METHOD OF MAKING POLY(ARYLENE ETHER) COMPOSITIONS
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making poly(arylene ether) compositions. In particular, the disclosure
relates to methods of making poly(arylene ether) compositions in an

pAEReneMical) efficirntpnamniogy. Poly(arylene ether) is a thermoplastic
material that is widely used due to a broad range of desirable properties.
In some instances, particularly food related applications, there is a desire
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congfifisientmannetofoutientlyirratanylene. ether) compositions are typically
produced in a batchwise manner, with the typical delays associated with
a batch process. Accordingly there is a need for a more efficient method
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thermoplastic composition comprising melt mixing a concentrate

comprising a first thermoplastic, a second thermoplastic and an additive
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ve filler," non-electrically conductive filler, and combinations of two
of orlatibeodifityeus compounds.

BRIEF DESCRIPTION OF THE INVENTION

The aforementioned need is met by a method of making a thermoplastic composition
comptising melt-mixing a concentrate comprising a first thermoplastic, a second
thermoplastic and an additive with a component sclected from the group consisting of
a third thermoplastic, fire retardant additive, reinforcing agent, electrically conductive
filler, non-electrically conductive filler, impact modifier, and combinations of two or

more of the foregoing.
SUMMARY

In a first aspect, there is provided a method of making a thermoplastic composition
comprising melt mixing a concentrate comprising a first thermoplastic. a second

thermoplastic and an additive with a component selected from the group consisting of



foregoing. In a second aspect, there is provided a method of making a
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combinations of two or more of the foregoing. In a third aspect, there is
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thermoplastic composition compfising melt-mixing a first thermoplastic, a
second thermoplastic and an additive to form a molten concentrate; melt
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provided a method of injection mofding a thermoplastic composition
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concentrate to form a pelletized concentrate; blending the pelletized.
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twéhirddhiersreplastisg fisg;retardant additive, reinforcing agent, electrically
conductive filler, non-electrically conductive filler, and combinations of two
or more of the foregoing to form a blend and injection molding the blend.

In Wfourth aspect. there is provided a method of making a thermoplastic composition

comprising melt-mixing a first thermoplastic, a second thermoplastic and an additive
to form a molten concentrate; melt mixing the molten concentrate with a component
selected from the group consisting of a third thermoplastic, fire retardant additive,
reinforcing agent, electrically conductive filler, non-electrically conductive filler, and

combinations of two or more of the foregoing.

in a fifth aspect, there is provided a method of injection molding a thermoplastic
composition comprising melt-mixing a first thermopiastic, a second thermoplastic and
an additive to form a molten concentrate; pelletizing the molten concentrate to form a
pelietized concentrate; blending the pelletized concentrate with a component selected
from the group consisting of a third thermoplastic, fire retardant additive, reinforcing
agent, electrically conductive filler, non-electrically conductive filler, and

combinations of two or more of the foregoing to form a blend and injection molding
the blend.
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In a sixth aspect, there is provided a thermoplastic concentrate useful in
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an additive with a component selected from the group consisting of a third
e ic, fi rdant additive, conductive filler, non-conductive
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- modifier and combinations of two or more of the foregoing. The first
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production of thermoplastic compositions in a more efficient and
economical manner with less waste. In one embodiment the first
thermoplastic comprises poly(arylene ether) and the second
thermoplastic and third thermoplastic are selected from the group
consisting of poly(alkenyl aromatic) resin, polyamide, polyolefin and
combinations of two or more of the foregoing. As used herein a
concentrate contains an amount of the first thermoplastic and additive(s)
that is higher than is found in the final composition. The amount of the
second thermoplastic may be higher, lower or the same as that found in
the final composition. The terms "first,” "second," and the like, herein do
not denote any order or .importance, but rather are used to distinguish
one element fi-om another. The terms "a" and "an" herein do not denote a
limitation of quantity, but rather denote the
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presence of at least one of the referenced item. In one embodiment the
concentrate comprises a dry blend of the first thermoplastic, second
wihanxopiastic and an additive. The dry blend may be stored rmititse@dedy143
shipped to a second location, or fed directly to an extruder. The term dry
blend, as used herein, describes a blend produced by mixing the
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component being added can sim d easily vary the makeup of the
extruded composition. Thus differing grades of a material can be
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readily determined by one of ordinary skill in the art. In another
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thermoplastic, second thermoplastic and additive(s). The concentrate is
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presence of at least one of the referenced item.

In one embodiment the concentrate comprises a dry blend of the first thermoplastic,
second thermoplastic and an additive. The dry blend may be stored until needed,
shipped to a second location, or fed directly to an extruder. The term dry blend, as
used herein, deseribes a blend produced by mixing the components at a temperature
below the melt temperature of the first and second thermoplastics. The additive(s)
may be in particulate or liguid form. The dry blend may be continuously added to a
melt-mixing device such as an extruder or kneader. The component melt mixed with
the concentrate (referred to herein as the additional component) mmav also be
continuously added to the melt in an amount sufficient to obtain the desired properties
in the final composition. The additional component may be added with the dry blend

concentrate (at the feedthroat of an extruder) or sequentially (downstream in an



location if necessary, and fed to a melt mixing device or fed directly to a
second melt mixing device such as an extruder or kneader. The pelletized
whlend/mmpbe fed continuously to the melt-mixing device. Thenudtional o143

component may also be added continuously in an amount sufficient to
obtain the desired properties in the final composition. The additional
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regsilletivietndortbrrateiandizpiiziohar ceniponent may be dry blended,
added to an injection molder and injection molded or added to the
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continvously in an amount sufficient to obtain the desired properties in the final
cofnposiﬁon.r The additional component may be added simultaneously with the
peiletized blend or the pelietized blend and additional component may be added
sequentially. When added sequentially either the pelletized blend or the additional
component may be added first. In one embodiment the additional component
comprises a third thermoplastic. If the composition comprises more thar one
additional component they may be added together or separately. Changing the amount
and/or identity of the additional component being added can simply and easily vary
the makeup of the final composition. Thus differing grades of a material can be
produced without shutting down the production line. During the switch to producing
a different composition the produced material may be fed back to the melt-mixing
device to prevent waste, The amount of material that is fed back to the melt mixing

device depends upon the design of the melt mixing device (screw speed and screw



second compounding step can decrease the butyraldehyde concentration
by about 50% or more. A decrease in the butyraldebyde concentration is
woebslppagticularly in articles to be used with food and beveregessinege10143
smells can have a significant impact on organoleptic properties. In
compositions prepared using the pelletized concentrate the
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the composition. comprises more than one additional component

on aaedeicoirpBHentdintay b Bdeletsgerne vsinsdpanabijizchapiflprrate

the theyamRuDEcardiortheddentity ofihe addiiaprabeomprepentRERgRAgedn:,
can simply and easily vary the makeup of the extruded composition. Thus
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butyraldehyde level may be less than or equal to about 500, or, more specifically, less

than or equal to about 200 parts per million by weight.

The level of trimethylanisole may be less than or equal to about 30 parts per million
by weight, based on the total weight of the poly(arylene ether). Within this range, the
trimethylanisole level may be less than o1 equal to about 5, or, more specifically, less

than or equal to about 1 parts per million by weight.

The level of toluene may be less than or equal to about 100 parts per million by
weight, based on the total weight of the poly(arylene ether). Within this range, the
toluene level may be less than or equal to about 50, or, more specifically, less than or

equal to about 20 parts per million by weight.

In another embodiment, the components of the concentrate are directly and

continucusly added to a melt mixing device and melt mixed. The additional
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be produced without shutting down the production line. During the switch

to producing a different composition the produced material may be fed
wbagkstostisermelt- mixing device to prevent waste. The amountofunakeriabi4s

that is fed back to the melt mixing device depends upon the design of the

device (screw speed and screw design in an extruder) and can be readily
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- include those containing 2,6-dimethylptaenylene ether units. Suitable
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units in combination with 2,3,6-trimethyl-1,4-phenylene ether units or

Thoo potymeids(dedised cther) includes polyphenylene ether (PPE) and poly(arylene

ether) copolymers; graft copolymers; poly(arylene cther) ether ionomers; block
copolymers of alkenyl aromatic compounds, vinyl aromatic compounds, and
poly(arylene ether); and combinations comprising at least one of the foregoing,
Poly(arylene ether)s per se, are known polymers comprising a plurality of structural

units of the formula (I);
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wherein for each structural unit, each Q' is independently hydrogen, halogen, primary
or secondary lower alkyl (e.g., alkyl containing up to 7 carbon atoms), phenyl,
haloalkyl, aminoalkyl, hydrocarbonoxy, halohydrocarbonexy wherein at least two
carbon atoms separate the halogen and oxygen atoms, or the like; and each Q? is
independently hydrogen, halogen, primary or secondary lower alkyl, phenyl, haloaikyl,

hydrocarbonoxy, halohydrocarbonoxy wherein at least two carbon atoms separate the
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from copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol.
Also included are poly(arylene ether) containing moieties prepared by

wgraiiimg gyl monomers or polymers such as polystyrenes, aSiwsh@s/ 010143 -
coupled poly(arylene ether) in which coupling agents such as low

molecular weight polycarbonates, quinones, heterocycles and formals
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oly(arylene ether)s further inciude combinations comprising at least one
of the above. The_poly(arylene ether) generally has a number average
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abo usually in combination with various other materials. 6 WO 2005/097897

BCT/US2005/010143 Particularly useful poly(arylene ether) for many
purposes are those which comprise molecules having at least one
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such end groups may be obtained by incorporating an appropriate primary
about 20,000-80,000 amu, as determined by gel perm eation chromatography. The
poly{arylene ether) may have an intrinsic viscosity of about 0.10 to about 0.60
deciliters per gram (dl/g), or, more specifically, about 0.29 to about 0.48 dl/g, as
measured in chloroform at 25°C. 1t is also possible to utilize a high intrinsic viscosity
poly(arylene ether) and a low intrinsic viscosity poly(axylene ether) in combination.
Determining an exact ratio, when two intrinsic viscosities are used, will depend
somewhat on the exact intrinsic viscosities of the pols/(arylene ether) used and the

ultimate physical properties that are desired.

Poly(arylene ether) is typically prepared by the oxidative coupling of at least one
monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-trimethylphenol.
Catalyst systems are generally employed for such coupling; they typically contain at
least one heavy metal compound such as a copper, mamganese or cobalt compound,

usually in combination with various other materials.



or secondary monoanine such as di-n-butylamine or dimethylamine as
one of the constituents of the oxidative coupling reaction mixture. Also

wiregusantivpresent are 4-hydroxybiphenyl end groups, typicalyrafstaisad o143
from reaction mixtures in which a by-product diphenoquinone is present,
especially in a copper-halide-secondary or tertiary amine system. A
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by methods known in the art including bulk, suspension, and emulsion

Baset gpagribstbrhespinenitovithincatneasnd 500 Bystalghest Srdbeurdl drtsthe

conté@iiveeii iR @R Rike Bl caRaticNacRImeRRhihe famdlgolyWiene ether)
. 2005/097897 PCT/US2005/010143 W1-C-CH (Z1)P W]:ere.in W' is

ety AFERENY CHEE AT R IS h; 2R ARy I n STOERTBr EREs Hg L
cherpitg]lGdanSedxemplary alkenyl aromatic monomers include styrene,
chlorostyrene,

The poly(arylene ether) is present in the concentrate in an amowmnt of about 50 to about
99 weight percent based on the total weight of the concentrate. Within this range the
poly(arylene ether) may be present in an amount greater than ox equal to about 50, or,
more specifically, preferably greater than or equal to abouat 60, or, even more
specifically, and more preferably greater than or equal to about 80 weight percent.
Also within this range the poly(arylene ether) may be present En an amount Jess than
or equal to about 95, or more specifically, less than or equal to about 90 weight

percent.

The term "poly{alkenyl aromatic) resin" as used herein includes polymers prepared by
methods known in the art including bulk, suspension, and em-ulsion polymerization,
which contain at least 25% by weight of structural units dexived from an alkenyl

aromatic monomer of the formula



and vinyltoluene. The poly(alkenyl aromatic) resins include
hosnopolymers of an alkenyl aromatic monomer; random copolymers of
wan@iesgbaromatic monomer, such as styrene, with one orppgresdiffesanisz
monomers such as acrylonitrile, butadiene, alpha-methylstyrene,
ethylvinylbenzene, divinylbenzene and maleic anhydride; and
rubber-modified pon(aIkenyI\ajr’@mat@:ﬁ_egjﬁvcomprising blends and/or
grafts of a rubber modifier and a hofnopolymer of an alkenyl aromatic
monomer (as described above), wherein the rubber modifier may be a
polymerization product of at lea -C10 nonaromatic diene
monomer, such as butadiene orjisopr herein the
rubber-modified poly(alkenyl ar ic) rdsin cofprises about 98 to about
70 weight percent of the homopo of an alkenyl aromatic monomer
and about 2 to about 30 weight percent of the rubber modifier, or more
wheggacWcanyydinssr a8 abbbon hitorge Bertievibyh Rl BrRcpdyrierdil

and@niatkeny! asemalismonameransiabeiditasahatldweiahiarieant-afe,
dthe rzb er moﬂ[i ier V%Eer in the weight percents are based on the total
a0 JAGHE Btte rdBBeR GRS pBIEAREh SRSt ES feigmpR@lymers of an

alkstereeseguilattyofithe, pehdaikenybarmeatic) rasikesy heatatlicObnomer,
ndjotactic. . Highly preferr oly(alkenyl aromatic) resins incjude atactic
se e T P SRR R e reaene.
alplarenethylstexsiallpthyhilaplecasnéodévanlipter &8 3800 frareiC hakrcindandnd
{ ' [ ic. ho I renes are
e alg VO El oy R o ISR AR 8 mntinl
rubbes sapdEsipahy, hamaardrep riffer etk ol @amenyicaromaticrréasintsscribed
abo{5tSRdRGIIER %ﬂ&%ﬁﬂ?&dﬂﬂﬁg%%mﬁaﬁlﬁp OME, BT at Teast one
high-impact polystyrenes or HIPS, comprising about 88 to about 94
Co-(uaigrriperain BHEREshUeh 38 OB ISR G IoWEYy Rt Fedogherein the
rubpelyksdzdieneiyliree Ul siind . SIMRAL0BAAIBYS about 70 weight
PCT‘/US?%%S/Ol 143 pol s@[%renfs are commercially av%l)able as, for

PerESRA RS BEIGPEBY7 o BRNERY] AR BRISTES. BHrRR bl rBAY: 30
weighqwzmanfr b2 benadbiratadtidscam mﬁise e qab@kehy ar@naticyesims
wel'%'}g‘gﬁi‘;‘crgﬁ‘ﬁ%‘ %W@;%%‘fﬁ#}&i%%%‘ N BRIGent Rased QeI 6 1o
about 12 weight percent of the rubber modifier wherein the weight percents are based

on the total weight of the rubber-modified poly(alkenyl aromatic) ressin.

‘The stereoregularity of the poly(alkenyl aromatic) resin may be atactic or syndiotactic.
Highly preferred poly(alkenyl aromatic) resins include atactic and syndiotactic
homopolystyrenes. Suitable atactic homopolystyrenes are commercially available as,
for example, EB3300 from' Chevron, and P1800 from BASF. Suitable syndiotactic
homopolystyrenes are commercially available from Dow Chemical Company and
from Idemitsu Kosan Company, Ltd. Highly preferred poly(alkenyl aromatic) resins
further include the rubber-modified polystyrenes, also knowm as high-impact
polystyrenes or HIPS, comprising about 88 to about 94 weight percesnt polystyrene and
about 6 to about 12 weight percent polybutadiene. These rubber-modified



range the poly(alkenyl aromatic) resin may be present in an amount
greater than or equal to about 5, or, more specifically, greater than or
wequed/te7adout 10, or even more specifically, greater than opequalzt@so10143
about 15 weight percent. Also within this range the poly(alkenyl aromatic)
resin may be present in an amount less than or equal to about 50, or,
polysiprensp avificeniyn desslhavalabipuss tdoatane.ofiEde R iofem Genera’l

Ele&ﬂ%‘ﬁf&%ﬂw, Iﬁ@gﬂa@% %%H?bﬁ?e@x%%gt 25 weight percent. Polyamide

resins are a generic family of resins known as nylons, characterized by
the presence of an amide group (-C(O)NH-). Nylon-6 and nylon-6,6 are
TherRnoaHELIR=H BRI PORRHYGEC AV R S/iFEBIR Wi A0ERES) Bowt

3 tocOIMECtadighuseRSnOher polRTItE v heMieaheticltas Ayl ONW A this
lon 6/611' ?ﬁ arg/lon 6,6/6T with

-12, nylon-6,10, 6,9, nyl
ran g T D O e A e B e e R, e, o

equasthdarndyphous ayiensimiy, keeasefillafoopartisiianPROpoly amitdenore
lications. Mixtures of various polyamides. as well gs various polyamide
sre R bR B o PRV
the poly@&rki@iéd&@mﬁ@bmmméémaﬁdgembnamematdambb&:nofwv@jual to
sbolf 1N BOGERSeS AUARAS Nase wesaiberin Uy Salatent Nas 2073200
2,07i,251; 2,130,523; 2,130,948: 2,241,322; 2,312,966, and 2,512,606.
speqiffeHy6 e iisramnpasaldaeheRime LS P Ivdict of caprolactam.
Nylon-6,6 is a condensation product of adipic acid and 1,6-
Poletiandie efgxone al jkevylsdunylpo A &iss & condensation pibddelhetyeenrhe
_adipic acid and 1.4-diami e. Besides adjpic.acid, other useful
preGRTR s o O s WAlids SbERLoREe) S5 i Saers
prefidudé qamedideidqab ane Had 4bke fithadicadnty isd phthakcatigspend Beex
like. ful diami Inc -xylyene,diamine
PO R EleE R thten 9, i /6T
and gilipio PHEAY ypiib paiderRexeteia bt iblohelyl) propanesresnong viibes

otherS QRSN RES: O égtﬂ%ﬁbi’fétﬁ%ﬁﬁ&dﬁs@ﬂﬂ %@;ﬁ%&@g@ﬁ%&%ﬁ&ﬁ&
WO 2005/097897 PCT/US2005/010143 Polyamides having viscosity of

appigrHPahou B TRY P a i B s GFIHBte &haticatly, Wavy BOleeydRy
copOfyahut90 1e:aheeat 390 st Qe MSkRmide is polyamide-6,6.

The polyamides can be obtained by a number of well known processes such as those
described in U.S. Patent Nos. 2,071,250; 2,071,251; 2,130,523; 2,130,948; 2,241,322 3
2,312,966; and 2,512,606. Nylon-6, for example, is a polymerization product of
caprolactam. Nylon-6,6 is a condensation product of adipic acid and 1,6~
diaminohexane. ILikewise, nylon 4,6 is a condensation product between adipic acicd
and 1,4-diaminobutane. Besides adipic acid, other useful diacids for the preparatiora
of nylons include azelaic acid, sebacic acid, dodecane diacid, as well as terephthalic
and isophthalic acids, and the like. Other useful diamines include m-xylyene diamine.,
di-(4-aminophenyl)methane, di-(4~aminocyclohexyl)methane; 2,2-di-(4—
aminophenyl)prépane, 2,2-di-(4-aminocyclohexyl)propane, among others .

Copolymers of caprolactam with diacids and diamines are also useful.



specifically, about 110 to about 240 ml/g, as measured in a 0.5 wt%
solution in 96 wt% sulphuric acid in accordance with ISO 307. The
woaocenrase may comprise polyamide in an amount of aboutP® touabeatese43
weight percent, based on the total weight of the concentrate. Within this
range polyamide may be present in an amount greater than or equal to
Polyiwidey , lorintord sspeitificdllyp dreateruha90r edfgarts disomsdd), or,.evegre
Spem&?ﬁ%&ﬁ@% QreAeR AN AlLGAUR 1R abgut %%d"’ﬁigg,t REICRRE-AlBre

within'this range polyamide may be present in an amount less than or
spe@faalito Bsetit 48 iorehiote2dpaHisany Measiadnibe duiaris aputipBsnoro
wttSYEIpIALe:sRakificalivalResiacer sgual to about 25 weight percent. In

compositions comprising poly(arylene ether) and polyamide a

com at'b?irl]izin agent. may be present, preferably in the_concentrate, to.
T YO8 tho Ry A RN et SO Ay AT i BB
percesintbkeddyrathwaltd site gnalilehth ecusentdfate. g réafen ptop oxtign wfl themide

lyami nent..W | herein..the ex sign - ,
e O s s
gredierben withauhkipehiphidfyleiewtharothensoiyaminestonigsrifar ablg dvetHo

abold! iﬁsi%{@%iﬁ&é&%}’ bg1s6NEIRIGAIES: G 0LR NG ALRNYSISAb et Rfecling,,

the surface characteristics of the dispersecilgg}ases). In éither case the
ameRai At HEIPPREYRIIEhEPetR SRRy BRRfP cebipibsitRsh hpp en sl éshibieut
35, ERRiRYeHFORRaHRIIY, RasiRMAP-aR.YIdRReRY DY LMD BAGEE: impact

strength, mold knit line strength and/or elongation. As used herein, the

expression "compatibilized polyphenylene ether-polyamide base resin:" .
I e RN, FAVE e BRVIEA, b e rine
agegbmpatibipizechiyitte fmalig entiescdisenssér @whovepas thelilgsithbpes perties
i ich ar ically. . tible wi ts, as
of O R e T A A L S PRt o
gregemipanbiligingagentslirehide ctonroantipl SVigaidsgib herpislyiine pspajsesipn

“coRIMRAHALS, RXdiZRIPONYGIRID HINRRES - AHARAASIANECRBRAUNIRL

polyfunctionaf’compounds, and functionalized polyphenylene ethers

the pERmrSER e ERERE OPRIGTHIG & DIRIREHRNIORES métidiaaction mmay be
chefaBAPabRIliziaginge ot SSWthcAPQlypheffyiene etheftice af.campatiRliziTtihe
dis&%seer}lt ighvgseells)knoﬁn g‘t%%rre%ggyth]éo resulting polyphenylene ether-polsvamide
composition appears to exhibit improved compatibility, particularly as eviden ced by
enhanced impact strength, mold knit line strength and/or elongation. As used Therein,
the expression “compatibilized polyphenylene ether-polyamide base resin” refers to
those compositions which have been physically or chemically compatibilized vwith an
agent as discussed above, as well as those commpositions which are physically

compatible without such agents, as taught, for example, in U.S. Patent No. 3,37 9,792.

Suitable compatibilizing agents include, for example, liguid diene polymers, epoxy
compounds, oxidized polyolefin wax, quinones, organosilane compounds,
polyfunctional compounds, and functionalized polyphenylene ethers obtairied by
reacting one or more of the previously mentioned compatibilizing agents with

polyphenylene ether. Use of compatibilizing agent is well known and readily
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WO 2005/097897 PCT/US2005/010143 determinable by one of ordinary
skill in the art. In one embodiment the compatibilizing agent comprise

wolttssasithomaleic anhydride or a combination thereof. Polyalefimssbéea1o143
the general structure: C.H2" and include polyethylene, polypropylene and
polyisobutylene with preferred homopolymers being polyethylene, LLDPE

éete{nﬁémblmvweﬁ@tycﬁo@@ﬁnwneﬁm DPElhightdensityopolyettyiémegranthe
corMiRRfREmedivg: densitralyetiylenc) and {Rokalic BPYPIORYIERS: thereof.

olyolefin resins of this general structure and methods for their
reparation are well known in the art and are described for example in
ol D

B2 2 9355085 093 b2 104109 P 40 6 NE POy promaees
and3,884s003y BBO# 189 Prefef2 Bido Aol Bldbbeaitt b 584384k, COPPF MG Sar
of.polyolefins may als sed such as copol rs of ethyl nd alpha
o By 40, AihatTEB G RTAUESIE) GBS G o
densityylerigetinderCB«@d 0 wistioglelipscpyttmon-Balyjtigate cedienes thiergimeral
red.t PDM..copolymers, are alsQ suitable. Examples of suitable
e R SRR I e RUIORS, AR T
for pepemenie, inpEhtenBanpeNasnel.2ekthel 29hdREnSad 309exB0d6,168,
3.78wiipble dienes include dod.hewagiena and mengevlicsand polycyclic

dienes. Molé ratios of ethylene to other C3-C10 mohoolefin' monomers

can range from 95:5 to 5:95 with diene units being present in the amount
CopBTPL R R R &?F&Eﬁgl S EAPPRERIR A SHlsRE I AR

olefinyllitoypopylelestiopliliolginep:for grafiingrentcthelpobphanyienenether
disclosed in U.S. Patent No. 5,258 455. The conceptrate may _
o R e A AAURESR aBiSTES (B B ForRM
copohged arathelstainweiihtofthelcondemitabe Within thisorabginpdbyokEIDM
I r equal to,about 5, or, more
co o A 2 a2, Bdels >
hexgrsatee tRabenrisguaiieibih Girse WisiyHe pefcéatafise vitdinissaifgend
pol ROYRIEHRBaY N8 PIGEEILINAY AT BEESE 1ean Qb £OBH AR 0 <25

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

range Sare A 1858 Hat Gr ety biine srriraigihrresntdieshtdrigdie
molAMBPSES! e e Adsktif e tReludind whvt ORI or electrophilic

group for grafting onto the polyphenylene ether as disclosed in U.S. Patent No.
5,258,455,

The concentrate may comprise polyolefin in an amount of about 5 to about 80 weight
percent, based on the total weight of the concentrate. Within this range polyolefin
may be present in an amount greater than or equal to about 5, or, more specifically,
greater than or equal to about 30, or, even more specifically, greater than or equal to
about 50 weight percent. Also within this range polyolefin may be present in an
amount less than or equal to about 80, or, more specifically, less than or equal to about

70, or, even more specifically less than or equal to about 60 weight percent,

The concentrate comprises one or more additives including, but not limited to,
coupling agents, antioxidants, mold release agents, UV absorbers, light stabilizers,

lubricants, plasticizers, pigments, fire retardants, dyes, colorants, anti-static agents,
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coupling agents, antioxidants, mold release agents, UV absorbers, light
stabilizers, lubricants, plasticizers, pigments, fire retardants, dyes,
woalaranisgoanti-static agents, 11 WO 2005/097897 PCT/US2Q05(@L043 0143
nucleating agents anti-drip agents, acid scavengers, and combinations of
two or more of the foregoing. The concentrate may comprise an additive
nuclpetognidratiom ofdandifivess incahsanveugtrphab ecotbietiboub 2wy eightore

Ofﬂ%e{;g%%g%sed on the total weight of the concentrate. Within this range
the combiration of additives may be present in an amount greater than or

equal to about 2, or, more specifically, greater than or equal to about 5, or
ThegRraiteRiBE SecRICamsgrans thsn S @uhipgian e 4N RSO ihiFTARS
of dls”dh gel the aﬁérﬁlﬂ@ﬂg&ﬂ&@%@%ﬂﬁﬁ%éﬂ%ﬁﬁ@Elﬁﬁzimtléighﬁmoarﬂﬁuéﬁdlaéﬁrate.
.than or equal to about.23, or, mare specifically, less than or equalto
Wlth’oHP%éSaBr‘?Fe & E@Hﬁ‘cﬁf?%ﬁ@ﬁ’i‘é%%l%#eo?lé’a%lI{ba&bﬁ?}?ﬁ@ WegRt
tharperegqnhl Theboantenisaterenpyodptionally-acntaiman snpach atedifttror even
Impact modifiers inclygde olefin-containing, copolymers such as. olefin
B e G e RS
condopaiymel imgdctemodifibe s athylens:athplact ateheopokanel avaditaid 23,
. o] [ PD- @) i '
o e L Rl e ad o S SR s
thamop gepad dpyahealt Giefinighenertetbolymers known in the art and generally
fall into the EPDM (ethylene propylene diene monomer) family of .

Thdemebrmersmbhey asacommencialiayadableisteh Bepior @xampieinciude
oIl O Ty BE: BBy SOUNE S0 BH TpHERCAs
An sepandtecE RDMNefalymdeerapioeceasar cimpaiitionas gy Mariahigl sobyibee
e R e, ciries, s
monariots othebepelypieysdorsopaiyhmershavitly alrbberyldisnidanoemels,
profiEXAMRIE, BRRP Mo SPROY RSP TEIHE NG LB IR (BB art and
generally fall into the EPDM (ethylene propylene diene monomer) family of
terpolymers, They are commercially available such as, for example, EPSYN 704 from
Copolymer Rubber Company. In some embodiments one EPDM polymer may be
employed as the polyolefin component and a separate EPDM polymer employed as an

impact modifer.

Various rubber polymers and copolymers can also be employed as impact modifiers.
Examples of such rubber polviners are polybutadiene, polyisoprene, and various other
polymers or copolymers having a rubbery dienic monomer, for example random

copolymers of styrene and butadiene (SBR).

Other suitable thermoplastic impact modifiers are block copolymers, for example, A-
B diblock copolymers and A-B-A triblock copolymers having of one or two alkenyl
aromatic blocks A, which are typically styrene blocks, and a rubber block, B, which is

typically an isoprene or butadiene block. The butadiene block may be partially
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Other suitable thermoplastic impact modifiers are block copolymers, for
example, A- B diblock copolymers and A-B-A triblock copolymers having
wohormmerstwo alkenyl aromatic blocks A, which are typically styrensos/010143
blocks, and a rubber block, B, which is typically an isoprene or butadiene
block. The butadiene block may be partially 12 WO 2005/097897
hRicEug2d05Mix0143 Hythesgetibted: Midtirddasktvepeldivtorkuanespecially
udkiBlock copolymers are especially useful. Suitable A-B and A-B-A
copolyiners include but are not limited to polystyrene- polybutadiene,

tyrene-poly(ethylene-propylene), polystyrene-polyisoprene,
w&%fgyﬁéhgﬁzk&yﬁpﬁwgm%@Hg)olgdeybu)’é are rPot ){nm ed to polystyrene-

pflolystdiene-polyblitadiencppblystylene 4®BEkne),  polystyrene-polyisoprene,
polystyrene oly(ethylene-propylene)-polystyrene,

13?}5 %R}Fgﬁés @t@}m@ﬁgtﬂgweﬁ?@j}/ﬁw%ﬂgbutadzene—polystyrene (SBS),
Pﬁ@wewmw@pmgﬁ@%tm@o|Y(a|ph@ol%@f%e-paiy(ethylene-

ren butadiene- Ist)ren as well as

e SR e A
mafhyémzem@r;&ﬂyblmﬂmmmﬂwmmﬁdﬂ@tmﬁ)l &yﬂ&ihbﬁomallﬁh@twely
h\p&) 3’ né'z?s[?e&av%ra&%%sb 5 %89 and'%alck m%gilglrr% o?qt%r Ca%)lp @z’a%oneﬂqb}ock

‘containing vinyl aromatic’comp oundls for exam ﬁe styrene, para- m
capyhemerontalplsa methll Wm@m@mm py&m@escéoraéscamptesd as impact
mRgEygnitrile or methacyrlonitrile, may also be useful as impact modifiers.

One example is styrene- acrylonitrile (SAN), comprising 15 to 30 percent

by weigh acr ylonitrile (AN) with the remainder styrene. The SAN may be
ORlifherha éﬂawa}amﬁawhwaﬁg& CQRRSRE e EEpIe styrene, para-

m:bm;ﬁ)@tybaﬂe,d@e népte: pretiytetadub bed gfﬁtﬁ ROdyaeY, Bfexample acrylonitrile
nltnl:e -butadiene-

t S
R LA ShoF Y RS RAGIT L P SHHER e
amémamm(salm,%)mmmgﬂ this B/Lpeeée@i, i RGHB Syrmiayitoide (AN) with

th%sﬁ%%?iy(ﬁey% I ng.h%ri tnglslgzl %%%e?ri% Qdab éﬁﬁ/ Or% SEO aru bery“

core-s polymers. e core U y consists SU stant an acry ate

SUpSiRee cﬁ‘@%uﬂ%cﬁeﬁé%ﬂ@ﬁ@ﬁ?%@?eﬁ@ onedoemareubhetisdefvepbbaper, c.g,
aGabted-enine serR-Laualy thegs shellsareDullt URionitrile-butadiene-styrene
(MBS). High rubber content {greater than about 50 wt.%) resins of this type (e.g.,
HRG-ABS) may be especially useful.

01 Ill

These types of polymers are often available as core-shell polymers. The core
usually consists substantially of an acrylate rubber oi' a butadiene rubber, wherein
one or more shells have been grafted on the core. Usually these shells are built up
from a vinylaromatic compound, a vinylcyanide, an alkyl acrylate or methacrylate,
acrylic acid, methacrylic acid, or a combination of the foregoing. The core and/or
the shell(s) often comprise multi-functional compounds that may act as a cross-

linking agent and/or as a grafting agent. These polymers are usually prepared in

several stages.

Other known impact modifiers include various elastomeric materials such as organic
silicone rubbers, elastomeric fluorohydrocarbons, elastomeric polyesters, random
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from a vinylaromatic compound, a vinylcyanide, an alkyl acrylate or
methacrylate, acrylic acid, methacrylic acid, or a combination of the
wéoregaisngsThe core and/or the shell(s) often comprise multiefunesesmale1o143
compounds that may act as a cross- linking agent and/or as a grafting
agent. These polymers are usually prepared in several stages. Other
blodnovwmimiactmmguifiershincitce veridyselastomérictheatdilals suctPaserred
ic...sili ric. fl rocarbgns, 211G
R e i SR T L
polpessixirntamiopoiraiyorate copolymers, and the like. Preferred

organopolysiloxane-polycarbonate block copolymers are the
Thélivetbyisitexane cpeieas Banaigidlack.coRe iverter Thecancantrataraay 1

omprise the optional impact modifier jn an amaunt of about | to about 10
o RIHICpRER: BESEH SR tHe TPV BRI F SRR R AT
ranparige#ipactifiedifiey heaytdemaseniifoant amatitigieatesdhdnosequal ,

~to about 2 more specifically, grea rtg n or equal to about 3 weight.
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rangenotricliess difaer cmfE’e'dl,t’ajnt@ﬁat‘ldl;ltaQZ mounblas;&mzifiuaﬂwaﬂeﬁsmn By or,
mofYR IR ahoui &y %ﬂ?@gﬁ%ﬁr“% %’Q&Eﬂfﬁ%ﬁlyeﬁgﬁgﬁ%ﬁcﬁ% RARRH 3,

weight percent. Impact modifier may also be a e conceéntrate to
equRdrin thevéoritsegiioarcsither as the third thermoplastic or in addition to the
third. thermoplastic. The amounts of impact modifier added to the

Imyeeneentiate wilkdgpene sqaen ﬂ@%f@@x@&ﬂffﬂ@@% mfﬂ&ﬁh@roaﬁq;@@ﬁi&gsim@r

roperties of the final compasition. As_ mentigned aboye,. reinforcing agent
o B RO B OB A SRR Hier REATOPTS o
impgentfidifier rethretans, shthicdithemmaoplasiicdepandampdingiionypttbé impact

zno?ff&%‘@tﬁ%%g?eﬁ dgcg:"%de}t?eghc?f g{%nﬁgé]tg%%%}gset%@rcmg agents may be
efined as particulate materials that increase strength or improve another
mechanical property. Reinforcing agents include materials such as, for

As gieitipedsibertedeareing ag rsttirelliontg RisHiR [BLS: dva-eksppady

cordt@ff)e filler, reinforcing agent flame retardant, a third thermoplastic or a

combination of the foregoing may be added to the concentrate.

Reinforcing agents may be defined as particulate materials that increase strength or
improve another mechanical property. Reinforcing agents include materials such as,
for example, silicates, fibers, glass fibers (including continuous and chopped fibers),
carbon fibers, carbon nanotubes, graphite, mica, clay, talc, aramid fibers and

combinations of two or more of the foregoing.

Flectrically conductive fillers include, but are not Hmited to, metal flake, metal
powder and conductive carbon black., Some materials, such as carbon nanotubes and

metal fiber can function as both a reinforcing agent and a conductive filler,

Non-electrically conductive fillers include, but are not limited to, metal oxides such as
titanfum dioxide, non-conductive carbon black, calcium carbonate, or tale. Non
electrically conductive fillers are typically used to change the color, density or other

non-mechanical property of the composition.
14



carbon fibers, carbon nanotubes, graphite, mica, clay, talc, aramid fibers
and combinations of two or more of the foregoing. Electrically conductive
willmos/inckade, but are not limited to, metal flake, metal powdermnstoes/010143
conductive carbon black. Some materials, such as carbon nanotubes and
metal fiber can function as both a reinforcing agent and a conductive filler.
Flamnp cgredapicalnebuled actppadild snatnds, ipghuliam ot fnite ghosphwea flame

retaQHHES SUeh &gaﬁ%&%@}ﬁf&@%@Gé@ﬁﬁgﬁcﬁ'y%&%&%b@%&ﬁiﬁ'ldﬂ“ the
carbonate, or talc. Non ‘electrically conductive fillers are typically used to

foméﬁlér@é the color, density or other non-mechanical property of the
composition. 14 WO 2005/097897 PCT/US2005/010143 Flame
retardants include a range of materidls including organic phosphate flame
retardants. An organic phosphatg-flame retardant is phosphate compound
of the formula (1): O 11 RO-P-OR (]) OR where R is the same or
different and is alkyl, cycloalyl, aryl (akyl substituted aryl, halogen
substituted aryl, aryl substituted alkyl, halogen, or a combination of any of

the, foregoing. In o mbodiment at least.ong R is aryl..Exa S
LT e R e e e R
halqgmrwfstiﬁut(ﬁli5;55-;5&-3;&1edbytihe«@llaﬁmgmia%)},heﬂwgﬁpbélrﬁylﬁwufimmﬁche

T /Idi(R= is-(2-athylhexyl) p-tolylphosphate,
fo et?%(% O%{ r}f?m &Kgﬁ%ﬁg?ﬁy Al s(%;@[

osphat exyl) plhe phosphate, tri-(nonylphenyl)
phasphate, di- (dodecylé,ip-tolyl hosphate, tricresyl phosphate, triphenyl
Exanplephad e ibrgeen ssﬂégaffa@ééozmﬁard&wmﬁﬁsﬂgﬁlﬁﬁbm@w
phepylohyd bis(2.5. brirapinrbexypphosahateARthyihexylgipbemt, 2-cthyl-
osphate, and the like. In anoth rqnl‘guodi enteach R is aryl.

o PP ER i S SRS a0 BBl R st
bis-(eipplrdydy phenyl phosphate, tri-(nonylphenyl) phosphate, di- (dodecyl) p-totyl
phosphate, tricresyl phosphate, triphenyl phosphate, dibutylphenyl phosphate, 2-
chloroethyldiphenyl phosphate, p-tolyl bis(2,5,5-trimethylhexyl) phosphate, 2-
sthylhexyldiphenyl phosphate, and the like. In another embodiment each R is aryl.

Alternatively, the organic phosphate can be a di- or polyfunctional compound or

. polymer having the formula

fl

} %, O'—"}r R_]
R O-]E3 O— R2

RZ

XD n

or

0 R’ 0
R5ow1!> 0 o~—-1i) OR’

R4 o™ ) R
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polymer having the formula O p11 OORRO-PO-2 R2(XI)mn or3 0O

R O RSO-P O O-P ORS R4 (X2)m (X3)r R4 p 15 WO 2005/097897
wBCihAe2005/010143 orO 11 R6 O-P7 00O OR6 P-O OHfr-RukYénio143

including mixtures thereof, in which R', R3 and R5 are, independently,

hydrocarbon; R2, R4, R6 and R7 are, independently, hydrocarbon or

hydfgicarbonoxy; X', X2 and X3 are halogen; m and r are O or integers

from | to 4, and n and p are from 1 to 30. Examples include the his

diphenyl phosphates ot)fesoércinol, hydroquinone and bisphenol-A,

respectively, or th%r_p | ric counterparts. Methods for the preparation

of the aforementioned i}ﬁmd polyfunctional aromatic

including mixtures thereof, in which R', R® and R® are, mdependently, hydrocarbon;
R* RY, R® and R are, independently, hydrocarbon or hydrocarbonoxy; X', X2 and X°

are halogen; m and r are 0 or integers from [ to 4, and n and p are from 1 to 30,

Examples mclude the bis diphenyl phosphates of resorcinol, hydroquinone and

bisphenol-A, respectively, or their polymeric counterparts.

Methods for the preparation of the aforementioned di- and polyfunctional aromatic

phosphates are described in British Patent No. 2,043 ,083.

Another development is the use of certain cyclic phosphates, for example, diphenyl
pentaerythritol diphosphate, as a flame retardant agent for poly(arylene ether) resins,
as 18 described by Axelrod in U.S. Pat. No. 4,254,775.

Also suitable as flame-retardant additives are compounds containing phosphorus -
nitrogen bonds, such as phosphonitrilic chloride, phosphorus ester amides, phosphoric
acid ammides, phosphonic acid amides, phosphinic acid amides, tris(aziridinyl)
phosphine oxide, of tetrakis(thydroxymethyl) phosphonium chloride. These flame-

retardant additives are conunercially available.

In one embodiment the phosphate flame retardants include those based upon
resorcinol such as, for example, resorcinol tetraphenyl diphosphate, those based upon
bis-phenols such as, for example, bis-phenol A tetraphenyl diphosphate and triphenyl
phosphates which may be substituted or unsubstituted. The flame retardant may also

comprise a combination of two or more of the foregoing.
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phosphates are described in British Patent No. 2,043,083. Another
development is the use of certain cyclic phosphates, for example, diphenyl
wpentaepytaritol diphosphate, as a flame retardant agent for pedy(@sdena 10143
ether) resins, as is described by Axelrod in U.S. Pat. No. 4,254,775. Also
suitable as flame-retardant additives are compounds containing
In Hro8phbeaspeiitcgehbdlde: seishlastphospRonivilisichiprdent in at least the
minfR§AY M?%‘ém rﬁ%%ﬁé@ Bofd é?ecé(fl ﬂ%@%@t&%@(’fﬁ% "élgﬁ(;posiﬁon

amides, phosphinic acid a tris(aziridinyl) phosp ide, or

to gapalbagI NV drodyrraanp) shoslhitinY chidrileomNesddnartingaraiianpecific
apﬁﬂgm@ﬁ %d@uﬁ@m@a%tcia%@vgaﬁm@am gasemRedimant e RRASRhAS e
a

ame retardants include those based upon resorcinol such as, for

mISEH AV HENG RGH PEBABR ERGFERSHo S ERORLAE b damghie resin present

anBigRBENOIsBHChamoy ExampleicisphRankAvigHRRpeRY hiiPResRbAR in
i aréd trIlfhetn%; phosphates which géa% %gﬁ?ubstltu ed or unsubstituted. The,
flarEHathriant niSy ARES CAMpBR: bifd 5 SFPIRGIE drfsent in

cofopegivings 64620 QF/AAN8 Y7 tH eblhi S2GOS Mt @tAZntndhedinakpecifically,
C sition.. the flame retardant, when employed, iS present in. at least

LR R G p R el S e e AR e

welabtoprnpositioved tonpghedcttad whigdd ofithto colnabsitiating of V-0, V-1, or V-2
depending on the specific application requirements. The particular

In 3034 BNILYRRN SR RepCing s thangiReulanweight of the Q19N Alection

phosphate, the amount of the flammable resin present and possibly other .

teHBFFALE AR dle oy o dento\ TR it AfsdriaTHerdcrd if nisga Pascals
(MiapoSHBTRThe4sganie aliespliate famevetardants agrARN M her than

t in, campositions in amounts of about 2 to about 35 weight
thgfé?rézﬂ?fglﬂe rﬁ%‘ﬁe@ﬁ?&?ﬁéﬁ& about 5 to about 30 weight percent, ore

even more specifically, about 10 to about 25 weight percent based on the
Thetaetheri iortiie Bbiripostibn the Sdlneisgmodimdtingiciempisirable for

the final composition to have a heat deflection temperature (HDT) of
Exabhme78€ to about 130C as determined at 1.8 mega Pascals (MPa) by
ASTM D648. The concentrate may have an HDT significantly higher than

The materials employed in the following examples are listed in Table 1.
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thé HDT of the final composition. The method is further illustrated by the

following non-limiting examples. EXAMPLES The materials employed in
wiheoaltowdsg examples are listed in Table 1. 17 WO 2005/09¢8a72005/010143

PCT/US2005/010143 Table 1. COMPONENT DESCRIPTION/SUPPLIER

PPO Poly(arylene ether) having an intrinsic viscosity of 0.40 dl/g as

meadatdelin chloroform at 25C ZnS Zlnc sulfide TSAN

Pol
we

Ru
ph

mel .
percent, based on the total weight of thg

wag used in later examples. Table 2. CO,
TDP Triisodecyl phosphite
MgO Magnesium oxide
PE Polyethylene
SBS Styrene-butadiene-styrene block
copolymer
HIPS Rubber modified polystyrene
RDP Resorcinol diphosphate
BPADP Bisphenol A diphosphate
Example 1

b

Igpf)ddtiu of 15— TDP-Triisodecyt-pf hiteM \ TeSHim oxt
PE [Pol eth lene SBS Styrene-butadiene- f’fé :}J

i [aVing an jpiansic
. T 8(? &%%}%%@Er% in
bber modified polystyrene RDP Resor&mg X 1

npld diphosphate Exampte T ATo

r}I i%
?Oq;yg AMOUNT

|%Héfgdﬁ~8 b”UWII ||| Id.UIU | wdAas
e e Greight

A concentrate as shown in Table 1 was melt mixed and pelletized. Amounts shown in

Table 2 are in weight percent, based on the total weight of the concentrate. The

concentrate was used in later examples,

Table 2.

COMPONENT AMOUNT
PPO 74.7

nS 0.15
TSAN 0.19

TDP (.65

MgO 0.15

PE 2.1

SBS 3.3

HIPS . 18.7

Examples 2-4.

The concentrate from Example 1 was melt mixed with additional rubber modified

polystyrene as shown in Table 3. The amount of rubber modified polystyrene is the

amount of additional rubber modified polystyrene in weight percent based on the total
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PPO 74.7 ZnS 0.15 TSAN 0.19 TDP 0.65 MO 0.15 PE 2.1 SBS 3.3
HIPS 18.7 Examples 2-4. The concentrate from Example 1 was melt
wonesiawitioadditional rubber modified polystyrene as showreinrfiahie 3010143
The amount of rubber modified polystyrene is the amount of additional
rubber modified polystyrene in weight percent based on the total 18 WO
weigh0 08/ 0P8 9MROTNIS 200510 1 01aRosibigiat ofative woldpbsitidntefted.  The
conRROSIans st molded aarliesied, The: goncentrate itself was molded
and tested for comparison. Table 3.2 34 HIPS 0 25 50 Tensile yield

strength 70 64 55 TenS|Ie eIongat|on 21.4 21.0 23.7 Flexural modulus 2
u th' 10898 85 Notched lzod-12

7=

I'

d-125
:\hhnrrhrSn to-ASTM nR384 Yield

HIP . . . ined AR
Ten%}é‘y\% b3 Results lare in MPa..3Detdimined 2fcordinglto ASTNPD256.
Tenﬁﬂﬁ&@ﬁgémf}i\ inLles har man\lL’ﬁ'Tlm\ 21.0 ” 23.7
Flexural modulus” ~ 1 2.540 2,490 2,450
Flexural yield strength” 108 98 85
Notched Tzod” 125 167 230

HDT* 153 136 119

'Determined according to ASTM D638, Yield strength is in MPa. Elongation is in
per cent,
Determlned according to ASTM D790. Resuits are in MPa.
*Determined accor ding to ASTM D256. Results are in joules per meter (J/m).
"Determined according to ASTM D648 at 1.8 MPa and 0.64 centimeters (cm).
Results are in °C.

Examples 2-4 show that performance varies in a substantially linear fashion based on

the amount of additional rubber modified polystyrene.
Examples 5-16

The concentrate from Example 1 was melt mixed with additional rubber modified
polystyrene and RDP as shown in Table 4. The added amount of RDP and rubber
modified polystyrene are in weight percent based on the total weight of the

composition. The compositions were molded and tested.

Flammability results are reported as “probability of first time pass” or p (FTP).
Twenty bars were bumed by the UL 94 method and the average and standard
deviation of the flame out times was used to calculate the probability that in the
standard test of five bars the sample would have received a V-0 rating (p(FTP) V0) or
a V-1 rating (p(FTPYV1). A 90% or greater probability of passing the first time (i.e.,
p(FTP) of 0.9 or greater) is considered acceptable performance. Values significantly
lower than 0.9 are considered unacceptable. p(FTP) is calculated only for samples
that do not fail by dripping. Flammability results were obtained for bars with
thickness of 1.5mm.
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4Determined according to ASTM D648 at 1.8 MPa and 0.64 centimeters
(cm). Results are in C. Examples 2-4 show that performance varies in a
weubstantalty linear fashion based on the amount of additioratfubtmens/e10143
modified polystyrene. Examples 5-16 The concentrate from Example |
was melt mixed with additional rubber modified polystyrene and RDP as
‘Biidevh in Table 4. The added amount of RDP and rubber modified

polystyrerlesare indweightiperceRt base? on thétotal weight afthe | 13 14
HiBGmpositioRdSThe topositions Wefe midided dnd tested. Flathmabiditys | 25
Coesulistare fGortéd ds "pidbabifity>of [first timefpass| 84 p (FP). Twenty| 63.25
RIPars were|burhediby the ULS94 tmethod aid thEl dderdge and standakd/s | 11.75
p(ldER)ation o0tAR fldnfe@utitifesvas usefdo cal6llatd)the prébability that 0.397
P e/ stanhdddl te$6f fiveWarstiiésample wauld haes Téaehveida V805 | 0.998
Speating (p(ATR)2VO) .ah a V-1rathgd(p(ETR)V {1).18 90%16r greafer | 1.12 | 1.11
grprdbabilityl of passing the first fime (i.e., p(FTP) of 0.9 or greater) |s
Tepamsidered Hecepteble péformafice. Values sitghificaibly lower tha80.9 | 60
vieddle considered unacceptable. p(FTP)|is calcyilated gnly forisamples that
strefegftot fail by dripping. Hlammability results were obtained for bars| with
Tetrsidkness pld-5mif-19 WO 2005/09718F72PCTAIS2p05H10148 TdbIE 4] 21.4
clopgtiamg 10 11 12 13 14_HIPS 25 18.75 0 12.5 12.5 0 0 25 6.25 25
Flggrdentratdm?.5 $9% 25781 850 8p2#5 04 692 62248 RBEV1Y B0 | 2540
mogdplys 17 86 1751175661175 1175 p(ETP) VO 0.98 0.326 100 O
Flgxoeé 0.62786 0 099397|~9#) V01,00 Ho9 1,00%.81502.00 4200 Q.89 | 91
3’1?3%145 0.805 0.998 Specific 1.12 1.11|{1.141.101.131.121.101.10 1.12
strengih gravity :

Notched 163 120 107 | 145 111 165 111 143 113 136
Izod®

Heat 82 |98 95 123 | 88 12 130|114 109 95
deflection

temperature4

"Determined according to ASTM D638, Yield strength is in MPa. Elongation is in

percent.

*Determined according to ASTM D790, Results are in MPa.
*Determined according to ASTM D256. Results are in J/m.
*Determined according to ASTM D648 at 1.8 MPa and 0.64 om. Results are in °C.
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Tensile 58 63 68 67 63 70 73 60 68 60 yield strength' Tensile 16.2 19.5
15.7 18.318.2 19.4 15.3 24.6 18.2 21.4 elon ationt Flexural 2550 2590
Wwd26652660972470 2490 2540 2570 2490 2540 modulus2 Flexurat8600Ge10143
104 101 94 106 109 92 101 91 yield stren hz Notched 103 120 107 145
111 105 111 143 113 136 Izod3 heat 82 98 95 123 88 12 130 114 109 95
Ag e dfobete e Fatarenl  dtdrhminsd geced ringy esi iaT Wiiea8ange ket physical
psiferatis b MBa. Glangalanis iaapaicet. 2Determined according to
ASTM D790. Results are in MPa. 3Determined according to ASTM D256.
EReSliHS € Jn J/m. 4Determined according to ASTM D648 at 1.8 MPa and
TB% & Results are in C. 20 WO 2005/097897 PC'f/US2005/010143 As
can be seen by Examples 5-14 a range of compositions with a range of
Tighyshssniprspentiasoampéenadesusiely msingletbretiitiate. Ekhmplesiified
AS5sk41he Gons Wi [ 'thfégi#ion I
7 rt%%é?ﬂ-modifiedggﬁgﬁgﬁiﬁ%%%P %ﬁségr?gvév% %‘#?’9%&8 A S poyer
mgdifictht REEDIERRd BB e FiEbdiflagsaly Sigpedeos ithweight pertdit of the
copasastion. theRetalowpishtihine «ROMBARIHOM AT A& LAMPOSIHIONS MR ce was

molded and tested. Flame retardance was
determined as mn Examples 5-14.
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determined as in Examples 5-14. 21 WO 2005/097897
PCT/US2005/010143 Table 5. 1516 17 HS- 19 20 21 22 23 24 HIPS 25
w5 ka5 12.50 0 25 6.25 25 Concentrate 57.5 69.5 82 b luSrddo10143
88.2594 69 82 63.25 BPADP 17.511.7517.5617.511.756 6 11.75
11.75 (FTP) V0 0.692 0.583 1.000 0 0.938 0.104 0 0 0.005 0.016 p(FTP)

V49996 1.000 1.000 0.471 1.00 0.986 0.7 4 -0.283 0.970 0.912 Specific

1.111.111.981.094.12.1171 1.1081.09 1911 1.28 gragity Tensile 6266 | 24
HIP$67 69 73223 61 68.53 Yield stighfith' 1Ténsil® 18.18016.19 22.34 5.26 | 25
Covarag 21574582 8352 13268 1644 eldh atioRSEIExUR4l 2688526982780 63.25
BRADE 2760 2630 259073450 258062650 HiddulusR 7Flegural 88 101! 11375 | 11.75
p(HORINOB 110-992 p8.3887 [970%e|d)strendiP3EB20N64cheéd 1250113 130034 0.016
pETD V0 163.997 11000070080 edt. 41 - DIRA9-0019% 94 717 188 8B10019# | 0.912
Speoific] 1 dellddtionltdin erh@tte4 1.09 | 1.12 | 1.11 | 1.10 [1.09 [ 1.11 | 1.11
gravity
Tensile 62 66 73 67 69 73 73 61 69 68
vield
strength’ .

Tensile 18.18 | 16.19 | 12.34 | 1.76 | 14.05 1 13.21 | 14.82[23.52 | 12.68 | 16.44
elongation’

Flexural 2680 | 2690 | 2780 | 2510 | 2760 | 2630 | 2590 |2450 | 2580 | 2650
modulus?®

Flexural 87 101 113 1103 103 |110 |112 |95 107 197

vield

strength®

Notched 125 1132 1113 1139 (114 117 [129 163 127 | 160
Tzod®

Heat 84 101 |99 125 |94 117 1135 119 {114 | 101
deflection

temperature4

‘Determined according to ASTM D 638. Yield strength is in MPa. Elongation is in

percent.

“Determined according to ASTM D 790. Results are in MPa.

*Determined according to ASTM D256, Results are in J/m.

"Determined according to ASTM D648 at 1.8 MPa and 0.64 cm. Results are in °C.
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Determined according to ASTM D 638. Yield strength is in MPa.
Elongation is in percent. 2Determined according to ASTM D 790. Results
warmindtiBer 3Deternrined according to ASTM D256. Results@rasrdeamio143
4Determined according to ASTM D648 at 1.8 MPa and 0.64 cm. Results
are in C. 22 WO 2005/097897 PCT/US2005/010143 Similar to Examples
Siilg (& Karmpldes1 54 Enonntleatid hsof Gonpositions withpesitangevgh a
mfg}yéf‘@ﬂﬁﬁ’ﬁ#? AL %gn”%%qﬁé&'ﬁh 'Rgsénsq}?gfeo %@H&&?er%%g{&i@séso?fthe
the choice of flame retardant. Example 25: A sample of 0.40 |
chpyeRypheaenetadat.powder with a butyraldehyde level of 114 parts per
million by weight was extruded on a 53 millimeter (mm) twin screw
Exaxipleles - at a rate of 50 kilograms per hour (kg/hr), a screw speed of 310
rotations per minute (rpm), and a barrel temperature of 290C. The

A @%%g’f%eéf‘ﬁ%v?{gt r%\;r’;a}ﬁ%ﬁ"’j?é&é éﬁl&‘;%%e‘%”\e@?%;é‘?ﬁﬁ?g‘éﬁgd%ﬁ%ei of 114

vacC um_ve_nt. as Injected at a rate of 1. Nnto eacn zone wi
pagserruuilivarinpresgifrey of @80dwlibar &6 vadlinmieT fremaxwinleuqy sdtiotier

at WasPsielized Angha RAFURRIES IS EXIUASH Wader ihe: 5amey; GRNGHNS e
)

This process was repeated 2 more times. The'level of butyraldehyde and

(e AU | i BaTR] thesmases REsEIWR-in Thpledruighlasedsansparate water

infsiyraldeRydadn Tl tYIRNISEAR IR QIR ENRHRP T PRTBJRRIMPOWARST 1.5
feed 114 26 187 Is" extrusion pellets 134 1.1 26 2 extrusion pellets 49

ked Bl3eRea ARSI OH PetiaRO9E TP Prestt Rt PR PATOS Yeswug,, ifhe
extraiidd Graldhouginthedivelaf tindethylanisolesagdriotueng-decrgasataligne

conditions. This process was repeated 2 more times. The level of butyraldehyde and

other volatiles in the samples is shown in Table 6.

e gample Butyraldehyde in | Trimethylanisolein | Toluene in ppm
ppm ppm
Powder feed 114 26 187
1* extrusion pellets 134 11 26
127 extrusion pellets 49 0.2 0
3™ extrusion pellets 25 0 0
4™ extrusion pellets 14 0 0

As seen in Table 6, although the level of trimethylanisole and toluene decreased after
the first extrusion with water injection, the level of butyraldehyde was not reduced

until after 2 extrusion steps.
Example 26

A sample of 0.40 IV polyphenylene ether powder with a butyraldehyde level of 48
parts per million was extruded on a 30mm twin screw extruder at a rate of 13.6 kg/hr,

- a screw speed of 300 mpm, and a barrel temperature of 315°C. The extruder used a
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the first extrusion with water injection, the level of butyraldehyde was not

-reduced until after 2 extrusion steps. Example 26 A sample of 0.40 IV
wpayhemdene ether powder with a butyraldehyde level of 4&quaate@srioi43

million was extruded on a 30mm twin screw extruder at a rate of 13.6

kg/hr, a screw speed of 300 rpm, and a barrel temperature of 315C. The

singds (HaH D SER O RANO 2 CU5 0UFgyy PUTRRYSPOOSIT erinsledipgduct was
pel I¥BSHUBRY @Y RRERaIRd AL EANMUHIBRI ST iNaSHHR IR SR UdeH PrRdUGtyas

was pelletized and a portion was re-extruded under the same conditions.
repepifie graRUSSHRES: réeatdifionlopatifise SARRIA ARSI BSHh ABF S HRFstethe
coniasexdudetanedirderdhe ganditionsdasesibad ahoveexceptthatdnge
~_.feed rate was 6.8 kg/hy to double the_ residence time in the extruder. The
cesERRGE PR ST S GEA Sk ST A A e SRR 1o e
samipédslés Ehdablim T&deriple Butyraldehyde in Trimethylanisole in ppm ppm

powder feed 48 1.02 1St extrusion pellets 746 1.48 2,d extrusion pellets
490 018837 extrusion pellets 235 0.44 4t extrusion pellets 129 0.26 1St

extrysion, dgylg'ﬁebbd 12 r%{gﬂ?&ﬁ%giﬁhi W&iﬁlﬁa%@&@jﬁujs that
I

the level of butyraldehyde rises sharply after g single extrusion but begins

to drpp after multiple passes througfithe extruder. Thig’8®ample also
shows thafhakingeie residence tigge of the TirSt eXtrusigp pass equal to
the qusitrlpnr-p time of twq passes is nat as effective as twa individyal
extrysionS B RHEeE7 34 746 1.48

2™ extrusion pellets 490 0.88

3" extrusion pellets 235 0.44

4™ extrusion pellets 129 0.26

1% extrusion, double 663 1.2

residence time

This example again shows that the level of butyraldehyde rises sharply after a single
extrusion but begins to drop after muitiple passes through the extruder. This example
also shows that making the residence time of the first extrusion pass equal to the

residence time of two passes is not as effective as two individual extrusions.
Examples 27-34

Samples of a blend of 90 weight percent 0.40 1V polyphenylene ether and 10 weight
percent crystal clear polystyrene were extruded on a 28mm twin screw exiruder at a
screw speed of 300 rpm, a barrel temperature of 310°C, and rates of 3.0, 7.5, and 12.0
kg/hr. The extruder used an atmospheric vent plus a éingle vacuum vent operated at
800 miliibar of vacuum. The extruded samples were pelletized and re-extruded with
additional crystal clear polystyrene, SEBS rubber, glass fibers, and other additives to
give a final composition of 34 weight percent polyphenylene ether, 35.5 weight
percent polystyrene, 5.5 weight percent rubber, 10 weight percent glass fibers, and 15
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Samples of a blend of 90 weight percent 0.40 IV polyphenylene ether and
10 weight percent crystal clear polystyrene were extruded on a 28mm
wongnsesesyextruder at a screw speed of 300 rpm, a barrel tegpEsatosa 0fi43
310C, and rates of 3.0, 7.5, and 12.0 kg/hr. The extruder used an
atmospheric vent plus a single vacuum vent operated at 800 millibar of

Wb e CTHecdiar rddiisam pledditiors belfenlasdnaiithe-esre demwlafion were
exBAHIONRLCEYSIA e RO SN EC DR weBRfUbR & ﬂ@%%&@@é&’&ﬂ%tg}th%ese

additives to” give a final composition of 34 weight percent polyphenylene

glasthdilled sapileht percstivgen e re A& MEIStE giet e it deibpic?, ety of 15

kerelghtpereeialnss §0ersANeanlc: 24 WQeA00540248F L REE/ USROR truder
5/010 143 weight percent other additives. Additional samples with the

USEh 2 fBIRIRRGIPWERS RIS ESNG POITHNER IR adthet pBRboRY Hibar of
vaingigad Ofdie exirudeddachietsththask 1@iass fillechsamplamwere audreced? s
kggg_a% 28mm twin screrffw eﬁruger atarate of 1 k%jlw,qa screw speed of
0 FofFE GRS BAT I BRI ATERFSBE T Rer used an
atmospheric vent plus a single vacuum vent operated at 800 millibar of
Theagrplietiapfaterples infuetdd satvthepidad baforéltmentineeismdientvdtighratere

@] G2k 19 [Rducethe;leuelabyailacempnents itk e MU score

The pelletized samples were injection molded into 10 centimeter dies,

ProRfEHaelde theridsarined thy 849anerartraimerBUbrEPaRuAIGH ore) and 6
(ugewergsieh SeHpRigpIscRRePiRPaItRRahtothe itensity of the odor; scores
can vary between | (no odor) and 6 (unbearable). The sample scores are -
shown in Table 8. Table 8 Sample Number PPO Source for Sample Odor
Tdbtoe 27 pre-extruded with 10% polystyrene at 12.0 kg/hr 3.3 28

Sereysixtridebewith 10% polystyrereoas Fubckgiisa:Hp1d9 pre-extruded Widdor Score
10%palystyreng-at-3:0-kafht 3230 pre-extruded-with-10%-pelystyrene-at
3.0 ket 3.3 31|BBC POWIET 48 39 BB phiicH 380 & 33
28 pre-extruded with 10% polystyrene at 7.5 kg/hr 3.0
29 pre-extruded with 10% polystyrene at 3.0 kg/hr 3.2
30 pre-extruded with 10% polystyrene at 3.0 kg/hr 3.3
31 PPO powder 4.6
32 PPO powder 3.8
33 PPO powder 3.8
34 PPO powder 3.8

All of the samples (27-30) made with the polyphenylene ether/polystyrene blend that
was extruded once before compounding with additional components exhibited lower
odor intensity than samples made directly from polyphenylene ether powder even

though steam stripping was employed.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope

of the invention. In addition, many modifications may be made to adapt z particular
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33 PPO powder 3.8 34 PPO powder 3.8 All of the samples (27-30) made
with the polyphenylene ether/polystyrene blend that was extruded once
woeinsemarpounding with additional components exhibited |ewen ses/ 010143
~intensity than samples made directly from polyphenylene ether powder
even though steam stripping was employed. While the invention has been
situeleese i aekgiih! refére trashings priefesrad esibodiifient, depatinscfiond esstobel
scolpey Hhaseskited irthe artthal valious,changesabReBIaHe e to the

quivalents may be substituted for elements thereof without departing

paﬁm%altﬁéléeéﬁ%e%f%@ﬂﬁ%ﬁﬁdhe peaiderihcamimyPiatdifentansingagrh s

invénBer, tLRdAPHR PRFHGHIAT w20 MR 2ODDG S8 M BIAISZ00RI OdRope
situation or material to the teachings of the invention without departing

of the RRsadsA L 88ope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment disclosed as the best mode

All comtemaptate dofdertanpying outsthisdintentiofer butcthakthe inpentionbaitin by

refe%ﬂééd&% ﬁ@}?{?@@ﬂents falling within the scope of the appended claims.

cited patents, patent applications, and other references are

incorporated herein by reference in their entirety. 26 CLAIMS: 1.. A
method of making a thermoplastic composition comprising melt mixing a
concentrate comprising a first thermoplastic, a second thermoplastic and
an additive with a component selected from the group consisting of a third
thermoplastic, fire retardant additive, reinforcing agent, electrically
conductive filler, non-electrically conductive filler, and combinations of two
or more of the foregoing. 2. The method of Claim 1, wherein the second
and third thermoplastics are the same. 3. The method of Claim 1, wherein
the second and third thermoplastics are
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different. 4. The method of Claim 1, wherein the first thermoplastic
comprises poly(arylene ether) and the second and third thermoplastics
comprise rubber modified polystyrene. 5. The method of Claim 1., wherein
the composition further comprises an impact modifier. 6. The method of
Claim 5, wherein the concentrate further comprises an impact modifier. 7.
c g@ethod of Claim 6 wherein the impact modifier is present in an
amount of 1 to 10 weight percent based on the total weight of the
concentrate. 8. The method of Claim 1, wherein.the concentrate is in the
L formrbf BB B Erh BRSPS Hh ST RE EGRE R
coR@iietizedodHriEhe methodhefdaiastic, whereid thersandanitatedsinahitive
Jorm of a melt mix. 11. The method of Claim .1, wherein the first .
i R (S B S SULE Bhcind Lo G Toplasic fir
retthéamopldsiicisrseléntavefragnrthecpastipatipnsisting tofe poliptalkenydlectrically
aromati Si ' 0 [ inatiops: of two or more of
e égcf%\r]g?ég% .%é)g%%r[ﬁg@r%%t%%%%%%g&?@vﬂg%%%%y(arylene ether)
is present in.an amount of 50 to 99 weight percent hased on the total
2. weighte st iientiite | 1 ¥ DK HRaRG oS  Ciintit [FERaRIgREcs are the
sag@cond thermoplastic comprises a poly(alkenyl aromatic) resin and the
poly(alkenyl aromatic) resin is present in an amount of 3 to 50 weight
3. perp%nteb%s?lgogno %lta%}%l Y\,’%tr&fntq[ﬁecgg&qﬁ”gﬁﬂ' &érdTh%I%%inQé are
Claim 11 wherein the second thermoplastic comprises a polyamide and
diffesepblyamide is present in an amount of 5 to 50 weight percent based on
the total weight of the concentrate. 15. The method of Claim 11 wherein

4,the S%Q_Ii@em@arapgnaﬁiqu paméagéﬁe@ﬁfm wﬁﬁbam%dmempﬂmkemj@rﬁene
prese t In an amount (0] welgnt perce_r.lt a ont otal welgnt
S et Rt R o

present in an amount of 1 to 25 N . .
5. The method of Claim 1, wherein the composition further comprises an impact

modifier.

6. The method of Claim 3, wherein the concentrate further comprises an impact

modifier.

7. The method of Claim 6 wherein the impact modifier is present in an amount of

1 to 10 weight percent based on the total weight of the concentrate.

8. The method of Claim 1, wherein the concentrate 1s in the form of a dry blend.
9. The method of Claim 1, wherein the concentrate is pelletized.

10. The method of Claim 1, wherein the concentrate 1s in the form of a melf mix.
1L The method of Claim 1, wherein the first thermoplastic comprises poly(arylene

ether) and the second thermoplastic is selected from the group consisting of

poly{alkenyi aromatic) resin, polyamide, polyolefin and combinations of two or more

of the foregoing.
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weight percent based on the total weight of the concentrate. 17. The
method of Claim | wherein the concentrate comprises a combination of
additives and the combination of additives is present in an amount of 1 to
25 weight percent based on the total weight of the concentrate. 18. The
method of Claim 1 wherein the component comprises a third
thermoplastic and the composition further comprises a blowing agent. 19.

12, The-tpethad,ef Glaimihwhergin.the additive isnselarigdsiamdheagmUinount

consisting of couplin agents antioxidants, mold release agents, UV
of %%E‘bﬁ?e‘?@igf&fﬁe i385 ORAR Wqtahinsigar ﬂfﬁhﬁﬁﬁ%eﬁﬁg‘ﬁuzers

pigments, dyes, colorants, anti- static agents, nucleating agents, anti-drip
13.ageritse ankdl*snﬂa\z:én@é{sn ahd edmtbinatiensabitvahenmgresvicthemprises a

oing p [
P iy S B e Bseat dng ™
amanradiive :n@ fmmm p@mwéhmoamhﬁzst@ﬁ@wmm@tm@@m%@mmte
with a component selected from the group consisting of a third

14 thermpplagtisofire retasdant pdditiveinreinfoseing geainelasticalymprises a

cond Ctlve iller,.non Iectrlcall conductive fill omb| atlonso two
B HE AOREBA 21 A T RBA G ARG S0 ORISR et e

OnGbmme%EEHOMDHSMleﬂHMIXIng a first thermoplastic, a second
thermoplastic and an additive to form a molten concentrate; pelletizing

15the mplten gapgeptrate 1o formya, pelietized Copcentralgomeimixingihes a

elletized concentrate with a component selected from the group

PobisHtiARIIhE BRI YHEHOPIRSHE Hird rebareRit itk Ve oPgfignt based

ondBeMiapiRghisfconsiuetivadller, non-electrically conductive filler, and
combinations of two or more of the foregoing 22. The method of Claim

165 MIRLSILANG PG QRiaRlG ‘%‘%%d? PUAIED S, SBROE 115 25

thermop s IC COmposi ition'has a but ra level less
weight percent based on the total weight of the concentrate

17 The method of Claim ! wherein the concentrate comprises a combination of
additives and the combination of additives is present in an amount of 1 to 25 weight

percent based on the total weight of the concentrate.

18. The method of Claim ! wherein the component comprises a third

thermoplasiic and the composition further comprises a blowing agent.

19. The method of Claim 1 wherein the additive is selected from the group
consisting of coupling agents, antioxidants, mold release agents, UV absorbers, light
stabilizers, heat stabilizers, lubricants, plasticizers, pigments, dyes, colorants, anti-
static agents, nucleating agents, anti-drip agents, acid scavengers, and combinations of

two or more of the foregoing.
20. A method of making a thermoplastic composition comprising

dry blending a first thermoplastic. a second thermoplastic and an additive to form a

concentrate; and
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than or equal to 800 parts per million by weight, based on the total weight
of the poly(arylene ether). 23. The method of Claim 21 wherein the first
thermoplastic comprises poly(arylene ether) and the thermoplastic
composition has a trimethylanisole level less than or equal to 30 parts per
million based on the total weight of the poly(arylene ether). 24. The
method of Claim 21 wherein the first thermoplastic comprises

mdeandens &ihenand Jhe thesmoniaslicLomRRIiombasHafQluengilavef a

less than or equal to 100 parts per million by weight based on the total |
thiggeibprrsiisstiso ranaertans s v rafaHBY sisalisgraHbnHIpiasHE
filRSMRASHIOARAMPriSiRGLEIRIE IKATA dired e HRIaSiC «RS@E0REre of the

thermoplastic and an additive to form a molten concentrate: 29 melt

fo154RIRg the molten concentrate with a component selected from the group
consisting of a third thermoplastic, fire retardant additive, reinforcing

21 agent, nettetdicdiyabonga disrnfiiastivorpeipetricallyocopritaegive filler, and
combinations of two or more of the foregoing. 26. A method of injection

mdRAdingAthetmaplasiia cemnosiioncompiisimgmeldnabingiailiesto form a
thermopTastic, a second thermoplastic and an additive to form a molten

Mol erEiEaslletizing the molten concentrate to form a pelletized.
concentrate; blending the pelletized concentrate with a component

pelelettgdifeonolies growumiconsising ofral itk tharmoplastic, fire retardant
additive, reinforcing agent, electrically conductive filler, non-electrically

m&eneustyarillen rad.combinations RO kpeReRf Jederegaingie farp
a blend and injection molding the blend. 27\£ thermoplastic concentrate
coagé?m%nfrﬁawaladth@ﬁlﬂﬁaﬂrf%%@ofmﬁpo@ HoRfsitig Jgipdpreine agent,
elébermpplasivuaiseqund, thefirbpizistkt andnnadditiiteyyhatebvtitgnations of
st thermoplastic and the additive is higher in the

twgrgfllérétfg ]:%gjtﬁweﬂ{orecfomg.

oncentra an in®

22. The method of Claim 21 wherein the first thermoplastic comprises
poly(arylene ether) and the thermoplastic composition has a butyraldehyde level less
than or equal to 800 parts per million by weight, based on the total weight of the
poly(arylene ether).

23. The method of Claim 21 wherein the first thermoplastic comprises
poly{arviene cther) and the thermoplastic composition has a trimethylanisole level less
than or equal to 30 parts per million based on the total weight of the poly(aryiene

ether).

24. The method of Claim 21 wherein the first thermoplastic comprises
poly(arvlene ether) and the thermoplastic composition has a toluene level less than or
equal to 100 parts per million by weight based on the total weight of the poly(arylene
ether).

25, A method of making a thermoplastic composition comprising

melt-mixing a first thermoplastic, a second thermoplastic and an additive to form a

molten concentrate;
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the thermoplastic composition. 28. The thermoplastic concentrate of Claim
27, wherein the first thermoplastic comprises poly(arylene ether) and the
second thermoplastic is selected from the group consisting of poly(alkenyl
aromatic) resin, polyamide, polyolefin and combinations of two or more of
the foregoing. 29. The thermoplastic concentrate of Claim 28, wherein the
poly(arylene ether) is present in an amount of 50 to about 99 weight

meRefERMh Panedthe dofabweightalithe ceonpemmteeBtedhfom the group
thermoplastic concentrate of Claim.28 wherein the second the moglastic
consiBisb & pONTEARRTP RSt Fosiv AHIFe HON (ke SPoMBuRE
elet@sinlis @resentio Alamourtiets dal 0cnaightipefiiat badad omitie: totabf
weight _oftf ctoncentrate. 30 31. The thermoplastic concentrate of Claim
WO BN INEFER %ﬁee %e(%)rll%gthermoplastic comprises a polyamide and the
polyamide is present in an amount of 5 to 50 weight percent based on the
26 totalAveigihed el eeitre mpidi B2 ITHE R PRARPRSEBHCEMIBIS BE
Claim 28 wherein the second thermoplastic comprises a polyolefin and
mehenpaholefine ihprasenkiin an earauntiehhdpl8liweightnpaideivtbaskdm a
n the total weight of the concentrate. 33. The thermoplastic concentrate
MR R D tiherein the additive is present in an amount of 1 to 25 weight
percent based on the total weight of the concentrate. 34. The
peliserinephesticlconedmeate S ai 2 PWRBFSHh apRE B HEEhtrate comprises
a combination of additives and the combination of additives is present in
bladiamannt@fiidiacds swaightperceithbaseshgmtirettatdbwedgfitoof thise  group
cancentrate. 35.. The thermgplastic.concentrate of Claim 27 wherein the .
cofioie 1t cbietibt O L Cur Con ety bf SeLiONRy Aehei fen
elantiolidantsdunoic releasemgdnts;itilly abpsdrserns; figler stadilizenditasigns of

w3 BPHBRI S RTSAISDIRPHAREL b A RN UG mERIRTERIE wAliptatic
agents, nucleating agents, anti-drip agents, acid scavengers, and

combinations of two or more of the foregoing._ : . .
27. A thermoplastic concentrate useful 11 making a thermoplastic composition

comprising a first thermoplastic, a second thermoplastic and an additive wherein the
amount of the first thermoplastic and the additive is higher in the concentrate than in

the thermoplastic composition.

28. The thermoplastic concentrate of Claim 27, wherein the first thermoplastic
comprises poly(arylene ether) and the second thermoplastic is selected from the group
consisting of polv(alkenyl aromatic) resin, polyamide, polyolefin and combinations

of two or more of the foregoing.

29, The thermoplastic concentrate of Claim 28, wherein the poly(arylene ether) 1s
present in an amount of 50 to about 99 weight percent based on the total weight of the

concentrate.

30. The thermoplastic concentrate of Claim 28 wherein the second thermoplastic
comprises a poly(alkenyl aromatic) resin and the poly(alkenyl aromatic) resin is
present in an amount of 3 to 50 weight percent based on the total weight of the

concentrate.
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3l The thermoplastic concentrate of Claim 28 wherein the second thermoplastic
comprises a polvamide and the polyamnide is present in an amount of 5 to 50 weight

percent based on the total weight of the concentrate.

32. The thermoplastic concentrate of Claim 28 wherein the second thermoplastic
comprises a poiyolefin and the polyolefine is present in an amount of 5 to 80 weight

percent based on the total weight of the concentrate.

33.  The thermoplastic concentrate of Claim 27 wherein the additive is present in

an amount of 1 1o 23 weight percent based on the total weight of the concentrate.

S

34. The thermoplastic concentrate of Claim 27 wherein the concentrate comprises
a combination of additives and the combination of additives is present in an amount of

1 to 25 weight percent based on the total weight of the concentrate.

35. The thermoplastic concentrate of Claim 27 wherein the additive 1s selected
from the group consisting of coupling agents, antioxidants, mold release agents, UV
absorbers, light stabilizers, heat stabilizers, lubricants, plasticizers, pigments, dyes,
colorants, antistatic agents, nucleating agents, anti-drip agents, acid scavengers, and

combinations of two or more of the foregoing.



