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manufacture interrupts the continuity of the wire and decreases productivity. Because
the wire is cut to remove the section containing the spark leak multiple lengths of wire
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packaged and sold.

Electrical wire is typically sold on spools or in containers containing a total amount of
wire length determined in part by the cross-sectional area of the conductor. The
electrical wire is removed from the spool or container for use in various articles such
as automotive wiring harnesses. For example, an electrical wire having a conductor
cross-sectional area of 0.14 square millimeters to 1.00 square millimetets, the total
length of wire on the spool can be 13,500 to 15,500 meters and the number of
individual wires on the spools can be 1 to 6 wherein the minimum length of each wire

is 150 meters. Spools or containers containing a larger number of individual wires or
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Cross linked polyethylene has largely been successful in providing high temperature
insulation but this success may be difficult to sustain as the requirements fbr
automotive electrical wire evolve. The amount of wiring in automobiles has increased
as more electronics are being used in modern vehicles. The dramatic increase in
wiring has motivated automobile manufacturers to reduce overall wire diameter by
specifying reduced insulation layer thicknesses and specifying smaller conductor
sizes. For example, ISO 6722 specifies, for a conductor having a cross sectional area
of 2.5 square millimeters, that the thin wall insulation thickness be 0.35 millimeters

and the ultra thin wall insulation thickness be 0.25 millimeters.
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conprises a
conductor; and

a covering disposed over the conductor, wherein the covering comprises a

thermoplastic composition comprising:
@a poly(arylgne ether);
(ii) a polyolefin; and

~ (iii) a polymeric compatibilizer,

wherein the conductor has a cross sectional area of 0.15 square millimeter to 1.00

square millimeters and the covering has a thickness of 0.15 to 0.25 millimeter and
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wherein the covering is disposed over the conductor; and

further wherein for 2,500 to 15,500 meters of wire there are less than or equal to 5

spark leaks.
In another embodiment a method of making an electrical wire comprises:

melt mixing a poly(arylene ether), a polyolefin, and a polymeric compatibilizer to

form a first mixture;

melt filtering the first mixture through a first filter having openings with diameters of

20 micrometers to 150 micrometers to form a first filtered mixture,

melt filtering the first filtered mixture through a second filter having openings with

diameters of 20 micrometers to 150 micrometers to form a second filtered mixture;
applying the second filtered mixture to a conductor.

In another embodiment a method of making an electrical wire comprises



appl ying the second filtered m xture to a conductor.
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The thermoplastic composition may further comprise a flame retardant.

In another embodiment, a covering comprising a thermoplastic composition wherein

the thermoplastic composition comprises:
(i) a poly(arylene ether);

(i1) a polyolefin; and

(iii) a polymeric compatibilizer,

wherein the thermoplastic composition is substantially free of visible particﬁlate

impurities. The thermoplastic composition may further comprise a flame retardant.

In another embodiment a covering comprises a thermoplastic composition produced

by a method comprising:

melt mixing a poly(arylene ether), a polyolefin, and a polymeric compatibilizer to

form a mixture;
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of an electrical wre having nmultiple |layers. DETAILED
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usive the stated endpoint, e.g.,
"greater than 3.5" enconpasses the value of 3.5. 1SO
nbtha2speaificattberané dn tthe hiaimes,nwhick foHew Deeferatcsr wilb bepade to a

ersi f thi d.. Paql . .
g o} g0 YO Tl B dnesctp il e o g mstgings: ¢ or
the polyneric coverings in electrical wires for

TREVREALr FEARONS: «diressd tiReSnahdé plipd sefarems uhige the context
requently been used in applications requiring
cleartyi dctateslotiterwise- general |y consi dered unsuitabl e for
applications requiring flexibility such as an
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conposition having a polyolefin matrix could be
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e’ 13 29
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the value of 3.5.
ISO 6722, as referred to herein, is the December 15, 2002 version of this standard.

Poly(arylene ether)/polyolefin blends are an unlikely choice for the polymeric
coverings in electrical wires for several reasons. These types of compositions have
frequently been used in applications requiring rigidity but are generally considered
unsuitable for applications requiring flexibility such as an electrical  wire.
~ Additionally, poly(arylene ether)/polyolefin blends, as described »herein, have
poly(arylene ether) dispersed in a polyolefin matrix. Given the known issues of
copper catalyzed degradation in polyolefins it would seem unlikely that a composition
having a polyolefin matrix could be successfully employed in an environment where

copper catalyzed degradation is an issue. Furthermore, poly(arylene ether) has a
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mga?ﬁ% AN 5%\%09% ock SQRRLYymers, one haV| ng an aryl

"'ene co greater than or equal to 50 wei ght
percent and a second one having an aryl al kyl ene
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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.

When the polymeric compatibilizer 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 or equal to 50 weight

percent can be melt mixed with the first melt mixture to form a second melt mixture.



wei ght percent can be nelt mxed to forma first melt
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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.

Any suitable melt filtration system or device that can remove particulate impurities
from the molten mixture may be used. In one embodiment the melt is filtered through

a single melt filtration system. Multiple melt filtration systems are also contemplated.

Suitable melt filtration systems include filters made from a variety of materials such
as, but not limited to, sintered-metal, metal mesh or screen, fiber metal felt, ceramic,

or a combination of the foregoing materials, and the like. Particularly useful filters are
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example, if the electrical wire has a covering with a thickness of 200 micrometers, the

filter openings have a maximum diameter less than or equal to 100 micrometers.

The minimum size of the filter openings is dependent upon a number of variables.
Smaller filter openings may result in greater pressure on the upstream side of the filter.
Accordingly, the filter openings and method of operation must be chosen to prevent
unsafe pressure on the upstream side. In addition the use of a filter having ﬁiter
openings less than 20 micrometers can result in poor flow both upstream and
downstream of the filter. Poor flow can extend the residence time for some portions

of the melt mixture. Longer residence times can result in the creation or enlargement



filter openings have a maxi mnum di aneter |ess than or
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packaged into netal foil lined plastic bags, typically.
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R N
RIS, pgHes e g e Akemistetetonpeatn e
wafen Whies¢dphpsition is injection molded to form 5 plaques having dimensions of 75
millimeters X 50 millimeters and having a thickness of 3 millimeters and the plaques
are visually inspected on all sides for black specks with the naked eye the total
number of black specks for all five plaques is less than or equal to 100, or, more

specifically, less than or equal to 70, or, even more specifically, less than or equal to

50.

In one embodiment the pellets are melted and the composition applied to the
conduc;tor By a suitable method such as extrusion coating to form an electrical wire.
For example, a coating extruder equipped with a screw, crosshead, breaker plate,
distributor, nipple, and die can be used. The melted thermoplastic composition forms

a covering disposed over a circumference of the conductor. Extrusion coating may
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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 electrical wire can be
used as electric wire without limitation, including, for example, for harness wire for
automobiles, wire for household electrical appliances, wire for electric power, wire for
instruments, wire for information communication, wire for electric cars, as well as
ships, airplanes, and the like. In one embodiment the covered conductor is an optical
cable and can be used in interior applications (inside a building), exterior applicatfons
(outside a building) or both interior and exterior applications. Exemplary applications
include data transmission networks and voice transmission networks such as local

area networks (LAN) and telephone networks.
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conductor may be any type of conductor used to
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A color concentrate or masterbatch may be added to the composition prior to or during
the extrusion coating. 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 additionu 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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RtteaC i togtiragfon kpark hehks obrapristsalsirlg thatomincagefitle dearical wire
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wire. The voltage may be determined by one of ordinary skill in the art of spark leak
testing. The frequency used depends upon the load capacitance and may also be
determined by one of ordinary skill in the art of spark leak testing. Spark testing
equipment is commercially available from, for example, The Clinton Instrument

Company, Beta LaserMike, and Zumbach.

When a spark leak is detected the electrical wire is cut to remove the portion with the
spark leak. Each spark leak therefore generates a new length of wire. After being
checked for spark leaks the electrical wire may be wound onto a spool or like device.
Exemplary winding speeds are 50 meters per minute (m/min) to 1500 m/min. The
electrical wire may be placed into a container with or without the spool or like device.

Several lengths of wire may be combined to make up the total length of wire in a
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Wwre'is cu

mi@iidun® Nevdth Moft dects@drvird dawing E&ckpaslp aﬂsdks lie a1160t imeteesf, @r @nore
generates a new length of wr q}f r beln checke

spestiiogh s PRO Mesis, th%veélr@%ﬁerspe%f rPaVefBe B W&’ifft%tested

gag Qf?eio geloraglg Fl)éea?(li@stﬁg\fh&f?%c} E?&ﬁgﬂhagé {05%}8&2?% Gfr'] §]@@@1@§1 W€ Spark

leake it be ahusail by myrfbcmops am:@fd: ¢mm&8@®msa$9m>éf e g+ pipheles, in
WIthOUt the spoo ke Several |engths of

Ve rayFrie E"‘Eﬂ‘ﬁ?lﬁga’a% ?‘Fﬁﬁtg‘ E‘B ‘the total |ength of
VVI re in acontainer or on a spool or |ike device. The

ThetidbeH 8BNS cah bk hroduted Bythd edverihd prdb@mst & Cedr omg’mate in the
onto a spool or |ike device is usual Ig S%endent u
themaoplastie cayppasitinga | Imperfections may be introduced by the coveri g process

through inadequate cleaning of the coating extruder or if operation of the coating
extruder becomes stalled for an extended period of time such that the thermoplastic
composition forms gels and black specks. Residual material from a prior covering
may form particulates that result in imperfections and spark leaks. Imperfections
introduced to the thermoplastic composition may be decreased or eliminated by
thorough cleaning of the coating extruder particularly the sections after the filter and

melt filtering the thermoplastic composition.

Similarly, cleaning the melt mixing equipment, particularly the sections after the filter
can decrease or eliminate particulate materials and gels resulting from residual

material from prior use of the compounding extruder.
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area of the conductor and the thickness of the
covering. The length of electrical wire between the
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introduced to the th
B e S
gf%QT%} ey &@qhandt%rsd@%&te@ul AS hsedtmlﬁem {rdnddwd lenptlt fefers to a

ter and nelt filtering the thernoplastic
singlepegth pHwire having two ends.

In another embodiment, an electrical wire has a conductor with a cross sectional area
of 0.30 to 1.30 2 mm?, a covering with a 0.19 to 0.31 mm thickness and for a total
length of 8,500 to 14,000 meters of electrical wire there are less than or equal to 6
individual lengths, or, more specifically, less than or equal to 4 individual lengths, or,
even more specifically, less than or equal to 3 individual lengths and each individual
length is greater than or equal to 150 meters, or more specifically, greater than or

- equal to 250 meters, or, even more specifically, greater than or equal to 500 meters.

In another embodiment, an electrical wire has a conductor with a cross sectional area
of 1.20 to 2.10 mm?, a covering with a 0.29 to 0.36 mm thickness and for a total

length of 5,000 to 7,100 meters of electrical wire there are less than or equal to 6
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Simlarly, cleaning the nelt m xing equi pnent,
particularly the sections after the filter can

waele@seessed or elinnate particulate materials apdr/ye085/043048
resulting fromresidual material fromprior use of the
conpoundi ng extruder. A cross-section of an exenplary
electrical wire is seen in Figure 1. Figure 1 shows a
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hposi tion. Conductor, 2, can al so conpri
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aEEER opsa Sabal e OF b pet iy pEhE B SRR 250
ﬁ}’se bt, R¥enbft s?;eQif@uyng%éatemaaror(eqﬁal t6 60Qm2EersiM
| ¢kness and a total length of 13,500 to 15, 500

meters of electrical wire there are |l ess than or
Th@ tl@ennnnlawcdaampp%ﬁgm iescriped hepsiin COBWEISES é‘a?afzt tW%g’glaseS a
PR PRI oLk Kbl B e oo
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p][?q%gﬁ l(@j:go%e(é)gg}aggé%’g@n E@t‘”é‘r?% eacs|8§f/ Ig%malf%ﬁlé iy r1r(r511631r0ved physical
plsbgglgfe%] fiRldd¥ng gﬁl@ﬁére mbBan sﬁ’éng@l‘ﬂuéﬂ To& S8@peratugdss .ands room

erein, an Irndi vidual length refers to_a single
tdlmwgmfeobet\twrr keahaagingy better s, refaidanget h%weHn%am%@ﬁttensﬂe
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composition are indicative of good compatibilization.

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

aromatic resin. Surprisingly the presence of the alkenyl aromatic resin can negatively
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i ndi vidual |engths, or, nore specifically, less than
or equal to 4 individual |engths, or, even nore
wapmweioéiseal |y, | ess than or equal to 3 indivi deel/US2005/043048
| engt hs and each individual length is greater than or
equal to 150 neters, or nore specifically, greater
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anot her enbodi nent, an electrical wire has a conductor
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specifically, greater than or equal to 500 neters. The
thernnplastlc conmposition described herein conprises
Tehleleast two phases, a pol yol ef m phase and a
poly(aryl ene ether) phase. The polyol efin phase is
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3 260
4 260
DH 260
Mold temperature ) 80

In one embodiment the electrical wire meets or exceeds the requirements of ISO 6722,
specifically the requirements for abrasion, heat aging for classes A, B, C, chemical

resistance, and environmental cycling.
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sized particles of poly(arylene ether) evenly
di stributed throughout an area of the conposition are
wo paboetsive of good conpatibilization. The PCT/US2005/043048
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emolytplene sHher) way b5 iiaithiyiosmirei a henepelyers Rampolymer; a graft
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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-trimethyphenol. Catalyst systems are generally
employed for such coupling; they can contain heavy metal compound(s) such as a
copper, manganese or cobalt-compound, usually in-combination with various other
materials such as a secondary amine, tertiary amine, halide or combination of two or

more of the foregoing.
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specifically the requirenents for abrasion, heat aging

for classes A, B, C chemcal resistance, and
weposioersnent al cycling. As used herein, a "pol yP@rysmn&043048

ether)" conprises a plurality of structural units of

Formula (1): wherein for each structural unit, each Q
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such as a copper, manganese or cobalt conpound,

e'[J%lually in conbination with various other materials
such as a secondary anmine, tertiary am ne, halide or

C%ﬁgﬁ% Rely(a9eat efh‘éﬁ) With ﬁ&?@lﬁ?latdh@ al Ry evedgol edwseehe amount
imént; the poly(arylene ether) conprises, a_cap
oﬁcﬂnyp@l}yylet@gnmam jproups present in the "poly(arylene ether) c%agl 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

(salicylamide). The removal of the amino group and the capping provides a
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The term nal hydroxy groups may be capped with a
cappi ng agent via an acylation reaction, for exanple.
wab@coerspt ng agent chosen is preferably one theaT/US2005/043048
results in a |less reactive poly(arylene ether) thereby
reducing or preventing crosslinking of the polymer
chains and the formation of gels or black specks
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1’§§ﬁF§§fate, aéetywéalicyf?c acid?ﬁgalic lic cargonate,g
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eqRAPRI 0195 AWBNES nRh&rseheehiobibimom 2540, cYitisl maidsimeisensity is
and the polysalicylates, especially |inea
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Braat et al. Capping

ng pol ryl ene eth Wth.. ..
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BT HSE A hapre g i e T
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amnes. in_ the. process.to duce th ' o
ST BRSBTS L0 o e
inml%ﬁcoif%cc%:it?éﬁhr@ﬁseﬁhﬁ/ilﬂ) akpdndr yohendaesiare) exacaintdssic viscosities

suscepti bl e to deconposition at high tenperatures., Th
ggrgest at are desired.

oftbe priyGariyiene athen upes anghtbe ultignate glyysical pro

rfggngr?tiogfof Sr!nary or sscondary anmi ne and the
TR APPSR, S, pbutarn b
sWbsfufally 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 (CHCl3)
exhibits fewer than 5 visible specks when viewed in a light box with the naked eye.
Particles visible to the naked eye are typically those greater than 40 micrometers in
diameter. As used herein, the term “substantially free of particulate impurities greater
than 15 micrometers” means that of a forty gram sample of poly(arylene ether)
dissolved in 400 milliliters of CHCls, the number of particulates per gram having a

size of 15 micrometers is less than 50, as measured by a Pacific Instruments ABS2

analyzer based on the average of five samples of twenty milliliter quantities of the
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Cappi ng of poly(arylene ether) containing am noal kyl
groups with polysalicylate is believed to renove such
W@riono6Fioups to result in a capped term nal hRCF/U%2005/043048
group of the polynmer chain and the formation of
2- hydr oxy- N, N-al kyl benzam ne (salicylam de). The
renoval of the am no group and the cappi ng provides
dis8R0LY paklesioantda rihatt v afllowsd o flevs trabigh the dnalyer at a flow
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vidcosity - initial intrinsic viscosity)/initial

intrinsic viscosity. Determ ning an exact ratjio, wh
Comiymensiof aplypleins el alsgive e FRES SoRP B8 ,O?ﬁhﬂe“e aid'alpha
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sed to ke t t her nopl asti c_co It . .

- . ted d ,
ruigst SAPPRTIEY TrUb B TRs o BARCR Nt apd Ao Sthiffated dienes
hdrBinQRErRARS G5 TPTM doplyRRry Gy ke ReitaldieEanipdes of suitable Cs-

substantially free of particul ate i nﬁéjriti es %eittrer 1
Ctohmondslefins: fasnBPRM cppolymaisenginde REORMENF: HehUWes; prene 1-
petn?énrg, 2§1§Jet1)1 etn%,n“hgyl(ér%, E-r}ﬁﬁel?ef and §ifak&ne. Suitable dienes include 1,4
hexadiene and monocylic and polycyclic dienes. Mole ratios of ethylene to other Cs-
C,0 monoolefin monomers can range from 95:5 to 5:95 with diene units being present
in the amount of from 0.1 to 10 mol%. EPDM copolymers can be functionalized with
an acyl group or electrophilic group for grafting onto the polyphenylene ether as
disclosed in U.S. Patent No. 5,258,455.

The thermoplastic composition may comprise a single homopolymer, a combination
of homopolymers, a single copolymer, a combination of copolymers or a combination
comprising a homopolymer and a copolymer.
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_(high density pol yethyl ene) an ne
Crhistadlinity ma1 lgﬁedqﬁwréi)byahggﬁe%@%?‘&“%%%%w @?1%‘5]
Pol yol efin resins of this general structure and

TR g%b&&heg&e@hé_ﬂ?ﬂygﬁ@y%ﬂe%sad thalvilg telfperurt prédier than or

art and are described for exanple in U S Patent Nos.
ec§1a9&31314303, 0B, 1063, HRdific8ly? grebie? 0Ban & 618] 6BI0°C, or, even more
, 790, 519, 3,884,993, 3,894 999, 4,059,654, 4,166,055
spoatficallp greatg Ahancysabgie 1456 pol yol ef ms may al so be
used such as copol yners of ethylene and al pha ol efins

T BB B B B
asded tharios eqial po 0f wrameperieh orieutos (gfb} win). Within this range the
melt flow rate may be greater than or equal to 0.6 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

polypropylene, a load of 2.16 kilograms and a temperature of 230°C.

The high density polyethylene can be homo polyethylene or a polyethylene copolymer.
Additionally the high density polyethylene may comprise a combination of

homopolymer and copolymer, a combination of homopolymers having different
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rubbers. Copol yners of ethylene and C3-C Ononool efi ns
and non-conjugated di enes, herein referred to as EPDM
weopolyisey s, are al so suitable. Exanpl es of suPCHDE®05/043048
C3- C] 0 nonool efins for EPDM copol yners i ncl ude
propyl ene, 1-butene, 2-butene, 1- pentene, 2-pentene,
1- hexene, 2-hexene and 3-hexene. Suitable dienes
mehig tehepetatdrdsparadicarténaivg aftiwowpblymeanithviord 3 differént melt flow

di enes. l e ratiqs of [ ene t ther C3- Co
raffyRg SeRSTARY wa&éégnsetm%%@ﬁr%&g&@?s to 5:95 with
diene units being present in the anount of fromO0.1 to

Il B IB0dRRENS E%QQ%H/ H@{sﬁ?' 68N eS1cht NES 4 BledlrgZeshpetathlle pReater
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thaher palay ph&2vPCe g nedrb specificalliys gleatse than or @l tPALEK, or, even

No. 5,258, 455. The thernopl astic conposition may
metsApEFiSeally, graatir dhan oAl yak#8°CGa conbi nati on of

honmopol yners, a single copol yner, a conbination of
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as | t modified | vpr I u LS
/1P a5, QYRR Fioy RS b & PR Bl e A LR R cither
p&REdredBS pelieti2ad poletiplenend 1dad d¢fad e hilbgrameting otemparntire of
crystalline phases. Additionally the polypropyl ene nay

196kpri se a conbi nati on of honopol ymer and copol yner, a
conbi nation of honopol yners having different nelting

to combination of | N
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g%ﬁ'@éﬁ hhlok @gﬁa}f .t(? 0pLRAL QLS HiBin HeRANSE R AMRNunt 6f B(Qg%}eﬁn may
Q

r, nore specifically, greater than or equal to 2
betess tae or pquad tsprwi%) aramoys spgedinaldy, lesh drancr egual 40 30 wt%.
30%

In one embodiment the polyolefin comprises high density polyethylene (HDPE) and
polypropylene and the amount of HDPE by weight is less than the amount of
polypropylene by weight.

In one embodiment the polyolefin is present in an amount by weight that is less than

the amount of poly(arylene ether) by weight.

Polymeric compatibilizers are resins and additives that improve the compatibility
be;cween the polyolefin phase and ;the poly(arylene ether) phase. Polymeﬁc
compatibilizers include block copolymers, polypropylene-polystyrene graft
copolymers and combinations of block copolymers and polypropylene-polystyrene

graft copolymers as described below.
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Crystallinity may be determ ned by differentia
scanning calorinetry (DSC). In sonme enbodi nents the
w@oiogpespy| ene has a nelting tenperature greatBCT/URENS/043048
or equal to 1340C, or, nore specifically, greater than
or equal to 140C, or, even nore specifically, greater
than or equal to 145C The pol ypropél ene has a nelt
Asfuseivhemire agdER)ughoetathe rSptmﬁWt@nll‘nyC m@p@lerme T OrefTnift @ §ingle
and | ess than or L ra e
Q) aepoRiTg o RO PAddest RPRHERErr § ahE S Sopotymer
COP]%I‘]%S%Q@JS'[ Bx'ibalﬂloél{ (SA&EhprignPrePedling e@ylnalklyleﬁ’d wotswaint bt feast
I's range the nelt flow rate may be | ess than %:
one dpliak (tB) comprising tepeasingpkylenecwifsy | Theagangerinye! Biggks (A)
e sp 5
anf B8 i DoNEI P | PLF & o EERY AT AE/Ba Hrudiie having
bri&hé@a_ﬁ\éuﬁl 288-NsiiBBcechfrdympehder e oclpeh lcemprisitg repeating
propyl ene, a | oad Ofﬂﬁ 16, k|| §$ b
aryleai%ﬂﬁm wods.of Thezpendaph @ f@ﬂleafeﬂ %/aﬁ’élf{j FRA BIE Egy be
Q{JB/S%HMJ[ &N akyBBbsition on the
S o Ra Y SR M e el P one ey o

ensity polyethyl'ene may
cyckaportion. Suitabld |snimt1|t1mmtsomclmdqukkal groups having d go 4yqaehonsg An

nbi f ha h f
xRSt RDA BRIy G L 1B PO BrBB S Er e a0 ng

a dlfferent nelt flow rate and generally havi ng a
density 0f70.941 to 0.965 g/cnB. In sonme enbodi ments
s . ensity polyethyl ene has a nelting
¢ "greater than or equal to 124C, or, nore
icallfy, greater than or equal to 126C, or, even
yaci flically, greater than or equal to 128C. The
pol yet hyl ene has a nelt flow rate (MFR)
or equal to 0.10 grans per 10 m nutes and
P P ﬁ to 15 grans per ten mnutes (g/10
mn). Wthin I's range the nelt flow rate may be
greater than or equal to 1.0 g/10 mn. Also with
Blolck A nmyg’@rthhecqmmrtsefdlbﬂﬁneamétsdﬁymﬁe? feds carpgns éSr long as the

I 1 I
) ofghyr My depl FrocRlf iy R kfREe bR P 575"
g/10 mn. Melt flowrate can be determ ned according

BIdék ASIdh 2638epb§tm1g akiylche mnpmhﬂen@ﬁ torl pratboas iswahdas ethylene,

ol yet hyl ene, l oad of 2.16 kilo
Pl’[%é @?aé{qﬁb‘ leneygr combmatlons of two or mote of the E)regomg 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 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 carbons such as ethylene, propylene, butylene or
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190C. The conposition may conprise polyolefin in an
anount of 15 to 35 weight percent (W%, wth respect
W eooblesstot al wei ght of the conposition. Wt hi PCT/OER05/043048
range the anount of polyolefin nay be greater than or
equal to 17 wt% or, nore specifically, greater than
or equal to 20 % Also within this range the anount
copibipaloneloéfwa orayoresofl ths forepaing.orThed &ilodkomay fuwtleer comprise

nore specifically, less than or egual to 30 ww% 1In
SOBHfISANER SRR arp g tip 671 B’il'é?rgﬂn E%’ngi ses high density

pol yet hyl ene (HDPE) and pol ypropyl ene and the anmunt
T BN ﬂ%i¥y ¥eh @Bhtrbifed ASSIbENA cIPoB D UA usefl herein “controlled
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oxg ggn%ﬁ)c;\%? ¥lae€r%:t)($10 t‘?f%l%{ﬂ' @g%g%rc ablonaRRP EIRIES. aWHlen the B block

i nation ne d
ccg@;bxys@s gp%ohqgnhed)disyxsibm'roan@)pg}yyafei,sca?tgo&xyhimlsmas have an average
escri be l.ow. As h [ d h h
ot beer 5k Ve e e R LB AL i an sveres
mBrLégﬁEf GRIRK YWIE, 000 B SEUTBH0 @nidNad Betehpiakd GoIRG! 3HIe sattering

ockK copol yner conprises at | east one block (A

tecmiprk;efssi n@legetpeai ibharkaisyd cerltioylied lstibvtion poiymes, qae-laﬁ?t block
one. (0] i i .
oS8t e SRR R ARl 9 SRR i e

uiSity Mfdt d/Fe@ioBmod a8fcéi!th gk Aadodckl thhtels eluhda laryd tatlgyddnerumits. The
havi ng branched chains, A-B-A triblock copol ﬁmers hﬁ\g/eet tal
ota

totaloarndusit 10§ anylcalkyene VAYS ieped iMgWarel PsicRRH Based

ot cme
B3 B Pl It MLENT 1] o
ufits #NYheaB dildé&bhay s 5ili tonl:2n Exenmgnyl bloclpoepdlymers are further

Sui tabl : g ,
AL, SRR i A S ARl
H8HN X RO PONH&S drndles BRWMRaddhakieIARON. . Exemplary grades are A-
RP6936 and A-RP6935.

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

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

Exemplary block copolymers include polyphenylethylene-poly(ethylene/propylene)-
polyphenylethylene (sometimes referred to as po]ystyrene-poly(ethylene/propylené)-
polystyrene) and polyphenylethylene-poly(ethylene/butylene)-polyphenylethylene
(sometimes referred to as polystyrene-poly(ethylene/butylene)-polystyrene).
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Bl ock A may further conprise al kylene units having 2

to 15 carbons as long as the quantity of aryl alkylene
waniossesrreeds the quantity of al kyl ene units. P@/083008043048

conprises repeating al kylene units having 2 to 15

carbons such as ethyl ene, propylene, butylene or

conbi nations of two or nore of the foregoing. Block B
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1@@2,,@6@&70143]@5?%”&/%369%\% det ermi ned using |ight
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cdpdiymerkant laatibiosk black copolanky| ene

In some embodiments the block copolymer has a number average molecular weight of
5,000 to 1,000,000 grams per mole (g/mol), as determined by gel permeation
chromatography (GPC) using polystyrene standards. 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.

A polypropylene-polystyrene graft copolymer is herein defined as a graft copolymer

having a propylene polymer backbone and one or more styrene polymer grafts.
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units and a region not adjacent to the A block that is
rich in aryl alkylene units. The total anount of aryl
wW@bkdoghessed units is 15 to 75 wei ght percent, baRedUS2Iv05/043048
the total weight of the bl ock copolynmer. The wei ght
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propylene homopolymers are preferred propylene polymer materials. Although not
preferred, propylene homopolymers and random copolymers impact modified with an
ethylene-propylene-diene monomer rubber having a diene content of about 2 to about
8 weight percent also can be used as the propylene polymer material. Suitable dienes

include dicyclopentadiene, 1,6-hexadiene, ethylidene norbornene, and the like.

The term “styrene polymer”, used in reference to the grafted polymer present on the
backbone of propylene polymer material in the polypropylene-polystyrene graft
copolymer, denotes (a) homopolymers of styrene or of an alkyl styrene having at least
one C;-C, linear or branched alkyl ring substituent, especially a p-alkyl styrene; (b)

copolymers of the (a) monomers with one another in all proportions; and (c)
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wei ght of the bl ock copol yner nay be used. Exenplary

bl ock copol yners having an aryl al kyl ene cont ent
w@e@anessie han 50 wei ght percent are conmer ci al PET/US2005/043048

avai | abl e from Asahi under the trademark TUFTEC and
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avai | abl e under the tradenanme SEPTON from Kuraray.
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weiight pastnt3e, theAotg! goift capolyneare nAlsorwitkipethede wwagdsy theastyrene
| east 45,000 g/nmol. Also wthin this range, the nunber
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at300t Dt 80 WRlght PércedtDS £the RRMIghfE adpgotymetp to 700, 000
g/ mol, or, even nore specifically, up to 650, 000

g/ mol . A pol ypropyl ene-pol ystyrene graft copol ynger js
The meeparaiohi A @OMT@YWfHO%%@eyB@ﬁ ﬁﬁB‘i’lW@eré Br 6?)95?}1%% for

e)%?ng%f n,grrl {_Eg%?&? o4 @96 n&s QL PRiGIS UY I E {aﬁ ai?lﬂ#alﬁ ol¥pﬁgpyl ene-

propyl éng pblynmer materi al or

pdlagiseaeegraft copobiniaas earof altd eopmberpinipyivaiieblp odsy sfoy rexasple,
raft copol yner is (a)_a honopol ymer of propylene; (b)
Pgo"ﬁﬁ'?o%‘ﬁl]l)cl@é%]ﬂ/#@m ?geﬂ)lr opyl ene and an ol efin sel ect ed
fromthe group consisting of ethylene and C4-Cl10
T?JF] BbiyRric Qﬁﬁﬁhﬁjﬁﬂzéﬁ h.@})resm eRah BRI0BhEHS Ntd S0 Relphit péreent, with
e

polymeri zed ethylene content is up to about 10 .
reapéaghto therteiehtweight effethgbtoynnepition. ab\thin 4hisejageg the polymeric

c%{}ﬁg@ﬁ%% gr%%jl @\gﬁt?egsﬁ{gtqg fa%l a%fl(;urrlt b%af%r %h(Hr Q,qﬁeh &b i4QNeié}pt%ercent,
or, more specifically, greater than or equal to 6 weight percent with respect to the total
weight of the composition. Also within this range the polymeric compatibilizer may
be present in an amount less than or equal to 18, or, more specifically, less than or
equal to 16, or, even more specifically, less than or equal to 14 weight percent with

respect to the total weight of the composition.

Exemplary flame retardants include melamine (CAS No. 108-78-1), melamine
cyanurate (CAS No. 37640-57-6), melamine phosphate (CAS No. 20208-95-1),
melamine pyrophosphate (CAS No. 15541-60-3), melamine polyphosphate (CAS#
218768-84-4), melam, melem, melon, zinc borate (CAS No. 1332-07-6), boron
phosphate, red phosphorous (CAS No. 7723-14-0), organophosphate esters,
monoammonium phosphate (CAS No. 7722-76-1), diammonium phosphate (CAS No.
7783-28-0), alkyl phosphonates (CAS No. 78-38-6 and 78-40-0), metal dialkyl
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the C4-Cl10 olefin is up to about 20 wei ght percent,
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ru er el n about to a t 7 t ent

aspribeser Hpsed g‘lﬁ@ﬁt blfd”}lebo &bﬁ}ifhj‘ nge %ianﬁ’g he?a]g A bis-
diffte ,ﬁlap% gﬁ td. " b MQ@d@ 6, ki 6n %{a?engsl?&% Gére6itA from

|ns SU or exa e, ut ene
tﬂ(qﬂ@mmﬁ) pRespihttey(for ej;arbp]teeﬁé,s o m4|99+23+9 «pre@t\gﬁﬁo 78-33-1),

e S T i B0 5 8 0 e
b@%}ieﬁﬁﬁﬁéspm@'(fdr%ﬂarﬁﬁl@ﬁ@ksf}% h@@@@b?—ﬁ? rtﬁﬂ n@l phosphate (for

preferred propyl ene pol ymer materjal s.

epngfleGAtNopt bpyo-ondrissanisnyipherd) Bresphain ﬁ%ﬁﬁxample {CAS No.
AT e raByR e e RS SR enie ammpiopntg ey

content of about 2 to about 8 weight percent also can

b ené¢! 2athodindnn eh@ roaganogissphatk yavear crmmlﬁrseala biSwaiyl gptiogphate of
di enes_i ncl ude di cycl opent adi ene, - hexadi ene,

Feimys llene norbornene, and the Iike. The term"styrene
pol ynmer", used in reference to the grafted pol yner
present on the backbone of propyl ene polynmer nateri al
in the pol ypropyl ene-pol ystyrene graft copol yner,
denotes (a) honnpolyners of styrene or of an al kyl
styrene hgaipg a begst one Cl-C4 linear or branched

al kQI rf subst | ént , Oes eC|aIIy a p-al kyl styrene;

Fﬂb}Peo Of Byo thonmers with one another in

allopro |ons (cmco @Iyners of at l|east one (a)

nnnéper W th alpha met h ; derivatives thereof, e.g.,
Im

wherein R, R> and R® are independently at each occurrence an alkyl group having 1 to
5 carbons and R!-R* are independently an alkyl, aryl, arylalkyl or alkylaryl 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 0 to 2. In some embodiments OR!, OR?, OR® and
OR* are independently derived from phenol, a monoalkylphenol, a-dialkylphenol ér a
trialkylphenol.

As readily appreciated by one of ordinary skill in the art, the bis-aryl phosphate is
derived from a Dbisphenol. Exemplary Dbisphenols include 2,2-bis(4-
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al pha- et hyl styrene, wherein the al pha-net hyl
derl vative constitutes about 1 to about 40% of the
wowioghessed t he copol ymer. JT-. PCT/US2005/043048

pol ypr opyl ene- pol ystyrene graft copol yner can conpri se
about 10 to about 90 wei ght percent of the propyl ene
pol ynmer backbone and about 90 to about 10 wei ght

hyes:6phény0fprdpage st y(sereall@bl yriﬁSp}@nalf t. ANt hi h2ibisg4-dydroxy-3-
ran t he propyl ene pol

kb f
gty BerRPARRATE: 20 iS¢t ‘%%?%’Qﬁ% refhanse ¢ of 5}5?455%41@9‘?3 >
dig%@g}lﬁ{éﬁ?lgrp%Qné Rfd ﬁrloﬂﬂég BR) gk bomeodBY¥mbodiment,

. up to about” 40 WGI ght per cent of the total
thg bisbhermd poinprises.biskherml WM.t hi n t hese ranges, the styrene
pol ymer graft may account for at |east about 50 wei ght

per C more s ific
REPORSHRE o TS0 3 n2Ybr ATPE T UEBET, nepehis paling  the
JREGRALRNL OF Ok BRLMRT 8PYdiglfnp drgsiophesphagr afters used in the
copol yners is described, for exanple, in US.

thWnomasglg@ogmgstn osREd b In ong embegdimgnt the gracymt @F ahosphorus as

o f
TR EL S ERORPPE G B 0 s SRR, Bl Tn B percen
thQ&@Hhtéﬂﬁﬂbﬁ@&&hﬁtommecpm@ymaomc conpatibilizer is

present in an ambunt of 2 to 30 weight percent, with

Thi@onRJans RBTiSar Rt e Aper i b BP T B Brseahpn i

sufficRR STOURE cl8&Ead &Fird, NRRerP et @cokding! ty&h@Mlame propagation
percent, or, nore specifically, greater than or equal

pto@e&ilrmolylame@ an d2AtO7ARt to havepefeme out Hmetletsahaner gaal to 70
S @hg conmposition. Also within this range the

%@P ric conpatibilizer may be present in an anount

| ess than or equal to 18, or, nore specifically, |ess

I b enodageidt, thedlahfe, retardanev@nprises @n sreanoftiospldty gstérepsesent in

than or equal to 14 wei ght cenf with r t,t h
ap gmernied gfie 18FWeigd R?&‘r?%bé‘fv{)%é BB Py flin Sght Sf the

t | |
cgﬁ#(%tgcﬁg g\ggﬁn{fj rtlgg garigg t@b{\@%uét%%r@%opéjgﬁihgg is%gr can be greater

tiphas patleo(TOASYher nRGS @ﬁe@ﬁcail)y, gnmﬂeathan@rmudﬁﬁ&swh% eAlso
w1t?1ﬁ1 this r'amée5 t Aélan?(%ni? 2>f organoprﬂosﬁ]a? SYé% cgf? %h L8 t}(a%qual to 16

wt.%, or, more specifically, less than or equal to 14 wt.%.
P

Additionally, the composition may optionally alse contain various additives, such as
antioxidants; fillers and reinforcing agents having an average particle size less than or
equal to 10 micrometers, such as, for example, silicates, TiO,, 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; foaming agents; blowing agents; metal deactivators, and

combinations comprising one or more of the foregoing additives.

"The composition and electrical wire are further illustrated by the following non-

limiting examples.

EXAMPLES
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218768-84-4), melam nmelem nelon, zinc borate (CAS
No. 1332-07-6), boron phosphate, red phosphorous (CAS
WOR006/AFEB 14- 0), or ganophosphate esters, nmonoaPEOR2005/043048
phosphate (CAS No. 7722-76-1), di amoni um phosphate
(CAS No. 7783-28-0), alkyl phosphonates (CAS No.
78-38-6 and 78-40-0), netal dial kyl phosphi nate,
Thamwlugbﬁ@hmwsmﬁémed@ﬁfg o mab8RBHted @)Tabl@w
][na ting gl ]?lsses and conbi nati ons of two or nore of the
or egoi ng ame retardants. Exenplary organophosphat
Tablget’er f|ame retardants include, nEut gre got PI mltoed °
t o, phosphate esters conprising phenyl groups,

C?HR LT UTET RG] ondr OUPS, Or a conbi nati on of phenyl
roups and substltuted phenyl groups, bis-aryl P Y

P ol o, 1 dabrach ??%gﬂet“giﬁ“ 7 RGSRAR! S SCWRbhaRcaly

ersshsﬁm&zmﬂ@n L

the or gano

89492-23-9 con en f 30 weight
bi s- di phenylmrr@gbﬁe@ﬁ@d eész b1°°1< °°P°1>“nef and
57583- 54- 7)|, cobimserpiaBn @Valmblﬂ ‘émﬂ%&éﬁ@%ﬁ%’ﬁw&% wder e grade
exanpl e, CASiabie. G 163028~ 79- 5), triphenyl phosphate

(for exanplle, CAS No. 115-86-6), tris(isopropylphenyl)

K@}@S@ Ik | pﬁé h ggt ﬁl ResP hy tylé’ﬁé enylethylene
(alkyl p @Awsw bg@gﬂgw@} 2%8% CRaRl

pwhosphat e (f Arpaxypropylene GaSitgpa 6893 Tlasl e ahd.S /10" min
m xtures of| dep@mdednidcerdifg theA TEMeDd23ifyas described above and
or ganophos ph@lufn&efafly S avdilibnamgeb abé meadentidne D-015-C  from

or ganophosphal§c88hehiGiPri ses a bis-aryl phosphate
of Formula |II1: wherein R, R5 and R6 are independently

car bons and ggﬂﬁ 1 ek¥dntenlaof! 67 ht
L AL B
i i ercwlggﬂs?ﬂ ngtf?Sg B o

i ndependent | §P n so
me
enbodi nents

TaecTi1430CC Weﬁﬁeﬁ Tenk-plI leB@éﬂbxﬁﬁleﬁe)tpblﬁhenylethylene
7

BBAPPved fro n‘i’lé‘ﬂ?bﬁ‘a?l A Blsf{}éﬂl?gp’]@n S&’q gFASu RSS90 Y

a frlﬁ| lexsl nh

L_dial kyl phen
Tlafp fresppplags WlR?ﬁlélOBfW%ﬁ @Pﬁ%by “éﬂl‘i P ?‘i‘%‘é‘”ﬁ?‘{ne"‘? i @ twin
scré\ﬁ eQ{rM(lierp hes B! Sd Block copolymers were added at the feedthroat and the

PP was added downstream in a second opening in the extruder. The organophosphate

ester was added by a liquid injector in the second half of the extruder. The
composition was produced without a filter (no mesh) and melt filtered using one or
two filters with differing opening sizes as shown in Tables 4 and 5. The material was
pelletized at the end of the extruder using strand pelletization. The composition is

shown in Table 3.

The thermoplastic compositions were dried at 80°C for 3-4 hours prior to extrusion
with the conductor to form the electrical wires. The conductor was a copper wire with
a conductor size of 0.2 square millimeters (mm?). Electrical wires were produced
using a line speed of 250 meters per minute. The thermoplastic composition was

preheated at 100°C and extruded onto the conductor at 275°C without a filter (no
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derived from a bi sphenol. Exenplary bisphenols include

2, 2- bi s(4- hydr oxyphenyl ) pr opane (so-call ed bi spheno
WO2006863831D1 s( 4- hydr oxy- 3- met hyl phenyl ) pr opanePCT/US2005/043048

bi s(4- hydr oxyphenyl ) net hane, bi s(4-hydroxy-3 , 5-

di net hyl phenyl ) met hane and

|, 1 -bis(4-hydroxyphenyl)ethane. |n one enbodi nent, the
méshg pheel rﬁlt@tﬁdprsnmﬁbﬁrs\pmﬁbppqmm&%%@ BHEFOPIsE® as shown in

te n dlff

Tag’ifise{ ?Hd(r:lsgt FE CoYItIR aé}mﬂﬁ%]{}i% §§ g% ? el eir%]?lla{e?s (RN k.15
mAhgereN(TesRM! dhesl@tfcaliged was te¢dieal foneparb [bd'adismisiang 5 kilovolts

o nh ol G e S Bo g A e e Mol No.
Hﬁﬁ%%yBD 45 Qavﬁﬂé(@kagtﬁonﬁ’e%@ntcmﬁ’or; ?ns‘ﬁ%hﬁam P8HpRAY, Clinton

spect to the total weight of the conposition.
Cdieca¢mu ﬁ‘he afuntbiee of kperie leaks fordanh sewwaenarprw@mg ponditians is
ther @astlc onposition, is sufficient for the
hewadn leblgs 4@PdQ: when tested according to the flane
propagati on procedure contained in I SO 6722, to have a
Téil@ge out time less than or equal to 70 seconds. In

one enbodi nent, the flame retardant conprises an
or gan phosphat e_est er present in an-ampunt—of -5 to 18

wei ght] Vpeigbenercenis baged o the toted pecight of RliHfe Klot|al
wei ght| Ko16G50e Totiepdd V43 o BRAPRIi n this range tjhe
amount| of organophosphate ester can be greater| than or

PREual |t58¢ 7 wt.% or nore specifically, greater| than or
equal [to 9 wt.% Also within this range the anount of

PPr gangposphate ester can be |l ess than or equal to 16
wt.% Jor, nore specifically, less than or equal to 14

Ko . % |Additionally, the conposition nmay optionally
184050 dontai n various additives, such as antioxjdants;
fillerls and reinforcing agents havi ng an aver age

T{;ﬁéctl cl'e size Tess than or equal to 10 mcroneters,
? 49, for exanple, silicates, TiO, fibers,| glass
I ber s, gl ass spheres, cal cium carbonate, talc, and

BPA Td—Tetease agents; UV absorbers; stabi|lizers
suc as light stabilizers and others; |ubricants;

ptasttetzers,—prgnments; dyes, cotorants; anti-static
agents; foam ng agents; bl ow ng agents; netal
deactivators, and -
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conbi nati ons conprising one or nore of the foregoing
additives. The conposition and electrical wre are
w0 eoobkess19 | | ustrated by the foll ow ng nonli m tPEILUS2005/043048
exanpl es. EXAMPLESThe fol |l owi ng exanpl es were prepared
using the materials listed in Table 2. Table 2. The
t hernopl astic conposition was nmade by nelt m xing the
T&bbponents in a twin screw extruder. The PPE and bl ock
copolynmers were added at the feedthroat and the PP was
—added-downstr -R—a d n the extruder
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The organopg éig aliquid

aTMm-1 N
COATTT T LT

o8pedE

{&r was added by
iniector in

the second hal
< T hd A=A A A A I A | T 1TOAT

f t h

of
\vA!

Expisasiiteror

and nelt fij

navlerpr oduced

AL ]

out
e _or tw

oyt
< C
fil
f

N
[
i
1

nalfifidrer i ng
The mater |

| tered using o
®eni ng si zes as
| was pelletize

0 shown
d.at th

ln Ta

en

2351 ng stran
in Table 3.

4 pelletization
The thernopl as

0 The ¢

tic comn

Bnpos

Qsi t

74t 80C for

@-4 hours prior

conductor t

0t o ext

o formthe el ec

trical

Pusi o

W I esl.

ruder. The
ter (no nesh)

Hters with

bles 4 and 5.

of the extruder
ition is shown
ions were dried
n with the

The conduct or

*MagadativeeRempld re with a conductor size of 0.2 square

mllimeters

e

(M) El ectr

i cal

ing a line speed of 250 neters per
%?nnplastic conmposition was preheated at 100C and

wires were produced
m nut e.

The

extruded onto the conductor at 275C without a filter

e

RCE

(nomesn)  oric@Rlpbuddind 8R&d using a filt
opening size (in mcroneters) as shown

er with an
in Tables 4 and

& s, had thick
nd 0.15 mlline

NeGSes

ters (T

ad O.
abl e

2 mllimeters
5). The

"ol s

In

FT:2 Was tested
over a |leng

ZTor sp
th of 1

rk 1
P50 m

eaks using 5
pters using a

. HF-1SA/'BD- 12
Conpany, Cdinton
for each set of
bles 4 and 5.

aet
ent
EaKs
in T

gh—freque
ailable f

ter, |
Instru
spark
S shown

R%Y ACspark te
rom The Cinton
The—runber—of

'38 condi tions

2

T C .
*comparative example

As can be seen from Tables 4 and 5 filtering during melt mixing, during extrusion
coating, or during melt mixing and extrusion coating, is essential to producing
electrical wire with few or no spark leaks, particularly as the thickness of the covering

decreases.

While the invention 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 thé teachings of the invention without departing from essential
scope thereof. Therefore, it is intended that the invention not be limited to the

particular embodiments disclosed as the best mode contemplated for carrying out this
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Wei ght percent, based on the total weight of PPE, PP,
K@ 650, Tuftec H1043 and BPADP PPE 52 PP 29 KG 5 1650
waedbmeess® H1043 BPADP 9Tabl e 4. conparati ve exBompig2005/043048
Tabl e 5. *conparative exanple As can be seen from
Tables 4 and 5 filtering during nelt m xing, during
extrusion coating, or during nelt m xing and extrusion
inG@dbh Mt thas tlesgenttioalwilldngndcaltémgodimestsrialdiak withiwthe scope
with few or no spark | eaks, particularly as the
of thy appgRdsd HMPhe covering decreases. Wile the
I nvention has been described with reference to a
AP @i‘{?f Bt RIDRENTRPSIRatibhs, Whil biHRe referdpEs 00 thdoypordied Berein by
skilled in'the art that various changes may be made
refermice guiheileatitety. may be substituted for el enents
t hereof w thout departing fromthe scope of the
invention. In addition, nmany nodifications may be nade
to adapt a particular situation or material to the
teachings of the invention w thout departing from
essential scope thereof. Therefore, it is intended
that the invention not be limted to the particul ar
enbodi nents di scl osed as the best node contenpl at ed
for carrying out thisinvention, but that the invention
W ll include all enbodinents falling within the scope



of the appended clains. Al cited patents, patent
applications, and other references are incorporated

wheweiessiy reference in their entirety. WHAT | SPQUBSVEEN43048
IS: 1. An electrical wire conprising a conductor; and
a covering conprising a thernoplastic conposition
conprising: (i) a poly(arylene ether) (ii) a

WPAYIS €l AIMEDIS: (iii) a pol ymeric conpatibilizer
wherein the covering is disposed over the conductor;
wherein the conductor. has a cross sectional area of

1.0. 155%glgereal WIECHRPESN8 o 1. 00 square nillineter and
the covering has a thickness of 0.15 to 0.25

a &nkhéthBLAd: and wherein for 13,500 to 15,500 neters of
wre there are |l ess than or equal to six individual
l engths of electrical wire and each individual |ength
a gfveshgeamprising ptheampplastis COBPGSHOPCERPEFNEhan or equal
to 150 neters. 2. An electrical wire conprising a

CO . a covering conprising a thernoplastic

O%%ﬁ%ﬂ%b@%gﬁﬁgghprising: (i) a poly(arylene ether) (ii)
a polyolefin; and (iii) a polyneric conpatibilizer

(ilvagobiolefinhandcovering i s di sposed over the conductor
wherei n the conductor has a cross sectional area of

Q.30 square mllinmeter to 1.30 square mllinmeters and
(“lg))n%p‘&’)‘%‘él?‘f??dn%]bﬂgefhi ckness of 0.1 5 to 0.35

mllimeter; andwherein for 8,500 to 14,500 neters of
whbreR th@@dv%riﬂ%% digssed b tiey cerduetor;t o si x i ndi vi dual
| engths of electrical wre and each individual |ength

of electrical wire has a . -
wherein the conductor has a cross sectional area of 0.15 square millimeter to 1.00

square millimeter and the covering has a thickness of 0.15 to 0.25 millimeter; and

wherein for 13,500 to 15,500 meters of wire there are less than or equal to six
individual lengths of electrical wire and each individual length of electrical wire has a

length greater than or equal to 150 meters.

2. An electrical wire comprising

a conductor; and

a covering comprising a thermoplastic composition comprising:
(1) a poly(arylene ether)

(i1) a polyolefin; and

(iii) a polymeric compatibilizer

wherein the covering is disposed over the conductor;

wherein the conductor has a cross sectional area of 0.30 square millimeter to 1.30

square millimeters and the covering has a thickness of 0.15 to 0.35 millimeter; and
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| ength greater than or equal to 150 neters. 3. An
el ectrical wire conprising a conductor; and a covering
W@ 09p6BINg a t hernopl asti c conposition conpriBCHYS2005/943048
a poly(arylene ether) (ii) a polyolefm and (iii) a
pol ymeric conpatibilizer wherein the covering is
di sposed over the conductor; wherein the conductor has
whkreifi 066 8SHIO tconalS0@armetenf ofl vk Swuaree hish |tharetosregugloto six
. 2.10 square mllineter and the cayering.has .a_ . .
indiirtealrlgashor! Qecsseal s, 36 S et RLOCHEstEra) vitg has 2
1094 ePthén LPBaitBlcers® bty re there are |l ess than or
le@augﬂgato st i%di vi dual lengths of electrical wire and
each individual length of electrical wire has a |length
3. gr edtreeletttioal vore empalsingo 150 neters. 4. An el ectrical
W re conprising a conductor; and a covering conprising
a _thermoplastic conposition conprising: (i) a
acr?Bﬁ‘iF((?%rr (i:ne ether) (ii) a polyolefin;, and (iii) a
pol ymeric conpatibilizer wherein the covering is
a dbiveasednristig 4 thernoapialtictconipakiéioecomphgngonduct or  has
a cross sectional area of 2.90 square mllineters to
A4.50 square m|linmeters and the covering has a
ﬁ%@ﬂé&iﬁa e5h) 3 t0 0.8 nillimeter; and wherein for
2,500 to 5,000 neters of wire there are I ess than or
(ii§9PalyoleBinShnd i ndi vi dual |engths of electrical wire and
each”individual length of electrical wire has a |l ength

_greater than or equal to 150 neters. 5. An electrical
(111%1' arnolreent ¢(g1pmag1blhzer

wherein the covering is disposed over the conductor;

wherein the conductor has a cross sectional area of 1.20 square millimeters to 2.10

square millimeter and the covering has a thickness of 0.29 to 0.36 millimeter; and

wherein for 5,000 to 7,100 meters of wire there are less than or equal to six individual
Jengths of electrical wire and each individual length of electrical wire has a length

greater than or equal to 150 meters.

4. An electrical wire comprising

a conductor; and

a covering comprising a thermoplastic composition comprising:
(i) a poly(arylene ether)

(i1) a polyolefin; and

(iii) a polymeric compatibilizer

wherein the covering is disposed over the conductor;
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a conductor; and a covering conprising a thernoplastic
conposition conprising: (i) a poly(arylene ether) (ii)
w@2olysief m and (iii) a polymeric conpati bi | PZBEDS2005/043048
wherein the covering is disposed over the conductor;
and wherein for 2,500 to 15,500 neters of wire there
are less than or equal to 5 spark | eaks. 6. A nmethod
whefeimdhé nondaetoe het e raress| seghional aiea Hf b paurge Pllimgters to 4.50
condugtor. co I Si ng: [t Xl ( - .
safn g friders g Bear v o2 Ao FaBR SHliaper end, |
forma first mxture; nelt filtering the first m xture
wHeRdi R Y& 80(f torssB00f mktesy ofhaive thgrecgpe hiss gmnwir tehuad it@ sistindiyidual
of 20 microneters to 150 microneters to forma first
leriaths of elgcirpalt Wire andgpeh wﬂlé}l'c}? ﬁgﬂ&f% é*fﬁ?‘r”é‘i‘caf Milfehas p length
Xt nd filter having openings wth
g%%éﬁg%ggéﬁg@qggSﬁﬁggﬁﬁbters to 150 microneters to form
a second filtered m xture; applying the second
5.fi | tAm eldctnicdtwirecamprisiepnduct or. 7. A net hod of naki ng
an electrical wire conprising nelt filtering a
conpasition conprising a poly(arylene ether), a
a‘ﬁ@ﬁ@%?%f?& and a pol yneric conpatibilizer to forma
filtered conposition; applying the filtered
a GVBRRS téhpiiDa thegaoplastictontposition womprighgct rical wire
wherein the electrical wire has I ess than or equal to
five spark | eaks per 2,500 to 15,500 neters of
(e RY¥y(@dene sffifle. 8. A covering conprising a
t her nopl astic conposition wherein the thernoplastic

(il QPBRSIdEnOsmconpri ses: (i) a poly(arylene ether);

(iii) a polymeric compatibilizer
wherein the covering is disposed over the conductor; and

wherein for 2,500 to 15,500 meters of wire there are less than or equal to 5 spark -
leaks.

6. A method of making an electrical wire or a covering for a conductor

comprising:

melt mixing a poly(arylene ether), a polyolefin, and a polymeric compatibilizer to

form a first mixture;

melt filtering the first mixture through a first filter having openings with diameters of

20 micrometers to 150 micrometers to form a first filtered mixture;

melt filtering the first filtered mixture through a second filter having openings with

diameters of 20 micrometers to 150 micrometers to form a second filtered mixture;

applying the second filtered mixture to a conductor.
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(ii) a polyolefin;, and (iii) a polyneric

conpatibilizer, and further wherein an electrical wre
W@ 09p6BINg t he covering di sposed over a condup€DUSIAT043048

| ess than or equal to 5 spark |leaks for 2,500 to

15,500 neters of wire. 9. A covering conprising a

t her nopl asti c conposition wherein the thernoplastic
7 conpAsndthahotmaiing seskectfichl wirpodmpasivg ene et her); (ii)

a polyolefin; and (iii) a polyneric conpatibilizer,

in the ther.nopl asti.c. b '
i GURPEA SPEPRar B AT | pupn e el g RbEBbicHn dod o
pélgxﬁeﬁ’c EREUITHiIser Y RQIaTiltda@l esangdsitivg; conpri ses a
t her nopl astic conposition produced by a nethod

conprising: nelt mixing a poly(arylene ether), .a . _
applyin® ther filiered sampos ity Hep icen@{gsjga%i fgrm jap éqlectt%ca,l oPVire yvherein

. _ . . . £
R PR I P DECARP T B KL 0016015200 ot
ofcleqi¢ad @drea t her nopl astic conposition produced by a

nmet hIOd Icorrpri sing: nelt mxing a poly(aryl ene ether),

a polyolefin, and.a | ymer.i c. conpatibili,zer. to fq .
85 Pot Rveing oriiparge §elBiagi S SEReigh Wi R e (8 lustic
c&rﬁ?&ﬁ%@rﬁﬂﬂs@& filter; nelt filtering the first

filtered mxture through a second filter to forma

second filtered mxture. 12. The covering of Claim1l 1
(ihvapels(anylemeethest filter has openings with dianeters
of 20 mcroneters to 150 m croneters, the second

ihd i i th di amet f 20 m
1&%? qpeni ngs w ianeters o m cronet ers
(li)oar}fg};d) m draorreters or both the first and the second

filters have
(iii) a polymeric compatibilizer,

and further wherein an electrical wire comprising the covering disposed over a

conductor has less than or equal to 5 spark leaks for 2,500 to 15,500 meters of wire.

9. A covering comprising a thermoplastic composition wherein the thermoplastic

composition comprises:

(i) a poly(arylene ether);

(ii) a polyolefin; and

(iii) a polymeric compatibilizer,

wherein the thermoplastic composition is substantially free of visible particulate
impurities.
10. A covering for a conductor wherein the covering comprises a thermoplastic

composition produced by a method comprising:

melt mixing a poly(arylene ether), a polyolefin, and a polymeric compatibilizer to

form a mixture;



openings with dianmeters of 20 mcroneters to 150
m cronmeters. 13. The covering of Claim1ll wherein the
W@ owe633ee has a thi ckness and the second filt ePCTIEHS2005/043048
openi ngs having a maxi nrum di aneter that is |ess than
or equal to half the covering thickness. 14. The
el ectrical wire or covering of any of the preceding
mélt gitemng thbetieiure thhengbenfiltect or conpri ses a single
strand or a plurality of strands. 15. The el ectrica

wire or covering of any of the preceding claing, :
pheriRVEHE 6|%<rfléifli°ﬁ’?¥i“g’e§eé‘? Tt BV B é"%?%d%emor’lasm

ﬁﬂ%mhi RSiuRtd BRh vRiIRRdoBSisingl gh density polyethyl ene
coa §éowgin§tioﬁg of poI;proSgFene and hi gh density

pol yethyl ene. 16. The electrical wre or covering ,%f,
melhynigingt h@olyaisas wgher). &i PrIYolghRr @ltha tokympsicysaspipatibilizer to

co tibilizer conprises a block copolymer having a
foﬁrpgrc}ﬁs&rﬂg‘tmr?e’s a control l ed distribution copolyner. 17.
The el ectrical wire or covering of any of the
mplt dtetdhdrthe dirainiz tush drengh 4 fist fbéryrer i ¢ conpati bil i zer
conprises a first block copolymer having an aryl

al kyl ene caont ent eater than or e t 0_wej
el o gt ol A B ATORER Bioe ot 11eb B RPE gl ftered
mg{}g&l ymer and a second bl ock copol yner having an aryl

al kyl ene content |ess than or equal to 50 wei ght

percent based on the total weight of the second bﬂgck
1% opoThereevering of Eiime] bwhereathe iirstelilisr hag oRenings With gipmeters

the precedi ' relgr I LG ith diamet

ol BT E) g BB BT, ARG P Bhirings with diameters
oft 20 BhiokietRPa Y@ micinetdher dbdcthei fiat and the sgcond filters have

covering of any of the precedi cl.ainms, wherein the
omwlgbdlélaﬁ*ﬁa%qf@q mlz’&?me&@ﬁﬁ? ?goegll%fomefers-
pol ypr opyl ene- pol ystyrene graft copol yner. 20. The

18] ectrhi EQleriib LB CRImMCOVRhéB (B caVYin@that hehigimeeLatid e second
cl ains, wherein the thernoplastic conposition further

filtemipasi qpesings hindng arpadmyandiameter thaids dse an; @ qug) toehalf the
or _covering of any of the preceding clains, wherein
C?‘WEHEX‘BF‘%&? "astic composition conprises polyolefin in
an anmount by weight that is |ess
14.  The electrical wire or covering of any of the preceding claims, wherein the

conductor comprises a single strand or a plurality of strands.

15. The electrical wire or covering of any of the preceding claims, wherein the
polyolefin is selected from the group consisting of polypropylene, high density
polyethylene and combinations of polypropylene and high density polyethylene.

16.  The electrical wire or covering of any of the preceding claims, wherein the
polymeric compatibilizer comprises a block copolymer having a block that is a

controlled distribution copolymer.

17.  The electrical wire or covering of any of the preceding claims wherein the
polymeric compatibilizer 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
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than the amount of poly(arylene ether) by weight,
based on the conbi ned wei ght of polyolefin and
w@eiogfeisyd ene et her). PCT/US2005/043048

block copolymer and a second block copolymer having an aryl alkylene content less

than or equal to 50 weight percent based on the total weight of the second block
copolymer.

13, The electrical wire or covering of any of the preceding claims, wherein th~

polymeric compatibilizer comprises a diblock copolymer and a triblock copolymer.

19.  The electrical wire or covering of any of the preceding claims, wherein the

polymeric compatibilizer comprises a polypropylene-polystyrene graft copolymer.

20. The electrical wire or covering of any of the preceding claims, wherein the

thermoplastic composition further comprises a flame retardant.

21.  The electrical wire or covering of any of the preceding claims, wherein the
thermoplastic composition comprises polyolefin in an amount by weight that is less
than the amount of poly(arylene ether) by weight, based on the combined weight of
polyoléﬁn and poly(arylene ether).
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