually cooled using a water bath, water
spray, air jets or a combination comprising cne or more of the foregoing cooling
methods. Exemplary water bath temperatures are 20 to 85°C. After cooling the
electrical wire is wound onto a spool or like device, typically at a speed of 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 o 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 exampie 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 sirands. In some cases, 2

plurality of strands may be bundled, twisted, or braided fo form a conductor.

Additionally, the conductor may have various shapes such as round or obiong.

Suitable conductors include, but are not limited to, copper wire, aluminum wire, iead
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wire, and wires of alloys comprising one or more of the foregoing metals. The

conductor may also be coated with, e.g., tin or silver.

The cross-sectional area of the conductor and thickness of the covering may vary and
is typically determined by the end use of the electrical wire. The clectrical wire can
be used as electric wire without limitation, including, for example, for harness wire
for aufomobiles, wire for househoid electrical appliances, wire for eleciric power,
wire for instruments, wire for information communication, wire for electric cars, as

well as ships, airplanes, and the like.

A cross-section of an exemplary electrical wire is seen in Figore 1. Figure 1 shows a
covering, 4, disposed over a conductor, 2. In one embodiment, the covering, 4,
comprises a foamed thermoplastic composition. Perspective views of exemplary
electrical wires are shown in Figures 2 and 3. Figure 2 shows a covering, 4, disposed
over a conducior, 2, comprising a plurality of strands and an optional additional layer,
6, disposed over the covering, 4, and the conducior, 2. In one embodiment, the
covering, 4, comprises a foamed thermoplastic composition. Conductor, 2, can also
comprise a unitary conductor. Figure 3 shows a covering, 4, disposed over a unitary
conductor, 2, and an intervening layer, 6. In one embodiment, the intervening layer,
6, comprises a foamed composition. Conductor, 2, can also comprise a plurality of

strands,

A color concentrate or masterbatch may be added to the composition prior to or
during the extrusion coating process. When a color concentrate is used it is typically
present in an amount less than or equal to 3 weight percent, based on the total weight
of the composition. In one embodiment dye and/or pigment employed in the color
concentrate is free of chlorine, bromine and fluorine. As appreciated by one of skill
in the art, the color of the composition prior to the addition of color concentrate may
impact the final color achieved and in some cases it may be advantageous 1o employ a
bieaching 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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The composition and electrical wire are further illustrated by the foilowing non-

limiting examples.

EXAMPLES

The following examples were prepared using the materials listed in Table 1.

Table 1.

LComponent

Description

PPE

A poly(2,6-dimethylphenylene ether) with an inirinsic viscosity of
0.46 dl/g as measured in chloroform at 25°C commercially
avaijable from General Electric under the grade name PPOG46.

KG1650

A polyphenylethylene-poly{ethylene/butylene)-
polyphenylethylene block copolymer having a phenylethylene
content of 30 weight percent, based on the total weight of the
block copolymer and commercially available from KRATON
Polyvmers 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 tradepname D-015-C from Sunoco
Chemicals.

Tufiec H1043

A polyphenylethylene-poly(ethylene/butylene)-
polyphenylethylene block copolymer having a phenylethylene
comtent of 67 weight percent, based on the total weight of the
block copolymer and comumercially available from Asahi
Chermical.

KG1657

A mixture of polyphenylethylene-poly(ethylene/propylene) and
polyphenylethylene-poly(ethylene/butylene)-polyphenylethyiene
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 meit flow rate of 0.8
o/10min determined according to ASTM D1238 as described
above and commercially available from Mitsui Chemicals under
the tradename HI-ZEX 5305E.

BPADP

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

Examples 1-12.

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

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

downstream. The organophosphate ester was added by a liquid injector in the second

{downstream) half of the extruder. The material was pelletized at the end of the
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extruder and the pelletized material was injected molded into test specimens for

flexural modulus and tensile elongation testing.

Flexural modulus (FM) was determined using ASTM D790-G3 at 2 speed of 1.27
millimeters per minate and is expressed in Megapascals (MPa) The values given are
the average of three samples. Tensile elongation was determined at break using
ASTM D638-03 at a speed of 50 millimeters per minute and Type 1 bars. The values
are expressed in percentage (%). The values given are the average of 3 samples. The
samples for flexural modulus and tensile elongation were injection molded using an
injection pressure of 600-700 kilograms-force per square centimeter and a hold time
of 1510 20 secoqu on a Plastar Ti-80G, from Toyo Meachinery & Metal Co. LTD.

The remaining molding conditions are shown in Table 2.

Abrasion resistance was deiermined on an electrical wire having a conductor with 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 usinga 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 coraposition was dried at 80°C

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

Table 2

Drying temperature (°C) B0
Dry time in hours 4
Cylinder temperature

1 240
2 250
3 260
i 260
DH 260
Mold temperature 80
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Examples 1-13 show that achieving the desired tensile elongation, flexural moduius
and abrasion resistance in a single composition is surprisingly difficult. Example 1
exhibits all three desirable properties — an abrasion resistance greater than 100 cycles,
a flexural modutus less than 1500 Mpa, and a tensile elongation at break greater than
30%, yet Bxample 2, which has an increase of 10 weight percent in polypropylene and
a decrease of 10 weight percent poly(arylene ether) fails to have adequate abyasion
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 clongation,
flexural modulus, and abrasion resistance. The difference between Examples 1 and 2
versus 3 and 4 being the composition of the block copelymer, Example 5, which
employs a block copolymer having a higher phenylethylene content than the block
copolymer used in Example 1, demonstrates excellent abrasion resistance but has a
flexural modulus that is too high. Example 6, which employs a block copolymer
having a lower phenylethylene content than the block copolymer used in Example 1

has a low flexural moduius but demonstrates poor abrasion resistance.
Fxamples 14-24

Examples 14-24 were made as described above with regard fo Fxamples 1-13.

Compositions and results are shown in Tabie 4.

Table 4,

4 |13 16 17 8% |19 |20% |21% [22¢ |23 24% | 25%
PPE 50 |40 50 |40 50 50 |35 55 158 45 45 35
KG 1650 110 110 5 5 R - 5 R - 15 - -
Tuftec '
H1043 - - 5 5 10 - - 5 - - 15 15
XG1657 |- - - . - 0 - - 5 ; - :
HDPE 30| 40 30|40 30 30 30 30 | 30 30 30 20
BFADP |16 |10 10 10 10 10 10 10 10 10 10 19
Teslle |47 1sp 137 lsg 24 12 18 o7 |14 s
Flongation
FM 1433 | 1242 | 1725 | 1510 11986 1911 | 1695 | 2020 | 3456 | 1225 | 1950 2153
Abrasion | ooc | yne 777|184 [1000 | 241 HIG0O  PI000 | 696 | 487 1000 B1000
resistance !

*Comparative example

Simnilar 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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Surprisingly, compositions using high density polyethylene, when compared to
comparable compositions comprising polypropylene, have lower tensile elongation,

higher abrasion resistance, and somewhat higher flexural modulus.

While the mvention has been described with reference to a several embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from essential
scope thereof. Therefore, it is intended that the invention not be limited fo the
particalar 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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>1000 *Conparative exanple Simlar to Exanples 1-13, Exanples 14-25 show
that the desired conbination of tensile elongation, flexural nodulus and
abrasion resistance is difficult to achieve. Surprisingly, conpositions
-using high density pol yet hyl ene, when conpared to conparabl e conpositions
conpri sing polypropyl ene, have | ower tensile el ongation, higher abrasion
resi stance, and somewhat higher flexural nodulus. Wile the invention has
been described with reference to a several enbodinments, it will be

under st og¢k Ay 1§ lapsaVHD 19:ed in the art that various changes may be made and
equi val ents nmay be substituted for elenents thereof w thout departing from
the scope of the invention. In addition, many nodifications my be nmade to
adapt a Eartl ular.situation or material to the teachings of the invention
wi t hout #?Wﬁm FFBRUBRES al scope thereof Therefore, it is intended
that the invention not be limted to the particul ar enbodi nents discl osed
as the bestssmdecteondcenpl ated for carrying out this invention, but that the
invention will include aII enbodi ments falling within the scope of the
appended cl ai ns d S t i gat i, a

ref er ences aarcc-f‘)'”riﬂﬂrlftgo dbsé’ i &)ngieﬁfé% nc%lggér@?ev?’%ﬁ@{é ?% thei r gegﬁnﬁﬁ WHAT 1S
CLAI VED (i8rmoplagie cemeesmqm:@nd the ﬂ@n@@n}wwpwgosﬂaorbm@%r and

covering di sposed over the conductor wherein the covering conprlses a

t her nopl ast i and t he thernoplastic conposition conprises: (i)
a poly(aryl(gfle&ggﬁ@%%lte ??I a polyolefin; (iii) a block copolymer; and (iv)
a flame retardant mhereln the electrical wire has an abrasion resistance
of greater fihamolwoBiisycles, as deternined by the scrape abrasion

speci fication of ISO 6722 using a 7 Newon | oad, a needle having a 0.45
mllimeter gﬁf{ﬁ- sﬂgrqadelectrlcal w re having a conductor with a
Cross secti area of 0.22 square nmillineters and a covering with a
thickncss of 0.2 mllinmeters, and wherein the thernoplastic conposition
has a tensi(i® aflagprystardmt at br eak greater than 30% as determni ned by ASTM
D638-03 using a Type | specinmen and a speed of 50 mllineters per mnute,

~and a flexuggl..godu |elé§tdc%3»§1r& ﬂ@é"ar@gﬁ@ﬁ%%m@@bﬁ gﬁe‘%ﬂ%a):haﬁsl odez:tyelregnased by
ASTM D790- 03 usi.ng a speed of ﬂfg#iﬁ %ﬁN mhereln
the pol y(dstpene b éﬁh%??ﬂ%%ﬂm?%glﬂﬁ?G%W¥Fi gﬁ%@% 4i’n gﬁ%ﬂﬁ? *8uch t hat
t he wei ghfeedlabben®f Ot45enifinhatéradiythane, etdhardectricapwirg dbehg a chsdugiopwith 1. 6.

a cross sectional area of 0.22 square millimeters and a covering with a thickncss 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 | specimen and a speed of 50
millimeters per minute, and a flexural modulus less than 1800 Megapascals (Mpa) as
determined by ASTM D790-03 using a speed of 1.27 millimeters per minute, and

wherein the poly(arylene ether) and the polyolefin are present in amounts such that
the weight ratio of the poly(arylene ether) to polyolefinis 1.0 to 1.6.

2. The electrical wire of claim 1 wherein the thermoplastic composition is essentially free
of an alkenyl aromatic resin.
3. The electrical wire of claim 1, wherein the thermoplastic composition comprises a

continuous polyolefin phase and a dispersed poly(arylene ether) phase. .
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2. The electrical wire of claim1 wherein the thernoplastic conposition is
essentially free of an al kenyl aromatic resin. 3. The electrical wire of
claim1l1, wherein the thernoplastic conposition conprises a continuous

pol yol ef i n phase and a di spersed poly(aryl ene ether) phase. 4. The
electrical wre of claim1, wherein the polyolefin conprises pol ypropyl ene,
hi gh density pol yethyl ene or a conbination of pol ypropyl ene and hi gh
density polyethylene. 5. The elecnical wire of claim4, wherein the

pol ypr opyl ' I I ene
e s A e

pol ypr opfFeHe pebisBIviare pr 2 cembipgiiongigelypripy]engppéhig demsaﬁya?@ﬁ/,et fein the

hi gh density pol yethyl ene conpri ses hono pol yet hyl ene, a pol yet hyl ene

copol yner, onbi nati.on.of, honmp. pol yet hyl ene and a pol yet hyl.ene

copol yrer: TheAeRET R s e, RRFRRe KGOS AR e R B oyt ene
has a nelhpmpbpownente@obbr@ylngceprdyperor kGombimatiens of opdSprgpdess per 10 ni nut es
when det ¢LM,R6dLAFSRrAl LiAe WMLD1238 using powdered or pelletized

“pol ypr opy egg,ggkfoaég%?%g}%% kﬁk%g%ﬁhs and a tenperature of 230 C. 8. The
electrical wre of claim4, wherein the high density polyethylene has a

mel t fl ow. Tt geaficd) w2 JRin S, PREreilQherhiahidessidy@olbtlgicaanso@piised Bob nut es
when detei m ned according to ASTM 238 .usi.ng either po re r

ol et § 2 BSGe RLTae ept P ene Rl e o aRbe R RAT AL

t enper at pobyetiylen90o@lym®, The el ectrical wire of claim4, wherein the

pol ypropyl ene has a nelting tenperature greater than or equal to 134 C

10. The el ectrical w.re of claim4, erein the high depsity p et hyl ene
has a nel%il @elﬁ%tﬁﬁaéﬂamfé[a@mé‘atv PrefHaR POYPIOGHISPe ﬁf@ Aot ow raig bf é\%e

el ectri Cajrantd pe@ 10fmitihtad 1o 15, grivhepei 10 rhihetebivbek daapohsdeecodogme A$adt a di bl ock

coROl Ve 85 ok b BLOEKCORGL KRty b 1cn NEIGSH SES 54 Bl antil Byl cf @l m 11,

wherein t ri copo copol yner € a welght ratio of
1: 3 to 3:tamperd@re ofgé0eCectrical wire of claim1, wherein the flane
retardant conprises an organi c phosphate ester. 14. The electrical wre

of claiml erein . th r.gani ho ate ester.c rises a pisaryl
phosphat é- ﬁé@‘?@@mﬁﬂéﬂf@ﬁ i % phefergy B G Gob et Gapp el fow
rate of 0.29 grams per 10 minutes to 15 grams per 10 minutes when determined according

to ASTM D1238 using either powdered or pelletized high density polyethylene, a load of
2.16 kilograms and a temperature of 190° C.

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 a2 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 11, wherein the triblock copolymer and diblock
copolymer have a weight ratio of 1:3 to 3:1.

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

phosphate ester.
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R2R3 wherein R, R6 and R6 are independently an al kyl group having 1 to 5
carbons and RI- 4 R are independently an al kyl, aryl, arylal kyl or '
allcylaryl group having 1 to 10 carbons; n is an integer equal to 1 to 25;
~and sl and s2 are independently an integer equal to O to 2. 15. The
electrical wre of claim 13, wherein the thernoplastic conposition has a
phosphorus content of 0.8 to 1.2 weight percent based on the conbi ned

wei ght of poly(arylene ether), polyolefin, block copolyner and organic
phosphat § 468} 8oy %@%?cﬁin@% rwkfe?ém te'ck ;&5 o oAbl RELEER LR,

pol y(aryl'ene % I ses % y ne et i
electrlcéhﬂmﬁW@hﬁﬁ @W@Eﬁﬁf%ﬂvhbﬁﬁln the thernnplastlc conp05|t|on |s
substantially free of visible particulate inpurities. 18. The electrical
wire of claim1, wherein the theinoplastic conmposition is substantially
free of particulate |npur|t|es greater than 15Ifi croneters. 19. The

electrical wire of cI mher ikn the poly(arylene ether) has an initial
intrinsic viscgsity er thaniof equalp t040. 35 deciliter per gram as
measured in chHorof a 25 C. The flel ec¢trical wire of claiml wherein
the abrasi 6T sﬁ% ce sTgreay a%‘éi‘@ udl to 150 cycles.  21. The
el ectri cal Mﬁr 1 wher the t £ elongation is greater than

or equal to 40W 22 The electrical wird,of claim1, wherein the block
copol yner coonlses at | east one bl ock (ﬁ§ and at | east one block (B) and
block (B) is a controlled distribution copolymer. 23. The electrical wire
of claim1, wherein the polyolefin is present in an anmpunt by me ght and

the pol y(areisineR.dt tvad R’ prs indepardently pn aliiylsroumbaving Wi ygaebons @nd Re‘* anmount by

wei ght OfR“taP@maeﬁeM&énap Iaf all§l, laBB Sar1RRHI érmﬂqaéf?ug}bulbuam ol 100dariohe n
pol y(aryl.ene, et ? t he bl ock

copol yners E%H%%?%%éd§°%t?g ‘ﬁ@&i %5% &%@$ﬂﬁ§%&%ﬂl%%%EFVW“@PQQPQne cont ent

greater than or equal to 50 wei ght percent based on the total weight of the
first b|QGKT§ﬂﬂakﬁﬂ£ﬁme®mdbanSeamﬂﬁmbhﬁqkmﬁﬁmnkmmam@haﬂhﬁgaﬁm aryl al kyl ene

content gg%ﬁphagan 1?trex¥s of 6'8‘% ll%wex e?ce%lt ba%éd's OIE ng conl".lgm\é\@ vn%acrtht perce nt based

on-the t of "t'he secon 'ectrical wire of
claimi1 fm&x(mlencgﬁryb;mly@efanbionk ecpppésnmrgmﬁag&amcmhgmﬁwsmt ween the
conductor and the covering. 26. The electrical wire of claim25 wherein

the intervenjng | r .co ses CcONMposi t.i
16. T{-Le e%e aga? wire o a%m Wgerem poly(o gRene etheo) comprises a capped

poly(arylene ether).

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

free of visible particulate impurities.

18. The electrical wire of claim I, wherein the thermoplastic composition is substantially
free of particulate impurities greater than 15 micrometers.

19. The electrical wire of claim 1, wherein the poly(arylene ether) has an initial intrinsic
viscosity greater than or equal to 0.35 deciliter per gram as measured in chloroform at 25°

C.

20. The electrical wire of claim 1 wherein the abrasion resistance is greater than or equal

to 150 cycles.
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27. An electrical wre conprising: a conductor; and a covering disposed
over the conductor wherein the covering conprises a thernoplastic
conposition and the thernoplastic.conposition conprises: (i) a poly(aryl ene
ether); (ii) a polyolefin; (iii) a block copolyner; and (iv) a flane

r et ar dant wherein the electrical wire has an abrasion resistance of
greater than 100 cycles, as determ ned by the scrape abrasion specification
of 1SO 6722 using a 7 Newmon | oad, a needle having a 0.45 mllineter

di amet er %i .z'g{édd@cﬂ“i&ll SGE o CBtm Wi/iSrNPnk Mhsfle CIBACHGH ﬁsr gg@éttiﬂhﬁl SfR8s sectional

area of square mllinmeters and a covering wt i ckness of 0.2

m | i met & $%%and wherein the thernoplastic conposition has a tensile

el ongation at break greater than 30% as determ ned by ASTM D638-03. using a
Type | s ren and. a.speed. o O m llineters per mnute nd.a fl exural
modul us Poobraeaepb it Reqapalcarsap ot e bEien B A& Bosroo- 03

usi ng a $pekdApindlat2@starielblovkt(By sndddeckniB)is esorgidied disibetien eppohmes! ock
copol yner conprises.a block that is a controlled distribution copol yner.

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. The electrical wire of claim 1 further comprising an intervening layer disposed
between the conductor and the covering.

26. The electrical wire of claim 25 wherein the intervening layer comprises a foamed

composition.

27. An electrical wire comprising:
a conductor; and

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

(i) a poly(arylene ether);
(ii) a polyolefin;
(iii) a block copolymer; and

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

wherein the block copolymer comprises a block that is a controlled distribution
copolymer. - '
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