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This search has met with some success in polyethylene compositions however useful
polyethylene compositions typically have high levels of inorganic flame retardants

that can result in deterioration of some mechanical properties and processability.

Additionally, as electronic devices become increasingly smaller and transportable
there is an increasing need for the cables and wires employed as part of these devices
and their accessories to be more flexible and durable. For example, as the number of
electronic components of automotive engines increase there is an increasing need for
the wires connecting the electronic components to be flexible and durable over a range
of temperatures and after exposure to the various chemicals found in an automotive

environment.

Accordingly, there is a need for a flexible thermoplastic composition with excellent
mechanical properties and processability, which is important to the durability and cost
effectiveness of covered wires and cables made using the flexible thermoplastic

composition.
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wherein the poly(arylene ether) is present in an amount by weight greater than the
amount of polyolefin by weight. The composition may further comprise a flame

retardant.
A covered conductor comprising:
a conductor; and
.

a covering comprising a thermoplastic composition and the thermoplastic composition

comprises:

a poly(arylene ether) having an initial intrinsic viscosity greater than 0.25 dl/g as

measured in chloroform at 25°C;

a polypropylene having a melt temperature greater than or equal to 120°C and a melt

flow rate 0f 0.3 to 15;

a polymeric compatibilizer selected from the group consisting of
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1-2 are transmission electron micrographs of thermoplastic compositions

described herein.

Figure 3 is a schematic representation of a cross-section of electrical wire.
Figures 4 and 5 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.

The endpoints of all ranges reciting the same characteristic are independently

combinable and inclusive of the recited endpoint. Values expressed as “greater than”
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The 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).
Surprisingly the presence of the alkenyl aromatic resin can negatively affect the

compatibilization between the poly(arylene ether) phase and the polyolefin phase.

In some embodiments the composition has poly(arylene ether) particles dispersed in
the continuous polyolefin phase. When the composition is injection molded or
extruded, particularly when extruded to form a covered wire, the poly(arylene ether)
particles may have an average diameter less than 5 micrometers or more specifically,
less than or equal to 3 micrometers, or, even more specifically, less than or equal to 2
micrometers. As readily appreciated by one of ordinary skill in the art the
poly(arylene ether) particles may have spherical or non-spherical shapes. The shape
of the particles may be dependent upon molding or extruding conditions, particularly

the amount of shear present during article formation. When the particle shape is non-
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seconds. The microscopy studies' may be performed on an electron microscope such

as a Technai G2. Digital image acquisition may be performed using a camera such as
a Gatan Model 791 side mount camera. Images may be analyzed using image analysis
software such as Clemex Vision PE to determine the average diameter or average
particle area. Only particles that have boundaries completely within the viewing area
are included in the analysis. The analysis and the average values are based on at least

100 particles.

The average diameter and/or particle area of the poly(arylene ether) particles in an
extruded item, such as a covered wire, may be determined by removing a portion of
the extruded thermoplastic and then sections having a thickness of 100 nanometers are
removed from the portion at a depth of 50-60 micrometers from the surface. The
sections are stained in freshly prepared ruthenium tetraoxide staining solution for 30
seconds. The microscopy studies may be performed on an electron microscope such
as a Technai G2. Digital image acquisition may be performed using a camera such as

a Gatan Model 791 side mount camera. Images may be analyzed using image analysis
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elongation) for some applications.

As suggested above the thermoplastic composition is useful in covered conductors,
particularly covered wires employed in environments where they may be exposed to
chemicals, such as gasoline, diesel fuel, antifreeze, and the like, that can result in
degradation. In another aspect the composition has desirable adhesion to the wire.
Adhesion must be sufficient to maintain the integrity of the wire under normal use but
not so strong as to prevent intentional stripping. Typically a force of about 2 to 100
Newtons, depending on the size of the conductor and thickness of the thermoplastic
coating, is employed to strip the thermoplastic coating from a wire so it is desirable
that the covered wire has an adhesion strength between the conductor and the
thermoplastic composition that is less than or equal to the stripping force typically
employed for the conductor size and thermoplastic coating thickness. Exemplary

stripping forces for various conductor sizes may be found in ISO 6722.
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Drying temperature (°C) 80
Dry time in hours 4
Cylinder temperature

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

As used herein, a “poly(arylene ether)” comprises a plurality of structural units of the

formula (I):
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copolymer; an ionomer; or a block copolymer; as well as combmatlons comprising at

least one of the foregoing. Poly(arylene ether) includes polyphenylene ether
comprising 2,6-dimethyl-1,4-phenylene ether units optionally in combination with

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

The poly(arylene ether) may be prepared by the oxidative coupling of
monohydroxyaromatic compound(s) such as 2,6-xylenol and/or 2,3,6-trimethylphenol.
Catalyst systems are generally employed for such coupling; they can contain heavy
metal compound(s) such as a copper, manganese or cobalt compound, usually in
combination with various other materials such as a secondary amine, tertiary amine,

halide or combination of two or more of the foregoing.

In one embodiment, the poly(arylene ether) comprises a capped poly(arylene ether).
The terminal hydroxy groups may be capped with a capping agent via an acylation
reaction, for example. The capping agent chosen is desirably one that 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 during processing at
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of aminoalkyl terminated groups present in the poly(arylene ether) chain. The
aminoalkyl groups are the result of oxidative coupling reactions that employ amines in
the process to produce the poly(arylene ether). The aminoalkyl group, ortho to the
terminal hydroxy group of the poly(arylene ether), can be susceptible to
decomposition at high temperatures. The decomposition is believed to result in the
regeneration of primary or secondary amine and the production of a quinone methide
end group, which may in turn generate a 2,6-dialkyl-1-hydroxyphenyl end group.
Capping of poly(arylene ether) containing aminoalkyl groups with polysalicylate is
believed to remove such amino groups to result in a capped terminal hydroxy group of
the polymer chain and the formation of 2-hydroxy-N,N-alkylbenzamine
(salicylamide). The removal of the amino group and the capping provides a
poly(arylene ether) that is more stable to high temperatures, thereby resulting in fewer
degradative products, such as gels or black specks, during processing of the

poly(arylene ether).

The poly(arylene ether) can have a number average molecular weight of about 3,000

to about 40,000 grams per mole (g/mol) and a weight average molecular weight of
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The poly(arylene ether) may have a hydroxy end group content of less than or equal to
6300 parts per million based on the total weight of the poly(arylene ether) (ppm) as
determined by Fourier Transform Infrared Spectrometry (FTIR). In one embodiment
the poly(arylene ether) may have a hydroxy end group content of less than or equal to
3000 ppm, or, more specifically, less than or equal to 1500 ppm, or, even more

specifically, less than or equal to 500 ppm.

The poly(arylene ether) may be substantially free of visible particulate impurities. In
one embodiment, the poly(arylene ether) is substantially free of particulate impurities
greater than about 15 micrometers. 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 polymeric material dissolved in fifty milliliters of chloroform
(CHCl3) exhibits fewer than 5 visible specks when viewed in a light box. 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
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and methods for their preparation are well known in the art and are described for
example in U.S. Patent Nos. 2,933,480, 3,093,621, 3,211,709, 3,646,168, 3,790,519,
3,884,993, 3,894,999, 4,059,654, 4,166,055 and 4,584,334. In one embodiment the
polyolefin consists essentially of a polyolefin homopolymer, or, more specifically, a

crystalline polyolefin homopolymer.

Copolymers of polyolefins may also be used such copolymers of polypropylene with
rubber copolymers or copolymers of polyethylene with rubber copolymers. The
copolymer may include copolymers such as ethylene octene rubber and ethylene
butadiene for example. Such copolymers are typically heterophasic and have
sufficiently long sections of each component to have both amorphous and crystalline
phases. Additionally the polyolefin may comprise a combination of homopolymer
and copolymer, a combination of homopolymers having different melt temperatures,

and/or a combination of homopolymers having a different melt flow rate.

In one embodiment the polyolefin comprises a crystalline polyolefin such as isotactic

polypropylene.  Crystalline polyolefins area defined as polyolefins having a
11
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The composition may comprise the polyolefin in an amount of 20 to 40 weight percent
(Wt%), based on the combined weight of the poly(arylene ether), polyolefin, polymeric
compatibilizer, and optional fire retardant. Within this range the amount of polyolefin
may be greater than or equal to 23 wt%, or, more specifically, greater than or equal to
about 25 wt%. Also within this range the amount of polyolefin may be less than or

equal to about 35 wt%, or, more specifically, less than or equal to about 33 wt%.

Polymeric compatibilizers are resins and additives that improve the compatibility
between the polyolefin phase and the poly(arylene ether) phase. Polymeric
compatibilizers include block copolymers, and combinations of block copolymers and

polypropylene-polystyrene graft copolymers as described below.

As used herein and throughout the specification “block copolymer” refers to a single
block copolymer or a combination of block copolymers. The block copolymer
comprises at least one block (A) comprising repeating aryl alkylene units and at least

one block (B) comprising repeating alkylene units. The arrangement of blocks (A)
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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
combinations of two or more of the foregoing. The B block may further comprise

some unsaturated non-aromatic carbon-carbon bonds.

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.
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In one embodiment the polymeric compatibilizer is a block copolymer wherein a
central block (a B block) is a controlled distribution copolymer. As used herein
“controlled distribution” is defined as referring to a molecular structure lacking well-
defined blocks of either monomer, with “runs” of any given single monomer attaining
a maximum number average of 20 units as shown by either the presence of only a
single glass transition temperature (Tg), intermediate between the Tg of either
homopolymer, or as shown via proton nuclear magnetic resonance methods. When
the B block comprises a controlled distribution copolymer, each A block may have an
average molecular weight of 3,000 to 60,000 g/mol and each B block may have an
average molecular weight of 30,000 to 300,000 g/mol, as determined using light
scattering techniques. When the B block is a controlled distribution polymer, each B
block comprises at least one terminal region adjacent to an A block that is rich in
alkylene units and a region not adjacent to the A block that is rich in aryl alkylene
units. The total amount of aryl alkylene units is 15 to 75 weight percent, based on the

total weight of the block copolymer. The weight ratio of alkylene units to aryl
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po%tlpr}xll)}%gr?e-polystyrene graft copolymer is (a) a homopolymer of propylene; (b) a
random copolymer of propylene and an olefin selected from the group consisting of
ethylene and C4-Cjo olefins, provided that, when the olefin is ethylene, the
polymerized ethylene content is up to about 10 weight percent, preferably up to about
4 weight percent, and when the olefin is a C4-Co olefin, the polymerized content of
the C4-C1p olefin is up to about 20 weight percent, preferably up to about 16 weight
percent; (c) a random terpolymer of propylene and at least two olefins selected from
the group consisting of ethylene and C,;-Cj alpha-olefins, provided that the
polymerized C4-Co alpha-olefin content is up to about 20 weight percent, preferably
up to about 16 weight percent, and, when ethylene is one of the olefins, the
polymerized ethylene content is up to about 5 weight percent, preferably up to about 4
weight percent; or (d) a homopolymer or random copolymer of propylene which is
impact-modified with an ethylene-propylene monomer rubber in the reactor as well as
by physical blending, the ethylene-propylene monomer rubber content of the modified
polymer being about 5 to about 30 weight percent, and the ethylene content of the
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alpha-methylstyrene, wherein the alpha-methyl derivative constitutes about 1 to about

40% of the weight of the copolymer.

The polypropylene-polystyrene graft copolymer can comprise about 10 to about 90
weight percent of the propylene polymer backbone and about 90 to about 10 weight
percent of the styrene polymer graft. Within these ranges, the propylene polymer
backbone may account for at least about 20 weight percent, of the total graft
copolymer; and the propylene polymer backbone may account for up to about 40
weight percent of the total graft copolymer. Also within these ranges, the styrene
polymer graft may account for at least about 50 weight percent, or, more specifically,

at least about 60 weight percent, of the total graft copolymer.

The preparation of polypropylene-polystyrene graft copolymers is described, for
example, in U.S. Patent No. 4,990,558 to DeNicola, Jr. et al. Suitable polypropylene-
polystyrene graft copolymers are also commercially available as, for example,

P1045H1 and P1085H1 from Basell.
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reseoC lko ﬁl@fp gbmm& neyighte of dinec pbiylGarliene cetloey), rdytlefom  paélyimeric

an al pha-beta unsatuprated carboxylic agi.d. In e )
cogipsbBilizehnandt H%t“BlaLl ‘é’é‘k TRIBIARG: sei(N‘g“lEoﬁBT Vaiis o gtFe ahgjymeric

cof ﬁbﬁﬂ@r MQ}KB% gf‘@ggﬁ% k¥ lafia8nReiter AN ioP8qul 104 HRight percent,

ons suc et hyl ene, propyl ene, butylene or
orcmivhd spetifionity, gfeatenshar orrpgual tob wéightfnsresgbiviily respped tgthe total

hl ock y further ri.se.sone_unsatu
wight o BberEoutboR Barioh Benme BRE PRl compaipyper may
bePhte¥d® 1€ ab Rbdotnt RSY kianf drasubin® 18)| ot ot sfeciditaldy, lagsythan or

al kyl ene nononers such as styrene. The_ repeat| ng i
eqarkipl Eneruevengmersspeeificalmiash dhanyof eyehta Popeight percent with

re tin nsat.yr d s derived froma diene such
re%E%gﬁ’ttg%g)é%é&%}g Oghlfea%)l r?é‘%’ﬁgy conprise 1, 4-butadi ene

and/ or 1, 2-butadiene. The B block nmay further conprise
Esanatyn$laier stt@dame ninaluderahélemdzs EASC A o0& d%hrdy. melamine

Exenpl ary bl oc yners . i ncl ude
oS 2EX oA RGP L U oA No. 20208951,
m@ﬁ:nﬂﬂ@éﬁﬁﬁﬁsﬁﬂd‘t@ A5 ME80.38] BERAEN Sol@shosphate (CAS No.
pol ystyrene-pol y(et hyl ene' Vro ryl enez -
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
phosphinate, ammonium polyphosphates (CAS No. 68333-79-9), low melting glasses

and combinations of two or more of the foregoing flame retardants.

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. 89492-23-9 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), triphenyl phosphate (for
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pol ystyrene) and
pol yphenyl et hyl ene- pol y( et hyl ene/ but yl ene) - pol yphenyl e
wohylemssss§ sonet i nes referred to as PCT/US2005/042289
pol yst yrene- pol y( et hyl ene/ but yl ene) - pol ystyrene). In
one enbodi nent, the polyneric conpatibilizer conprises
a di bl ock bl ock copolyner and a tri bl ock bl ock
ex&9PR| TABNo.BX8my-6, Wistisogrbpdshagpaihyspiat @reexample, CAS No.
commercially avail able from Asahi under the trademark
639 EFESD) ardimievees §f AveorTaneofdhe FPragoing rganophesriistq eskss-
sone grades avail abl e under the tradenane SEPTON from
a i e VAL {
I e o e I S SRR oS RPSE SoPBRR VL Rt gogate of
Fornhalddimr k KRATON and have grade nanes such as G 1650,
G 1651, and G 1 652. Exenplary di bl ock copol yners are
commercially available from Kraton Pol ymers under the
trademar k KRATON and have grade names such as G 1701
G 1 702, and G 1730. In one enbodi nent the polyneric
bl ock copol yner wherein a centra
bl ggk a8 E Bl ock\X V8 accontrol | ed distribution
Rgp?bl r. g lrgontrol l ed distribution" is
eé%ne refe g tg, a |mol ecul ar structure | acking
well defi ned bl ocks of e€ither nononer, with "runs" of
anyrR?gi ven singl e nonom®?® attainingqﬁ maxi mum numnber
average of 20 units as shown by e er the presence of
only a single glass transition tenperature (Tg),
wherbif RTBd1 A1 R DRE WRePernliBR1yT& ath BEdURRhcARIRA| 368 haadiig 1 to
as shown via proton nucl ear naﬂggtlc resonance
5 nabbudsnd Widh afeeinBepshdaidycanphivhearyla andalkylopy aliylaryl group

di stri butjion .copolynmer, . A block y,ha
g A8 MO rQRGRRT e PR St B 6 B0ty 38 end g are
in@gehddtlp! BGiktegBYyediAY ® @Ko 2. In some embodiments OR', OR?, OR’ and
OR’ are independently derived from phenol, a monoalkylphenol, a dialkylphenol or a

conpatibig’zer i

R .

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 weight percent to 1.2 weight percent
with respect to the combined weight of the poly(arylene ether), polyolefin, polymeric

compatibilizer, and optional fire retardant.

18



aver age nol ecul ar wei ght of 30,000 to 300, 000 g/ nol,

as determned using light scattering techni ques. Wen
woheosBskdseck is a controlled distribution polyReruSemsins2289

B bl ock conprises at | east one term nal region

adj acent to an A block that is rich in alkylene units

and a region not adjacent to the A block that is rich
Themaduyit oﬁiﬂéﬂ@ﬁerethmdletns,.wﬂ'éiﬁpx‘emhn ﬂnnhkmnopfasﬁc ybmposition is

al kyl ene units is 15 to 75 me ent

suffjpeent é@raqhewevaﬁ@ Ceelg (B PEBnE gy SY%?H@FI“efﬁ@T‘%é‘F% ppndard to

th%?%ie oPlo @llbg(y Sli@ucw?' U Bott @xdh 'ealeﬁl‘,ﬁ QH@ cHOérE§ doRdéch& B an
to 1:2. Exenplary bl ock copol yners

elesutrecai umtetfer adliosolios epbhcatldmsshe Ratoent nfpﬂ){phqa eciaridant insufficient

R LSS A, L R Sk L) B T
te%é@ad%oﬁ%@gqt%ﬁh@ AgmépFRIpaaon ﬂché‘H@tF@co@iEﬁiﬁﬂ ieposs70he

copol ynmer has a nunber average nol ecul ar m5|ght
of 5,000 to 1,000,000 grams per nole (g/nol%
Ingot emhbdvértﬁnbyhgﬂamfpmt FRTICOMPERPSHPERT BYIOR e@@)ﬂ present in

USI ng. p t 0
ugl'I g ])ér\%ggll‘lt eé {Eg?r(\&g % ’f\%’ '[fl] 'r&p%e'tgttﬁn?g(ggbmw‘% ight of
thg/ ﬁm&(ar}@éne FTHee), Spb@;:dléﬂlf; labd)lymeﬁt b(ﬁﬂ;ﬁﬁlbﬁ&efm@n@/ Omllonal fire
even nore specifi t 45, 000
relardagt Wi Uik FatEs ng%goqr% of Rrgnpep SO&Q@%@%%%HEW&@F“ than
orv%hgh[ oD bf fn%?@s?e&ﬁ%@l O}g %réa@erglﬁﬁl SOQuaY 16 wt.98. . ARBKRthin

ecifti ca or, even nore
thispengef the alhioylnt ubor’gm@ﬁaﬂﬂla& g;/temg:lan baless than or equal to 16 wt.%,

orptsReey JRaH ok 21T KhvFng o pr opylene

pol ynmer backbone and one or nDre styrene pol yner
A8diabhaly, ﬁ’(beccﬁﬁpg@ﬁioﬁﬁﬁasp@bty&ﬁlly nbdoedon@lin viadusf akditives, lvach as

backbone or trate of the
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.

A method for making the thermoplastic composition comprises melt mixing
(compounding) the components, 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 is further melt mixed with the first melt
mixture to form a second melt mixture. Alternatively, the poly(arylene ether) and a

portion of the polymeric compatibilizer may be melt mixed to form a first melt
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pol ypr opyl ene- pol ystyrene graft copolyner is (a) a
honmopol ynmer of propyl ene; (b) a random copol yner of
wonropyssase and an ol efin sel ected fromthe groBPT/US2005/042289
consi sting of ethylene and C4-Cl10 ol efins, provided
that, when the olefin is ethylene, the polynerized
et hyl ene content is up to about 10 wei ght percent,
mlszﬁﬁé ahdflen th'éépél?ol@ﬁﬁ’ Whd fheweinghidelnstrthe pblynanid cometitiitiger are
olefinis a ol efin, the polynerized content of
futthes ngAt Gixpdovigs the first mglt mixtatsdafornna sRsophmelanixane.,
preferably up to about 16 wei ght percent; (c) a random
Thteer ) kx%gﬁéne%fm RIQ)Ylng %?oc%%s A b Q&ﬁ?\te 9}&1@ ﬁseﬁtlng the first
Fec ron1 e group consisting o ene and
m@ﬁnﬁ}t@e&bﬂ:ﬂﬁﬁ-’o@ laetfibvigl, bypisolatinie thetfirsitmelh mlpt(utfy n@ud gredore melt
C4-C O al pha-ol efin content is # fo ab ou 20 wei %
ST SHICCSpPPOPAINTS TgnPt GBGUY! TTE g1k pases st D6 used in

th@s@d roMB&Rs et iy | £Re eindo@enlf sdhe &ﬁlﬁfo'n@ﬁs Bf'@he thermoplastic
ynerlzed et hyl ene content 1s up to about 5 weight
copqmsmnn thyirfefmerthd b«yvamgtmamlhmmtrodmcwélagﬁ meblamnixe in apextruder
nopol random copol yner of propyl ene
“S&Sﬂh‘l’f’afgl ‘%BQ%‘? m)dl fied with an ethyl ene-propyl ene
nmononer rubber in the reactor as well as by physica

In RN Bt@limbmRe thet by d&(@ﬂ@m‘&r@]@éﬂ ene theosiodke copalirharhaving an aryl
content of the fied érrer bei ng aboa{ 5 to.about

allgdengesogiant ,ggqa’@g:é man A sque Hg tvy:@)glg @@rcggtnqaél e 1g¢lt mixed to form
e

cohtemt (eds CHad 30l \eél ginspercent vatebd banpaunded wathdhb fizsh oedignixture to
-G O alpha ol efins such as, for exanple, 1-butene,

foym gesgeaeane PGy | - 1- but ene, 4-met hyl - 1- pent ene,
1- hexene, 3, 4 i met hyl - 1-butene, 1-heptene, 1-octene,

Th ﬁ%ihBH lanB 8¥@N6n oA ddBRioni Jfehe REAPYdtQTENTHO TRRAIlY ARitated by
and 1 npact-nodi fi ed propyl ene honnpolyners

are
thpidsinéity el Prysisyll maperpes. wriarsohid e Hitwids Of thetleaegrtartsnt 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), polymeric compatibilizer, polyolefin and flame retardant are
melt mixed at a temperature greater than or equal to the glass transition temperature of
the poly(arylene ether) but less than the degradation temperature of the polyolefin.
For example, the poly(arylene ether), polymeric compatibilizer, polyolefin and flame
retardant may be melt mixed at an extruder temperature of 240°C to 320°C, although
brief periods in excess of this range may occur during melt mixing. Within this range,
the temperature may be greater than or equal to 250°C, or, more specifically, greater
than or equal to 260°C. Also within this range the temperature may be less than or

equal to 310°C, or, more specifically, less than or equal to 300°C.
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preferred, propylene honopol yners and random
copol yners inpact nodified with an
wetmeslosssss pr opyl ene- di ene nononer rubber havi ngCa/US2@®R/O42289
content of about 2 to about 8 wei ght percent also can
be used as the propylene polyner material. Suitable
di enes i nclude dicycl opent adi ene, 1, 6-hexadi ene,
Adehygbmdeneallnhe honmpenents aredmeh emixied ethe Theltdnemi tiist ganele melt

mer", used.in reference to rafted pol ynmer
ﬁﬁ?r@ ShougoRea BRekBbrs: gf Op¢ Slﬁ‘i?P@ 1616 O PR fltgps have

oﬁéﬁlﬁg{éewlﬁ’rp Hiéﬂ{e%%é’ lene- AR YRS 89 ﬁgrrﬁfc?orﬁéié}@ Wﬁhm this range,
deno honopol ymers of styrene or of an al kyl

th@t qypeem@:a mam hgyeadiahnstess lasn ¢haglorCaqual e dB0 anictumagielsedr, more

ubstituent c aII o ene
sipieebhofSai bt i o] ThashEderss P ARG R HiE Mgy the
ofenindd &MORiveO Bfimehdts ér@éterC@)ﬁﬁ"d&nEc[Lﬁﬂ ab A nlig@sietd)€or, more
(a)_ nononer with al pha-nethyl derivatives thereof,

spectficalln|gpesierfearhgr esigh to#0 migfespaiers. t he al pha- net hyl
derivative constitutes about 1 to about 40% of the

1n‘é‘§ﬁ %H‘Abo(?iflm Ineufe%%ryag)gﬁmg vaep%lhqm ld?a%?eié?%%é%)’és?%n or

rer can | Se about to about
equel ghlﬁalhﬁfrtheﬁﬁclofesi dn@h@ cmylhg teat poll jomappltrdak enendactor. For

bout . to ab 0 ercen S
Paﬁ»é?t rcavffre ‘ﬁ\cf?mﬁﬁg Eﬁéé‘g tkﬁ ﬁ’@ ?8& gucrometers,
t}féqmé?%f)erf?@ééhﬁ‘?@ 8 B mAmcRMRsted 1885 tBhn l)le@cfi\fal t%bl%tmr%‘f-bmeters
wel ght” percent, of the total graft copo and

propyl ene pol émer backbone may account for up to about
Azm m@a@hmq&ieﬁ mhion giystemeont dsivide tatagan teopaE pariculalg gppurities

et B ARE AR LIRS bl 06 ShELERBLBRNUT IneIhal s TR¥ed through

ercen

a Singhd rﬁtlcﬁltﬂaﬁ on aystérﬁaMulﬁﬂe hﬁelﬁﬁltmﬁdng hystmrai:e aliso cofteinpiated.
total graft copol ymer.

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
sintered metal filters exhibiting high tortuosity, including the sintered wire mesh

filters prepared by Pall Corporation and Martin Kurz & Company, Inc.

In one embodiment the melt filtered mixture is passed through a die head and
pelletized by either strand pelletization or underwater pelletization. The pelletized
material may be packaged, stored and transported. In one embodiment the pellets are
packaged into metal foil lined plastic bags, typically 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. Visible particulates or “black specks” are dark or colored
particulates generally visible to the human eye without magnification and having an

average diameter of 40 micrometers or greater. Although some people are able to
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The preparation of pol ypropyl ene-pol ystyrene graft
copolyners is described, for exanple, in U S. Patent
woOla0osds8B8, 558 to DeNicola, Jr. et al. Suitabl eCT/US2005/042289
pol ypr opyl enepol ystyrene graft copolyners are al so
commercially avail able as, for exanple, P1045H1 and
P1085H from Basell.ln one enbodi nent the polyneric

ﬁ’cf[ﬁ’%d ifiidaﬁgﬁ ViSuafly CRIRE PaticRB Kfving an average diameter smaller
ypr opyl enepol yst yrene graft copol ynmer and bl ock

thann ﬁﬁlrywmetﬂseaqdobtimepmpl@: errpaetcpl Py marti%eSph@@@&tanmerage

unt o 20 wei »f 0.
dlfuﬂgte{,mlia?ggf ng”d‘ Wl gmwro;ne?ehgé glg‘{ t?ﬁ%l%/ | \ghstélplgt %‘fés visible
pRQENAELT Bnd PBlaylnepécks'CafipRtubdd hérzgr wahsht apfer emalto fai specifisd
retardant Wthin this range the polyneric

a\@mgpa@mmetqrzmeawayh%@ BRBSEAteS | PRARE Aodterags dlipapter of 40
mlcli]c%'get | R Légéatéro sV\ﬁéeghﬂerQl%r GRO e F‘Su%‘hﬁall% free of visible

Speci than of equal to 6 wei ght
peﬁ?&dflﬂz&élt1rnqb1uhhes”’esmelctapp1®ed I:tet}teot}mlrmmpiagm ccmﬁpcushteon means that
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sgeﬁl&qgj{(}a gl? E‘F %ﬁ tk%nnorlgxgl% | %OV 0 rien?&g hg&ﬁ{:aqufés than

oCRAUD F0EO @&9@1 More spEEAITT 1683 thafiRk aqiahed fhosphat e
(CAS No. 20208-95-1 mel am ne pyrophosphate (CAS No.
15541-60-3), nel am ne pol yphospha
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nﬁ@m%%% %iltag%e o8 RAk®n cB?[ﬂ]gpr PSR Beréd e, For

, organophosphate esters, nonoanmoni um
expingsghat @atiGa Settonde7 7%2Ripped 1yith da aseravni cnosgitsad,phegaker plate,

S No.
dl(StCI;lAbu’[OI‘, nipple, and die can be used. The melted thermoplastic composition forms
a covering disposed over a circumference of the conductor. Extrusion coating may
employ a single taper die, a double taper die, other appropriate die or combination of

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

In one embodiment, the composition is applied to the conductor to form a covering

disposed over the conductor. Additional layers may be applied to the covering.

In one embodiment the composition is applied to a conductor having one or more
intervening layers between the conductor and the covering to form a covering
disposed over the conductor. For instance, an optional adhesion promoting layer may
be disposed between the conductor and covering. In another example the conductor
may be coated with a metal deactivator prior to applying the covering. In another
example the intervening layer comprises a thermoplastic or thermoset composition

that, in some cases, is foamed.

The conductor may comprise a single strand or a plurality of strands. In some cases, a

plurality of strands may be bundled, twisted, or braided to form a conductor.
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7783-28-0), al kyl phosphonates (CAS No. 78-38-6 and
78-40-0), netal dial kyl phosphinate, amoni um
woabospisasphat es ( CAS No. 68333-79-9), | ow nel t PAG/US2005/042289
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In one embodiment the conductor has a cross sectional area of 0.10 square millimeters

to 4.5 square millimeters and the covering has a thickness of 0.15 millimeters to 1.0

millimeters.

In some embodiments it may be useful to dry the thermoplastic composition before
extrusion coating. Exemplary drying conditions are 60-90°C for 2-20 hours.
Additionally, in one embodiment, during extrusion coating, the thermoplastic
composition is melt filtered, prior to formation of the coating, through one or more
filters having opening diameters of 20 micrometers to 150 micrometers. Within this
range, the openings diameters may be greater than or equal to 30 micrometers, or
more specifically greater than or equal to 40 micrometers. Also within this range the
openings diameters may be less than or equal to 130 micrometers, or, more
specifically, less than or equal to 110 micrometers. The coating extruder may

comprise one or more filters as described above.
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orGRY @ MBRr CANRNGIRE abovepass the reI evant flane

retardance standard to the type of covered conductor.

For exa when the covered congfctor

It 5 eonemEIcoibHOn oM BGTFVe i PTERRB s PIROSLRBIREY be
exty IfudI:Ji ?%ﬁeﬂ@é ﬂ)?t?n%d o %%f)é ﬁl'afamll fn%rvﬁerheccﬁ)eﬁﬁé r TH@Eonéigctor

ame out | ess than or equal
arﬁleopmﬂﬁl imheeningdhwa meg dmedilnsfgted ontohehef tubpgo form the covered
pr.opagati on procedure contained in | SO 6722. In one
8f-ment, the flame retardant conprises an
or ganophosphate ester present in an anount of 5 to 18

Aﬁ}%Q&n%&%&ﬁ@% rfa2¥erPitch by Be sRIBA €S thetodniposition Ppribnwcbr 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 addition of color concentrate may
impact the final color achieved and in some cases it may be advantageous to employ a

bleaching agent and/or color stabilization agents. Bleaching agents and color

stabilization agents are known in the art and are commercially available.

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.
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the poly(arylene ether), polyolefm polyneric

conpatibilizer, and optional fire retardant. Wthin
woOhb®/08333ge t he anount of organophosphat e est ePCTAIS2(06/042289

greater than or equal to 7 w.% or nore specifically,

greater than or equal to 9 wt.% Also within this

range the anount of organophosphate ester can be | ess

Afdtok1Rkiof Wédting thel®vhed%on@iictoRr GusPeebdled aking a WeRS bath,
than or equal to 14 wt.% Additionally, the

Waicigplcrgi’,t dlpdetragr epeanehindtion eqMRRYISRE OAF rPTVEPTCORE the foregoing
additives, uch .as antioxi dants: fill
copif st iR EGRHAY Raet Bt BRBsTivis B Te RS i 2o

| ess than or equal to 10 mcroneters, such as, for

A SX@IRk&iorSh ki ¥k&8plafy SBvelddoesRiuc@r 35 Sedi heFiguregh askigure 3
spheres, cal cium carbonate, talc, and m ca; nold )
shows @aoweringe it dispesvd algios praxdyetosZabln geaboditeent dlge covering,

light. stabiliz h : ri ;. .
4 soRiid Spib Ao B kil BaNEve viows of grgmplery
coR@iRit Gndh@ami drg shgentis Figlrewd ngpdagie Mtigyrevetladws a covering, 4,

deactivators, and conbinations conpri si one or nore.
digrostdh Vo RegBF HE Ohddi EPUBLINEA nBRULY o SR A0 (Heoptional
ad}iﬁf‘orngpﬁ’:iﬁfglls,:%fdit X PV A ERBPIES S afiBlthe ThXdudébr, 2. In one

compou conponents, typically in a nelt
enbodimentdethie ceovetiogy ds amuisepaurfdimed ethtrmapdastior composition.

Bapbury_ m xer. In one enbodi nent, the.pol ryl .
CORERY. 2ot e S g TaD] foaptiok &8s ¥ el § Gyering, 4
diSpoTHl bAGeAHShY dBRlitictBt, 2eehd dint0éieg lagﬂi? edinBid embdtment,

pol y(ar%/I ene ét her), 'pol’yrrerl c conpatibilizer, and
thopieorealnigylayerp6r coprisss a framse| GRorREsitipnar CopRICtoTnPxea also

to forma first nmelt mxture. Subsequently, the
Coﬂmrﬁfglag?rﬁﬂtgr&rsg%lshder of the polyolefin is further

melt mxed with the first melt mxture to forma
AReatieklyrehd corhpdsitica mAl thermaldied edryextrulled po forfrapicknesuch as
ether) and_ a
sheets or)trays when it is desirable for such articles to have combination of chemical

resistance, heat aging, abrasion resistance and impact strength.

The covered conductors include, without limitation, those that carry an electric
current, an electric signal, a light signal and the like. Exemplary conductors include
wire (cable) used to connect a vehicle and a trailer, wires used in medical equipment
including in vivo medical equipment, wire for use inside of buildings, wire for use
outside of buildings, and the like. In addition to covered conductors the thermoplastic
composition may be useful in aircraft wire guides, aircraft flooring, and flexible

tubing — particularly in the medical field.

The composition and covered wire are further illustrated by the following non-limiting

examples.
EXAMPLES

The following examples were prepared using the materials listed in Table 1.
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portion of the polymeric conpatibilizer may be nelt
mxed to forma first neltmxture and then the
woabosoisefss n and t he remai nder of the pol yneri cPCT/US2005/042289

conpatibili
melt m xtur

zer are further nelt mxed with the first
e to forma second nelt m xture. The
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et At

o t PRIBPTOPYoRs, haxmgo i ?ﬁt 5 g/ 10 min
Slepsmimadeereoiding tﬂwé\STfMtIHEZ%?o%; Fiped gpove and
|castecigBypewiilablen, fram g Sunacq q%lﬁaléf upge the
ttadefimneDa0léeizent rate that is subsequently
with the remai ning conponents. The

K@ahg(aryl en
pol yol ef i n

A ettihmng-(ethybyaimopylesembitckbicopatgner commercially
afveildd] afeny etasonoRolymarse

Kraton A

A styrene-(ethylene/propylene-styrene)-styrene copolymer
commercially available from Kraton Polymers under the grade
name RP6936 having a styrene content of 39 weight percent, based
on the total weight of the block copolymer.

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

PP-g-PS

A polypropylene-graft-polystyrene commercially available from
Crompton under the name Interloy® P1045H1.

BPADP

Tetraphenyl bisphenol A diphosphate (CAS 181028-79-5)

Examples 1-16.

Examples 1-16 were made by combining the components in an twin screw extruder.

The PPE and polymeric compatibilizer were added at the feedthroat and the PP was

added downstream. The BPADP, when present, was added by a liquid injector in the
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melt mxed at a tenperature greater than or equal to
the glass transition tenperature of the poly(aryl ene
wetherop3dssit | ess than the degradati on tenper at BC®US2005/042289
t he polyol efin. For exanple, the poly(arylene ether),
pol yneric conpatibilizer, polyolefin and fl ane
retardant may be nelt m xed at an extruder tenperature
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impurities fromthe nolten m xture may be used. In one
enbodi nent the nelt is filtered through
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a single nmelt filtration system Miltiple nelt
filtration systens are al so contenpl ated. Suitable

waorbie/083358r at i on systens include filters nade PCOMIS2005/042289
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m croneters or greater. As used herein, the term

"substantially free of visible particulate inpurities”
woheos/ap338i ed to the thernopl astic conpositi onPAEAISS005/042289

that when the conposition is injection nolded to form
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may be coated with a neta
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*Comparative examples
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I n one enbodi ment the conductor has a cross sectional

area of 0.10 square mllineters to 4.5 square
wai2bdeiosetser s and the covering has a thickness BETMS1®5/042289

mllimeters to 1.0 mllinmeters. In sone enbodi nents it

may be useful to dry the thernoplastic conmposition

before extrusion coating. Exenplary drying conditions
TslEa 6OtIRedfor 2-20 hours. Additionally, in one

enmbodi nent, during extrusion coating, the
t her nopl astic co position is It filtered prior to
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IEnergy to failure -30C 204 4.8 193 [28.1 |18.7 |114 (344 [37.0 [32.8

Max Load -30C 4280 1490 [3250 [3490 (3545 (2531 4280 4155 |33

Impact Strength Avg 254 |126 [155 200 237 |155 227 286 {462

Flexural Modulus Avg 922 1989 675 (790 {1170 (1620 (1020 |1100 {1340

*Comparative examples

When the examples that employ a mixture of a diblock and a triblock copolymers are
compared to the analogous comparative examples employing similar amounts of the
same type of PPE a notable increase is seen in the impact strength while maintaining

performance in the other measured properties.
Examples 17-26.

Examples 17-26 were made by combining the components in an twin screw extruder.
The PPE and polymeric compatibilizer were added at the feedthroat and the PP was
added downstream. The BPADP, when present, was added by a liquid injector in the
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or nore filters as described above. It is contenpl ated
that in sonme enbodi nents the thernoplastic conposition
woayoens3xsst r uded or ot herwi se formed into a tubeTmisai05/042289
wi Il provide a covering. The conductor and opti onal
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formthe covered conductor. A color concentrate or
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*Comparative examples
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conposition. After extrusion coating the covered

conduct or
WORimys3asr j ets,

is usually cool ed using a water

bat

h, water

or a conbi nati on conpri si ng BAE/US2005/042289
nore of the foregoing cooling nethods.

Exenpl

ary water

bath tenperatures are 20 to 850C. A cross-section of
an exenpl ary covered conductor is seen in Figure 3.
TH19Yre 3 shows a covering, 4, disposed over a
conductor, 2. In one enbodi nent, the covering,
conprises a foamed thernoplastic conposition
PRperypect i ve vi ewgl75f ex&hpl gty covred [gbndugtors are
shown in Figures |4 and| 5. Filgure 4 shows a coveri ng,
Elpoatips poseld-onger (& con@uctorld 2, @dnprigdng a .
plurality of strands apd an |loptional additional |ayer,
Elbpgatibs pdyedk-Sver [I%he cB¥eri ngd 4, [l&hd th® conduct or,
2. In one enbodinent, fthe cavering, 4, |conprises a
Straamdtedkhevgropl adizic cBhposi|t3.dn. PEEnduysdt.Hr, |2, can
al so conprise a unitary conductor] Figure 5 shows a
Seayaryied.Avk, di spiised g¥ér dlunit @6y copddict or, 2,
an intervening layer, B6. |Inlone enbodi nent, fthe
Mobilgy ofaastigity ayer2906, Borgri|sies a|PoanmegtddBonposi ti on.
Conductor, 2, can al so| conprlise a|plurality of
DefidcasitiempMviger natjisvel yliashe cgmposiebon |nxy be nol ded
or extruded to farmarticles such|as sheets or trays
ExB8NoifdilukS23BAVg aide T po.1sucko.artizloes g1 have

conbi nati on of chem cal resijstance, heat aging,

EAREASb Ofhax Epb&bATICE and i npa strength he {cover ed
AQQ%}guct ors incl uc@;5 wi FRdut 1%4 ?t%ir‘l’on, 39' ose t hat
carry an electrig

Vak 8alaend the [
(cable) used to ¢

EHE 8o nix TRAI-S@T €

4,

and

frit
n el ed

P350C Ol
hicle

31.2

ctric
plogt O
and a

35.7

current, a

ko Exeopl a
onnect a ve

Ul prpaks

si gnall, a |ight
B£&50l n¢l ude wire
trailler, wres
34.0

Energy to failure -30C 3.4 25.6 36.9 40.9 40.1

Max Load -30C 1406 14102 4144 4580 4460

Impact Strength Avg 123 152 124 222 249

Flexural Modulus Avg 1430  |1630 |739 1290 961

*Comparative examples
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including in vivo nedical equipnent, wire for use
i nside of buildings, wire for use outside of
wouabdethissags, and the like. In addition to cover edT/US2005/042289
conductors the thernoplastic conposition may be usef ul
in aircraft wire guides, aircraft flooring, and
flexible tubing - particularly in the nedical field.
TaHIE6 CORRAREL i on and covered wire are further
I1Tustrated by the followng non-limting exanples.
EXAMPLES The foll owi ng exanples were prepared using
Propretynat eri al s | $2ed PA* Tabte 1Stablé 1. | Exanpl es
1-16. Exanples 1{16 were nade hy comhining the
ElongapongrifisldiAvg/An [16wi n(l&§cr e extir uderl5 The PPE.and
polyneric conpatibiliker re added|at the feedthroat
Elamgitiving BReakwiae added ddwnsii®eant Thd1BPADP, when
present, was added byl a lijquidlinjector |n thesecond
Sthead 4t Boéaktdnve ext r ddr . 380e B3 r ubed mEtSer| al was
injected nolded into test |speciinens|for physica
Stpkopafieig-Avgst | ngl40Bhe3physieal IEdperltd es and their
test methods arejlisted in Tablle 2. |Test|ng according
MboulASFWIIBAE- 03 aapl? oyeed Tg48d l|139anpil3e® [ nj ection
nol ded using the|sane|conditions fleéxural nodulus
DempdeempPeasi | el@bongasi onsavagi iseasizeed| at a speed of
50 mllinmeters per mpute.| Megapascal s are abbrevi ated
E Failud2BCeSvealae cablan @vi @s.ed 3ps5 J [43dewt ons are
abbreviated as N| and|netefrs arle abbrevi ated as m The

E qs! hensaddizd he Exanpl arle |isted in Table 3.
o HOB%I% ORI 800 8L e
al m

D

AvVhe data is |iste ction
tenperature and fl exur pdul Us vallues are an average

Mk 1.8aSAWPT es.  Thesgoenakm ng 3180 [3620

Energy to max load -30C  31.6 [17.7 |10.5 [29.9 [34.2

Energy to failure -30C 355 187 |11.4 (344 41.1

Max Load -30C 4490 (3545 2531 4280 41

Impact Strength Avg 253 237 {155 [227 458

Flexural Modulus Avg 1250 {1170 (1620 {1020 [1250

*Comparative examples

When the examples are compared to the analogous comparative examples employing
similar amounts of the same type of PPE a significant increase, and in some cases a
near doubling, in impact strength over the comparative examples is seen while

maintaining performance in the other physical property tests.
Examples 27-33

Examples 27-33 were made by combining the components in an twin screw extruder.
The PPE and a polypropylene-graft-polystyrene polymeric compatibilizer were added

at the feedthroat and the PP was added downstream. The extruded material was

34



val ues are an average of 5 sanples. A transm ssion

el ectron m crograph of the norphol ogy of Exanple 5 is
wehesvssassFi gure 1. Figure 2 is a transm sSi onPETASLINGM42289

m crograph of Exanple 5 showi ng the particles (5 wth

t he boundaries (10) marked in preparation for

det epni nati on of average di aneter and particle area.
infocPhRlded hiaeh agkt %;f)_@éiﬁﬁﬁs qblaﬁiﬁ%'sﬁ&al qfroPerBbtediifig. OBk Hhysical

and an average particle area of 0.32 square .
pmpetiosnend their Tese rastbpdsgareiftaden Wable Yetldensamerpsiipseof the

29 ti.cl es, I . * ti
E%%%éﬁ?%§$gelénj%b%ggpaFé%ﬁSéﬁgggﬁﬁfgggggﬁeIXecontinued

*Conpar ati ve exanpl es Wien the exanples that enploy a
m xture of a diblock and a triblock copol yners are
conpared to the anal ogous conparative exanpl es
ﬁgploying simlar amounts of the sanme type of PPE a
Téd¢ bl e increase is seen in the i mpact strength while
mai nt ai ni ng performance in the other neasured
C%EBBSJQ'?ZS‘- 2@(2@1) has 3171336 33Banpl es 17-26 were nade
y conbijning tlhe conmponents in an twin screw extruder.
Jhe - RBREan ot TEAC ibilizer were added at the
P?%§H¥%$zht %@dsghebP§o added downstream The BPADP

et aHiquid injector in
E?E's Iép

Cl
H uder. The extruded materi al
Was - Hif-ected— g est—speci nens for physica
PRPBLAN3 A0 4Q i 4G, [49nd iCall properties and their
test netlthods are |istedlin{Table 2. The conpositions

Kexl66Be Exanpl €8 are [H5t%d 3% Table 5. The data is
listed iin T 6

Tuftec
H1043

T Was acd
al f of [t he

| d
<

~t

D QO

a

PP-g-PS 10 10 |5 |5 257515
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Tabl e 5. *Conparative exanpl esTable 6 *Conparative
exanpl esTabl e 6 continued ~"Conparative exanpl es Wen
woOheoe®s335pl es are conpared to the anal ogous CcORPEaMUARI0F/042289
exanpl es enploying simlar amounts of the sanme type of
PPE a significant increase, and in sonme cases a near
doubling, in inpact strength over the conparative
Texarpl es is seen while maintaining performance in the
ot her physical property tests. Exanples 27-33 Exanpl es
27-33 were nmgde by conbinjng fhe ggnpgnenfc LN an twin
Properew ext r ude?’* The2®PE afdl a 32 33
pol ypr opyl eng-graftl-pol ystyrene ool yneric
Eloogrpart iabi Yiekler jwer e/ ddedl.at the £ eedthr oat d t heoPP
Avas added dowérgwgtream% They thru?’;d rratzgri al & b.8
wasi nj ected nolded jinto tlest specinens for physical
Epngped tay Bregt{i ng. T physi cal poper tdses ar t hei
avest ot hods [ire R eB Y RO 2 BBOPC s con‘pggsiti ons
of the Exanplles are/ |listed in Table 7] The data is
Strdssit@dedkraviai’e1 8. [JaBl e Fdabl e38.4 * Cedar atpue  45.2
exanpl e As can be sleen frpmthe|foregoi ng exanpl es,

SEQEROSEINIARRS 4RI 13089 pPRYYPropmienedsad t - 38.0  US.1
pol ystyr ene iin conbj nation with|ja bl ock copgl yner [show

Mo FORET Th6s) SHohoas isapact]iAlor engary

tenS| F %ongatl on, when compar ed|to conpositijns

I pr ene aft ys ene. Wy e i
Den?‘fé% emﬁpﬁgs%%en@gééscrl bg%l lgr%r ef e}}ragnce %é a 37
""""" rents;—it

i‘fgrgy L 120 (0840 [19.0 B2.6 B68 258  [1.90

S\O8

Energy to max loady g0 9700 [182 P82 P9.6 P28  [1.66
23C Avg

Max Load-Avg 625 536 3100 3810 3560 386 772

fgggy tomax load 4y 5y lgea0 190 B27  B68S .58 ©.52

Energy to failure -

30C 1.70 2.18 2.16 0.76 23.1 1.32 1.12

Max Load -30C 2.08 2.56 2.50 10.4 24.7 1.58 1.70

Impact Strength Avg [18.7 142 552 672 929 P64  [15.0

Flexural Modulus

1950 1890 1390 1790 1250 1570 1920
Avg

*Comparative example

As can be seen from the foregoing examples, compositions comprising polypropylene-
graft-polystyrene in combination with a block copolymer show improved physical
properties, such as impact strength and tensile elongation, when compared to

compositions having only polypropylene-graft-polystyrene.
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wi |l be understood by those skilled in the art that

vari ous changes may be nmade and equival ents nay be
woeubmiossassed for el enents thereof w thout depaPCrmg2005/042289

fromthe scope of the invention. In addition, many

nodi fications may be nmade to adapt a particul ar

situation or material to the teachings of the

WHIEERE iBRentibh ey bededatibabDwith QBfleRHBE NS addev&@PBBbodiments, it
thereof. Therefore, it is intended that the invention

wilbbe adérstepd du thesetshilledantthe art dhat eptiows changes wiay b seasg and
as_the hest . - ' J '

o B OSSR AT AL T S IR e o
ofetib N eneioh s Th aiditiog, madhinadiflteti@sansy bé niade tapfepndedrticular
Cclaims. All cited patents, patent applications, and )
sigiatien of eraisrish e iashings of SrarcaHom 8T BPHt dRpartwedram gesential
sdoﬁe tRGlbt. © Ael b %Tinlteidg&%évﬁpelﬁverﬁionﬁmt be lilmited to the

thernoplastic conposition conprising: a poly(arylene
patibdn) ethbadimgnanlischistd as therttest medeccantenplstedyfogcagtieg out this

.than 0,25 dl/g.as peasured.i hl qr of or .25C. . a
inyiyRsy bt ek i Homa elSa e "a?rg]a?%}m% Wiffinghe scope
Oﬁggg*)pgngegg@g&and anmlt flowrate of 0.3 to 15; and

a polynmeric conpatibilizer selected fromthe group

consisting of (i) a block copolynmer wherein a central .
AB|citel patents, patnl anplissfiadissand efherireferenspd pxgriBeorpangtpd(hergin by

16%%%9@95?@5}89h8§ a pol ypropyl ene- pol ystyrene graft
copéfyner ané a’bl ock copol yner;
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wherein the poly(arylene ether) is present in an

anount by wei ght greater than the anount of polyolefin
woypoosmssiss. 2. The conposition of Caim1l wher eCluSkms/042289

conposition is essentially free of an al kenyl aromatic

resin. 3. The conposition of Caim1l, wherein the

t her nopl asti c conposition conprises particles

WAPAPNS s naMEre ol y(aryl ene ether) dispersed in a
matri x conprising the polyolefin and the particles

have an average dianeter |ess than 5 mcroneters. 4.
1.The Achpewplasencanp@itiemsompsisiiger ei n the t her nopl astic
conmposition conprises particles conprising the

e i3 I [ i S .
o BENASI AR RIS PR PP a5 RS 20
mBaNXeedin cAlesfafe apasid;cl e area | ess than or equal to 4
square mcroneters.5. The conposition of Caiml,

wherei n the conposition has a flexural nodul us of
a polyole8o haking apaelt Empesauig erestari thardotsguasPM 2070 end 8 malt flow

S o127 millineters per mnute and a thickness
rag Ofg(fgg(ﬁﬂ’laf’ ters. 6. The conposition of Caiml,

wherein the poly(aryl eue ether) has a hydroxy end

a P619H1eric eBinpatibiier selssed fiam the gapalontistig3O0 parts per
mllion based on the total weight of the poly(aryl ene

.ether) as determ ned by Fqurier, Transfqrm.| nfrared
(i5p @chi(owe?we{ w@wn 9 Contid DlosFisdt SnGR e diiripufP copolymer,
aperein the poly(arylene ether) is substantially free

of visible particulate inpurities.

(ii) a combination of a polypropylene-polystyrene graft copolymer and a block
copolymer;

wherein the poly(arylene ether) is present in an amount by weight greater than the

amount of polyolefin by weight.

2. The composition of Claim 1 wherein the composition is essentially free of an

alkenyl aromatic resin.

3. The composition of Claim 1, wherein the thermoplastic composition
comprises particles comprising the poly(arylene ether) dispersed in a matrix
comprising the polyolefin and the particles have an average diameter less than 5

micrometers.

4. The composition of Claim 1, wherein the thermoplastic composition
comprises particles comprising the poly(arylene ether) dispersed in a matrix
comprising the polyolefin and the poly(arylene ether) particles have an average

particle area less than or equal to 4 square micrometers.
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8. The conposition of Claim1, wherein the
poly(arylene ether) is substantially free of
weanteiossdsat e i npurities greater than about 15 PCT/US2005/042289
m croneters. 9. The conposition of Claim1, wherein
the poly(arylene ether) is present in an anount of
about 30 to about 65 weight percent, the polyolefinis

5.Pr eSEY contpBRioABFWEInP 1, Where He comipgiitiopRaLe Abxurahsodulus
t he bl ock copol ymer or conbi nati on of bl ock copol r

) yIrer.s
ofi 80(s ¥ Megapasapls aasodaternyned by oASOMWT §Rt03pat @etieed of 1.27
sed on_the [ ' : ol y(aryl ene
mgﬁ]ﬁlg%s,p%ﬁo 191%}%%@ ﬁ%glﬁngg%%%gélll%gggﬁbati bilizer. 10.
The conposition of Claim1, wherein the polyolefin

6.Conpriiesesnpositidny pf Ciayth el ewlnaeinpbk ypobi(aryia:p ethepr ogyd dpdoxy

copol ynmer or conbi nati on of pol ypropyl.en
erosfapb PHERt %f?lassatnhg% oy 0By _eﬁ.-"?@o o ﬁ%@?ﬁl% Pasefn the total
WQigHPQP'tBé %1)?(5 R Bhdr) Ve laRicRnifRE 6P easAkt Moshstarhd Nefared
conprises a tlanme retardant. 12. The conposition of
Sigicadbmetty (FIUR) her conpri sing one or nore additives
selected fromthe group consisting of antioxidants;

fillers and reinf iNg agent. i .
Tpart q‘émg?‘?ét]qneggbf %’6& eééﬁéﬁg¥8@%6ﬁ?ﬁle§¥t§%§? grsgl,)smntlauy
ﬁgé@ﬂigslerfaﬁfcu@g@nmlﬁﬁegi licates, Ti2, fibers, glass

fi bers, glass spheres, calciumcarbonate, talc, and

m ca; nold release agents; UV absorpers; stabil.ize .
8.suchlbgscomppsition abhClaim ey vhgreind ﬁ@Pg’?a"ﬂS‘b"rF SRS ;S‘ftr’s'%antlallly
B BSJakfhFRE Snplit for Do RE@Bhstersant i - static

ag@ﬁ{as; uf%a?nn%g agents; b]?j%‘vw r?lé agents; r?%st al

deactivators, and conbi nations conprising one or nore,
9.0f tHee c@npepitiongofidiimily edhetdn thithpoly@nypensi ¢them ippresent in an

amCIouarit r(T)]f ]a'l’)oumsrtg Iagoﬁtrb% \)Eeq lgl){t(pae;é/elng e 8&1982% %sspr"élse‘l:l?ﬂpﬁfjamount
of 20 to 40 weight percent, and the block copolymer or combination of block
copolymers is present in an amount of 2 to 20 weight percent, based on the combined

weight of the poly(arylene ether), polyolefin, and polymeric compatibilizer.

10.  The composition of Claim 1, wherein the polyolefin comprises a
polypropylene homopolymer, a polypropylene copolymer or a combination of a

polypropylene homopolymer and a polypropylene copolymer.

11.  The composition of Claim 1 wherein the composition further comprises a

flame retardant.

12.  The composition of Claim 1, further comprising one or more additives selected
from the group consisting of 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;

Jubricants; plasticizers; pigments; dyes; colorants; anti-static agents; foaming agents;



poly(aryl ene ether). 14. The conposition of Caim1l,

wherein the conposition is substantially free of
woi2elclssssparti cul ate inmpurities. 15. The conpoBCTiUSZN06/042289

Claim1, wherein the conposition is substantially free

of particulate inpurities greater than about 15

m cronmeters. 16. A covered conductor conprising: a

bIERAEIUEIATS; nfttd dBa¢RY@K, Rdd CBPIHaBbROcAnbMER SO &Shbse of the
conposition and the thernoplastic conposition

foragoprg asldstivea pol y(aryl ene ether) having an initial
intrinsic viscosity greater than 0.25 dl/g as neasured

I_J;t. gn,gﬁeo rcglfnggml(‘%t 0% ?9%11‘1'7? P %H@g‘lgpﬁ)ﬂle ﬁ;ﬁ{@%@gﬁ@eﬁq% %:apped

eratur greate an "or equa

pdly@wleatehaf. 0.3 to 15; a polyneric conpatibilizer
sel ected fromthe group consisting of (i) a block

copol yrmer conprising. a controlled distrjbutio )
14 op ol Yererm AP HTRIC TR d - (THETEIn diismRasitign Iofusstantialy free of

viBBl-SRNLiE e rRRle¢St yrene graft copol yner and a bl ock
copol yner; grein the poly(arylene ether) is present

in an anount by wei ght greater than the amount by
15ei gRke odmpeditjanl off Clairard whisesieithe eomepastsioaris wybstantially free of

dj.sposed over th ndyct 17. The covered wire of
paél%lﬁ?ﬁei%‘pﬂﬂté?se%r??% r&ﬁ”&%ﬁ%‘ﬁié Wcrggﬂ%%ﬁ'ses a single
strand
16. A covered conductor comprising:

a conductor; and

a covering comprising a thermoplastic composition and the thermoplastic composition

comprises:

a poly(arylene ether) having an initial intrinsic viscosity greater than 0.25 dl/g as

measured in chloroform at 25°C;

a polypropylene having a melt temperature greater than or equal to 120°C and a melt

flow rate of 0.3 to 15;
a polymeric compatibilizer selected from the group consisting of
(1) a block copolymer comprising a controlled distribution copolymer midblock, and

(ii)a combination of a polypropylene-polystyrene graft copolymer and a block
copolymer;

wherein the poly(arylene ether) is present in an amount by weight greater than the

amount by weight of polyolefin and

wherein the covering is disposed over the conductor.
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or a plurality of strands. 18. The covered wire of

Claim17 wherein the plurality of strands may be
woumsblosstsst wi st ed, or braided to form a conducPor/USi®s5/042289

The covered wire of Claim 16 wherein the conductor has

a cross sectional area of 0.10 square mllineters to

4.5 square mllinmeters and the covering has a

171 hi clRepveRl Wird&f Olialnh | §BiHRFSn 112 cbnBudidd donifRises & single. strand
The covered wire of Claim16, wherein the

ortardvrabifyl af streedsc onposi t i on conpri ses particles
conprising the poly(arylene ether) dispersed in a

1 %%rgt r”f"}?% C%Q/g;%ﬁlv?ﬁ@%f é]'élﬁ? Ro l\%%l e% ﬁﬂrgh%rb? sggﬁ&s' Iﬁll e bundled

ve ‘an average l'ess crometer
twihel, opyeidd tvifoen @f:or(auanom 16, vvher ein the
t hernopl astic conposition conprises particles

COMpLi Si n Ie e et rsed in
1mt F CoORH G CRah S PSR I iR o rignal erca
feqi %Jaiz@ﬁatﬂ'h%e%‘@rs hpy s saﬁ‘ar@\h%'llﬁfﬁ@teﬁaefnﬁ'tﬁé €082 Ha88Shickness
t equal to 4 square mcroneters. 22. The covered

om.rﬁelnmlmetﬂri@ 1.0weHwiaters.ne conposition has a fl exural
nodul us of 800- 1800 Nbgapascals as determ ned by ASTM

(P 79 Igei’ ﬁgtg Sr% gdop ql% 6m \Lllllér S 1R¢ho rae?# %091%881’[101’1

a th |metés hé cov

cdahptisd Wldlb@r@lxrfprish@ o M(oay(yﬂyﬁhe ethe®r Hispsrspd eﬁlemt matrix

in an anount of about 30 to_about 65 wei ght  perce
canpsisigy (sl ealyelefin apd dbe Marticlesahaendidyerage Sinicseiglss than 5
my@grg?[grsper cent, and the bl ock copol yner or conbination

o) ock

21. The covered wire of Claim 16, wherein the thermoplastic composition
comprises particles comprising the poly(arylene ether) dispersed in a matrix
comprising the polyolefin and the poly(arylene ether) particles have an average

particle area less than or equal to 4 square micrometers.

22.  The covered wire Claim 16, wherein the composition has a flexural modulus
of 800-1800 Megapascals as determined by ASTM D790-03 at a speed of 1.27

millimeters per minute and a thickness of 3.2 millimeters.

23.  The covered wire Claim 16, wherein the poly(arylene ether) is present in an
amount of about 30 to about 65 weight percent, the polyolefin is present in an amount
of 20 to 40 weight percent, and the block copolymer or combination of block
copolymers is present in an amount of 2 to 20 weight percent, based on the combined

weight of the poly(arylene ether), polyolefin, and polymeric compatibilizer.

24.  The covered wire Claim 16, wherein the polyolefin comprises a polypropylene
homopolymer, a polypropylene copolymer or a combination of a polypropylene

homopolymer and a polypropylene copolymer.

4]



copolynmers is present in an anount of 2 to 20 wei ght
percent, based on the conbi ned wei ght of the
woabos(oasdzg ene et her), polyolef n, and pol ymeri CT/US2005/042289
conpatibilizer. 24. The covered wire Caim 16, wherein
t he polyol efin conprises a pol ypropyl ene honopol yner,
a pol ypropyl ene copol yner or a conbination of a
29201y @Meﬁﬂ%ﬂﬁgp@giﬁﬁ% veHeki R (HROh YR GPAst@ 8 mposition further
copolynmer.25. The covered wre of Claiml1l6, wherein
cohpeisehe flemplretstdant. conposi ti on further conprises a
flame retardant.

42



