FLAME RETARDANT ELECTRI CAL W RE CROSS REFERENCE TO RELATED APPLI CATI ONS
This application cl ns priority to United States Provisional Application
Serial Now0@0d#i3547406, filed on Decenber 17, 2004, whi clecirasskevsoupos ated in
its entirety by reference herein. BACKGROUND OF | NVENTI ON Aut onoti ve
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equi pent traditiof l?yaggeql 1113155% (aaft%d YR8 single layer of high temperature insulation that is
disposed over an uncoated copper conductor. Thermoplastic polyesters, cross linked
polyethylene and halogenated resins such as fluoropolymers, polyvinyl chloride have
long filled the need for the high temperature insulation needed in this challenging
environment that requires not only heat resistance, chemical resistance, flame

retardance, and flexibility.

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

water and have failed when subjected to humidity temperature cycling.

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

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

Cross linked polyethylene has largely been successful in providing high temperature
insulation but this success may be difficult to sustain as the requirements for
automotive electrical wire evolve. The amount of wiring in automobiles has increased
exponentially, as more electronics are being used in modern vehicles. The dramatic
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similar electrical wire having a crosslinked polyethylene insulation layer with a 0.25
millimeter wall thickness, the insulation layer becomes brittle after being exposed to
| 150°C for 3,000 hours. The deleterious effects created by these extremely thin wall
requirements have been attributed to copper catalyzed degradation, which is widely

recognized as a problem in the industry.

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

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

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

presents new issues of inter layer adhesion.
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The above described need is net by an electrical wire conprising: a

conductor, and a covering di sposed over the conductor wherein the covering
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conprises: (i) a poly(arylene ether) in an amount by weight; (ii) a

pol ypr opyl, €& cfbrahamouUNt by wei ght;

a covering disposed over the conductor wherein the covering comprises a

thermoplastic composition and the thermoplastic composition comprises:
(i) a poly(arylene ether) in an amount by weight;
(ii) a polypropylene in an amount by weight;

(iii) a block copolymer, wherein the block copolymer has a weighted average aryl

alkylene content (B); and

(iv) an organophosphate ester, wherein the organophosphate ester is present in an
amount (A) in weight percent based on the combined weight of poly(arylene ether),

polypropylene, block copolymer and organophosphate ester;

wherein the amount of organophosphate ester (A), and the weighted average aryl

alkylene content of the block copolymer (B) satisfy the formula: A + B >46.5; and

wherein the amount of polypropylene by weight is less than the amount of
poly(arylene ether) by weight based on the total amount of polypropylene and

poly(arylene ether) in the thermoplastic composition.
In another embodiment, an electrical wire comprises

a conductor
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wherein the amount of phosphorous (C) and the weighted average aryl alkylene

content of the block copolymer (B) satisfy the formula: C+ B >31.7 and

wherein the amount of polypropylene by weight is less than the amount of
poly(arylene ether) by weight based on the total amount of polypropylene and

poly(arylene ether) in the thermoplastic composition.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

The singular forms “a,” “an,” and “the” include plural referents unless the context

clearly dictates otherwise.

“Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where

the event occurs and instances where it does not.
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area of one embodiment, an electrical wire having a conductor with a cross sectional area of
0.2 square millimeters and a covering thickness of 0.2 millimeters, has an average
flame out time less than or equal to 5 seconds wherein the average flame out time is
based on 10 samples when tested according to the flame propagation procedure
contained in ISO 6722 for cables with conductor sizes (cross sectional area) less than

or equal to 2.5 square millimeters. In some embodiments, none of the flame out times

of the 10 samples exceeds 70 seconds.

Flame retardance (also known as fire retardance) for an electrical wire is surprisingly
difficult to achieve when the covering comprises a thermoplastic composition
comprising polypropylene, poly(arylene ether), block copolymer and organic
phosphate ester flame retardant. Typically flame retardance is achieved in similar
compositions and applications by adding sufficient flame retardant to achieve fire
retardance. However increasing amounts of flame retardant may not be sufficient
alone - the aryl alkylene content of the block copolymer is also important, particularly

in compositions having sufficient flexibility, as indicated by the flexural modulus.

Flexibility is an important property for a covering as the electrical wire must be
capable of being bent and manipulated without cracking the covering. A crack in the
covering can result in a voltage leak. In addition, several tests included in ISO 6722,
the international standard for 60V and 600V single core cables in road vehicles,

require that the electrical wire be subjected to a prescribed set of conditions and then
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tensile elongation. It is generally accepted that the morphology of the composition is
indicative of the degree or quality of compatibilization. Small, relatively uniformly
sized particles of poly(arylene ether) evenly distributed throughout an area of the

composition are indicative of good compatibilization.

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

In one embodiment, the thermoplastic composition has a flexural modulus of 8,000 to
less than 18,000 kilograms/centimeter’ (kg/cm’) (800 to less than 1800 Megapascals
(MPa)). Within this range the flexural modulus may be greater than or equal to
10,000 kg/cm® (1000 Mpa), or, more specifically, greater than or equal to 12,000
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wherein for each structural unit, each Q' and Q’is independently hydrogen, halogen,
primary or secondary lower alkyl (e.g., an alkyl containing 1 to 7 carbon atoms),
phenyl, haloalkyl, aminoalkyl, alkenylalkyl, alkynylalkyl, hydrocarbonoxy, aryl and
halohydrocarbonoxy wherein at least two carbon atoms separate the halogen and
oxygen atoms. In some embodiments, each Q' is independently alkyl or phenyl, for
example, C,, alkyl, and each Q’ is independently hydrogen or methyl. The
poly(arylene ether) may comprise molecules having aminoalkyl-containing end
group(s), typically located in an ortho position to the hydroxy group. Also frequently
present are tetramethyl diphenylquinone (TMDQ) end groups, typically obtained from

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

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

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

a

The polyol ef n phase is a



I n one enbodi nent, the thernoplastic conposition has a flexural nodul us of
8,000 to less than 18,000 kil ograns/centineter 2 (kg/cn2) (800 to |less than
1800 Megaweo@/ms{7hPa)). Wthin this range the fl exural powdiskers/omzyo be
greater than or equal to 10,000 kg/cn2 (1000 Mpa), or, nore specifically,
greater than or equal to 12,000kg/cn2 (1200Mpa). Also within this range the
fl exural nodulus nay be |less than or equal to 17,000 kg/cn2 (1700 Mpa), or,
gre Specﬁﬁc@bl}xary}]eﬁssﬁﬂi&@?lrﬁﬁy eﬂfslalprdé)@reﬂifi 100tHeq/ axiditifd 6 06up¥ipa) . of
perience has taught that exur al npdul us val ues of tes es ma var
si gni fi camanphydrogyFemplan compIWIdhy Vs aP t%oxEleaPk %é&rlm@@%g&l d d

nmodul us v He 5 u yas
descr i bed ToPRACE AT ey U e AT b eL ot D‘%%%f%%fﬁi?lng a
speed of &mployetllfbi sRhecsmipling; thieyhe .coﬂkainuhe}d'yhﬁetal nomaoﬂ'xq;i(ﬂ);s(leh ytlseane
ether)" conprises a plurality of struyctur uni ts. of For . wherein
for each §?IPR%t WABEANGTHH o C@é‘ﬁﬁ"@l"’é}ﬁ i yl’%&@ﬁ’iﬁ&i‘é‘ﬁ?l“{) yﬂ? ‘Hherhal ogen,

primary o Y, e 7orcar bon
atonms), p eny : ﬂﬁpgglaﬁs &W%ﬂéhg teptiary ﬁll]?léyliﬁéilldkf/g?&giljggﬁ% néo fm", or®

hydr ocar bnme(yft}ﬁrfyﬂegamg hal ohydrocar bonoxy wherein at | east two carbon
atons separate the hal ogen and oxygen atons. In sone enbodi rrents, each QL

| ndependol PJ° RREbe BB Tens ARt dePes ey Rl RoS e s
nmol ecul es g3l D BHps t d
an ortho g{gg:{?ﬁgﬁﬁ%@%@k %?Odr o%ﬁf;lgur%oﬁgp&gl@gg a:‘)r e egnﬁéﬁpgggiﬂeﬁ?‘]gf? edin

t et r amet hyéacdomh%)nykquplnoﬁﬁle(cﬁwm)g agatl roserpss pre alaialqny teg tresule dn far om
reaction rlﬂes)s(trga{c 1ve|p013\/?€'ryfene e%qer)aﬂ%re%l regucegge %}llp%j Chiti Cp&éﬁﬂﬁ(?r%u% e

present.
polymer chains and the formation of gels or black specks during processing at

elevated temperatures. Suitable capping agents include, for example, esters of
salicylic acid, anthranilic acid, or a substituted derivative thereof, and the like; esters
of salicylic acid, and especially salicylic carbonate and linear polysalicylates, are
preferred. As used herein, the term “ester of salicylic acid” includes compounds in
which the carboxy group, the hydroxy group, or both have been esterified. Suitable
salicylates include, for example, aryl salicylates such as phenyl salicylate,
acetylsalicylic acid, salicylic carbonate, and polysalicylates, including both linear
polysalicylates and cyclic compounds such aé disalicylide and trisalicylide. In one
embodiment the capping agents are selected from salicylic carbonate and the
polysalicylates, especially linear polysalicylates, and combinations comprising one of
the foregoing. Exemplary capped poly(arylene ether) and their preparation are
described in United States Pat. Nos. 4,760,118 to White et al. and 6,306,978 to Braat

et al.

Capping poly(arylene ether) with polysalicylate is also believed to reduce the amount
of aminoalkyl terminated groups present in the poly(arylene ether) chain. The
aminoalkyl groups are the result of oxidative coupling reactions that employ amines
in the process to produce the poly(arylene ether). The aminoalkyl group, ortho to the
terminal hydroxy group of the poly(arylene ether), can be susceptible to

decomposition at high temperatures. The decomposition is believed to result in the
8



The poly(arylene ether) may be in the formof a honopol yner; a copolyner; a
graft copolyner; an ionomer; or a block copolymer; as well as conbinations
conpri si ngoavodwestt one of the foregoing. Poly(aryl ene echmarspoosnginaes

pol yphenyl ene ether conprising 2, 6-dinmethyl-1,4-phenyl ene ether units
optionally in conbination with 2,3,6-trinethyl-1I,4-phenyl ene ether

units. The poly(arylene ether) may be prepared by the oxidative coupling of
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one enbodi nent, the poly(arylene ether) conprises a c e ol y(aryl ene

et her)l. The tRalymeal chyjlir 6% dh%uﬁ@%@%eggaﬁﬂé’dir%%'ﬁﬁ\g’aﬂ% M 85ent via
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bl ack specks during processing at.elevate enperatures. Suitable cappin
agent's i neagRftive products dETies PROSESSING fotﬁ%%eqéWq?Ite %ﬁ?r , anthranilic aEPd, gor

a substituted derivative thereof, and the like; esters of salicylic acid,

and especypl AEle%%gjeﬁé”eitﬁérFé‘efnbﬁé\%t £ rAffbet ia@&ﬁ’%e Rl scuddri Wikt 653,080 €o
preferred. Used herein, the term"ester of salicylic acid" includes

conpounds40,00Gpianis pérenclar(pox)) gndapyeighieavkgage anglegtaupeigst obsOR0Have been
o r e R0 Bl 55 AN B PSirtdfon f0m SRS ushiphofRidptk 2t o
polystyrene standards, a styrene divinyl benzene gel at 40°C and samples having a
concentration of 1 milligram per milliliter of chioroform. The poly(arylene ether) or
combination of poly(arylene ether)s has an initial intrinsic viscosity greater than or
equal to 0.35 dl/g, as measured in chloroform at 25°C. Initial intrinsic viscosity is
defined as the intrinsic viscosity of the poly(arylene ether) prior to melt mixing with
the other components of the composition. As understood by one of ordinary skill in
the art the viscosity of the poly(arylene ether) may be up to 30% higher after melt
mixing. The percentage of increase can be calculated by (final intrinsic viscosity after
melt mixing — initial intrinsic viscosity before melt mixing)/initial intrinsic viscosity
before melt mixing. Determining an exact ratio, when two initial intrinsic viscosities

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

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

The poly(arylene ether) used to make the thermoplastic composition can be
substantially free of visible particulate impurities. In one embodiment, the
poly(arylene ether) is substantially free of particulate impurities greater than 15
micrometers in diameter. As used herein, the term “substantially free of visible
particulate impurities” when applied to poly(arylene ether) means that a ten gram
sample of a poly(arylene ether) dissolved in fifty milliliters of chloroform (CHCI,)

exhibits fewer than 5 visible specks when viewed in a light box with the naked eye.
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5,000 to amount of poly(arylene ether) may be greater than or equal to 40 wt%, or, more
specifically, greater than or equal to 45 wt%. Also within this range the amount of

poly(arylene ether) may be less than or equal to 55 wt%.

The polypropylene can be homopolypropylene or a polypropylene copolymer.
Copolymers of polypropylene and rubber or block copolymers are sometimes referred
to as impact modified polypropylene. Such copolymers are typically heterophasic and
have sufficiently long sections of each component to have both amorphous and
crystalline phases. Additionally the polypropylene may comprise a combination of
homopolymer and copolymer, a combination of homopolymers having different
melting temperatures, or a combination of homopolymers having different melt flow

rates.

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

Crystallinity may be determined by differential scanning calorimetry (DSC).
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polypropylene, organophosphate ester and block copolymer. Within this range the
amount of polypropylene may be greater than or equal to 17 wt%, or, more
specifically, greater than or equal to 20 wt%. Also within this range the amount of

polypropylene may be less than or equal to 33 wt%, or, more specifically, less than or

equal to 30 wt%.

In one embodiment the composition comprises high density polyethylene (HDPE) in
addition to the polypropylene. When present, the amount of HDPE by weight is less
than the amount of polypropylene by wei ght. The combined amount of polypropylene
and HDPE is 15 to 35 weight percent (Wt%), based on the combined weight of the
poly(arylene ether), polypropylene, HDPE organophosphate ester and block
copolymer. Within this range the combined amount of polypropylene and HDPE may
be greater than or equal to 17 wt%, or, more specifically, greater than or equal to 20
wt%. Also within this range the combined amount of polypropylene and HDPE may
be less than or equal to 33 wt%, or, more specifically, less than or equal to 30 wt%.
When the composition comprises both polypropylene and HDPE, the combined
amount of polypropylene and HDPE is less than the amount of poly(arylene ether).
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dissolved in 400 mlliliters of CHO 3, the nunber of particul ates per gram
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Block A may further comprise alkylene units having 2 to 15 carbons as long as the

quantity of aryl alkylene units exceeds the quantity of alkylene units.

Block B comprises repeating alkylene units having 2 to 15 carbons such as ethylene,
propylene, butylene or combinations of two or more of the foregoing. Block B may
further comprise aryl alkylene units as long as the quantity of alkylene units exceeds

the quantity of aryl alkylene units.

Each occurrence of block A may have a molecular weight which is the same or
different than other occurrences of block A. Similarly each occurrence of block B
may have a molecular weight which is the same or 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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greater than or equal to 25% or, even nore specifically, greater than or
equal to 30% Crystallinity may be determ ned by differential scanning
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f
pol ypropyl ene. en present, t anount of HDPE by weight is |ess than the
amount of pol ypropyl ene by weight. The conbi ned amount of pol ypropyl ene and
HDPE i s 1S5heaepstingi ghit apotamentmitswesalt fioas ¢t pelymissizeiomwbphetylvidkdéne of t he

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 polystyrene-poly(ethylene/propylene)-
polystyrene) and polyphenylethylene-poly(ethylene/butylene)-polyphenylethylene
(sometimes referred to as polystyrene-poly(ethylene/butylene)-polystyrene).

The weighted average aryl alkylene content of the block copolymer is calculated
based upon the amount of each block copolymer when more than one block
copolymer is used and the aryl alkylene block content of the block copolymer or block
copolymers. For instance, if a single block copolymer is used then the weighted
average aryl alkylene content is the aryl alkylene block content of the single block
copolymer. If two block copolymers are used then the weighted average aryl alkylene

content is determined by:

Al A2
Al sl
INE v M N

weighted average aryl alkene content = C2
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poly(aryl ene ether), polypropyl ene, HDPE organophosphate ester and bl ock
copol ymer. Wthin this range the conmbi ned amount of pol ypropyl ene and HDPE
may be grwetzeds/dshem or equal to 17 wt% or, nore specifipcalusgoosguread er than
or equal to 20 % Also within this range the conbi ned anount of

pol ypropyl ene and HDPE may be |ess than or equal to 33 w% or, nore
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carbons as long as the quantity of aryl alkylene units exce e quantity
of al kyl erfer @ﬂvzigitbéQCkBIOD@lknBr-corrpri ses repeating alkylene units having 2 to
15 carbons such as ethyl ene, propylene, butylene or conbinations of two or

nore of t foregoi.ng., I%iéock. further ¢ ris r.yl al%le ynits as
long as t Eg 0&852%09 i/ngeonft i Wf@ﬁeg]a %Vr?fatgg a@ﬁcaégﬁgg‘? ﬁ%rﬁﬁfﬁd%ﬁt@ f W
al kyl ene uhistrange the weighted average aryl alkylene content can be greater than or equal to
38, or, more specifically, greater than or equal to 40. Also within this range the
weighted average aryl alkylene content can be less than or equal to 67, or, more

specifically, less than or equal to 65.

In one embodiment, the thermoplastic composition comprises two block copolymers.
The first block 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 aryl alkylene content less than or equal to 50 weight percent
based on the total weight of the second block copolymer. 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 first block copolymer 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 second 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
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The block copolymer is present in an amount of 2 to 20 weight percent, based on the
combined weight of the poly(arylene ether), polypropylene, organophosphate ester
and block copolymer. Within this range the block copolymer may be present in an
amount greater than or equal to 4 weight percent, or, more specifically, greater than or
equal to 6 weight percent based on the combined weight of the poly(arylene ether),
polypropylene, organophosphate ester and block copolymer. Also within this range
the block copolymer 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 based on the combined weight of the poly(arylene ether),

polypropylene, organophosphate ester and block copolymer.

Exemplary organophosphate ester flame retardants include, but are not limited to,
phosphate esters comprising phenyl groups, substituted phenyl groups, or a
combination of phenyl groups and substituted phenyl groups, bis-aryl phosphate esters
based upon resorcinol such as, for example, resorcinol bis-diphenylphosphate, as well
as those based upon bis-phenols such as, for example, bis-phenol A bis-
diphenylphosphate. In one embodiment, the organophosphate ester is selected from
tris(alkylphenyl) phosphate (for example, CAS No. §9492-23-9 or CAS No. 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), tripheny] phosphate (for
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pol ystyrene) and

pol yphenyl et hyl ene- pol y( et hyl ene/ but yl ene) - pol yphenyl et hyl ene (soneti nes
ref erred wo 2065/q@e47yst yr ene- pol y( et hyl ene/ but yl ene) - pol yeCynsp@y/o43bbe

wei ght ed average aryl al kyl ene content of the block copolyner is calcul ated
based upon the anount of each bl ock copol ynmer when nore than one bl ock
copolyner is used and the aryl al kyl ene bl ock content of the bl ock

copol ymer @amplCaSNpo] 15r8-6), tﬁqrsoplro?z.z@ﬁs@l) pHosphaié 0ot exdh A& ICAOBR). yer is
used then the weighted average aryl alkylene content is the aryl alkyl ene
bl ock cont®@987dH -Diadaningres Bityeler W@Pgﬁh@rfqremmg wegappphdsphatpesistaer s~ ar e
used then the wei ghted average aryl al kyl ene content is determ ned by:

wei ghted aye - = = mumt ' bl ock
copol yner aﬂ%n&ﬁ%i@l&’ﬁ? al%’e@hgﬁgﬁggg@%ghh? e(g{ceg CA%n géég\]/\gi%}fq?%fp hg%m{?t%?@ | ene

et her), pdiorpuiyl:ene, bl ock copol ynmer and organi ¢ phosphate ester; O =

t he anobunt of aryl al kylene block in the first block copolyner, based on
the total vveight of the first block copolyner; A2 = the amount of second
bl ock copol yner in weight percent, based on the conbi ned wei ght of
poly(aryl ene ether), polypropylene, block copolymer and organi c phosphate
ester; and C2 = the(% unt of aryl alkylene block in the second bl ock

copol ymer, basged ¢n 3 )ﬂkigﬁt f the second bl ock copolyner. If nore
than two bkoekd |t t he wei ghted average aryl al kyl ene
content is callcul ) ingli@ termfor each block copolyner. In
one enbodi ment] t he wei ghted average aryl al kylene content is 35 to 70.
Wthin this raige the wei ghted avetage aryl al kyl ene content can be greater
than or equal to 38, or, nore specifically, @Q@ater than or equal to 40.
Also within this range the

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 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-
hydroxyphenyl)propane (so-called bisphenol A), 2,2-bis(4-hydroxy-3-
methylphenyl)propane, bis(4-hydroxyphenyl)methane, bis(4-hydroxy-3,5-
dimethylphenyl)methane and 1,1-bis(4-hydroxyphenyl)ethane. In one embodiment,
the bisphenol comprises bisphenol A.

Organophosphate esters can have differing molecular weights making the
determination of the amount of different organophosphate esters used in the
thermoplastic composition difficult. In one embodiment the amount of phosphorus, as
the result of the organophosphate ester, is 0.8% to 1.2% based on the combined
weight of poly(arylene ether), polypropylene, block copolymer and organophosphate

ester.
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wei ghted average aryl al kylene content can be |ess than or equal to 67, or,
nore specifically, less than or equal to 65. In one embodi ment, the

t her nopl awdi2e0emeRTOsi tion conprises two bl ock copol yner gcTiseossionzzbo bl ock
copol ymer has an aryl alkylene content greater than to equal to 50 wei ght
percent based on the total weight of the first block copolynmer. The second
bl ock copol yner has an aryl al kylene content | ess than or equal to 50

wei ght per beote babedinent,tthe ahouad ofvlieghitzandpHoRthatee esddrdinbiheclhe@RRPsyer . An
exenpl ary conbi nati.on of ck caopolyners is a first

bl .
pol ypheny| STPRASEIOE-1H ST NACPh{AT b Bititi Al ey to ok gpREspeeiipme enetimalisag a
phenyl et hylhgne, caaiient & ,sét%n&%'wﬂpieilp% C?v'yrn%éeoﬂé}'ge Wet e %eﬁefsg@ b Rfsed on
| oc y an

1

the total weight of the first copeo a secon _
pol ypheny!| smipjdsevieenpebigd ettortimaes e ﬂbma@}emcghtjq%@ﬂyé@ﬁfybmm@e@?y[sgg ad

henyl et h content. of 55 wei ght percent to wei g percent, based on
Ito he %lot al yé@é‘m C%’ﬁest‘ﬁléh §‘é‘?§gﬁﬁ’r #%%E%%Blog‘/ﬁwl Hag- 5aus sl lipsterspsing y b ?ck
copol ymers J haWi b ' el rcen
oo commer oy e WK ings R a0l P qon SRR sk HUED st e S 2T
gr ade nanmeandsguéringthitkDdss, ofdys2 wellimedsrs.s Oiome gif dcbetsn anapleahbee wfidek dube

tradename SEPTON fromKuraray. Exenplary bl ock copolymers having an aryl
al kyl ene c8Ht ﬁﬁof}{efg’sag 75!195?1(”%%‘ wei ght percent are conmercially avail able from
Krat on Pol ymers under the trademark KRATON and have grade nanes such as

G 1650, G Ih6amt, erfbddiment, e ofgadéphbspHae sQBEisepbQAl e ah Sintdigit REack g@pol yner

has a number, average nol ecul ar wei ght of i,000 to 1,000,000 granms per nole
(g/mol ), a¥eigRsFIrnhdasesy oy WtW@ghtWMammrl,@a@pmlwlmi
pol ystyre Mithin this.ran t .Bu er average nol ecul ar
wei ght rm;\(g Bcg{t gr ea %?r t‘iﬁ\(lém‘pr ?“%E%%haﬁg%ﬁ Or()@lt PrbftS Tgpec gmount 0
organophosphate ester can be greater than or equal to 7, or more specifically, greater
than or equal to 9. Also within this range the amount of organophosphate ester can be

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

Additionally, the composition may optionally also 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; blowing agents, foaming agents, metal deactivators, and

combinations comprising one or more of the foregoing additives.

Surprisingly the weighted average aryl alkylene content of the block copolymer and
the amount of organophosphate ester together play a key role in flame retardancy of
the covering disposed over a conductor. Flame retardancy of a covering over a
conductor can be difficult to achieve when the covering comprises a thermoplastic
composition as the dynamics of the flame behavior of the thermoplastic composition
over a conductor differ from the dynamics of the thermoplastic composition alone.
Typically the conductor is also thermally conductive and heats during combustion,
which can impact how the thermoplastic composition responds to combustion.

Unexpectedly, an electrical wire with conductor having a 0.2 square millimeters area
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specifically, greater than or equal to 30,000 g/nol, or, even nore
sBeci ficall § greater than or equal to 45,000 g/mol. Also within this
range, thwonuednes47aver age nol ecul ar wei ght may pref er ablrgThis2008s220han or
equal to 800,000 g/nol, or, nore specifically, less than or equal to
700,000 g/ mol, or, even nore specifically, less than or equal to 650,000
g/ mol . The Rkl ock copolymer is present in an anount of 2 to 20 wei ght

per cent, @ggéﬂ“’ﬁrﬁ]& ﬁ‘&k@%ﬁ’tﬂfr{b%l nyilinggtiers bhs aheveepy flamy loahametibarthan or

I , at e.ester.and bl ock copolynmer. Wthin this range
Ito ?\Lyglr gcr:))lé e?ﬁ%oﬁ"?%%ﬁﬁ%%g%lapéne%eg‘n%am.pr%esa?{h%g?ﬁﬁd E;‘B’é%li{}é’r ﬂﬁrﬁﬁri’r‘é‘i?agéﬁ%! to 4
wei ght  permcewedpreafescrited én $90 G7DD Gal daPles HiBAE At DBAG2Q 1 8B of ?qlﬁi]%a' ght

t b d t he, conbi ned wei ght of the poly(aryl ene ether v _
Bglrggp opyﬁzﬁéq%grfgéﬂ%‘ﬁ?%%rﬁh‘é@@’ iS¢ etmepnd @f m@mmmesteW(ﬁo it tﬂhﬁenu; Ih| fo
range the tﬁ%rﬁﬁblagﬁ@%%p?{iﬁ&f}yaéaﬁhg r\ﬁe%gﬁcted' Jsfile gaqugﬁkg',ﬂgg zgétﬁﬁ‘ﬁﬁ?féhe 9
18, or, nore specificatly, less an or egﬁy 6] ) - ed
speci fi calblgck dopslyntehdB) or the qberimdphistid cvh@itio 4tk BNMhe T8RS O thg sconbi ne

. 5 d
wei ght of e y(aryl ene ether), polypropylene, organophosphate é€ster an

bl ogk cop%&r‘rﬁ&%"@?@%i ajf&finéw@akéb% eoidirae !$$@m7ﬁefmdant s incl ude,

but are not limted to, phosphate esters conprising phenyl groups,

substi t ut Semide)the FERHRA avBfag@ af? l’dﬁz[}%{; icﬁgtteﬁi of? E%YACB%%@%B‘B‘HS(; theor ci nol

bstituted phenyl groups, bis-ary osp e esters
:30?1 as, ﬁmpgéka}ﬁlpp@sphwguﬁ gogavherbplay da pk?nyb]ghﬁsg{]a@ieeiret%ﬁaﬂ@ lofaghet hOSE
b d o] | s-phenol s such .as, for exa e, . bi s- pheno o
b?ggi &2&}1@%@@%@& Ce".mﬂoﬁ}%‘é’ﬁénéh%meﬁ‘é‘ﬁt lspogied BYYaeprbstionatim elsctgpzhg ; .
sel ect ed tvienwithias tadaytoP Matnk) a PROSRAA &ilif2LeSXA0R! &ctiSAP i af a - o

r CAS No. 78-33-1), e )
° covering thlcﬁness of 0.2 millimeters has an average flame out time less than or equal

to 5 seconds, based on ten samples, when tested using the flame propagation
procedure described in ISO 6722 for cables with conductor sizes less than or equal to
2.5 square millimeters when the amount of phosphorous (C) in the thermoplastic
composition, and the weighted average aryl alkylene content of the block copolymer
(B) in the thermoplastic composition satisfy the formula: C+ B> 31.7. Additionally,

all ten samples had a flame out time less than 70 seconds.

In one embodiment the electrical wire comprises conductor and a covering disposed
over the conductor wherein the covering comprises a thermoplastic composition
consisting essentially of poly(arylene ether) having an initial intrinsic viscosity greater
than 0.35 dl/g, as measured in chloroform at 25°C; a polypropylene having a melting
temperature greater than or equal to 145°C and a melt flow rate of 0.4 g/10 min to 15
g/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
or equal to 50 weight percent based on the total weight of the second block
copolymer. The poly(arylene ether) is present in an amount by weight greater than the

amount of polyolefin and the weighted average aryl alkylene content of the block
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resorci nol bis-di phenyl phosphate (for exanple, CAS No. 57583-54-7),

bi s- phenol A bi s-di phenyl phosphate (for exanple, CAS No. 181028-79-5),

tri phenylwphossplasi7e (f orexanpl e, CAS No. 115-86-6), tri eCraspespyizphenyl )
phosphate (for exanple, CAS No. 68937-41-7) and m xtures of two or nore of
t he foregoi ng organophosphate esters. I n one enbodi nent the organophosphate

ester conprises a bis-aryl phosphate of Formula Ill: wherein R R5 and R6
are i ndepesyighéry iatgreaeh thac Wir e @n 48l kydiglyr peiperhaviTig hntoanb ofar bons
and R -R4 are independently an al yl al kyl or al kyl arX group
havi ng 1 prganophoaplsehssten § ahth%ﬁ@g@wpéqﬁ%|00m0§ltlf>@ and thpgweighisd s2 are

I ndependent | t OR2, OR3
and CR4 a?veriy%dela]e &gﬁg lIrl y%ggfrélhtvtgg Qr ob%)a%eng?l?&gp égzggfi‘i?gf %@%ﬂg

di al kyl phesag@bosdtionsatisfyah YoratugnoA + Bs 4@admhy tmmbpl«astai @tnpnsitonezoh
ordinary skill in the art, the bis-ar phospha derived hroma

bi sphenol | eE%é]nﬁlloéFI}‘S B‘F%ﬁh@h@rﬁlﬂ%@uﬁg@ MPapp &n iﬁ%ﬁ“@ ViFe RS Y% Aopane

(so calle ﬁ)ﬁj 1Bk %b e

bi s(4- hyd?%lgdyg en i) é)o Sa%eé:ao Al%%%— ydér 8@;&@,}1}5- cﬁ?%fre?ﬁ@?ph)e]% met ﬁane and
|b | - EI s( léltlhyldfe@sxwphenyﬂlmgxbm&ms bn aoaege ot ownime idse thinsghequl te6npri ses

I spheno hosphate esters can have djfferi | ecul ar wei ghts
maki ng théectﬂ’éfl%gt???‘?fgtopo_ Nofanghes, éYh?aneS@fq WCPTdé?%ﬁ? t@e?éﬁo Ao REPREIOB esters
used in tBFcH: %%&Hhﬁ%& i 1O BPOS Tk | c ?Q{Nfltfh'&)ﬂhﬁctoﬂ 1768 16s SRROSH SRRt iot he
anount of “phosphorus, as the resu t he organophosphate ester, is 0.8%
to 1.2% basedjuare mﬁld!netermimécditimllghall tdnspemp{earbat erftanest ogrtyme pask ﬂq@nopyl ene,
bl

ock COpOlO%er‘E)%dg n/gs use%%xré(r)é) ha cglrs]fes‘%s%ssentially of” permits the inclusion of additives

as described herein but excludes additional polymeric resins such as polystyrene,

polyamide, polyetherimide, polycarbonate, polysiloxane and the like.

In one embodiment, an electrical wire comprises a conductor and a covering disposed
over the conductor. The covering comprises a thermoplastic composition and the
thermoplastic composition comprises a poly(arylene ether); a polypropylene; a block
copolymer having a weighted average aryl alkylene content greater than or equal to 30
and an organophosphate ester. The amount of poly(arylene ether) by weight is greater
than the amount of polypropylene by weight. Ten samples of an electrical wire
having a conductor with a cross sectional area of 0.2 square millimeters and a
covering thickness of 0.2 millimeters, have a flame out time less than 70 seconds
“when tested according to the flame propagation procedure contained in ISO 6722 for
cables with conductor sizes (cross sectional area) less than or equal to 2.5 square
millimeters. In some embodiments, the average flame out time is less than or equal to

20 seconds.

The components of the thermoplastic composition are melt mixed, typically in a melt
mixing device such as an compounding extruder or Banbury mixer. In one
embodiment, the poly(arylene ether), polymeric compatibilizer, and polyolefin are
simultaneously melt mixed. In another embodiment, the poly(arylene ether),
polymeric compatibilizer, and optionally a portion of the polyolefin are melt mixed to

form a first melt mixture. Subsequently, the polyolefin or remainder of the polyolefin
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ester.ln one enbodi ment, the anmount of the organophosphate ester in the
thernopl astic conposition is sufficient for the electrical wire to have an
aver age fwemsosuss47ii me | ess than or equal to five seconsgeTwsession2bhe
average flame out time is based on ten sanples when tested according to the
fl ame propagation procedure contained in 1SO 6722 for cables w th conductor
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or ganophod§Rdindereaft tbe polymehicreontpiaibiliaenyre lﬂmehanmlnmim‘df \Qi‘tlglalliwﬁ‘fs@%m?t e o
ester can t han ;or ual to 7, or nore specifically, greater
or equal ngtél. %afggrﬁﬁs? Inﬁr??}f%] 6%l'alﬂF?ge t he anbunt of organophosphate ester

can be less than or equal to 16, or, nore specifically, |ess than or equal

to 14. Addhtiaforedbytiontdenelafbdsd piooessePdanRldcARILd Yifbs Qs QM AR 4@y i ous
addi tives, such asmant I OXi dantS'pf_i | 1'ers and rei nforcing agen%ys havi ng an
aver age pHIhiTBIXEITEios gan kesachiqysd b&irls%ﬁmﬁh@ 6rst melt oixguret Ons or such nadt, f or

xampl e, sdiki | Ry I i ber |.ass,_spheres, calcjum
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deact i vat SYEPOSIIP Pahisrmn thesrycringway be Hyrodhecdandimelemifedtihenfeatredai ng

addi ti vesysegubRbatSho&imMulibe Wei ghted average aryl al kyl ene content of the
bl ock copol yner and

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 or equal to 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 typically
dictated by the identity and physical properties, €.g., solid or liquid, of the flame
retardant as well understood in the general art of polymer alloys and their
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 components.

The poly(arylene ether), block copolymer, polypropylene and flame retardant are melt
mixed at a temperature greater than or equal to the glvass transition temperature of the
poly(arylene ether) but less than the degradation temperature of the polypropylene.
For example, the poly(arylene ether), polymeric compatibilizer, polypropylene and

flame retardant may be melt mixed at an extruder temperature of 240°C to 320°C,
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t he amount of organophosphate ester together play a key role in flanme
retardancy of the covering disposed over a conductor. Flane retardancy of a
coveri ng woanocesamduct or can be difficult to achi eve weremusb@sooeesi ng
conprises a thernoplastic conposition as the dynam cs of the flanme behavior
of the thernoplastic conposition over a conductor differ fromthe dynam cs
of the thernoplastic conposition alone. Typically the conductor is also
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t her nopl astj c itiQ t Sf he forn A+ B> : i1 Iy,
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t her nopl asard snP0s mirtomaterss 96 aesyer snsgifigalpodess Borron egBdddet b0  An

el ectrical_.wr Lt I s]gaq,?r g L L r Ss
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flame out efidretd XS nilb@maerse@ualmdre spesificaliys grdats elamnont equaapl4s, when

tested using the flanme propagati on procedure described in |1SO 6722 for
cabl es wi fHCEERAIEt bt 0BS g@go igsat thegnolin wyiiute 16 gnedt licred, trausgh PIS Mot er s

when the e nRAS BN AISwih hikihfh SBREMPRAATS Iss than or equal to

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 air can be evacuated from the

pellet filled bags.

In one embodiment, the thermoplastic composition is substantially free of visible
particulate impurities. As used herein, the term “substantially free of visible
particuiate 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 mm and having a thickness of 3 mm and the plaques are visually inspected
for black specks with the naked eye the total number of black specks for all five
plaques is less than or equal to 100, or, more specifically, less than or equal to 70, or,

even more specifically, less than or equal to 50.

In one embodiment the pellets are melted and the composition applied to the
conductor by a suitable method such as extrusion coating to form an electrical wire.

For example, a coating extruder equipped with a screw, crosshead, breaker plate,
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conposi tion, and the weighted average aryl alkylene content of the bl ock
copolymer (B) in the thernoplastic conmposition satisfy the fornula: C+ B >
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in the thernoplastic osi.tion, and the i.gh Vv | ene
cont ent ofPPREHE W‘gggﬁf”i‘fﬂ@“({réﬁ) q’?l?inatt]t?g %*ﬁ%? ﬁ%\%ﬁgéﬁ% %orr%{)%(lgrtrﬁégﬁysati sfy
the for MilhersAatinB opefiigiambierstdT@UmaRI@aétess 1©ABD asicidnmsers. AV fthiexthisal

nmodul us | ess than or equal to 1800 MPa, and an electrical wire having a

conduct or rabgehthe apenings shan¢tonananpe gresterothan o eqpd 17 3¢ PHECBLRE™SHY a
covering with a thigcknes f 0.2 mqllLi S out tine
| ess t han"8° gﬁﬁ’ﬁ%aﬁ% ggeage g%aﬁl sr,qu%'}tlstgcfl1 Wéﬁﬁ% (Zlﬁetglghp@g% a]\f%rgﬁﬁst lfélg g ed
accor di ng ghénihgre dfdnasnes phapagatiessnthan or equal to 130 micrometers, or, more
specifically, less than or equal to 110 micrometers. Alternatively, the one or more
filters have openings with a maximum diameter that is less than or equal to half the

thickness of the covering on the conductor.

The extruder temperature during extrusion coating is generally less than or equal to
320°C, or, more specifically, less than or equal to 310°C, or, more specifically, less
than or equal to 290°C. Additionally the processing temperature is adjusted to
provide a Sufﬁciently fluid molten composition to afford a covering for the conductor,
for example, higher than the melting point of the thermoplastic composition, or more
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 one or more of the foregoing cooling
methods. Exemplary water bath temperatures are 20 to 85°C. After cooling the
electrical wire is wound onto a spool or like device, typically at a speed of 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. ‘
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procedure contained in | SO 6722 for cables with conductor sizes |ess than
or equal to 2.5 square mllinmeters. Additionally, all tens sanples had a

fl ame outwbi2o®s/deegs t han 70 seconds. As used herein "compsraissosssendi al |y
of permts the inclusion of additives as described herein but excludes

addi tional polyneric resins such as polystyrene, polyam de, polyetherimde,
pol ycarbonate, polysiloxane and the like. In one enbodinent, an electrical
Wire conpli 888 emboamsiie i canfositi@niesppligd db spasedctoy davinheonearducteor . The
covering conprises a thernoplastic conpositi on and. the thernoplastic
conposi t i BHETEOHPE i 188y abghpsy( ey cardiciarngtd) theg COWATAG HhyPEMa CaVeBIngck

OOl YT B byt HEARA SR 3B AL W AN SR ON Mo eIy han o
equal to an organophosphate es e anount )g

et her) by bhwaisgbsed lﬁet@é@ﬁthercoh@ladnortdiﬂ (ﬁﬁeﬁﬁlg I‘n‘arpnhgrrfmapmlleeﬂne cb;ldumaorght Ten
sanples of an electrical wire having a conductor with a crosT seciional
area of 0mEydwuenaehyith nawetl deagtiyator PEICE A9 AP MECIhR coveHe. oD angthen net er s,

have a 1 g, Quted HEERRS LA oRDAREC ANSIRERGE SPLRARRGEOLSRG A t he

fl ame propagation procedu cont ai ne 6722 or cables wi th conductor
si zes (crass ifecme onsek, iaf@m)edl ess than or equal to 2.5 square mllineters.
In sone enbodi nents, the average flane out tine is |less than or equal to 20

seconds. he copponents of the ther l,asti onpesjtion.are melt m xed,
Cyptcal i y 1P CaREIT TSR e i ST AL * 2PragnpO ST g JeRTPUGEFS oy
Banbury "}pﬁﬁ’e{ht y! & Qﬂﬁlcﬁnﬁ‘ﬁ?'%ﬁ%mdlé@et\ﬂ@ﬂeﬁ ( Bfaide@neres hRimbinddieh Yo fec
conmpati bi f'i zer; and polyolefmare sinultaneously nelt mxed. In another

enbodi nentigregdieg pm)fqr(raa yoshietopt Welditionpldy ythe ednslucionpeayi v ivadeus shapes
optionall %uc% sorrC)Enll or o{)lotng.e S%Ralylglcgl%ﬂc? ors 1anudte Brllltxaerg nto? limited to, copper

wire, aluminum wire, lead 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 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.

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

strands.
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forma first nelt m xture. Subsequently, the polyolefin or remainder of the
polyolefinis further nmelt mxed with the first nelt mxture to forma
second neWo ielssu7e. Al ternatively, the poly(aryl ene et lper)usasvd/oge2porti on
of the polyneric conpatibilizer may be nelt mxed to forma first nelt

m xture and then the polyolefin and the remai nder of the polyneric

conpati bilizer are further nelt mxed with the first nelt mxture to forma
second nelA cudlot vocentfite @f erewEnitéhonad belddded xonhe proxgesiea paor e
achieved without isolating the first nmelt mxture or can be achi eved by

i sol ati ng SXHESIPP rQptRg| (WhETK 8 O™ esseTifais bt Hsqekltt ISiYRICAY BESFMed #hel udi ng

oneé or nor dnduhP s Otilaﬁn& teg{p;llxion 9 \g§¥htg§§?rﬁ&ﬂ,n b%%guér? Qhé thedi h@él%hp LP 9ﬁ§ ses. In

one enbodi nent, sonme conponents of erno stic conposition that forns
t he cover icogposyiobe ilntoredembddmmnoht ndylet amd/we pigmemnemployedtien thsedolbo coat

t he conductor. Wen the_hl ock copol yner conprises twq bl ock.copqgl.yners, one
havi ng an CQP?ﬁntr&F%§fr§ﬁ8f ﬂ‘illéerag’r(gT"éléla’é ﬂ’t‘?fg;g?' S%@E‘%ﬂla?@)g%en%{)%ﬂﬁﬁ her cent
and a secqpd ,ANeheN@YbSF @B c%ﬁ%'osi%"c)ﬁéﬂrf%f‘?o aRN &ffion 8 %olfohéﬁnéﬁtrx@uﬂsgt

percent, the poly(arylene ether) and the bl ock copol yner having an "aryl
al kyl ene awpagrthe Gndavbr athavedoanddguahe taseS mey bhadpetagents tc ampbey arel t

mxed to forma firs |t m xture.and the polyalefin and a bl qck .copol ymer
havi ng an_bi‘?%%m&l R&A rf’g’%_@(gnf‘gﬂlf Sltag’élfézaii]%r?g(‘i‘?tseqﬁi{?a a5 BeSIS B@Pﬁent can
be melt mgedeliMtibh afds drk kbwAR theoeht bR dnhOcilIg 9884N nelt mxture.

The nethod and | ocation of the addition of the optional flane retardant is

typically dictated by the identity and fg%Si cal properties, e.g., solid or
liquid, oflheheompesitionr andaekegtitcabavigetie e dtustratedrbyt e Gélosrng ngnt  of
pol yner al S _ap heir manufacture. In one enbodi nent, the flane

r et ar dant li@¥l§%%%%nn’é18§mh one of the

EXAMPLES

The following examples were prepared using the materials listed in Table 1.
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conponents of the thernoplastic conposition,

pol yol ef

in, to forma

remai Ni NOWOQNBIGEITL S .
pol ypropyl ene and flanme retardant are nelt m xed at a tenperature greater

t han or

et her) but

exanpl e,

equal

traslepol y(aryl

e.g., a portion of the
concentrate that is subsequently nelt m xed w
The pol y(aryl ene ether), block copclryusesos/42290

ene ether), polyneric conpatibilizer,

th the

to the glass transition tenperature of the poly(arylene
| ess than the degradation tenperature of the polypropyl ene.

For

pol ypr opyl ene

and flame retardant may be nelt m xed at an extruder terrperature of 240C to

320C, al t'
m Xi ng.

250C, or
this ran
specific
are nelt
filters

m cr onet
or equal
110 mcr
greater

t han or

melt fil
di anet er
covering
pel l ets,
cool ed,

foil lin

houghbri-ef periodsin—excess—ofthis+range—tray—occur—during nmelt
NCORIDODETH raﬁﬁéﬁuﬂﬁ@ tenperature may be greater than or equal to
nore Qppr‘l ficallyv  greater than-or eqgual-to0-2600C Also -wHt hin
§8PEhe t enper aruP@yRag-disesthdpkenyran cgiorylihrn gyrisse0Ecoypy, o -
21y, less thaf4ér dguas mesBRACH Ahlwpiosonet G5°GI tommerciabiyionent s
m xed, the nphtvahbhd fromGenemhEketrivaindef ihktgeadedamerRRAQH#60one |of nore
havi ng openings with dianeters of 20 mcroneters to 150
¢KG1640t hi n t hiss range, the opsimphegsletayereepody(dihgtentus/ldness t han
to 130 m cr onBbEhBenydéthylBRY &1SIRECbpoIgkt Yhavings & llitfmlylat)lﬁyl@ﬁu al to
onmeters. Al so|WihiBhinof BD Sydigigsert i, BRGAI HMmeCRII dbamRt ers
e T i
teLed _thrlough ?’ g,rﬁ?e ider }g’ eerlg egw ng opem ngs W th a ITB.XI mum
at ST T T3S ATl L,
58t he conduct‘Abrp(’lyﬁ{%piiﬁgrrl?ﬁ Pg Elrg’it Kf[ ngS 10 mm Ed into
ei t her by stréﬁ'&”ﬁlé’le porg ’tnigo‘i‘?%‘ taér ep°’ li’% tel
and packaged. | CAMBIFECialh GYRifAbIR UnHer g [tegen 4195t |0 et al
ed plastic, e|&hemifllspropyl ene, bags or
Tuftec H1043 A polyphenylethylene-poly(ethylene/butylene)-
polyphenylethylene block copolymer having a phenylethylene
content of 67 weight percent, based on the total weight of the
block copolymer and commercially available from Asahi
Chemical.
KG1657 A mixture of polyphenylethylene-poly(ethylene/propylene) and
polyphenylethylene-poly(ethylene/butylene)-polyphenylethylene
block copolymers having a phenylethylene content of 13 weight
percent, based on the total weight of the block copolymers and
commercially available from KRATON Polymers under the grade
name G 1657.
Tuftec H1052 A polyphenylethylene-poly(ethylene/butylene)-
polyphenylethylene block copolymer having a phenylethylene
content of 20 weight percent, based on the total weight of the
block copolymer and commercially available from Asahi
Chemical.
Tuftec H1031 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 . Asahi
Chemical.
Tuftec H1051 A polyphenylethylene-poly(ethylene/butylene)-

polyphenylethylene block copolymer having a phenylethylene
content of 42 weight percent, based on the total weight of the

block copolymer and commercially available from Asahi
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nmetal foil |ined paper bags. Substantially all of the air can be evacuated
fromthe pellet filled bags. In one enbodi nent, the thernoplastic

conposi tiwo 20&/srst antial ly free of visible particul at ecrgseeosiizso As
used herein, the term"substantially free of visible particul ate
inmpurities" when applied to the thernoplastic conposition neans that when
the conposition is injection nolded to form5 pl agues havi ng di nensi ons of
75 mm X 50 mm and havi agemidahi ckness of 3 nm and the plaques are vidually
i nspected for black specks with the naked eye the total nunber of bljack
specks fo [P%'DPT' Ve plaauarnbica bRSEphdApREpRE@AS 0311§28.7905) nore
specifically, less than or equal to 70, or, even nore specifically, |l ess
than or eguat—to 50. 1 n one enbodi nent the pelleis are nelted and the
conposition applied to the conductor by a suitable nethod such as extrusion
coating t%x%plrm%qgel ectrical wire. For exanple, a coating extruder

equi pped Wi e scréw, crosshead, breaker plate,distributor, nipple, and
di e can be used. The nelted thernoplastic conposition fornms a covering

di sposed @xemples di 1T uwefeemade by ebmbheng dind cabpement®din rausviorscoavatitngleray
enploy a single taper die, a double t rodi t her appr iate, di.e or
conbi nat i e %11) Egndsblogk seralypgs Weie aég‘%fﬂtc’?%?‘é?dgm)?ta‘m%y S(r)fg; %0 e 1i p
buil d up. emogg'(g}h j stic
conpositi gh&ggggﬁé ext%a ng%}ggtteir%géf Q\%gﬁg‘{&aﬂ;}&& gﬁgipﬁgﬁgﬁﬁg?ﬁgﬁg ngr e

60- 90C f ohalZ-oZ@hdhexingler. Abld tiawnial s peletimed agixoehdrehthe einidegangktheusi on
coating, the thernoplastic .conposjtion is nelt filtered prior to formation
of the coPe¥§ nppﬁe@ﬁ&fﬁs GHECS ™ gqu’lt‘arsétsgecﬁﬁ?ﬂsr#@r ﬁf)’élﬁfﬂr@mg‘fhéﬁ‘r@%[rs of 20
m cr onet elggad@iot B PErSLRATBAEMEH Bt Atdtelthigs range, the openings diameters
may be greater than or equal to 30 m croneters, or

Flexural modulus (FM) was determined using ASTM D790-03 at a speed of 1.27
millimeters per minute and is expressed in kilograms per square centimeter (kg/em®).
The values given are the average of three samples. The samples for flexural modulus
were formed using an injection pressure of 600-700 kilograms-force per square
centimeter and a hold time of 15 to 20 seconds on a Plastar Ti-80G, from Toyo
Machinery & Metal co. LTD. The remaining molding conditions are shown in Table

2.

Heat distortion temperature (HDT) was determined using ASTM D648-04 at 4.6
kilograms per 6.4 millimeters. Values are expressed in degrees centigrade (°C) and
are the average of three samples. Samples were molded using the same conditions as

the samples for flexural modulus.

Melt flow rate (MFR) was determined using ASTM D1238 at 280°C and 5 kilograms.
Values are expressed in grams per ten minutes (g/10 min) and are the average of two
values. Samples were molded using the same conditions as the samples for flexural

modulus.

The compositions of the Examples and data are listed in Table 3.
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nore specifically greater than or equal to 40 mcroneters. Also within this
range the openings dianeters may be | ess than or equal to 130 mcroneters,
or, nore wpeoidicsahly, | ess than or equal to 110 m cr onMeCENS2005/042290
Alternatively, the one or nore filters have openings with a maxi num
diameter that is less than or equal to half the thickness of the covering
on the conductor. The extruder tenperature during extrusion coating is
gener al | yEleesial aresowereopratiuced 890g, thercompesidonpeéi Eiagmldsy1-1Pesdhehan or
equal to 31Q0C, or,. nore specifically, s than or,,.equal :290Q¢,

Addi t i onafPuERE @e§r§’|ssngsefté9ﬂ§graaff%r%tj ﬁ? gﬁ?aﬁ%t@%}h{n%yeﬁsf (S}\Pl?%li aQ[%e
suffici en{hle%{néﬂlb'étfé é&heﬁo%pﬁ@mpéaﬁwa $0 Cofot LA h8uIS PrRF tdBxth@ior Weth _
conductor, for exanple, higher than the nelting point of the thernoplastic
conposi t i the, coamdueror ¢o Specitd elattrigalatviregasthel@d€ringghed thibkngsseheofgl’'t i ng

poi nt of the ther | asti.c canposition. After extrusi.on coating.t

el ectri caf n?g%glﬁ?ti”?/alé’ﬁ Wes gEiNg 8‘\%&?@?%@,16% Se@dssﬂgja?ﬁ{,%%ai r jets
or a conbjnatdpn. GOMHE!DBLNGn 986 @172270r1%e0£ve£%e £R6BE W MEME 9Bl bdtgnayt hods.
Exenpl ary water bath tenperatures are 20 to 85C. After cooling the

el ect ri catequireéfirshevsumde rexcinguisip bt flemetinked ienpireseed myksbleal basedona speed
of 50 metg{%s elr mnute (Mmn) to 1500 mMmn. In one enbodi nent, the
conposi ti on3#8PEYplied to the conductor to forma covering di sposed over
the conductor. Additional |ayers may be applied to the covering.ln one
enbodi nmentrggiee conposition is applied to a conductor having one or nore
intervening | ayers between the conductor and the covering to forma
covering disposed over the conductor. For instance, an optional adhesion

pr onot i nglDiryige termpeyatbee (BCsposed bR ween the conductor and covering. In
anot her exanpl e the conductor

Dry time in hours 4

Cylinder temperature

1 240

2 250

3 260

4 260

DH 260

IMold temperature 80




may be coated with a netal deactivator prior to applying the covering. In
anot her exanple the intervening | ayer conprises a thernoplastic or
t her nosetwoQumassi7iion that, in sonme cases, is foanmed. TheTagpeoinn My
conprise a si-ngle-strapnd-or |ty of strands—ln sonme-cases; a
plurality of {strands may H»e bundl ed, twisted, braided or a.conbination of
t he foregoi nget agf oem a, cqnductjor . /!Qdi tional ly, [gheeco ’@ucgor gray have
vari ous shapes—sueh—astroynd—or—obtong—Sttablereonductors—inetute, but
are not limd{ed|to,| copperl wire, alum qumwijre, llead3i e, |and wires of
al | oys corrprl"sl ng ofe or rnore aof ,the¢2fgregoijng nekal | The |Bon@ictor may
al so be coat gd—wth,—e7g timjor—sitvear.—The CTUSS=[SET rorral—area of the
conduct or and, t hi cklness of| t he |coverind may |vary |andd s|typically
determ ned by2th& efdd use |of the el ¢Btrli cal |wire.|=TheE el@ct|Ri cg®@ wire can
be used as electricl We Wthogt Timtgtion,| including, |Tor_exgnple, for
harness wire|f orNautl\omJbi lles, wire for househol dielear €al ~.app| i ances,
wire for ele¢trije powet: wire flor imstrluments, wi|re [for T nfl6r neEt i on
conmmuni cation, wre for ellectrijc cafs, |as well as shikps] aijLpl pnes, and the
i ke. A cross;segtijgn of an exegnpl ary gl ectriical wrieisgsegn |sh Figure 1.
Figure 1 shows a“coVering, 4, disposed |over |a”conéucifor |~ 2./l n[~one
embodi ment, the |coviering, |4, canprises |a foamed thepgopl.astiic com)osi tion.
Per spective views of. exenpl ary |el ecfrigal w res ape shovih i|R F;gur es 2 and
3. Figure 2 shoud atoverilng 4 'di sposed ovef a [Conductar |2 |Tcanprising a
plurality of |strands apd gn optji onal additiqgnal llayely 6e di sppsed over the
covering, 4, |andgthe condyctor, 2. In gne enbgdi ment|= t 15 cglver;f ng, 4,
conpri ses a foanedthetmoglastilc—cofpogition. “Conductor—2,"can -al so
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conprise a unitary conductor.
unitary conductor,
i nt er veniwg 2b@yss4716,

Figure 3 shows a covering, 4, disposed over a
and an intervening |ayer, 6. In one enbodinent, the
conprises a foanmed conposition. Ceodwsbtas,4290 can

al so conprise a plurality of strands. A color concentrate or masterbatch may

be added tq _the conp ion prior t
concentr at g is typically
. 105
to 3 weight sediqn the ta
enbodi ment dye grenrt—enpl-o03
chlorine, brom @ornine.| As 3§
the col or af the Tiocprioer t
i npact the [fina Achireved and
enpl oy a bljeachi
agents and [col o zation jagent
commerci al lly av L! bl e. §he conposi t
illustrated lre ol | oo ng: nonl i m
exanpl es were preparied Using thL_naL
1. Exanpl es |1- 18] Exampl €$ 1-19 were
twin screw|extruder. |SThe PPE. and=bl @
f eedt hr oat anmd—tte oS —added dow
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*Comparative Example

extrusion coating. Wien a col or

present in an anmount |ess than or equal
tal weight of the conposition. In one
ed ;n the color concentrate is free of
ppreci ated by one of skill in the art,
o the addition of color concentrate may
in sone cases it may be advantageous to
—amdf or| col gr stabilization agents. Bl eaching

s are known in the art and are

ion and electrical wre are further
ti ng exanpl es. EXAMPLES The fol | owi ng
erials listed in Table 1. Table

made by conbi ning the conponents in a
ck copolyners were added at the

stream The organophosphate ester was
cond half of the extruder. The materi al
ruder and the pelletized material was
for flexural nodulus, heat deflection

i ng.
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Fl exural nodulus (FM was determ ned using ASTM D790-03 at a speed of 1.27
mllimeters per mnute and is expressed in kilograns per square centineter
(kg/ cnm2) woDbh&/oésdTwes gi ven are the average of three samplras2o5he2s@npl es
for flexural nmodulus were formed using an injection pressure of 600-700

kil ograns-force per square centinmeter and a hold tinme of 15 to 20 seconds
on a Plastar Ti-80G 2 from Toyo Machinery & Metal co. LTD. The renaining

mol di ng cdixdintplesnis6 dree shawmagenlabadbbwe t2nesHgedtedihah Grsetads hadper aimioe ( HDT)

was det errmg ned. ysi ASTM D648-04 at 4.6 kjlogranms per 6.4 mllineters.
val ues ar 1%)%”6?@’3@%4;%" Fageayt @ggf)eesmﬂ@?ta%l the) 2maeint S BRANRP ¢ dessdBamt t hr ee

sanpl es. @M & YRFR:, MladRlsURIAIWHRE I IrlihORR s for
fl exural nodul us.C Mel t flaow rsate (MFR) was d%ﬁlgﬁyrﬁithgg@@?er%%%%g% at
280C and Bligilénsgroatent andaihuemant o£BPAOPsgdatenthgn 685, heve dreaverdgeflamse ( g/ 10

m n) and are.the average of 't .yal ues. | es e. nol ded usi.ng the same
condi ti Onguggm[eﬁgssst ?’Ppg é%cof]g?'wlﬁ&{?ggﬁ tﬂ%gﬁlj’gs 1%?{98 E’d??ﬁ%‘éﬁ%ri B g]&ar t he
Exanpl es amd s@fficfentNemk kgthRindd s TBRIRd IvHEh ke Sl Al WEghide hferRgLHyred
using the conpositions of Exanples 1-19. The conductor had a cross

sect i onal adpyépegbn@npansighapmonit dfiBRARR & greater) than #6.6. t her mopl asti ¢
conpositions were dried at 800C for 3-4 hours prior to extrusion with the
conduct or t electrical wires. The coverings had thicknesses of 1
mllinmet erEé(.gm%ﬁJesmglie%gtri cal wire was cut into 80 centineter (cnm |engths
and subjected to a flane as described in | SO 6722. The average anount of
tinme (in Sxampis) rRowerehdeand tidedsanibeitea abyd watirsdard tdExdhsiee1Li me) is

expressed in Table 3 based on .
. Compositions and results are shown in Table 4.
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10 sanpl es. Table 2Tabl e 3.*Conparati ve Exanpl eExanpl es 1-6 have an aver age
flame out times greater than 5 seconds and the sum of the wei ghted average
aryl al kyweneosmesizent and the anount of BPADP is | ess t lram/ 60050414200
contrast, Exanples 7-14, which have a sum of the weighted average aryl

al kyl ene content and tht anount of BPADP greater than 46.5, have an average
flame out tinme less than 5 seconds. Wth regard to Exanples 15-18 in
particul arTall¢4is clear that sufficient flame retardance i s obtai ned when

the sum of the wei ghted average aryl al kyl ene content and the amount of
BPADP |S roataor +han 10 C Cyvarmnl A 19 26—FEx 19-2 wara mmde nd

cTalt Tl CITTAart *\J &AII}JI L L& I \.,a T
tested as| descri bed ab)\‘l;ge W t'h rega?]d to an‘plig 2L18 &gyFrposF i ons and

results are shown in Table 4. Tablel 4. *Conparative exarml e Sinmlar tp
Exanpl es (1BPE8, Exanpl es5h®- 26998how 4hiat |cOBposiss.f onsSAtavi m§.6a $dms of :
wei ghted average aryl al kyl ene content and or ganophpsphatje ester content
greater thgn or equal {o; 46.[57have| an average by ame| put tji7fe €55 than 5
seconds. Corrposi ti ons havi ng a sum 0 iight ed javerapge aryl al kyl ene cont ent
and or gange hate—ester .. ent than-46-5-have -an-javerage flane out
tinme great %?quﬁan 5 set E‘%ds il el the ijnVenti dh has'been desciibed with
reference to a several|c bvijnents,;it wl|l | bejJunderpstood |by those skjlled

1

t

in the arft71Bitax vari ouslchangés naylife nedé and equjval ent-s may- be
substituted for elenents thegreof w thout| depafting fromthe scppe of| the
i nvent i onfRBFARAAT TToN| _TrENy[_Modi fcati grs ey ohe e tO guapt 145
particular situation of material to the |teachiings of the |invention w thout

departing F{er om-essentiha

']6098 16658 16701 13764 | 16136 | 16373 | 16573 | 15438

HDT 120 110 99 72 127 128 120 103

MFR 22,15 | 30.6 41.05 8.25 17.1 16.35 21.05 | 349

Weighted  average

aryl alkylene content | 30 30 30 30 30 30 30 30
(B)
Phosphorous content

0.99 1.17 1.35 1.80 0.99 1.17 1.35 1.80
(©)
(A)+(B) 41.6 43.8 45.9 51.2 39.1 40.7 42.4 46.5
(B)+(C) 30.99 | 31.17 31.35 31.80 | 30.99 31.17 31.35 | 31.80
Average flame out
. 61.0 121.6 14.2 23 115.2 114.2 7.9 23
time
Flame out time >70

Y Y N N Y Y N N

secC

*Comparative example

Similar to Examples 1-18, Examples 19-26 show that compositions having a sum of
weighted average aryl alkylene content and organophosphate ester content greater

than or equal to 46.5 have an average flame out time less than 5 seconds.
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scope thereof. Therefore, it is intended that the invention not be limted
to the particul ar enbodi nents disclosed as the best node contenplated for
carryi ng wotodénies47inventi on, but that the invention w | lpcrnushedeszbé

enbodi ments falling within the scope of the appended clains. Al cited
patents, patent applications, and other references are incorporated herein
by reference in their entirety. WHAT IS CLAIMED IS: 1. An electrical wire
conpri si ngeompewiugc haying andsemcof ewsigltedi syrozged aoylenlkiyleme c oomtenatt and wher ei n

t he covering conprises t her | asti osition and the thernopl astic
Conposi t i oor{g%lbor?g%pb%tg :es%r i tengfé?( @F@ﬁéﬁ@%ﬁﬁéﬂ"e{%e E]ﬁm&n?}ﬁﬁ‘cm%ﬁr%ifght :
(i1) a polyyps opydogade 1 N an anount by weight; (iii) a block copolyner,

wherein the bl ock copol yner has a wei ghted average aryl al kyl ene cont ent

(B); and (iv) an organophosphate ester, wherein the organophosphate ester
i s presentWhHe dke Byventinn has) been dessritet Wil cafereneratoedl sorerd Hsitsdithentsdt wei ght

f | ] ' b | d h hat
estbr: vher ISP pRARde bP ke SRR B s 1, B6L v EERE hfes B ABTRBr St oa
aver age areuivaldaysl enebe eitiseinitedfor teligndat o kres P R@thYiaIephrBhg Se9nh $HeVscbPpé

formula: A + B > 46.5; and wherein the anpunt of polypropylene by weight is
| ess t han ¥HBe dgetan. o asiditqna many reodifiepsions Bpyvis made tozaslept @ partisalar ot al

amount of gl yal GRVAERA B8Rk RAMAA FHRNEVEINS Vithdht bSilSHIRPLRSH,

conposi tion.
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
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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2. The electrical wire of Caim1l wherein the electrical wre, when tested
according to the flane propagation procedure contained in |ISO 6722 for

cabl es wiwb 2e@n@dscior sizes | ess than or equal to 2.5 squangs2eusiokizoet ers
using an electrical wire having a conductor with a 0.2 square mllineters
area and a covering thickness of 0.2 mllinmeters, has an average flane out
time less than or equal to 5 seconds, based on ten sanples. 3. The

el ectri calwmaTeseLANEMIR; Wherein all ten sanples have a flame out tine

| ess than 70 seconds. 4. The electrical wire of Claim1l1 wherein the

t her nopl astic conmposition is essentially free of an al kenyl aromatic resin.
5. The el det ri Aalclegtrical FArEGOMDMSME: wher ei n t he t her nopl astic conposition
conpri ses pol ypropyl ene continuous phase and a di spersed pol y(aryl ene
ether) phasg,afior4if €l ectrical wire of Claim1, wherein the poly(arylene
ether) is present’I'n an amount of 30 to 65 wei ght percent, the

pol ypropyl ene is present in an anmount of 15 to 35 wei ght percent, and the
bl ock copal yoeringr dispoiidhatieonthef cinductor c oyheteymethe cevepings eampiipesad anount
of 2 to 20 mefght.percent, based Bn th? .onbi ned.wei ght .of the poly(aryl ene
ether), p&ieype BV1Ce‘??é‘?p°51t’(5’6‘l?n§§1?& W%ﬁﬁ B BhY & ester. 7. The
electrical wire of Claiml, wherein the polypropyl ene conprises a

pol ypr opyl§aecReORAL ¥IRF) in2n RALMRIPYEGRE copol ymer or a conbination of a
pol ypropyl éne honbpol yner and a pol ypropyl ene copol yner. 8. The el ectrical

wire of aiml, wherein the block copolynmer conprises a first block
gopoljymer (iWeamaiyprapylane/in &l aoyuahby ¥6i#ént | ess than 50 wei ght percent,
ase

(iii) a block copolymer, wherein the block copolymer has a weighted average aryl

alkylene content (B); and

(iv) an organophosphate ester, wherein the organophosphate ester is present in an
amount (A) in weight percent based on the combined weight of poly(arylene ether),

polypropylene, block copolymer and organophosphate ester;

wherein the amount of organophosphate ester (A), and the weighted average aryl

alkylene content of the block copolymer (B) satisfy the formula: A + B >46.5; and

wherein the amount of polypropylene by weight is less than the amount of
poly(arylene ether) by weight based on the total amount of polypropylene and

poly(arylene ether) in the thermoplastic composition.

2. The electrical wire of Claim 1 wherein the electrical wire, when tested
according to the flame propagation procedure contained in ISO 6722 for cables with
conductor sizes less than or equal to 2.5 square millimetersusing an electrical wire
having a conductor with a 0.2 square millimeters area and a covering thickness of 0.2
millimeters, has an average flame out time less than or equal to 5 seconds, based on

ten samples.

3. The electrical wire of Claim 2, wherein all ten samples have a flame out time

less than 70 seconds.
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on the total weight of the first block copol yner and a second bl ock

copol yner having an aryl al kylene content of greater than 50 wei ght
percent, weea/wmhe total weight of the second bl ock eopalsyssn42290 The
electrical wire of daim1l, wherein the thernoplastic conmposition further
conprises one or nore additives selected fromthe group consisting of
antioxidants, fillers having an average particle size less than or equal to
10 mi cr onkt er sThe elefrimatiwvig afdfitsn hawihegianhavkeragplastic tdovipesispz ds| ess

t han or equal_&o 10(gicr neters, silicates, TiO2 fibers, glass fibers,

gl ass spheeedially fregiafan PR AIMBAUGIEFR. i ca, nold rel ease agents, W
absorbers, stabilizers, light stabilizers, lubricants, plasticizers,

pi gment s, 5 dyesth QAR SwirdNéft (34if 11C RBEBIS theb i@l a88e ofpokiiaAl Ng
agents, netal deactivators, and conbi nations conprising one or nore of the
f or egoi ngcaanitti R vepolyptpykne wntoeeliscphaseiand dfdispezseth poly(@ndensi etheme
poly(aryl ene ether) conprises a capped poly(arylene ether).11. The

el ectrica™fre of daim1, wherein the thernoplastic conposition is
substantially free of visible particulate inpurities. 12. The el ectri cal

wire of Gpai m the vRekiBAINVENSS CRAGH TPMh3RIN e POIATIdnk @thel)sis pressitantnal | y
free of particulate inpurities greater than 15 mcroneters.' 13. The
el ect ri catmeuntef 3P tebaweight pesetteihs Poh@repylspeds presert 1bemampuppd 1340j ni tj al

intrinsic,¥isecqsit G 1 ram as
roasur od T RS esis iy T hloak s8boifRkEhr dhthadiod BE block ShplFRARTLCR |
the |tool yp@gmiﬂt @M en Eﬁff»uﬂt o fo 10 @eighapeac@tdaked oh iencdniingt anighpef tht 0
m nut es an ess than 15 granms per. 10 mi nutes when determ ned according to
ASTM DI 2B8YyG&ylaes gbsiratoberenyigns blogk f@@lm?rwaddggfr@aé?spgate ester. J

7. The electrical wire of Claim 1, wherein the polypropylene comprises a

polypropylene homopolymer, a polypropylene copolymer or a combination of a

polypropylene homopolymer and a polypropylene copolymer.

8. The electrical wire of Claim 1, wherein the block copolymer comprises a first
block copolymer having an aryl alkylene content less than 50 weight percent, based
on the total weight of the first block copolymer and a second block copolymer having
an aryl alkylene content of greater than 50 weight percent, based on the total weight of

the second block copolymer.

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

and combinations comprising one or more of the foregoing additives.

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

capped poly(arylene ether).
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| oad of 2.16 kil ograns and a tenperature of 2300C. 15. The electrical wre
of Caim1, wherein the pol ypropylene has a crystallinity content greater

t han or ewoabos/ws£29% as determ ned by differential scanecmgse@souioetry.

16. The electrical wire of aim1, wherein the polypropylene has a nelting
tenperature greater than or equal to 134C. 17. The electrical wire of aim
1, wherein the thernoplastic conposition further conprises a high density

pol yethyl ene. T8 cid@i®l afitd iofatlaih e vHer&haihen thernfdipgdseic Neonkidsition is
or ganophosphate ester is selected fromthe group consi sting of

tris(al kybpistniially fieroeiprisible, paréepdate impiritissdi phenyl phosphat e, bi s- phenol A
bi s- di phenyl phosphate, triphenyl phosphate, trls(lsopropylphenyl) phosphat e

and mxtugfs ofrhév&)ecg cal 1?e %E @\%?n flor élHt gr@ |c Cgfﬁg)gﬁltoﬁ_rg. 19.

The el ectifcal "Wre o erern errm osition

conpri sessylResphoy fice Mpaaﬂmum ipurities grantek tRannes gllm‘rorpeuefsent based on the
conbi ned wei ght of poly(arylene ether), polypropylene, block copol yner and
organophosghate ester,20. The el ectri

conduct or 1 onp?ﬁ%@@?“élc%ﬁ W@Fé)fs@ﬁlé‘h&i b erﬁl%ﬂ@lﬂ‘ﬁva’%e@te}t@ﬁmg%Pniwe
el ectri caly ntthdi€ v orsqf%‘g?r%p RELLE ol feﬁ o 3 bediditey 591f gﬁa&ﬁagqﬁeaéﬁl%dbmndl ed,

tw sted, . I nat1on e foregoln The electrical wire
of C ai m hivhgoeh i A5RE€. conduct or corrprl ses copper wire, alumnumwre, |ead
wire, and wires of alloys conprising one or nore of the

14. The electrical wire of Claim 1, wherein the polypropylene has a melt flow rate
greater than 0.4 grams per 10 minutes and less than 15 grams per 10 minutes when
determined according to ASTM D1238 using powdered or pelletized polypropylene, a
load of 2.16 kilograms and a temperature of 230°C.

15.  The electrical wire of Claim 1, wherein the polypropylene has a crystallinity
content greater than or equal to 20% as determined by differential scanning

calorimetry.

16.  The electrical wire of Claim 1, wherein the polypropylene has a melting

temperature greater than or equal to 134°C.

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

comprises a high density polyethylene.

18. The electrical wire of Claim 1, wherein the organophosphate ester is selected
from the group consisting of tris(alkylphenyl) phosphate, resorcinol bis-
diphenylphosphate, bis-phenol A bis-diphenylphosphate, triphenyl phosphate,
tris(isopropylphenyl) phosphate and mixtures of two or more of the foregoing

organophosphate esters.

19.  The electrical wire of Claim 1 wherein the thermoplastic composition
comprises phosphorus in amount of 0.8 to 1.2 weight percent based on the combined
weight of poly(arylene ether), polypropylene, block copolymer and organophosphate

ester.
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foregoing netals. 23. The electrical wire of Claim1 further conprising an
additional |ayer disposed over the covering. 24. The electrical wre of
Claim1 fwoth@vossampri sing an intervening | ayer di spose#chaisemsnsizbe
covering and the conductor. 25. An electrical wire conprising a conductor;
and a covering di sposed over the conductor wherein the covering conprises a
t hernopl astic conposition and the thernoplastic conposition conprises: (i)
a pol y(ar ybene Tat bREtricahwad oACREAtT Wiereli b tonducior campribasy dypid stremdi N an
anount by weight; (iii) a block copolyner having a weighted average aryl

al kyl ene @6ﬁb§ﬂﬂye trangpq (iv) an organophosphate ester conprising an
anount of phosphorous (C), in weight percent based on the conbi ned wei ght

of poly(any! engpeldieincal %}ey&’rcﬁ%'] op&whdLi Ctts GARAlY TFISand Ot aRapRoSphat e

ester, whérein the anount of osphor ous e wel ghted average aryl
alkylene mmmkﬁhMaﬁkdbhecbﬁbnknmmpUMymmmg@Bg.satisfy the formula: C+ B >
31.7 andwherein the anount of pol ypropylene by weight is |ess than the

amount of on ther . wei ght based on the total amoun

o ybr opyPane. SRR AT eLPrahe tirhLof ety i comrlp spadtiRe BBRHOLIT on. 26.
An el ectr'aﬁﬁtmaw emeomdl $ifdd afd %m&uetcmloymam@n@ﬁg%ﬂmr dh&pasretheover the
conductor wherein the covering conprises

foregoing metals.

23.  The electrical wire of Claim 1 further comprising an additional layer disposed

over the covering.

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

disposed between the covering and the conductor.
25.  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) in an amount by weight;

(ii) a polypropylene in an amount by weight;

(iii) a block copolymer having a weighted average aryl alkylene content (B); and

(iv) an organophosphate ester comprising an amount of phosphorous (C), in weight
percent based on the combined weight of poly(arylene ether), polypropylene, block

copolymer and organophosphate ester,

wherein the amount of phosphorous (C) and the weighted average aryl alkylene

content of the block copolymer (B) satisfy the formula: C +B > 31.7 and
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t her nopl astic conposition and the thernoplastic conposition consists
essentially of: (i) a poly(arylene ether) in an amount by weight; (ii) a
pol ypr opyweneoddssem anmount by weight; (iii) a block copecyrmseosavizeg a

wei ghted average aryl alkylene content (B); and (iv) an organophosphate
ester conprising an anmount of phosphorous (C), in weight percent based on
t he conbi ned wei ght of poly(aryl ene ether), polypropyl ene, block copolyner
and ﬁ[ ggnwhm'ﬁphhﬁ elrrlemherkqfl phlypeipylenhebampeight 6 lpssodphotieusmoant sid t he
wei ght ed average ar al kyl en ontent of the block copgl ynmer. (B) sati sf
the for rruPcéy(aG%‘imBe e@ll?f? ‘é{ﬂ‘&ﬁ aicd; A ttﬁ% tﬁwgmow %o‘?@ﬁﬁ%ﬁé )eanéy wei )g;ht
s | ess t A NenAlI, BE RRInehAHI eoRiar) by wel ght based on the total
anount of ' p y}])ropy ehe and pol y(arylene ether) in the thernoplastic
conposition. 27. The electrical wire of Caim26 wherein the block

copol yner 2eonpAnskstrecabwimbicnaiprismgof two bl ock copol yners having different
aryl al kyl ene contents wherein a first bl ock copol yner has an aryl al kyl ene
cont ent gerleat r.than or equal to 50 wei ght percent based on the total

wei ght of 2f YR s ock copol ymer and a second bl ock copol yner has an
aryl alkylene content |ess than or equal to 50 weight percent based on the
total wei ghtowingh@ispeeandvbt ok captipmewherein the covering comprises a

thermoplastic composition and the thermoplastic composition consists essentially of:
(1) a poly(arylene ether) in an amount by weight;

(ii) a polypropylene in an amount by weight;

(iii) a block copolymer having a weighted average aryl alkylene content (B); and

(iv) an organophosphate ester comprising an amount of phosphorous (C), in weight
percent based on the combined weight of poly(arylene ether), polypropylene, block

copolymer and organophosphate ester,

wherein the amount of phosphorous (C) and the weighted average aryl alkylene
content of the block copolymer (B) satisfy the formula: C+B>31.7 and

wherein the amount of polypropylene by weight is less than the amount of
poly(arylene ether) by weight based on the total amount of polypropylene and

poly(arylene ether) in the thermoplastic composition.

217. The electrical wire of Claim 26 wherein the block copolymer comprises 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 or equal to 50 weight percent based

on the total weight of the second block copolymer.
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