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frequently require high levels of phosphate flame retardants to obtain the desired level
of flame retardancy but high levels of phosphate flame retardants can result in
objectionable physical properties such as plate-out and migration. Plate out and
migration refer to the movement of solid and liquid component to the surface of the
article as evidenced in some cases by a powdery or tacky feel to the surface. Other
flame retardants such as magnesium hydroxide and aluminum trihydrate are known

but at high levels frequently have a negative impact on physical properties.

Accordingly there remains a need in the art for a flame retardant composition that
provides excellent flame retardance to thermoplastic compositions and has little or no

negative impact on the physical properties of the thermoplastic composition.
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a metal hydroxide; and

an organic phosphate wherein the amount of phosphoric acid salt by weight is greater

than or equal to the amount of organic phosphate by weight.

In another embodiment, a flame retardant thermoplastic composition comprises:
a poly(arylene ether);

an impact modifier;

a polyolefin;

7 to 20 weight percent of a phosphoric acid salt selected from the group consisting of
melamine phosphate, melamine pyrophosphate, melamine orthophosphate,
diammonium phosphate, monoammonium phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and

combinations of two or more of the foregoing;

4 to 15 weight percent of a metal hydroxide; and
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nodifier; a polyolefin; 7 to 20 weight percent of a

an lméﬁﬁ%lﬁénaci d salt selected fromthe group

consi sting of nmnelam ne phosphate, nelam ne
a pdlysieftosphat e, nel am ne orthophosphate

a phosphoric acid salt selected from the group consisting of melamine phosphate,
melamine pyrophosphate, melamine orthophosphate, diammonium phosphate,
monoammonium phosphate, phosphoric acid amide, melamine polyphosphate,
ammonium polyphosphate, polyphosphoric acid amide, and combinations of two or

more of the foregoing;
a metal hydroxide; and

an organic phosphate wherein the amount of phosphoric acid salt by weight is greater

than or equal to the amount of organic phosphate by weight.

In another embodiment, electrical wire comprises:

a conductor, and

a covering disposed over the conductor wherein the covering comprises:
a flame retardant thermoplastic composition comprises:

a poly(arylene ether);
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DETAILED DESCRIPTION

The flame retardant additive composition comprises a phosphoric acid salt selected
from the group consisting of melamine phosphate, melamine pyrophosphate,
melamine orthophosphate, ammonium phosphate, phosphoric acid amide, melamine
polyphosphate, ammonium polyphosphate, polyphosphoric acid amide and
combinations of two or more of the foregoing; a metal hydroxide; and an organic
phosphate. The flame retardant additive composition has the advantage of providing
excellent flame retardance at lower levels of organic phosphate than organic
phosphate alone, thus decreasing or eliminating plate-out and migration in
thermoplastic compositions. The flame retardant additive composition can be used

with a wide range of thermoplastics and combinations of thermoplastics to decrease
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As mentioned above, the phosphoric acid salt can be selected from the group
consisting of melamine phosphate (for example, CAS No. 20208-95-1), melamine
pyrophosphate (for example, CAS No. 15541-60-3), melamine orthophosphate (for
example, CAS No. 20208-95-1), monoammonium phosphate (for example, CAS No.
7722-76-1), diammonium phosphate (for example, CAS No. 7783-28-0), phosphoric
acid amide (for example, CAS No. 680-31-9), melamine polyphosphate (for example,
CAS No. 218768-84-4 or 56386-64-2), ammonium polyphosphate (for example, CAS

No. 68333-79-9), polyphosphoric acid amide and combinations of two or more of the
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roxi de and organi c phosphate. 6
add1t1ve composition in an amount of 30 to 60 weight percent, based on the combined

weight of phosphoric acid salt, metal hydroxide and organic phosphate. Within this
range the phosphoric acid salt can be present in an amount greater than or equal to 32,
or, more specifically, greater than or equal to 34, or, even more specifically, greater
than or equal to 36 weight percent based on the combined weight of phosphoric acid
salt, metal hydroxide and organic phosphate. Also within this range the phosphoric
acid salt can be present in an amount less than or equal to 57, or, more specifically,
less than or equal to 55 weight percent based on the combined weight of phosphoric

acid salt, metal hydroxide and organic phosphate.
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even more specifically, less than or equal to 35 weight percent based on the combined

weight of phosphoric acid salt, metal hydroxide and organic phosphate.

In one embodiment the weight ratio of metal hydroxide to phosphoric acid salt is

greater than or equal to 0.8, or, more specifically, greater than or equal to 1.0.

In another embodiment, the weight ratio of metal hydroxide to phosphoric acid salt is
0.3t00.8.
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(IX): O 11 ROP-OR (I X) OR where each Ris
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Alternatively, the organic phosphate can be a di- or polyfunctional compound or
polymer having the formula (X), (XI), or (XII) below:
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R2
(X) Xm n

or

(XI)



or ORBO SIlI 11 ROPOOPORS R4 (X2)m(X3)r R4

(XI') P 8 WD 2006/104811 PCT/ US2006/ 010462 or O R6
w@2M@6/103811 R~~ O 11 R6 R7/P-O O Pl, R7 (Xl1) iPCI/usiongo10462

m xtures thereof, in which Rl, R3 and R5 are,

i ndependent |y, hydrocarbon; R2, R4, R6 and R7 are,

i ndependent |y, hydrocarbon or hydrocarbonoxy; X , X2
orand X3 are, independently, halogen; in and r are 0 or
integers from1l1l to 4, and n and p are from1l to 30.

Exanpl es include the bis Bi phenyl phosphat es of
resorcinol, hydroqui none and bi gphgnol - A,
respectively, or their pol yneois-gounterparts. Methods
for the preparation of the af renéh(ﬁoned di - and

pol yfunctional aromatic ph tes are described in
British Patent No. 2, @%#3, 08 enpl ayy organic
phosphat es |ncludeRxQﬂt ar n1H¢deo, phosphat es
cont ai ni ng substltuﬁéﬁ“ﬁheny gr odpskX phosphat es
based upon re@mnpldbl such as, for exampl e,

resorcinol bis- dlphenylphosphate as mell as t hose

upon bi s-phenol s such.as, f.or
mcﬁ, %o’ﬁ’é’%%‘fes )éb%?(gf Eh Whlé‘fhﬁ"p Rospf & eare,) 1ﬁd@1¢éd@ﬁ}yohy¢reeﬂrbon

R HICRO raaélw Gre, 1%65 (i BBAbEAEPUL Y2 ng X3
phényl) phospha g 2- 3- ,

areamﬂeﬁ@ldsﬁtlyl.)halqges,mmcandmi axbl(senl 1md@rwfrpimols|tmat end fiand p are
e EPie, CAS No.

from T1O305

Examples include 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.

Exemplary organic phosphates include, but are not limited to, phosphates containing
substituted phenyl groups, phosphates based upon resorcinol such as, for example,
resorcinol bis-diphenylphosphate, as well as those based upon bis-phenols such as, for
example, bis-phenol A bis-diphenylphosphate. In one embodiment, the organic
phosphate is selected from tris(butyl phenyl) phosphate (for example, CAS No.
89492-23-9, and 78-33-1), resorcinol bis-diphenylphosphate (for example, CAS No.
57583-54-7), bis-phenol A bis-diphenylphosphate (for example, CAS No. 181028-79-
5), triphenyl phosphate (for example, CAS No. 115-86-6), tris(isopropyl phenyl)
phosphate (for example, CAS No. CAS No. 68937-41-7) and mixtures of two or more
of the foregoing.

The organic phosphate can be present in the flame retardant additive composition in
an amount of 15 to 80 weight percent, based on the total weight of the flame retardant
additive composition. Within this range the organic phosphate can be present in an

amount greater than or equal to 25, or, more specifically, greater than or equal to 30,
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57583-54-7), bis-phenol A bis-diphenyl phosphate (for
exanpl e, CAS No. 181028-79- 5), triphenyl phosphate

w@ tos/1es8anpl e, CAS No. 115-86-6), tris(isopropptT/US2006/010462
phenyl) phosphate (for exanple, CAS No. CAS No.
68937-41-7) and m xtures of two or nore of the
foregoi ng. The organi c phosphate can be present in the

or frioangpeciticallyl ap¢ataditkint drveeualow3oBasedon thie to@hwaightiof the flame
based.on the total weight of

15 to 80. wei ght percent, S ,
fet%fa%ﬂtf%dgwerf@gwp&ﬁﬂ?- tiPhinethiorpes fhie @aaniwhpinhaterag be
pres@98 ah REORLORN haRBPERRALS Fg,talgloﬁzégspggiﬁﬁﬁ% rlé(:esg i or equal to

amount greater than or “equa
70, eevehinerk [spgcificadlsit less thivanr equabtpu@d based 80 the ©tal\@eight of the
fl 293&/ 10&81§. PCT/ US20Q 8‘/ 010462 or nore specifically,
r afnélla tt%l ngrcoglaﬁ%{l %Yo 35 based on the total wei ght
of the flame retardant additive conposition. Al so

In wht Rintbothhent] grgerghiie phiogpttits chh ®ePhratdeht GANhOFlame retardant
resent in an amount | ess than or equal to 75, nore

addhes PHMRAHUOP, I 2B STOEHeRY S 4SurighiRsTCenb bassd onghe fptgtoyaight

of 825 Bl b Rt iyl B BgR RO Bospha

carclogrpigséritiinnan anmuongreateb tehinne rignalt tbel Oowelighi perpdnn dpsedt @ the

totglfesel & 5 Himelsftatiigt dTe sSmB09E e i wiskihdbinrange the
orglAigshodphatd)@art B Presel BNin aRbuktRs{ kBB &fu@l 8208, or, more

additive conposition. Wthin this range the organic
spegiisaindess thamar peuabie 4brweight nerceatrbased agrtbetesal whight off the

ﬂa@?@lﬁrg&%a%git%icgﬁﬁgﬁﬁ&em based on the total weight

ane re ‘addi tive conposition. Al so
within this range the organic phosphate can be
In preesviidimantawhenthe weighe sstid bfwmetad hedroaldetto pA3sphofic acid salt

. nore s jfically, less than or egual to 41 weight
s 5B D n TR g S raroginos ot SompENGS 1o 30 mole
pert&it aheanh phdshHor’R, 29MBOFI Thdl%h nitFbePRCaRITRORI §F R ovh dtal

the weight ratio of metal hydroxide to phosphoric aci
hydsexide, bagedprethe eqtalitnelas of ghaspleorpus, eitragen audntetad Hpdiokide.
conposition can conprise 5 to 30 nole percent (nol%

.k t 0% Ni | 9%
WERPIREUS A (Rt R ! OB of ol
or givab gh6rmel$, anj moosggrcHicdllyreahain dyclmosrdeer thal bhedual ke 10

gi egﬁdi n?‘ r atgge t h é)hos or %us can be present in an
molya . fo. i glélt P{eﬁ ng rang quh(go%q:%bedrr’eseﬁb}nean amount
les$ShaE of EqAl t0/28 MB1B ord R peBiiRaNFIn A AoR 189 ¥ &rqdd to
24 mol%.

Within the preceding range the nitrogen can be present in an amount greater than or
equal to 30 mol%, or, more specifically, in an amount greater than or equal to 40
mol%. Also within the preceding range the nitrogen containing can be present in an
amount less than or equal to 70 mol%, or, more specifically in an amount less than or

equal to 60 mol%.

Within the preceding range the metal hydroxide can be present in an amount greater

than or equal to 15 mol%, or, more specifically, in an amount greater than or equal to
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nmol % Also within the precedi ng range the phosphorous
can be present in an anpbunt |ess than or equal to 28
worRdosio4sty nore specifically in an amount | esSPCTIES2006/010462
equal to 24 nol% Wthin the preceding range the
nitrogen can be present in an anount greater than or
equal to 30 nol% or, nore specifically, in an anount
20 groddt eAlst withim thespraeddingoraf@e tHenhstal Kydoxide t:lilibhe phegent in an
edi ran the nitrogen containing can be present
AP B tr RO O G BtraipeeiSicaly Womymaent Ity than or
eqlﬁpggs‘llngp%ly in an anmpunt |ess than or equal to 60
% Wthin the preceding range the netal hydroxide

can be present in an anmpunt greater than or equal to
The somprmtsef therdame sqierdamtl additivy composition garu bt agla:pgcﬂher to

e MR St AR o el o SAPIRAY

eﬁDSI €@ sabldadediamen tthd:rﬁlo@[hsu@ﬁ@ #BEm |lafastearthOdr added
to 55 nmol % _ or, nore specifically in an anount
mleé‘i lyhatimyitaneoysly)  sequemialiyl @ Th eopdppbinenttereds, ¢ e the

thefrhggﬁf'c%ﬁf gﬁPBn afghd oy dagle? ATPARatibAN can be m xed

er t6 form a tive conposition.
Al ternatively, as discussed in detail below, the
The Slapsnestardant dherbwplistin dethpaéitibn aotpeiserop| therioplastic fresim in

i ndi vi dual | i mul taneousl
sS4 s R ke OB G clpe Dot 15ntan be
selddoel from! (s ki dupCmpiosid bOpolfluryiag &her?f]]icﬂi(afy‘léle ether) blends;

formati on. The fl ane retardant thernoplastic

styreBiepPRlyREBEnando AeRaluaes snd Hbewdhendst ipe! ypkeﬁnn pplyolefin blends;
pol%ﬂéﬂé LA tHe ﬂlé}ﬁlsf difd I kil dzgﬂtthag ﬁié%ﬂt“léé gﬁfe?]gﬂrin%?% ﬂ!ﬁ‘ylene

thernoplastitc r can
ethep operslonsingdtidang cmhpqildjllyz(eﬂr y;_lxﬁy(arﬁd&rtee r gthegdpblyamidd eblends;

polfiySicsen SRGSTPOPETSI ePlRel potibl o nPBy GRISHe - el olefinic
theﬂﬁ’éplﬁitlb@r $u1@£}ﬁzdtéke| polk a@ﬁ@ﬁe éﬁ@)/@lﬁ&béﬁéﬂg?@p‘ide%@drﬁ%%fr and
ends. I ary o%(l y(aryl ene ether | ends i ncl ud

polﬁ@mﬂgte(%hqr}@ BMsdt w&leé)t/&ﬁﬁ\eyulcmﬂyquu@omlemdsblends
d

i) Y LOBEIEA MDY RRLL ol B 3L elomermontu

polyurbthmm bkhés, Apﬂ;hryé agtyidenethednkapil gstie tcoyipesion ﬁ@l@(}fleﬁﬁﬁafined

bber, and poly(arylene/ether)/E pol y(arylene
as % é‘inj’)i"]gf% ERROSHIA RAYIngy ACceqs il B)FﬁéEMBNQﬁ@ge of Underwriter’s

Laboratory Bulletin 94 entitled “Tests for Flammability of Plastic Materials, UL94”
(UL94) at a thickness of 3.2 millimeters, a V2 rating or better. In one embodiment the
flame retardant thermoplastic composition has a V1 rating or better. In another

embodiment the flame retardant thermoplastic composition has a VO rating.

In one embodiment the thermoplastic resin comprises poly(arylene ether) and an
impact modifier. The thermoplastic resin may additionally comprise a polyolefin. In
this embodiment the phosphoric acid salt may also be melem polyphosphate or melam

polyphosphate.

In one embodiment, the flame retardant thermoplastic composition has a Durometer

hardness (Shore A), as determined by ASTM D 2240 measured on a specimen having
11



i npact nodified poly(aryl ene ether) blends; and

pol y(aryl ene ether)/thernoplastic pol yurethane
whbk@ndets1A fl ane retardant thernopl astic conpoBCT/USIV06/610462

herein defined as a thernoplastic conposition having,

according to the procedure of Undermwiter's

Laboratory Bulletin 94 entitled "Tests for

a 3Fhiakmelel kHitkhes, gPéa&&tth@n dit@fal & 60. QHSBhord WH2Adne’t cén be
thickness of 3.2 millineters, a V2 rating or better.

gretar Bae 0@%@&%@1@ srpRier hampiequat terankbercRereEpa sy diave a
Sh@ﬁ?gﬂdﬁ%«%ﬁ? rhts %&F@m\ﬁ t{yet L an?Z@(ﬁ érfrergr%ur?d 81}1 Qgﬁécli]rﬁén having a
3 nu'ﬂimntsn mldknedsaef 20 W60 atWitlyin this range éﬂtﬂiﬂrmﬁnharﬂﬂmss can be

er nopl ast i sin c I ses poly(arylene ether) and
el IS 0k 28 A b G el s 2o AFDCH B rifge the
Sharelth idr @RS bah BOBRY th&oeqRal %Q#secfrlléss thdh orfemmi to 50.
enbodi nment the phosphoric acid salt nay al'so be nel em
pol yphosphate or nel am_pol yphosphate. In one
In somd cinpRadiments dlames getaydant thyamoplapiés wopipasitipe has a flexural
osi t t n 0 s
mof PR et By RSN J57e0, SF053 DL Cilepe®of 6.4
millianteng (mi), M0eROAGh1Q4& Al RCT. 11251?&@6[152@&2(M6MPaﬁ 3"he flexural
illinme ckness r er than qr equal . Th
modiis EaRbR H’é§§r€§Halk§8 5325@%% g lep o e@%ép 43% ME2
ﬂarﬁé r&hRBAE ’Ehehh@%aﬁfc 8oHAdsitdd ¢Bh ﬂi@%b%@@%&rfﬁe@ rSHU?é/ A and
have a Shore hardness, as determ ned by ASTM D 2240
flexygal snpddusofinds yseini arveridip el ngplapaaom teqivinges flexible materlal
pa 1@11'1(:?;’2\2@% é:g%tflrbggz(t)n tﬁlggglé‘?es ﬁilg:lj;]s E gbc&g %letotﬁgl%% atlon arrler
ins@hte@l esreddeanplate, ewulal piper,2GipeAl £d wiHeRi ApplithisorsaR@Rre the
the . Shore D hardness can be | ess. than or equal to 55
conghingtiopcofflage retardegem softeess and flexibidigparg fetiicent s 1 ane
retardant thernoplastic conposition has a flexura
In JRGHDIQimER aﬁi %fe@frf@ap@ﬁle BYm @%@Ma'ﬂﬂ&ﬂ?dl@&s@@ bPer' dofld&tor.
t hi ckness of 6. 1 met ['ess than or
Theecprgting @ompmesmbg afpasciaﬂdgnt( tﬂuaal)oplidme dohppesitiah. Thedldakcal

wirf G S 550V Rt e Po PR el ARk B e
clectAENBPohdedtivaiife dnidehatemsoslagierdhpdsiibare A and

flexural modulus finds use in a variety of
ations requiring a flexible materia

I
In %f?f %f'flﬁwfl@@myﬂ% NG BATTARY EFEPIPlasHE cmwegtwla g fgplied to the
con@{l@cﬁﬁ Bjr ‘é%lulthlﬂé %@ﬂﬁ(ﬁf suchs WxahiiBh cgaﬁg %rform' S RidP Vyire.

breaker plate, paper, pipe an er applications
Forwtramwple, h@ coating extruder equipped with a screw, crosshead, breaker plate,

distributor, nipple, and die can be used. The melted thermoplastic composition forms
a covering disposed over a circumference of the conductor. Extrusion coating may
employ a single taper die, a double taper die, other appropriate die or combination of

dies to position the conductor centrally and avoid die lip build up.
In one embodiment the covering has a thickness of 0.1 mm to 1.0 mm.

In some embodiments it may be useful to dry the flame retardant thermoplastic

composition before extrusion coating the wire. Exemplary drying conditions are 60-
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conmbi nation of flame retardance, softness and
flexibility are required. In one enbodi nent an
we@b@etiodscral wire conprises a covering di SposedPOI/ES2086/010462
conductor. The covering conprises the fire retardant
t hernopl astic conposition. The electrical wre nmay
additionally conprise an adhesi on pronoting | ayer
00°d £ROB20 HoRtNe BN ohd @mbRUREdNE, &3idgy c&RNEHIE dry SOVETE RRC-3
the thernoplastic conposition. "I n one enbodi nent the
hOlW-aP?éldttélnaﬁﬂathﬁ flameer reppiians thermopkasts icoinpesitien apy| heefiltered
. t . r ui.r.abl e t.hod such.a .
pridgdordiloiif Rt e Softhcfy? Wite a5 e f Hud e 2 mesh
sizefePBE). B @eanibodimeitihdébmety gPae opédifgsingké fker are 175
.crosshead, breaker plate, distributor, nipple, and
migyprEeters{od TERIMEITHe AnelPrekPresniratfoi %‘é%tPfé’agg FBEPe fdsled to
the | fRIiPB ret SR BEINEhI kS ROSHS siﬁgﬁg}rﬁ')r Gb re%&ﬁgi‘éﬁ %Qﬁﬁl%f Wi a
conductor. Extrusion coating mdy enploy a sing
coloragpmacendiate isausgddublisetypmpldy patsent intaneamapplapithat e etjuel to 5
0, conbi ngtion of . di t 0. position_.the conductor .
weight PPLPTY Baiel APolts I PEIERD ) WO, amF FefRant thermoplastic
con@FRRIbn TN apphRi QYIS bitJofM Rl & thBhRKIRETE10Pbf TheX1dMB feirdant
1.0 mm In some enbodinments it may be useful to dry
thegnpaplgstia ipempesition rior t Srentsidition: ofccolesqreeitrato maydmpae the

. oati. I. .
find] Sl B0 O ob 3l Gy S s o miey b bsaine
agef0@nd/or cdlo? Gstdtdlizasion| apeane Bidaochiingedpentsdind vBolor stabilization
conditions, afe 70-85C for 3-8 hours. Additionally,
agePR &TG KAY IR AT AR arerrormspriaty maﬂe@hposi tion may be

filtered prior to applying it to the conductive wre,

Thd MBESIG YerhpérPtaeddidd dAu@kioN2¥hie B JEBSHIly fs? thaBfor
3%?300. kI n g%e errbodiglrrent t he dtiﬂ%rretgg?s o}fl thealﬁo equal to
3208p e o, mysreispedifieallyi lase thaar @ <mbl ton3H°Gret, enaretspedifically, less
m cr onft eis.o A %gl or cqoncentrate or nast eiqr batch may_ be

than gieayat 19 280hE- DG PECGEETIAg IFIRETATHE Aheisigs thag or equal to 200°C.
| .
ASSEIRIR, b ORoBek O I RGBEVE SPeApRlr AT o Shlin
tempematime of the potylaplene ethgr)al to 5 wei ght percent, based

on the total weight of the flanme retardant

er l. ast i conpesi tiaon. . As recjat.ed by.one of
in G BRR RGP etoctF FRBERERIFOS P Bnerally
lesst 1h@h 1R RigASIt toC20000P B8 | thbRNspBéiFieilly, Qess NBaR 8 kelih2Mo @B0°C, or,
col or concentrate may inpact the final color achieved

momripetificabyriess dwmsori dquatay 276°G.dTha pagessiisg tempergdhreyis greater
bl eaching ~agent and/or col or stabilization agents.

thaigp sayal g 200ent SAdihidonadly Jhe Procsssing impsature is greater than or

equal to the softening temperature of the poly(arylene ether).

After extrusion coating the coated wire may be cooled using a water bath, water spray,
air jets or a combination comprising one or more of the foregoing cooling methods.
Exemplary water bath temperatures are 5 to 80°C, or, in some embodiments 5 to
60°C. After cooling the coated wire is wound onto a spool or like device, typically at
a speed of 50 meters per minute (m/min) to 500 m/min, or, more specifically 50

m/min to 300 m/min.

13



agents are known in the art and are commercially
avai | abl e. The processing tenperature during extrusion
weoabiltmgli s generally I ess than or equal to 3ROZUSING/010462
nore specifically, less than or equal to 300C, or,
nore specifically, less than or equal to 280C. The
processing tenperature is greater than or equal to
In a6¥€Embodideht thenedmjyositivn Brappiesikdd doBdRREBhANIBE ofe or more
) %reater than or equal to the softening  tenperature of,
ntqryening, 1ayesy \Peitrsnethiefonducior Gine tebeRMcHEA o fsm a covering
O B 6 PRIRRIT 14T B Ol 20 PO SUAC AL Bk Tayer may
be dispesefl ibetwden, th¢ egmducttannd coegrimy. ham8REexanple the cenductor
specifically, less.than or equal to 270C. The,
may € Coalefl it 2 el fehVHEr gER [ pOPYRES FovGRg Tnganother
exad I theABMrvéRA 1Aper eBRpBERCE AR MBplaSitP8F MedhBsdt Tomposition
reater than or ‘equal to the sof?enlng tenperaturée of
thagh‘ésw ¢Aces Jd fopmedt her). After extrusion coating the
coated wire may be cool ed using a water bath, water
: | ne or
The Birctpr el opiib el sReRAEIG | DRBATBI eBhBY BIGHR cases, o
plurgditye rof betahdg engye bat mmdkedareisted, cbr@ides, or ,a témbmagon of the
P enbodi ﬁEntS 5 éo 60 4 .A.ft?{y ool ing the cgat ed wire
OIGEOIE AT A UL, ot ddjtionalye thespndictor gy hayq yarigus shapes

such PE @6l oréb1SmL. S5 Sitdd&! caHditbR {nBlule,Hut late RAQid &l . copper
n 300 Mmn. 13

or, nore specitftically 50 mnto WD

wirgodsmiryas wircptepd y52e Gadotinescof allays enmpeising dineent mortgeof the

08 Yrep G LB rape
for ARl Tk SRRl T Sy R et oM ¢ ne

covering to forma covering disposed over the
A ccomdedionrof dacaxempirgaleetricalnwizpis @ealin Bifaesi.OFigure 1 shows a

r.onog i | ayer may e di sposed between the conduct or
COVEHRE. ARG VAL AN CAPHBFOR i e S BRHEIGER Ghe CREGFIge 4.

congitked Wahﬁdathgﬁﬁ@ﬂlas@i%%‘cﬁﬁﬁél@ftﬁh. pPE@E)ecttiQ'e aRekY :OtP %xbBplary

covering. In another example the intervening layer
electen) wikes grepshomay indfigurss 2 end 8. Hhenedsbows apoging, dndisposed

| .S c . s f.oa ...The condycto
ove A Bbmalf S TR AP OE gl Sy PRl ot e
6, dispmed ases theacovetitgalt hiyd @e Sérdab@s, PRYInbéndEMBbthent, the
tw sted, br.aided, oa a combination of the foregoing

COVETRNg: ¢ FPRPERTR thernapiasta cpippositien-c SRadieatess 2neap also
conl}R¥E a\iHithUSorA@BE SFigure 3 shows a covering, 4, disposed over a unitary

conductor, 2, and an intervening layer, 6. In one embodiment, the intervening layer, 6,
comprises a foamed composition. Conductor, 2, can also comprise a plurality of
strands. In addition, the covering described herein may be used to form a jacket
surrounding two or more electrical wires wherein the electrical wires comprise a
covering disposed over a conductor. Figure 4 shows a jacket, 8, disposed over a

plurality of covered conductors (electrical wires), 10.

In one embodiment the coating of the coated wire has tensile strength greater than or
equal to 10 MegaPascals (Mpa) and ultimate elongation greater than or equal to 100%

as determined by UL1581. The coated wire can also have flame resistance of VW-1.
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such as round or oblong. Suitable conductors include,
but are not limted to, copper wre, alumnumwre,

wo e@d/1M8te, and wires of alloys conprising onePOr/USINE010462
of the foregoing netals. The conductor nay al so be
coated with, e.g., tin or silver. A cross-section of
an exenplary electrical wwre is seen in Figure 1.

ThEb@té&wheShﬁMul&”or Imwedsltargg applicaloSPaschiths A@EL @irrent electrical
conduct or, nbodi nent, the covering, 4,

Cm@%ﬂ%§$§@§eém¢6ﬁﬁﬂﬁlF auhihadikec conpositi on.
Per spective views of exenplary electrical wires are

Tn SHAWNEnYbAFhEHY ¥ aaﬁfédre&rdeﬁﬁ %&@o%laéne%nﬁm&%ﬁ "h8Fhave a
4, disposed over a conductor conprising a

tenpiley stagnigtly gofatestthamos egnal &n7 Optegapabcadsddnd iaokendilel elgpgation

e A0SR S SRYEEBalt e A SOREAEL T, o

eveénqasRAptdiRtEPERat! tak OFBQRI td DID%. CP&QH@ tsﬁélagtlg an®@Bngation
al so conprlse a unitary conductor. ure shows a

arechoVie Aetapmingd by A0 et Tap%iswrryens ingca grickness of 3.2

milfintgy i ntervening |ayer, 6. In one enbodinent, the

ntervening |ayer, 6, conprises a foaned conposition
Conductor, 2, can also conprise a plurality of

In smmamtﬂqodimermsj che flome netmdamuherhmgladés aoiipesitibermay have a

S orm a jack surroundi ng, two Q re .
tengf P E F dTte Ab] ondOcPEERIED A0 AoEnSlsrPPrEeion
gredter SAMEricqaltb 095 aF, RVRS s@ci‘fi@ﬂl%“ Cgtr@dier tﬁhrg Bf Equfhl %@@3‘% or,

a j acket, 8, dlsposed over a plurality of covere

eveadRetgepenifically) svepier Swn aniegeal o S0%. Tenste etr@mtiomdwdnngauon

w0, OB 6, A0 1501 EBATROL B FAORLD o2

millibteterat e el ongati on greater than or equal to 100% as
determ ned by UL1581. The coated wire can al so have

fIa resi st 14 V\DZO 4811 )
Bba BB e sl cker e A@alG sHRCE upihof the
fmmqlat@ge applications such as direct current electrical
cords, USB cabl e, audio/visual cable and the like. In
sone embodi ment s t he flane retardant thernoplastic
conposi tion may haveXa t@nsile strength greater than
or equal to 7.0 negap als and a tensile el ongation
greater than or eque 08% or, nore specifically,
greater than or equal 110% or, even nore
specifically, great thag or equal) to 120% Tensile
strength and elongation are both determ ned by ASTM
D638 on Type | specinens haV| ng a t hi ckness of 3.2
wherein for each structural unit, each Q' and Q*is independently hydrogen, primary or

secondary lower alkyl (e.g., an alkyl containing 1 to 7 carbon atoms), phenyl,
haloalkyl, aminoalkyl, alkenylalkyl, alkynylalkyl, hydrocarbonoxy, and aryl. In some
embodiments, each Q' is independently alkyl or phenyl, for example, C;.4 alkyl, and
each Q? is independently hydrogen or methyl. The poly(arylene ether) may comprise
molecules having aminoalkyl-containing end group(s), typically located in an ortho
position to the hydroxy group. Also frequently present are tetramethyl
diphenylquinone (TMDQ) end groups, typically obtained from reaction mixtures in

which tetramethyl diphenylquinone by-product is present.
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aryl ene et her? can be prepared by the oxi (% tive
spe@;l@ 1111,gg)rgq3ess1ng at elevated temperatures. Suitable capping agents include,
for example, esters of salicylic acid, anthranilic acid, or a substituted derivative
thereof, and the like; esters of salicylic acid, and especially salicylic carbonate and
linear polysalicylates, are preferred. As used herein, the term “ester of salicylic acid”
includes compounds in which the carboxy group, the hydroxy group, or both have
been esterified. Suitable salicylates include, for example, aryl salicylates such as
phenyl salicylate, acetylsalicylic acid, salicylic carbonate, and polysalicylates,
including both linear polysalicylates and cyclic compounds such as disalicylide and
trisalicylide. = The preferred capping agents are salicylic carbonate and the
polysalicylates, especially linear polysalicylates. When capped, the poly(arylene
ether) can be capped to any desirable extent up to 80 percent, more specifically up to
90 percent, and even more specifically up to 100 percent of the hydroxy groups are
capped. Suitable capped poly(arylene ether) and their preparation are described in

United States Pat. Nos. 4,760,118 to White et al. and 6,306,978 to Braat et al.
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_ reduce the amount of am noal kyl
term nated groups present in the poly(arylene ether)
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40,%)66 dg?ztlrhgl Sercr%%{%:l ggr/l%ols ea%g tai \%Qi?gh% Qgetra&n}%ﬂope\éulgpiw%?gsht io[P 5,000 to
80,000 g/mol, as determined by gel permeation chromatography using monodisperse
polystyrene standards, a styrene divinyl benzene gel at 40°C and samples having a
concentration of 1 milligram per milliliter of chloroform. The poly(arylene ether) or
combination of poly(arylene ether)s has an initial intrinsic viscosity greater than or
equal to 0.35 dl/g, as measured in chloroform at 25°C. Initial intrinsic viscosity is
defined as the intrinsic viscosity of the poly(arylene ether) prior to melt mixing with
the other components of the composition. As understood by one of ordinary skill in

the art the viscosity of the poly(arylene ether) may be up to 30% higher after melt
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In one embodiment the poly(arylene ether) can be present in the flame retardant
thermoplastic composition in an amount of 5 to 65 weight percent, based on the total
weight of the flame retardant thermoplastic composition. Within this range the
poly(arylene ether) can be present in an amount greater than or equal to 10, or, more

specifically, greater than or equal to 15 weight percent, or, even more specifically,
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versions thereof, and the like. Mixtures of the aforementioned block copolymers are
also useful. Such A-B and A-B-A block copolymers are available commercially from

a number of sources, including Phillips Petroleum under the trademark SOLPRENE,
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temperature (Tg) for the copolymer block, when analyzed using differential scanning

20



but yl ene) - pol yst yr ene,

pol ystyrene- (et hyl ene-butyl ene/ styrene copol yner) -
w@oiogao4siene, pol ystyrene-pol yi soprene- pol yst yPEnes208616i10462

pol y(al pha- net hyl styrene) -

pol ybut adi ene- pol y(al pha-net hyl styrene), as well as

the sel ectively hydrogenated versions thereof, and

calbfigelry KO SM)xheras nethodb or #hen@IBNEl GRERo | Gﬁé‘hown by proton
éo polymers are also useful. Such A-B and A-B- A bl ock
nu

%%@P%&H%tﬂ%reé‘?f@nﬁ%éﬂ NMR )aBethedsei al |y from a nunber
of sources, including Phillips Petrol eum under the
e
T GHETy S B Biook bR 2HOBAA o e et i
protena bR (K- KMRDO, débared go edbe ptdpertiomdfeadheﬂyl aktE@lfmamts in

K der the trade
e R B M Feapil b P ERLE BRSPS pgplymer chain (o
thentoghl hi@bsr HEMikaey] \WediatROuniBTORHY Sk&yl %!rdiﬁmé bIBEIAREY | Gn be
units. For exanpl e a conbination of "a pol ystyrene-

detE@l“st@ﬁ?ﬂ esieg FLINMR e )menstspsiwer expsrimenfah guantities. First, the
totﬂ%ﬁﬁ%@:y &edg r@? Qlto?l{l{tﬁ%lft}?avﬁbgt%rﬁ 1%%1?01%}%# urBF o\%lych carg:elt out

percent wel g
whcm) pa:liopd)e is datetndined by integrating the total aromatic signal in the H-NMR

R s el EE e Yo v
hydwgﬁg bn fé@élpﬁ'ﬁﬁrau@ ﬁﬁg @5 ftnb G%e%@%@kenﬁ% g&ton@ Bﬁ)cﬂf Qﬁ‘tgnyl

copol y In one enbodi nent t
arogHp ﬂﬂ@%@reaietﬂrm@wddlyputagrmmg lzal |pnqlo(nﬁc)f the] eronmtlcrsmg'rml in the

H- I?gig g%:gﬁ’g&p%f Ié[ﬂgg g8 l’antirlll rI]l m t}{i le 8%?0%%': égo %m |6t28ppanr1] %nd

d1vdi11$g thidylidncity b QCth&BdunlD E@Cﬂie 2B oKy o@s fordrdable 'blocky aryl
onpri se al kene_units havi nfgtBZ to 1 car bons as ng

alkggnq pemaig mngy yIher asallgp@ﬁgq of thisignal to theitve @@d@@sogehe on
the AR it YheOh1kB ea{}gmﬂpé i fa é"%g' 4k hr c?métﬁ ggeﬁest
nmodi f 1 er conprises t cop 0 yners, I C

nei:glsboas blas ckpqmpiahylﬁeA Bomgr Ifﬁgl‘n g?mhmm MR eff Macromolecules

(AG&h{e B, e Sk AL eSS oo Shaele? s T afkpny! avomatie
bloaltiaerRtid §1n§tﬂ¥]ft1$e FettentaHekof! 16Gy U Ikdn1 BRMAE ik o 1Ral alkenyl

carbons such as ethylene, propylene, butylene or
aropghe Ipiks Biorky =1 Qﬁdlrtws (Rdecky StyreneUnity/Egial Sigrer®hnie).
bl ock may conprise some unsaturated carbon-carbon

g RS DAL SRR B o
absaltbancteba;tt@wave(le.t)gth eange rsaitable doroths chdqcﬁoxe of pblystydyllithek $nd
ric greater than an .

growecﬁlg etgﬁBa ebI'Z§tl% ‘?fytfl‘é 2’9b10gk ASsharp and substantial increase in

this value is indicative of a substantial increase in polystyryllithium chain ends. This
will only occur if the conjugated diene concentration drops below the level necessary,
typically a concentration of 0.1% wt of diene, to maintain controlled distribution
polymerization. Any alkenyl aromatic monomer that is present at this point will add

in a blocky fashion.
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tetrahydrofuran and tetrahydropyrane and aliphatic monoethers such as diethyl ether
and dibutyl ether. Production of block copolymers comprising a controlled
distribution copolymer block is taught in United States Patent Application No.
2003/0176582.

One feature of the impact modifier comprising an alkenyl aromatic block and a
controlled distribution copolymer block is that it can have two or more Tg's, the lower
being the single Tg of the controlled distribution copolymer block. The controlled
distribution copolymer block Tg is typically greater than or equal to —60 °C, or, more

specifically, greater than or equal to ~40°C. The controlled distribution copolymer
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The potential for blockiness can also be inferred from
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unti | thd%Fo poOSi nd of _the polyner block is
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last 15 to 85% of the al kenyl aromatic /alkyl ene
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malgics aphyidiide.o Malep dAcidre fumitisc Reida qnp ethely detivgtives. pefc Brther
7 . . ., i
O A o G B EREC Ll B R rdlh o
4,584 2phandgh U.8ePat dNo rp5062P i Intanothert inemer.ohe inpat miodifidk can

I.oni ol ution copol rization to form.the
be 3o Rsised 3 PR s (RPS oY Bisb I attng Comopiidt it sgivege 2
taugh i Y. K revsht MRt h®43,380d INBHIE bhth& maihef 8P ifpact hldRifier can
copol ynmerjzation is_ attained anionically, using known

be gamtagted gridh gn alpryreilangae@npend, tq deinydi ¥gane-modified block
copg I ugfzﬁlé%&n{)e@p : g'rngdnﬂ lgtrtﬁ% él?lgll% g@&?ﬁfiep CaRL %ﬁcﬁo%gﬁlzed by
grafting at least one ethylene oxide molecule to the polymer as taught in U.S. Patent
No. 4,898,914, or by reacting the polymer with carbon dioxide as taught in U.S. Patent
No. 4,970,265. Still further, the impact modifier can be metallated as taught in U.S.
Patent Nos. 5,206,300 and 5,276,101, wherein the polymer is contacted with an alkali
metal alkyl, such as a lithium alkyl. And still further, the impact modifier can be
functionalized by grafting sulfonic groups to the polymer as taught in U.S. Patent No.

5,516,831.
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feature, in the presence of a distribution agent. An

exenplary distribution agent is a non-chel ating
weedveno4siExanpl es of such ether conpounds are CRCI/U82006/010462

et hers such as tetrahydrofuran and tetrahydropyrane

and al i phatic nonoethers such as diethyl ether and

di butyl ether. Production of block copolymers
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Polydlatﬁks WIIBR LXiTBE incheal 26 HthE loBitdfal GORBYETRY, $1, 8481 include, for
further disclosed in U S Pat ent plications Nos.

exappiyz palgathglene, yotibuiene asdyoropyiens? polisobwsBre, andombinations
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Copolymers of polyolefins may also be used such as copolymers of ethylene and alpha
olefins having three to twelve carbons or functionalized alpha olefins having three to
twelve carbons. Exemplary alpha olefins include propylene and 4-methylpentene-1,
1-butene, 2-butene, l-pentene, 2-pentene, 1-hexene, 2-hexene and 3-hexene etc.
Exemplary functionalized alpha olefins include olefins such as ethylene functionalized
with vinyl acetate, ethylene functionalized with acrylate and ethylene functionalized
with substituted acrylate groups. Copolymers of ethylene and C3-Cyo monoolefins and

non-conjugated dienes, herein referred to as EPDM copolymers, are also suitable.

24



description of functionalizing such block copol yners

can be found in U S Patent No. 4,578,429 and in U S
w@ai06/108811 5, 506, 299. I n anot her manner, the i NPEDUS2006/010462

nodi fier can be functionalized by grafting silicon or

boron cont ai ni ng conmpounds to the polyner as taught

in US. Patent No. 4,882,384. In still another manner,
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25 t\Dglglgcef)]&E&lt pabdd! Oh Whe tolP Fieignt af¥tihk edrikd Setarda@hit thermoplastic

composition.

The flame retardant thermoplastic composition may optionally comprise a
poly(alkenyl aromatic) resin. The term “poly(alkenyl aromatic) resin” as used herein
includes polymers prepared by methods known in the art including bulk, suspension,
and emulsion polymerization, which contain at least 25% by weight of structural units

derived from an alkenyl aromatic monomer of the formula
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exanpl e, pol yethyl ene, pol ybutene, polypropyl ene,

pol yi sobut yl ene, and conbi nati ons of one or nore of
wa b@ofiotsegoi ng, Wi th preferred honopol yners beP@myus2006/010462

pol ybut ene, polyethylene, LDPE (|ow density

pol yet hyl ene), LLDPE (linear |ow density

pol yet hyl ene), HDPE (hi gh density pol yethyl ene), NDPE

(nmedi um density polylet hyt ene¢ pol ypr opyl ene, and

conbi nati ons of two or noye o 1LItlhe f or egoi ng.
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group or electrophilic group for grafting onto the

Rubbﬂrympbﬁs;d eplystarenes amsalen kegvs ay high-opact palygpienpioor HIPS.
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The composition may comprise the poly(alkenyl aromatlc) resin, when present, in an
amount of 1 to 46 weight percent, based on the total weight of the flame retardant
thermoplastic composition. Within this range the poly(alkenyl aromatic) resin can be
present in an amount greater than or equal to 2, or, more specifically, greater than or
equal to 4, or, even more specifically, greater than or equal to 6 weight percent based
on the total weight of the flame retardant thermoplastic composition. Also within this
range the poly(alkenyl aromatic) resin can be present in an amount less than or equal

to 25, or, more specifically, less than or equal to 20, or, even more specifically, less
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centi Stokes (cSt), or, nore specifically, less than or

equal to 300 cSt, as determ ned by ASTM D445 at 100C.
wab@ontdssensi ty of the polyolefin is greater thBeT/v82006/010462

equal to 70cSt as determ ned by ASTM D445 at 100C.

The pol yol efin, when used, can be present in the flane
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sl on yneri zation, which contain at |east
adaﬁ% bgmpmsutgm canf bespresart i ah amoinislessithai s ¢qaaldm4dn or, more

aromatic f the f 5
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32 R%lel 1% PedRARSed 64 -th8 1Blak Weigherof hb qy: refdrdast thenpidplastic
alogen or Cl-C8 al kyl; chisOto 5. Preferred

compgssirgr. ar onati ¢ nononers | ncl ude styrene,
chl orostyrene, and vinyltoluene. The pol y(al kenyl
fifeSethvd fiRhsn fdnal MJ)
AGIRTRH, e IR T HOTRERS P2 3 ot g
vati@se adeitivdsp dbr exmppibymloxldaﬁtsamu@h lag rqxgarmpbm;ﬁlitgs 1nclud1ng

BRI B e LY BB e B R BRGi 1 Beac
bu [ﬂ’llaﬁyl?%fn }yRhtbE ndiphcl)s@hfﬂé/ | &ﬂh r%l&t@%@lz eftitaerythritol diphosphite,
alMM%mn&gizegggdgglypﬁofsl gndaaﬁkglllatreld reactlo?ldproducts of polyphenols
with dienes, such as, for example, tetrakis[methylene(3,5-di-tert-butyl-4-
hydroxyhydrocinnamate)] methane, 2,4-di-tert-butylphenyl phosphite, butylated
reaction products of para-cresol and dicyclopentadiene, alkylated hydroquinones,
hydroxylated thiodiphenyl ethers, alkylidene-bisphenols, benzyl compounds, esters of
beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic  acid with monohydric or
polyhydric alcohols, esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-propionic
acid with monohydric or polyhydric alcohols, esters of thioalkyl or thioaryl
compounds, such as, for example, distearylthiopropionate, dilaurylthiopropionate,
ditridecylthiodipropionate, ~amides of beta~(3,5-di-tert-butyl-4-hydroxyphenyl)-
propionic acid; fillers and reinforcing agents, such as silicates, TiO,, fibers, glass

fibers (including continuous and chopped fibers), carbon black, graphite, calcium
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pol y(al kenyl aromatic) resins conprising blends and/or

grafts of a rubber nodifier and a honopol yner of an
wabdoengdsiar omati ¢ nononer (as described above)PCTHIE006/010462
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feti‘fﬂﬁlﬂ fg‘Ffm %F&Ft $Oéﬂzmsm@fl togArepmadate the dater i mé siop, of the color
ma@tﬁaﬁﬁ&&ﬁo%@ﬁ@v@ﬁ fl%glL@JIOI‘E&) PFE Weh&H: tlﬂa ?1'3% n‘oqd) 1t10 {having

the total weight of ane retar
thecampyaes Qf|CQmp0n¢1§©aS/\uietshmbedtdste range the pol y(al kenyl
aromatic) resin can be present in an anount |ess than

ThQr ﬂ%ﬁgfl(lgeti%lgn% ?[her%ng%a (1B re%g’ g(gslétflclmc gig: }/J%;:nldgcgs t anCQOArHItIOHS
aplﬁﬁplﬁdt& A8t Yoo ST A0 6ndhd BPand! M c@mﬁ@ﬁ&ﬁé alteQ:o;n'ibmed and

ht percent based on the total weight of the flane
ml’\fl%t gﬁl&g Eﬁqu“F'Fé’it Bt 4% @R cexBBfpod lnesser, fypiedlyenta tentpsrature

sufflblﬁeﬁt i aAbRaRelt 1'91%(1 Rbi@bt %uﬁs‘?ﬁﬁﬁf'c{e&&ﬂ SRIRY $ SRy tHeme
H%) B Ao aht

fire retardant ive conpositlion
compdrentsi émpn@ gmhodlment GMmfoneas |calgb®blehﬁd 1@ra talin ecrew extruder

o 4 ChEORERE o 207 RaPhispl Tebhe REGRBAFCh A il ssaew

extiuder mbrs&eﬁ&ipaé(ﬂadﬁtbealml thI6U@ rdtikicR pRIBMte S5 to 45
wei ght percent, based on the totzgé wel gh?%o t he

t her .as nposition. Wthin this range the fire
In ong; efp %to‘g‘f" tPﬂ%%)h@Hﬁﬁé@l saltopetah hydrexisie @od mrganic piosphate

are gg@ggl% Iwgt'falealaig},&rmé eatﬂg (ré{‘ﬂ{l gﬂgg%m%eg%téfb atb%(/§ Bl@mglt tempgpature of
the #iggrmoplastic (melt mixing) or at a temperature below the melt temperature of the
thermoplastic to form a masterbatch. The masterbatch can then be melt mixed with
the components of the flame retardant composition. The masterbatch can be added

initially or after some mixing of the components of flame retardant composition.

In another embodiment the phosphoric acid salt, metal hydroxide and organic
phosphate are premixed, without thermoplastic, to form a flame retardant additive
mixture. The flame retardant additive mixture can be added at any point along the
formation of the flame retardant thermoplastic composition such as at the beginning of

the melt mixing of the thermoplastic or during the melt mixing of the thermoplastic.
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specifically, greater than or equal to 23 wei ght
percent based on the total weight of the flane
WO edoanagnt t her nopl astic conposition. Al so w tPCTUSI06010462
range the fire retardant additive conposition can be
present in an anmount |ess than or equal to 40, or,
nmore specifically, less than or equal to 35, or, even
Alesngtivelert flage! reird dne SEiGIVEAR i ire QAN BE niedt mBRd Rt belletized
ercent based on the total weight of the flane
thergroplagtisbletker nopl astic  conposition. Additional Iy,
the fire retardant thernoplastic conposition may
In OfokiRf adhdo iRt GRNHRD r gl i i
exanpl e an?i oxﬁtdant g’ l]jlgﬁéads??dgr%&lg’ng‘%&%s%ﬁqr?{e@%’ and organic
phpspblatedimecpdded i dienty yo -tich eorupgrehasphitieethermoplastic composition.
tris(2,4-di.-t-butyl phenyl ) phosphite, bis(2,4-di-t- o
Thyt p?]eer?gf‘ﬁ)é eﬁ_ﬁ‘?y‘ffhﬁvpf‘ ellﬁiaBHo%p‘ﬁffYt BOiBF dyrigg gmely| mixing
prexedddagicyddipds flonCis ROERIMMH I Smelt Hhikyd & 9% RO ARNARAL Setardant
pol yphenol s and al kyl ated " reaction pro Bcts of
addigivg serapesidon ¢grappnghisnes, such as, for exanpl e,
tetraki s[ met hyl ene(3,5-di-tert-butyl -4-

In lOYET i aféﬁ&r YN i

2, 4-63@? )eﬂr;%ﬂ? %uftq{/él P e%g/r{t agﬁ%&gﬁlﬁsgb%ﬁl} grmpases 30:19.19 of the

flEq:)‘lltE(kIdtlillr,da&zI adri]digaﬂs aempesiiidn anﬂmjtcﬁw lbﬂ@@éltlaﬁirﬁzg@niaﬁ. Thle diluent
at .Qqui_nones, roxyl at ed t hi odi phen

mag 1, C nebgl %ép{@ gﬁélq&llli 6% ys§er}5% A% I bindsrplon ﬁrg retardant

ad@iiv€comPbsition. While the identity of the dilyent iT ot crucial the choice of

.beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic
dilyent gmgfierinl Av ivitgallyi sade wigholophsiderntiomiof othel esinest e¢séns the

ety 9 PouEObingd il oo Hely AR dnfe b

combindd writthpolpoylpst étherd thedeHoidey doi theadiiRROSteri@Bt&NS iRiude
][é(hl al kyl or thi oari/ﬁ!r_ conpounds, such as, for

poly(ar ee’etlaqr)jtcgapyma ighcopipatble ewith poly(arylene ether) such as

3 EYpdIL ' : Lt L L &

e R P S R L B L
propionic acid; fillers and reinforcing agents, such

In gemejembodineents TheAameidoardant Gleamoplastid eorapdsitiad isdessgntially

' h d fibers carbon bl agk,
o R, B R PEB S 3t 10 wpech st sompaich
as canpamat davinglacfunatishaligfap sBRLRd RIS CROBIMES srodY (e.g., an
absorbers; stabilizers such as light stabilizers ang

PEYHEPER)- P By dridepraup. B isesyanatp iggonmn s oxdzadine group, an
oAl ke, S50 T BB
compasiiatamay tlye bedpieadftflwrinewponiningpoligonidts, andat isticyn®feries
resﬁlg!g&%se}s é)%i]}?(orgngggs?ﬂ)xgrﬁe)a ‘J?nhtlh%\é{)sne%ccta Ig% goﬁﬁc’outngs ge?vrllrlfgf z? %&n%{ignal
group reactive to an active hydrogen atom, fluorine-containing oligomers, and/or
silicone-series resins the flame retardant composition retains hydrolysis resistance.
Hydrolysis resistance can be determined by injection molding the composition into a
test piece for ISO tensile test and carrying out the PCT test (measurement conditions:
121° C.x100% RH, 2 atmospheres, and 24 hours). The tensile strengths before and
after PCT test are measured, and the retention (%) of the tensile strength is an index of

hydrolysis resistance. The composition typically retains 75% to 100% of tensile
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retardant thernoplastic conposition in a single color
and then nodify the color by wusing a color
w@eweamMsIat e whi ch conprises a resin with a dyRCDDS2006/010462
colorant in a concentration significantly higher than
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wheestited he cormponents of the flame retardant

conposition. The masterbatch can be added initially
Takle 1af ter some m xi ng of the conponents of flane
retardant conposition. In another enbodi nent the
phosphoric acid salt, petal hydroxide and organic

Steoegsmente are premi xed, wit HddesctipiomiSygipdisti c, to form

a flane retardant additive |[m xture. The fl ane

BT dant—additvemxture—gan-beadded—at_—any—potnt
along the formation of the foly(phenyfene gogiher)’ 'having  an
thernopl astic conposition syGhrisicatvideh@tyoed DHU6aal Ofvhen
the melt mxing of the thernoplastic or during the
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PCT/ US2006/ 010462 Al ternatilvely the flame retardant
EHS Ve MXTUre can-be el X i ARt Tty -

t her nopl asti c bl end.

—Q

polystyrene having a polystyrene content
of 13 weight percent that is
commercially available from Kraton
Polymers Itd under the tradename
Kraton G1657.
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res g Hydr ol ysi s
Fﬂ on nol di ng t he
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121 C.x100% RH, 2 atnospheres
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strength is an index of hydfo
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Bleraaser e@%ty@@ﬁ%ﬂcﬂj’(@tﬂﬁlene-
and 24 hours
" butyleas)- nntlsrstyré@ft, arepolymer of

6@1 f?:BeE) z)g/ ?Salllhqnmﬁ?l oil that

SI S°r ance
5157 5%dnom 0¥y of aveitebld e from

Sumitomo  Chemical under the
tradename SB-2400.
LLDPE Linear low density polyethylene

commercially available from Nippon
Unicar Co. Ltd under the tradename
NUCG5381.
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WD 2006/ 104811 PCT/ US2006/ 010462 strength. Wthin

this range the conposition can retain greater than or
weewalogsol 80% of tensile strength, or, nore PCT/US2006/010462

specifically, greater than or equal to 85% of the

tensile strength. "Essentially free" as used herein

means that the conposition contains less than 1

VIRJIgiikerdr cent, or, nore specpdlyaédey havif %531 vRadity. & 200-
wei ght percent, or, even norle specifical | ess than

0. 05 wei ght percent, based omi3heSt atat megmur@foft HQO°C
conposition. The conpositions are fu ther r ted
by the followi ng non-1initing ™ EXaHted B&%Lé?

fol |l owi ng exanpl es enpl oyed t@l@erﬂiameﬁn&t%d 1r§deﬁdmbr1ndopol
Table 1. Al weight percents| enployed in the exanples
are based on the wei ght of th&aéhtl®@ conposition

except V\,here stated Table 1. Corrponent

Vit

|n“r|n3|c VISCOSIty of 0.

chl orof ormat 25C SEBS | 115 ¢St at a temperature of 100°C
Pol yst yrene- pol y(et hyl ene-but yl ene)- pol ystyrene
havi ng a pol ystyrene cont ent| Copmargiajyi gﬁYalé@tecerffom BP

that is comercially avail ab A

Ltd under the tradenane Kr at%ﬁer@f@’s . e%%afe%%%&opol,
2006/ 104811 PCT/ US2006/ 01046Rgra&EBS0. |
Polystyrene-poly(ethylene-butylene) polystyrene havi ng

A Nnnl vyoctvyraoann ~nAnt Ant af 200 i Aht oy ~Aan

RO VT T R I S0 c'iﬁol'dc' L'Cb' digl%nyf;p?losphate
commercially available from Great
Lakes Chemical Co. Ltd. under the trade
name of Reofos RDP.

MPP Melamine polyphosphate commercially
available from Ciba Specialty Chemical
Co. Ltd under the tradename Melapur

200.

MP Melamine pyrophosphate commercially
available from Budenheil under the
tradename Budit 311MPP.

Mg(OH), Magnesium hydroxide commercially

available from Kyowa Chemical
Industry Co. Ltd. under the trade name
of Kisuma 5A.

BTPP Butylated triphenyl phosphate
commercially available from Akzo

Nobel Chemical Inc. under the
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commercially available from Kraton Polynmers Ltd under
the tradenane Kraton GL650. SEBS |11
woeiogaesgiene- pol y( et hyl ene- but yl ene- PCT/US2006/010462
styrene) - pol ystyrene having 39% pol ystyrene content
and comrercially available from Kraton Polyners Ltd
under the tradenane Kraton A, grade RP 6936. SEBS |V
~Pol'ystyrene- pol y( et hyl ene- blfrydeaap PhpslegsilB.ene
havi ng a pol ystyrene content of 30 wei ght percent
that is caomrerciall Vi availbeble fromKrat HYEE

TPlld under the tradename Kr a?HHhQ'IYBSZPh@EB%eV BP r(a?lly
pol yst yrene- pol y( et hyl ene- L6iee} | MSHYKS

copol ymer of ethyl ene-propy F‘éﬂnleﬁ%n oﬁpr%{r%a l|5]‘l9 ?H%r?wal
is conmercially avail abl e f[ i uSleriticonsietieaPhedflex TPP.
under the tradenane SB- 240). LLDPE Li near |ow density

nol vet hvl ene cnmrnrerelal 1y
—Hy—ene ot Cci—a I €— 11O 1N U
ADR Co. Ltd under the ?r FoL NéOGE’éSSqIB ylRhpsphate
2006/104811 PCT/ US2006/ 0104bgomff@}¢{m$t ep@ilablo! ftbt eARzo
having a viscosity of 200 285 cSt at a tenperature of

100C, Nobel Chemicals Inc under the
tradename of Fyroflex BDP.
LDPE Low density polyethylene commercially

available from Nippon Unicar Co. Ltd
under the tradename NUC8042.

EVA Ethylene-vinyl ~ acetate  copolymer
commercially available from Dupont
Mitsui Polymers Co Ltd under the
tradename Elvaloy A710.

EEA Ethylene-ethyl ~ acrylate  copolymer
commercially available from Nippon
Unicar Co. Ltd under the tradename
NUC8451.

EXAMPLES 1-9

A thermoplastic composition containing 38.5 weight percent PPE, 26.9 weight percent
SEBS 1, 25.6 weight percent LLDPE and 9.0 weight percent polybutene, based on the
total weight of thermoplastics was melt mixed with RDP, MPP, and Mg(OH); in the
amounts shown in Table 2. The amounts of RDP, MPP and Mg(OH), amounts are
shown in parts per hundred parts of thermoplastic composition (PPE + SEBS I +

LLDPE + polybutene). The composition was molded into 3.2 millimeter bars for
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commercially available fromBP Chem cal under the
tradenane | ndopol, grade H100. Pol ybutene 11
w@loghusene having a viscosity of 100- 115 cStPEL/US2006/010462
tenperature of 100C comercially available fromBP
Chem cal under the tradenane |ndopol, grade H50. RDP
Resorci nol bi s-di phenyl phosphate commercially
ﬂalamalbilﬂjz) ltestifig.o Fil dBnraaiilityl tekie S}Vﬂl @Bﬂf@r@hed%lloﬁlh@ the pelededure of
UnEgs HHRER oFF i
nﬂ?f“%ﬂoss Eﬁa?fé‘to&s ap fﬂtl%%u Tatm e_fOf rFéaﬂnealwaty of Plastic

MaSREE, @L%”d%h%l tha@@xtl Lﬁsh%& %ﬁl‘?edt {vﬁgeeng%@ordﬂgyto this

Mel apur 200. MP Mel am ne pyrop te comerc
progediire.dbt materiols vBuel ehh%ﬁd:d amnelther HBeVOt Nad:en/ézfm ﬂiacbams of the

T LT N T —

claisﬂi@catlbﬂdﬁ:cﬁﬁlﬁg todfL.94, %tHTBnéﬂ? aBfdiRwRut y| ated triphenyl
phosphate comTerC| ally available from Akzo Nobel

Ch under the 32 WO 2006/104811
HBp 2@@69%%6&%1069 e deatdhe lamgoaiy efithy semple is parallel to the

flame, the rate of burn of the sample is less than 3 inches per minute, and the flames

should be extinguished before 4 inches of sample are burned.

VO0: In a sample placed so that its long axis is parallel to the flame, the average period
of flaming and/or smoldering after removing the igniting flame should not exceed five
seconds and none of the vertically placed samples should produce drips of burning

particles which ignite absorbent cotton.

VI: In a sample placed so that its long axis is parallel to the flame, the average period
of flaming and/or smoldering after removing the igniting flame should not exceed
twenty-five seconds and none of the vertically placed samples should produce drips of

burning particles which ignite absorbent cotton.

V2: In a sample placed so that its long axis is parallel to the flame, the average period
of flaming and/or smoldering after removing the igniting flame should not exceed
twenty-five seconds and the vertically placed samples produce drips of burning

particles which ignite cotton.

Results are shown in Table 2. Burn time is the sum of the amounts of time the bar
burned each time it was lit. “Burn” indicates that the bar did not self-extinguish.
“NA” in the UL94 rating column means that the sample did not fall within the
parameters of any of the UL94 ratings.
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I nc.
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als Inc

tradenane of Fyroflex BDP. LDPE Low density

avai | abl e from N ppon
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mrercial ly

under the tradename NUC8042. EVA
acetate copol ymer

av-artatpt |urn“ Mts e Co- 1t ' :
Exapyple ' ¢ | ame El VI tﬁ]Eoy A710 M%EKD% y?%ﬁ“@% hy UESH rating
acryl ate copol yné comercially avall able from N ppon
1% Unicar |@,3 Ltd undes the tradenane NBGAAS1. EXAMPLES
1-9 A ﬂherrmpl astli ¢ conposition containing 38.5 weight
percent—PPE_ 26, ' St—25-6-weight
2 per cent 1QL?’DPE and 1830 wei gwt3-3percent Sél ybut engYYbased
on the| total weilght of thernoplastics was mslt m xed
3 Wt RDFy VPP, angoRg( OF) Z{ i BigThe anpgnts Shoykypi N
Tabl e 2. The anoints of RDP, P and| Mg(OH) 2 apounts
are shown in pants per hupdred part$s of thernpplastic
4* conposi|ti7dn (PPE|468EBS | +0 LLDPE +| Botybut enelNA The
conposijtion was nolded intp 3.2 mll{neter barg for
-33—WO20861 164811 PCTHUS20¢ "/ 810462 ftamabitiy
> testi nﬁ)&v‘g ammabi| | 1?13 tests \X’ere per %]’Srred f ol m ng
t he procedure of Undervvrlier s Laboratory Bul|etin 94
6% entitl é;@4"9Tests flor Fl ammabitpisty of PBagtic NA
7% 0 27.7 8.3 Burn NA
8* 23.8 19.1 0 Burn NA
o 22.2 194 0 Burn NA

*Comparative Example

Examples 1-9 demonstrate that all three components of the flame retardant additive

composition are required for flame retardance.

Examples 1, 4, 8, and 9 all lack

magnesium hydroxide and none of these samples self-extinguished. Example 6

lacked melamine polyphosphate and did not self extinguish. Example 7 lacked

resorcinol diphosphate and it too did not self extinguish. The fact that all three

components of the fire retardant additive composition are required indicates an

unexpected synergistic relationship between the three components.

EXAMPLES

10-15

A thermoplastic composition containing 42.6 weight percent PPE, 32.0 weight percent
SEBS I, 21.4 weight percent LLDPE and 4.0 weight percent polybutene, based on the
total weight of thermoplastics, was melt mixed with BTPP, RDP, MPP, and Mg(OH),
in the amounts shown in Table 3. BTPP, RDP, MPP, and Mg(OH), amounts are in
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462 Table 2. Exanple R
Burn tinme UL94 rating

5.5 VO

1*

MPP

My(OH) 2
19.3 19.3 0 Burn NA

2 19.3

19.
Examples 10-15 demonstrate that combinations of organic phosphate are useful in the

flame retardant additive composition and that excellent flame retardance (V1 and VO0)

can be achieved with the fire retardant additive composition.

EXAMPLES 16-19

26 weight percent PPE, 25 weight percent SEBS I, 15.0 weight percent polyethylene

copolymer (as shown in Table 4) and 2 weight percent polybutene, based on the total
weight of the composition, were melt mixed with BTPP, RDP, MPP, and Mg(OH); in
the amounts shown in Table 4. BTPP, RDP, MPP, and Mg(OH), amounts are shown

in weight percent, based on the total weight of the composition. The compositions

were molded into 2.0 millimeter bars for flammability testing and tested as described

in Examples 1-9. In Example 19 one out of 10 burns caused dripping at 20 seconds,

which resulted in a V2 rating.
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3 19.3 19.3 13.9 1.5 VO 4* 27.7 16.6 0 Burn NA 5

27.7 11.1 8.3 3.8 VO 6* 24.9 0 12.5 Burn NA 7* 0
WQ@7006/181881 Burn NA 8* 23.8 19.1 0 Burn NA 9* PQI/BSA96/¢10462

O Burn NA *Conparative Exanple Exanples 1-9

denonstrate that all three conponents of the flane

retardant additive conposition are required for flane
Tableet ar dance. Exanples 1, 4, 8, and 9 all |ack

nagne5|un1hydrOX|de and none of these sanples

a |l acleoad Al anmg na

BB obbiar o anfBarR TBDTsc] PSR [iapl FOFo4

| acked | e@Oyaérnpl di phosphale and |it too digmpot | sflns
extingu|jsh. The fact that all thredq conponents of the
fire retardant additivie conpositi are requi
Ihdi cat eEPEE  une$Bect et2-@ynedd stilc’Pel atilohdhi p| VO
bet ween| the three conponentsy EXAMALES 10-15 A
rm)p 5] CO SI T I T 276 lll

g:rscent E PE 2.0 \NEI gh?]percr:g?t S%B@ I g ghlt

_percent LLDPE an 4.0 wei ght [percent pol vbu ene, based
Bh the | EBAal wej §ht orlz.(her Ol ast(it6, was{ el t miviced
wi th BTPP, RDP, I\/PP and I\/g(J—|)2 inthea unts shown

- Tahl ANPP c a1 nNn
T aol |.urr, RPP N Y |v5\ Z—at 3 ot LR
VO 2058;/*10481 CT7 U206 51’0 Wﬁarts okr3 huhdRed
parts of thernop| astlc composi tion (PPE + S§EBS | +
LLDPE + pol ybutene). e conposition was nolded 1 nto
3.2 mllimeter bars for flanmability testing and
tested as described in Exanples 1-9. Table 3. Exanple
Exampiop 180l fepongipatsiat gompesiviensUpguainingt ¢ signifipgniagount of

poly&%ﬁﬁ ahd 'cém%riZing 'a2va}’{9y of polyethylene copolymers can attain a V2 rating

or better using the flame retardant additive composition.

EXAMPLE 20

26 weight percent PPE, 25 weight percent SEBS I, 15.0 weight percent EEA and 2
weight percent polybutene were melt mixed with 8.0 weight percent BTPP, 12.0
weight percent RDP, 5.0 weight percent melamine cyanurate, and 7 weight percent
Mg(OH),, where all weight percents are based on the total weight of the composition.
The composition was molded into 2.0 millimeter bars for flammability testing and
tested as described in Examples 1-9. The composition did not self extinguish
indicating that phosphoric acid salt cannot be replaced by a nitrogen containing
compound free of phosphorous, further confirming the surprising synergistic

relationship between the three components of the fire retardant additive composition.
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11 0 19.3 11.4 7.7 17.4 VI 12 0 24.4 12.8 7.7 2.9 VO

13025.7 7.7 7.7 1.9 VO 14 6.4 19.3 11.4 11.4 24.2
W0/2006A84810. 3 15.4 7.7 10.3 8.8 VO Exanpl es 10PABUS2006/010462

denonstrate that conbi nati ons of organi c phosphate are

usef ul

in the

flame retardant additive conposition

and that excellent flane retardance (V1 and VO

EXAMPRERI2ZAvEd with the fire retardant additive

conposi tion.
erc

Conl HBb SRERERE <8 han el SR, FEERers g gng e

can

EXAMPLES 16-19 26 wei ght percent PPE, 25

for WRkQbraRic Rl Poeigatith eeordhased ASTM I8 438! fﬂexul\ma In&k&ulus
of the c0ﬁ525|t|on were melt mxed with BTPP

accoygipg tgndS W igad shese rodaess rﬁmﬁdm T‘ab‘f‘%TM D2240.
P r

F“@?E li F%ge)oruélgﬁtare glgg‘é’%/‘gon tﬁc o ot g e o eigﬁt of the

compon’pmssl t | Densild hetrengthp ogiues oars mvmegapm;bded(MRﬁ)o aRd Otensile

ter bars for bi estin d tested as
elongasion YA arq 1 reycen e agnoq oy e BolBe oot of

10 burns caused drlpplng at 20 seconds, which

The rc@ﬁifbloﬁlﬁgnd WeR Malde@intd .0 ﬁﬁuM@&Q&b@d 2 48kdmability testing and
CT/ US2006/ 010462 Tabl e 4. npl e PE BTPP RDP MPP

testageps depcribed nExsngpies wpéieymar@ islwrr it Tae 616 LDPE 8.0

12.0 5.0 7.0 3.4 VO 17 LLDPE 8.0 12.0 5.0 7.0 9.5 VI
Iam%% EEA 8.0 12.0 5.0 7.0 3.1 VO 19 EVA 8.0 12.0 5.0

0 12.3 V2 Exanpl es 16-19 denonstrate that
conpositions containing a significant anount of

Exappley pPBE i[FERSWSEBSH)LLBPF {ERA [\ dYREe} BB df Mp6l | Mgt@ﬂ)eg@w RDP
copoj ynerls caph attain a V2 rlatingl or better using the
flange retlardapt additive|conpositfon
21 252 1 29.1 - - 13.6 - 29| 49 6.8 7.8 | 9.7
22 259 | 23.5 3.0 - 14.3 - 2.7 54 7.0 7.1 1107
23 250 | 255 3.8 - 10.6 - 2.9 53 7.7 7.7 1 11.5
24 252 1262 1.9 - 14.6 - 29| 4.9 5.8 87 | 9.7
25 252 1262 1.9 29 |14.6 - - 4.9 5.8 87 | 9.7
26 252 | 28.2 - - 17.5 - - 5.3 5.3 87 197
27 30.8 | 21.5 - 15.0 - - 2.8 5.6 5.6 - 1187
28 26.1 | 234 - 17.1 - - 2.7 8.1 4.5 4.5 1135
29 320 ] 35.0 - - 5.0 - - 5.0 6.0 - [17.0
30 35.0 | 20.0 - - 17.0 - - 5.0 6.0 - 1170
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EXAMPLE 20 26 wei ght percent PPE, 25 weight percent

SEBS 1|,

15. 0 wei ght percent

EEA and 2 wei ght percent

w@oologhusene were nmelt mxed with 8.0 wei ght pePCENS2006/010462
BTPP, 12.0 weight percent RDP, 5.0 weight percent

My(OH) 2,

mel am ne cyanurate,

and 7 wei ght percent

where all weight percents are based on the total

fei ghB5.0f| 22k | cl®Hbgsi ti ol sit0on wa8 npl ded17.0
into 2 Omllimeterl bars 'Iity ﬂesting and

CTT oEqg— 11 cConp I

%?3 o? sé???extinguish ha 0phosp or ?ﬂ 1.0
acid salt cannot be repl g rogen|contai hi ng
Sonppahd 2&2e| of- phosphol 8r| cohfilrneBg | AS | 9.7
surpfising symergigtic rnelationship |betwegn the fhreg
conmponent s—of~ thefrreretardant—addrtive ConmposTtTom

37 WD 2006/ 104811 PCT/ US2006/ 010462 EXAMPLES 21- 33
Conpositions according to the formul ati ons shown in

Tableabl e 5 were made and tested
el ongati on according to ASTM D 638

radina fr\

o

for tensile strength and

flexural nndulus

STANM-_DZ90.
T o199

ad

hf‘l’
T

ExfoAS TN F540. | PSRRI af | IR0l ST M it
per cj8tréngta®em) |0 Eldngatidno aVloduisght Hakdnedye

conpositions. ([Tensjile str th valyes arel|in
nmegdpascal s (NPa)(gﬁd tenzpﬁ%) élgﬁﬁg?ghn val ues are
in percent. Fliexural nodul us values are i h MPa. The

Zlonposi t 8.@ans were 178l ded i rRio 2{ 0 mi&l i nefer band for

fIanHablllty testlng and testefd as descr{bed in

| 2 e r\"\’\ n alkl o ~ Tabl o L

IPIT F\CO by O.I III Jl T [ . Ay ~J

gan&al eﬁlggE SHBS gﬁ%s I LEE’WP FEA OPE PR MPP "N’E(m)z
BTPH RDP_ 21 25.2 29.1 4 - 13.6]- 2.9 4.9]16.8 7.8 9.7

22 25.9123.5 3.0 -1924.3|- 24¢ 5|4 7.88 7.1{10.7 Va3
25.0 25.5 3.8 10.6 - 2.9 5.3 7 7 7.7 11 5 24 25.2
62t 96— 29419588 252262

BN 9:@2?.6 B s b e oy 285 328 5 0
17. 5 - 5. 38.709.7

25 112 175 214 89 VO

26 10.7 164 196 87 \'2!

27 13.9 114 328 92 V1

28 9.5 155 161 88 V1

29 143 175 310 91 Vi

30 17.6 103 530 95 Vo

31 18.1 105 666 97 VO

32 134 163 322 91 Vo

33 9.0 170 102 83 V1
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27 30.8 21.5 - 15.0 - - 2.8 5.6 5.6 - 18.7 28 26.1

23.4 - 17.1 - - 2.7 8.1 4.5 4.5 13.5 29 32.0 35.0 - -
WH206404816.0 6.0 - 17.0 30 35.0 20.0 - - 17. OPET/USEHNE010462

6.0 - 17.0 38 WO 2006/104811 PCT/ US2006/ 010462 31

35.0 22.0 10.0 - 5.0 - - 5.06.0 - 17.0 32 26.0 27.0

- - -14.0 2.05.06.0 9.0 11.0 33 25.1 28.2 - - 14.6
The d2ta%n Fable®. &mbnStrfles/thailiblfige fotarEXaMMrMopRESE Ednposition can

Tensile Flexural Durometer UL 94V Rating Strength
obtappLSur piHRg eI RN iRy sipgl apRestes; sgmelyafiness iligy and

tengile Stdnaty 3s 87eliB4s Mhme 7€t n8fse!

ensils Suchghlds Wel % Humpe Sgtaidinle R (n%se of pibegruct fyme
ret@@anf© IN6nel Of Exp6uples9sl-87 exhibied plateSoukldr BRgaAan by visual
. 28.9.5 155 161 88 VI 29 14.3 175 310 91 VI 30 17.6
ISPEACB30 95 VO 31 18.1 105 666 97 VO 32 13.4 163 322

91 VO 33 9.0 170 102 83 V1 _39 WO 2006/ 104811

AdBIEbhAIS? PREMPIEY 407 23ThR] 331 ReleNtediRR! fBr GidBiBNadiha 1L Sapillary
.that the fire retardant thernoplastic conposition can
viscometer having a length to diameter ratio of 10. Viscosity values are in Pascal

seconds (Pa s). Data for Example 22 is shown in Table 7. Data for Example 23 is
shown in Table 8. Data for Example 33 is shown in Table 9.

Table 7
Shear rate (s™)
10 100 1,000 4,000 10,000
Temperature
210°C 2584 1002 293 134 81
230°C 2031 650 199 90 53
250°C 826 474 143 70 40
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obtain a surprising conbinati on of physica

properties, nanely softness, flexibility and tensile
waeengtsit as wel | as flame retardance, w thoutPCTES208€010462

of hal ogenated flane retardants. None of Exanples

21- 33 exhibited plate out or mgration by visua

i nspection. Additionally Exanples 22, 23 and 33 were
Tablest ed for viscosity using a capillary visconeter

haV|ng a Iength to diameter ratio of 10. Viscosity

tes +—Pascal—secends{Pa-s) ta for Exanple
;hlegrrgﬁ: 'n Tabl e| 7. Data for Exarrp e 23 is |shown
im_Table 8. pata for|Exanple 33 is shom in Tablle 9.
Tabke 7 Shear raige (5- )10b0 100 10800 # 0d0, 000
Tenmpeéxat ure 210C 2584 1002 293 134 81 %@:% 1 %?OOO
199 903 2pH0C 826 474 143 70 40 40 V\D 2006/1)4811

TeppstAlyE® 006/ 010462 Tabl e 8 Shear rate s-') 10 100
1,000 4, 008 [0, 000 [renperatute 210C 2022 959 233 128

21006 Z30T 218p T 0— 250G 1608453 “oa 58—4
bl e o sheal 02 (b %0 10 \1283 310, 0O 73

Tenperature 210C 1988 750 237 113 71

40

230°C 2189 632 196 88 50
250°C 1608 453 139 68 40
Table 9
Shear rate (s™)
10 100 1,000 4,000 10,000

Temperature

210°C 1988 750 237 113 71
230°C 1384 534 175 83 50
250°C 1001 373 126 63 38

The data in Tables 7-9 demonstrate that the compositions have excellent

processability, particularly for extrusion processes.
EXAMPLES 34-37

Compositions according to the formulations shown in Table 10 were made and tested

for tensile strength and elongation according to ASTM D 638, flexural modulus
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230C 1384 534 175 83 50 250C 1001 373 126 63 38 The
data in Tables 7-9 denonstrate that the conpositions
whaove/1et8cel | ent  processability, particul arly POF/US2006/010462
extrusi on processes. EXAMPLES 34-37 Conpositions
according to the formul ati ons shown in Table 10 were
made and tested for tensile strength and el ongation
accopdifi@r @i AGTNG DM and68dre fA ebendwdss naededding tet JIASTM D2240.
2006/ 104811 PCT/ S2006/ 010462 according to ASTM O
Formalaih GRS AP SEOREL GPEE Al PREFAG TR SRY, Welght of the
a aREMEBA! e @lonkitfon
e T U L T L Ve X I e g et i
valugphneds parcenti ilaxapd pasivbisyatuvPale inMPa. ensi | e el ongati on
values are in percent. Flexural nodulus values are in

MPa. The conposi ns
The afipop ipng Rtk ppidefigior 4 fflRbdEchd kR, aan®iliy b and
testddhs ¥ aibee $n ExSnplBe$49). tResaltears bown inTadbl e 11. Tabl e
10. Exanpl e PPE SEBS EEA LLDPE PB NPP My(OH) 2 RDP ||
34 19.0 30.0 - 19.0 6.0 5.0 6.0 15.0 35 25.8 28.3
TablgdO9 . 53 4.8 5.7 17.2 36 23.0 31.1 12.9 - 5.3 4.8
5.7 17.2 37 25.8 31.1 10.1 - 5.3 4.8 5.7 17.2 Table

Example FPREPISEBSENEEA ST IIEHEH | BB FT Soppr 5@M{@n§mp UL 94V
Ratipg Strength (MPa) Eljongati on Mdul us dness (%
(MPa) (ShorIg ) 34 13.8 292 210- 89 VI 3pb 15| 8 227
306 P2 V@f 36113.5 f79 23p 89 VO
34 19.0 | 30.0 - 190 |60] 5.0 6.0 15.0
35 25.8 | 283 [ 129 - 53| 4.8 57 17.2
36 230 | 31.1 | 129 - 531 48 5.7 17.2
37 25.8 | 31.1 | 10.1 - 53] 438 5.7 17.2

Table 11.

Example Tensile Tensile Flexural Durometer UL 94V Rating

Strength (MPa)| Elongation | Modulus Hardness

(%) (MPa) (Shore A)
34 13.8 292 210- 89 \2!
35 15.8 227 306 92 VO
36 13.5 279 235 89 Vo
37 159 224 290 91 VO
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37 15.9 224 290 91 VO 42 WD 2006/ 104811
PCT/ US2006/ 010462 Exanpl es 34 through 37 denonstrate
w0 b@aro4set ar dant t hernopl astic materi al s havi NnBCT/E82006/010462
excel I ent conbi nation of properties, notably high
val ues for tensile elongation indicating materials
having a resistance to breakage under stress such as
Examples 84 dhuongled7 demopstidte flgme Thardahatiermeplastitanbterials having
rials.also trate a

o TR PRh 0T oF e 28ubROReh e By tenslestlonsstion
mdikatiﬂg ﬂﬁﬁehalsgih@ﬁl d @Bi@tanéee@' b?&ﬁ(ﬁ% un&e? @ﬁéés%rt@ﬁ Ese%&rs?exerted

and f | exur al ul us.
by t M sRgh Z@edﬂﬁﬁlﬁsfqt%rﬂ@tt Ifi@rmpplestpx opaﬂmalesalsmd@nﬂmmte a

bR 5 si ti,ons, of
oA B TR b B IRA oPoFRERR 10VER), Eood frame
resmanm;ltemsﬂ@stsergﬁnmd flexurabhedulds, wer e made and t est ed

for tensile strength and elongation according to ASTM

ural nodul us according to ASTM D790 and
Exgﬁm%gg'gﬁdness accordi ng to ASTM D2240. Fornul ati on
anounts are in weight percent based on the total

Exangplghss efrotdie4z @%@ﬁétﬁa’t@ﬂm wWigd ﬁf(t)@rt@é SREIory qia#f‘esre@dgc?ant

in nmegapascals (MPa) and tensil e elongation va
theymaeplashC peanapasitions| efy 38 athrwgdju H@s Goapositioas eaccordif@ato the

er. bars
rrFSISATRAR] R TPNE S, TRkl Phd, BT bt e
elomigatioplaceording. to RESIMtB &88e flsh@aNmotulud abt&dihg. to REPE D790

d &Sw ng a cr SS sectional area of 0.75 square
an \r%?lie ?fé‘P S\Rigor ’@:gtt? ' 1oth D849 e Hoxmulpiqnrasmounts are in weight

per&@iBasH tonahe t&ﬁl ﬁé@ﬁpbﬁ&e?&%m%%%lﬁgﬂe T%@Q d Q8n ﬁtdva??es e in

thi ckness of 0.6 [T meters e coating wa

megappscels {MPa andrterdlerelonmition tvhlmag ere il patgaiti dflexural modulus
0 1581 and the ent was, f est ed

Vah%g: Qa% qué %P!ri ot i;ilrre > §Pmpost %Igowaﬁen@oic{?gugtqgglmlﬂgne@@ bars for

flanA046Ht0d8in} QTSGR QD ALR1O4E % Elahbes 139 ﬁéﬁfﬁ%l #te Eﬁﬁvn in
TabFEE’vS 8EBS SEBS EEA LLDPE PB MPP My(OH) 2 vV Tl

opper wire having a cross sectional area of 0.75 square millimeters was
extrusion coated with the compositions of Examples 38-42. The coating had a
thickness of 0.6 millimeters. The coating was tested for tensile strength and ultimate
elongation according to UL 1581 and the entire wire was tested for flame retardance

according to UL 1581.
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38 2

0.0 -

27.0 10.0 -

29.0 -

18.0 7.0 5.0 6.0 15.0 39 29.0 5.0

4.0 4.6 16.7 42 30.5 11.0 -
16.0 Table 13. Exanple Tensile Tensile Flexural

UL 94V Coating Tensile Utimte UL 1581
TabBt¥2engt h El ongati on Modul us Hardness Rating Strength

Dur o

(NPa) El ongation VW1

et er

20.0 6.5 -

6.5 4.0 4.5 14.0 40 31.7 26.2 -
wa3nod/ @801 5.4 5.4 15.8 41 35.3 28.7 3.9 -

3PCOT/RSB06/010462
6.0 5.05.0

(NPa) (@6 (NPa) (Shore ﬁo (9@

£ U

Ex4gpic b PE’:?. P LSRR [SFaR] A, THLDPET FBop M IOk fop
Pass 16.5|110 BOOI 91 VO 20.0 165 Pass 42 15.0(120
227 PO V ) 18. 9 193| Pas 44 WO 2006/ 104811
PCT/ US2006/ 010462 | EXANPLES 43- 60 Conppsi tidns
according to tthe farnulatlonJ shown i n| Tabl ¢ 14 mere
madeland fested for tdansilelstrength mnd ellongati
d&cofd@lfgd to ASTM P288g, flexuldd hddu us0 eccéﬂdlnéio
to A:TM 0790 and Shore (A har dness ﬁccordlng to ASTM
58279750 616 5 CYMPOS| L7 S [@ig5Y COMt $ligliel 16790 Weisg 175
percEn? stgbiligers land additives. ornﬂlatlon
amoupts i weight percent] bas on| t he tlot al
oRi ghBlaf 2®%J conposi tli on. Tedd#| ¢ 26ty ehdt | vatues 158
are {n negapasgcal s|(MPq) and|tensile e ongation
YA UES53rIEL4 7T [PEHCENL. [ exurars grofigigl x@ﬂesw 87
WPa. | TRE conpgsiti pns were nolded|intp 3.2 |millingter
bars{for flammbility tlesting _and festlkd_as |descrithed
#%  Ex84ap| 50 1- o ?éggltsﬁéri shown 6ith| T&Bl § 120 | p160
addi ti on elecﬁrica Wi ries were mad usi ng tjhe
Compositions of EXxanpt es 43-bl. The conductor was a 20

X 0.12 mllineter
had a thickness of approximately 0.7 mllineters.
Tabbolderi ng was tested for tensile strength (in MPa) and
ultimte elongation (in %

copper conductor and the covering

The

Example| Tensile | Tensile | Flexural | Durometer | UL 94V [Coating Tensile| Ultimate | UL 1581
Strength |Elongation| Modulus | Hardness | Rating |Strength (MPa)|Elongation| VW-1
(MPa) (%) (MPa) | (Shore A) (%)

38 13.5 245 195 89 V1 14.7 260 Pass
39 134 170 117 84 V2 21.0 245 Pass
40 14.2 125 210 89 %0 16.4 134 Pass
41 16.5 110 300 91 VO 20.0 165 Pass
42 15.0 120 227 90 VO 18.9 193 Pass
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according to UL 1581 and the entire wire was tested

for flame retardance according to UL 1581. Sone
wex@nphesst were al so tested for heat def ormati oOPCT/US2006/010462

according to UL 1581 at 121C and 250 grans. Heat

deformation values are in percentage. Mgration was

determ ned by putting two electrical wires in between
EXAMPI BISad3e60 made of pol ystyrene or two pl ates made of

ABS tobforn1a stack. Prior to placing the electrical

Wi res between th s.the wires visual
Compposfiiont @grorgug &s f Offﬂ@fm?fﬁe%b%ﬁ% Toplsa4 Ve e agg tested
for %Eﬁé 5 4R Lh%dcélﬁﬁ%dﬁbﬁaécb@rrdm At AB TV DN §9, Gidxur smodulus

laced onto stack to forma m5|%gh§d stack

accoTﬂmgv@u@&TMdDg?(h@kd wheret Adrrdngss peroeding QST MDEGE: The

48 h 6 t
T e o AL LAY e
Fori@RitibR £A6IMAE tarsV ihhweelpht Wef@st ased/ icgudld yotahsyeégitted! the

for, marks left by the wires during the test. 45 .
conw@@xgpnolsmleps@m%m@e? @rfouwgalz?fcar s Msftl andyensile;elprggtion

Vall.ﬁs iraLne' {nﬁ"%{fe&lﬁ ggexﬁra'i"rrﬁl}l ‘Mbdes are mlMPat e c&x%o'é'itfoﬁs Mere

mollied@ntb-3.2 ‘nillimeted bdrs Gox ﬂﬁtnﬁﬂbllrt-yl teNtlﬂg Nnd rteswd\/awdcscrlbtd in
Exalmples P9 i Illiesults are shNown in Table 14. In addition electrical wires were made
using the compositions of Examples 43-61. The conductor was a 20 x 0.12 millimeter
copper conductor and the covering had a thickness of approximately 0.7 millimeters.
The covering was tested for tensile strength (in MPa) and ultimate elongation (in %)
according to UL 1581 and the entire wire was tested for flame retardance according to
UL 1581. Some examples were also tested for heat deformation according to UL
1581 at 121°C and 250 grams. Heat deformation values are in percentage. Migration
was determined by putting two electrical wires in between two plates made of
polystyrene or two plates made of ABS to form a stack. Prior to placing the electrical
wires between the plates the wires were visually inspected to verify that they were free
of dust or other obvious contamination. A 500 gram weight was placed on top of the
stack to form a weighted stack. The weighted stack was then put into an oven at 60°C.
After 48 hours at 60°C, the stack was removed from the oven and disassembled. The
surface of the plates that was in contact with the wires was visually inspected for

marks left by the wires during the test.
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~n G a° U 47 WO 2006/ 104811 PCT/ US2006/ 010462 As
can be seen fromthe foregoi ng exanpl es conpositions
having an anmpunt of organic phosphate greater than

As thepanesniroat thhéspising exanplkks Sohipofivambheng - B@punt of
show good flane retardance but al so, de

orgamiqyplasphic atafendhar Be FEORE AEDRARENOTA g s Fﬁ’%?é‘g?lﬁsW -60)
shmg Egg)gg g Ir&afr@agltc Pgi% Ql%nﬁﬁé’thﬂ% nfABrafoR ‘dgﬁmﬁfpolystyrene and

K6 c reater than or equal to organic
mighifies pigainet ABSO NI comtrest| emniphasdravmg ari gmatitod. phppphiogic acid
the i nvention _has been,descri

h f
salt gpgafes thangi 5! i Areaniciphoghage egéon\é\%%fg rhit & %&1 eoglgegtr%to se

skilled in the art that various changes can be made

Whitdthe iBGH%AMBObSenCRBcHR dSHilistefdrenRdo fvariow! edbdiments, it will
thereof w thout departing fromthe scope of t

be umﬂﬁes‘ﬁwd)hy theseasldilled am thfrrﬂﬁyﬂiﬁbdﬁﬂi?l@ai;haéﬁ%s E4h %Bem?ﬂe?dénd
equtvg]aeg a%a O@% (% e BF eﬁlehéé%elf E@f Pl Mtc@Pﬁlﬁhg tnt BR scope

LR YRS epar Ing from
of (8BS SBRhiiah. TS addition, heamohodiTieti@fsaae bei hadestoi asdtapinal particular

that the invention not be |imted t cul
siaiaoen metaLibses bsdtnaol ey aeoke Rt bEt Mg
scoﬁ@'iﬁéfécﬁ.g HLrefdib Sit is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope

of the appended claims.

All cited patents are incorporated by reference herein.
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i nvention, but that the invention will include all
enbodi nents falling within the scope of the appended
W@L@o/re481Al | cited patents are incorporated byPCT/US2006/010462

reference herein. 48 WD 2006/ 104811 PCT/ US2006/ 010462
CLAIMS: 1. A flane retardant thernoplastic conposition
conprising: a poly(arylene ether); an inpact

CLADM:fi er; a polyolefin; a phosphoric acid salt
selected fromthe group consisting of nelamne
phosphate, nel am ne pyrophosphate, nel am ne

L. ortphgb‘ﬁ%%ﬁrél@ét,‘ﬁﬂi“%ﬁ%ﬁFE BeRThERPIIS I noanmoni um
phosphat e, phosphoric acid am de, nelam ne

apoﬂ)ﬂblg%@%m@@t,e, anmoni um pol yphosphat e, pol yphosphoric
acid am de, and conbi nations of two or nore of the

foregoing; a netal hydroxide; and an organi c phosphate

an igpegtépqdifitte anount of phosphoric acid salt by wei ght

is greater than or equal to the anobunt of organic
Sshjpate by weight. 2. The conposition of aiml

erer’n the phosphoric acid salt is present in an
amount of 30 to 60 wei ght percent, the nmetal hydroxide
a phosplpmrasacid sali siecedofion thé gtéup tonsidingedfgintlapdne phvsphate,

and the organi ¢ phosphate i resent ip an anount. of . 9
melgiginge; DYRANgRRHalFer Alming) orBamiiBEe (A TiBiigEg phosphate,
mond@in@tnigh ph&pReS PIHKpIorRC iadids %Mide,ﬁ%@dmin@ygb%h hate,

and organi c phosphate. 3. The conposition of Clam
ammgea; pelyphesehagm motypbperheratasid amilel ard eembingfionst ¢fetwo or

r i sting of tris(butyl phenyl) phosphate,
]nmgggggéﬁﬁgﬁﬁgis- di phenyl phosphate, bis-phenol A
bi s- di phenyl phosphate, triphenyl phosphate,
a m¢teli hydirsoge; apg!  phenyl ) phosphate, and conbi nati ons of
two or nore of the foregoing; the phosphoric acid

o G e 1] TR AR L Pl 0
tharCsrdguialab iarduntel affani@ phosphate by weight.

ap

2. The composition of Claim 1 wherein the phosphoric acid salt is present in an
amount of 30 to 60 weight percent, the metal hydroxide is present in an amount of 10
to 45 weight percent and the organic phosphate is present in an amount of 9 to 45
weight percent, all based on the combined weight of the phosphoric acid salt, metal

hydroxide and organic phosphate.

3. The composition of Claim 1 wherein the organic phosphate is selected from
the group consisting of tris(butyl phenyl) phosphate, resorcinol bis-
diphenylphosphate, bis-phenol A bis-diphenylphosphate, triphenyl phosphate,
tris(isopropyl phenyl) phosphate, and combinations of two or more of the foregoing;
the phosphoric acid salt is selected from the group consisting of melamine
polyphosphate, melamine pyrophosphate and a combination of melamine
polyphosphate and melamine pyrophosphate; and the metal hydroxide is selected from
the group consisting of magnesium hydroxide, aluminum hydroxide, cobalt hydroxide

and combinations of two or more of the foregoing.
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pol yphosphat e and nel am ne pyrophosphate; and the
nmetal hydroxide is selected from the group consisting
wWoRooragsesi um hydr oxi de, al um num hydr oxi de, CPGHIUB2006/010462
hydr oxi de and conbi nati ons of two or nore of the
foregoi ng. 49 WD 2006/ 104811 PCT/ US2006/ 010462 4. The
conposition of Claim1l wherein the polyolefinis a

4, 1 %%@oﬁl?béiﬁbﬁﬁf Olai. 1 Wheteinanppslydlefin iof liglidipniyblefin.
wherein the inpact nodifier conprises a conbination

of a first block cot)ol ymer having a pol yst rene
5. coﬁﬁk@nporgposmpq,\gf ok lmpér‘é’éﬁf@lq glezem\%qt Hbeg cGqipprises a

s on 1 ;91% | Qfken QB IOy Weight
gns({eitcoﬁ1 @k dgﬁ) &fw avi ngé&esr{éyérzglne cont ent s
per&ht &520\&!6@% ppmen’tehztsed @n&he tth whighpef tenfirsbhlpely copolymer
t he t ot t of . the seg ond bl I The
and GoReseRt DIosh COPORET AP RGHCRERRe ERECT fiabt VUl peent 750
i Bh Bfekotat GRZhY BEhe 6QIBRAE bdcRGopsiymey.|
Welg?ﬁ}%rdgﬁggﬂg?%ck angtaa c?rwr ol Ieed di stri bgtpdlﬂgn copol ymer

block 7. The conposition of Claiml1, rein the block
6. wei et camapdsssionf ofnelasn Ihyhetsin e 1{r@actptﬁggxg1ﬁgp?tgpla§ﬁs& ock

cop\(sxﬁ/ﬁeé :c?)]mgﬁgmé O O;glatl ler%{gh o a;[@ho%&rﬁeﬂt%@ fd1s§|él§i§f6hjeopolymer

blog.eater than or equal to 60 when determ ned by ASTM D
2240 using a specinmen having a 3 mllinmeter

7. Egl Ckngcic’qslwltwn%é ¢%1rp[glr etl%r dlg ggﬁgo a?i aﬁl&e‘l&)al h%dromde to

phds???(ﬁfct cipdidit 813510 088. POl yol efl n, 7 to 20 wei ght percent
a phosphoric acid salt selected fromthe group
consi sting of nel am ne ghos phate, nel a

8. pyrlilpﬂw@@pmmt@n ofetlam A eWBPIEHOBR 6SPASHEO S b S raness
h
e F g B B R 0 i h Specimen

hawed ¥ phdlphasehickoésgphosphori ¢ aci d ani de, and
conbi nations of two or rmre of the foregoing; 4 to 15

0. wel g&rﬁargeerregﬁggnt %ermo&%gt?cl co 051 1on%8mpﬁ9ﬁ{g

a poly(arylene ether);
an impact modifier;
a polyolefin;

7 to 20 weight percent of a phosphoric acid salt selected from the group consisting of
melamine phosphate, melamine pyrophosphate, ~melamine orthophosphate,
diammonium phosphate, monoammonium phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and

combinations of two or more of the foregoing;

4 to 15 weight percent of a metal hydroxide; and
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50 WD 2006/ 104811 PCT/ US2006/ 010462 3 to 11 wei ght
percent of an organi c phosphate wherein wei ght percent

WO 2006i104811 espect to the conbi ned wei ght of thePCT/US2006/010462
poly(aryl ene ether), inpact nodifier, polyolefin,
phosphoric acid salt, netal hydroxide and organic
phosphate. 10. The flane retardant thernoplastic

3 to QG St tpeRIRn1Odf 40l @i phidsphate Rvtictein oseihnpercerplio wptha‘bszpect
is sel[ected fromthe group consisting of tri ﬁ%bt lef

to thtetopibineghHsihhtaf, the BRIGEYISS! CHFR. ABRRINTOPIES Bé’?’g etm,

0 i phenyl
phosslr%rslg ng ngt ﬁl%{éﬁl}ggcggg@péqdm} ﬁ%ﬁg ?l;“%B R%tg phate and
m xtures of two or nore of the foregoing organic

10. ph@eHfhnesetatdeat fieospplosticoompiositionlof Glajms whgteitthe opganic

ooy BB T b aSly, TR HERANG BAELD, phehac
reso?&hmp hesHpRiE Jﬁx@@pmi , aBis Hhepr @thﬁ§ﬁipﬁabﬁylpm©hﬁth,e triphenyl
metal hydr oxi ri ses magnesi um hydr oxi d

phosgthate, ritiptisepunmok mhenylb obesphateyehd RgEresnal twe 5} maEq ghdhe
fore‘,%ﬂlélgm %%I{IC 5%) les, %ee f)ﬁsgﬂ%egcﬂ%ﬂl is SRR 668 thd ]group

0Si rern the netal hydroxid
conSiSHiaY bS@elamifgpsgphosplmtel rmolamiene ﬁ;@oph‘ﬁhﬁla@@qp@gombmﬁum of

Caim9 wherein t act nodi conpyr i,Ses
melayins; palyplgsphite ra F@[Q%HP% wm&&m qﬁla LN gxe al hydroxide

rrgﬁ’ 1s¥s L ME SRSiuRP n;/aﬁsm&é ARRIANh dﬂaﬁfd@e Ndobhld B§drogidghtind
rcent based on the total weigh the first block

contbiyppiopsref twagrdnered @mf@retﬂomun@t@ldmdwﬁéwh aving a
styrene content of 25 weight percent to 50 weight

11.Per e‘{):'%?na%g oRnﬂf @it 8 W‘ﬂ@feg'htthg mh$ ﬁ’ﬁﬁ@ﬂ@e b&cﬁﬁﬂfrlses

cop e composi tion of alm 7 wherein
magr¥piaet hywehific.er conprises a bl ock copol yner
conprising an aryl aIkerne bl ock and a controll ed

di st ribution . cop
12.t heFhfosoappiition o‘?ﬁpgﬁ‘?ﬁ?’i dn WE‘S’EF&? ]tﬁ? rfénpad'a B ‘*ﬁ% Iﬁjéltlses 2
corfif&ion ol firfPBI6Ek EBSHITME havide higblystyremd yoiteiti of, 16 veight
percent to 20 weight percent based on the total weight of the first block copolymer

and a second block copolymer having a styrene content of 25 weight percent to 50

weight percent based on the total weight of the second block copolymer.

13.  The composition of Claim 7 wherein the impact modifier comprises a block
copolymer comprising an aryl alkylene block and a controlled distribution copolymer
block.

14. A flame retardant thermoplastic composition comprising:
a poly(arylene ether);
an impact modifier;

a liquid polyolefin;
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WD 2006/ 104811 PCT/ US2006/ 010462 7 to 20 wei ght
percent of a phosphoric acid salt selected fromthe
w@re@dpogsonsi sting of nmel am ne phosphat e, nel ar€TES2006/010462
pyrophosphat e, nel am ne orthophosphate, di anmoni um
phosphat e, nonoamoni um phosphate, phosphoric acid
am de, nelam ne pol yphosphat e, ammoni um
7tp aﬂymgigmemeet ofpophygs plosrfhaaid mlﬁsz:ﬂd:tﬁmr@iﬁ thagbup conswtmg of
mei:onblnatl @gﬁ°f tmg or nore the foregoing; 4 to 15
R 9 THRt alPIHRR P%.Bhalé?e TRFlgMANG; o oxthophosphate,

diaw@h@ifilimP Phegihatedt mdRofhdidRum PHRR g
Eg{cenl? ?gl %htr? resp?ect to the c% nggbﬁgl%lﬁt\gg tr%mde

ip¢ aplypkosehae. monlnmmhmmam, @olypbosphotieficid, amide, and
co&@h) gf%Nggf?ﬁﬁghﬁhepgé hydr oxi de and organi c

sphate an anoun %qmgphosphorl c acid salt by
wei ght is greater than or equal to the anmount of
4 tot Jewight pdrosplofit eneal hyeogltde; aikb. An el ectrical wire
conprising a conductor, and a covering di sposed over
ng. conprises: _a flane

onduct or erein.t overj
5 R B b Sa Pt 1 e
to ﬂﬁ:l ¥éabinke n@elgﬁth Sf Yhe ;@[&(ér?ﬁﬁ@tetﬁ'érf? fnil ot na@c]llfler po'LP/olefln
selecte rom

yol efin; a phosphoric aCid salt
PhOéPléﬂﬂf acithsilts mew@h ronidE and negapiegdobpitae andmel ani ne

pyr ophosphat e, el am ne orthophosphate, di anmoni um
the ﬁﬁﬁgﬁp@ft@os HH%@O&% w%%SQE%§WSph8£II § BeLd amount of
orgarot phosphpte bty eveighol yphosphorl c acid am de, and

corrbi nations of two or nore of the foregoing; a netal
nd 52 WD.2006/ 104811 PCT/ US2006/ 010462 an

org XL“%‘:?B %ﬁ%f%ml?\ﬁﬁsé’f‘%l n the amount of phosphoric

acid salt by weight is greater than or equal to the
a candocetof, agfl or gani ¢ phosphate by wei ght.

a covering disposed over the conductor wherein the covering comprises:
a flame retardant thermoplastic composition comprises:

a poly(arylene ether);

an impact modifier;

a polyolefin;

a phosphoric acid salt selected from the group consisting of melamine phosphate,
melamine pyrophosphate, melamine orthophosphate, diammonium phosphate,
monoammonium phosphate, phosphoric acid amide, melamine polyphosphate,
ammonium polyphosphate, polyphosphoric acid amide, and combinations of two or

more of the foregoing;

a metal hydroxide; and
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16. An electrical wire conprising: a conductor, and a
covering di sposed over the conductor wherein the
w@owend4sgl conpri ses: a flane retardant ther nOPCEHES1006/010462
conmposition conprises: a poly(arylene ether); an
i mpact nodifier; a polyolefin; 7 to 25 weight percent
of a phosphoric acid salt selected fromthe group
an orgamgd BhQSpgﬂt@ﬁNhem i aneouph o phmspleoricastidi palhley weight is greater

RSP B s R R PR R ok pror 1 ¢ aci d

am de, nelam ne pol yphosphate, ammoni um

16. polAtpHestibatware qadprishgsphori c aci d ami de, and
conbi nations of two or nore of the foregoing; 4 to 15

i ght rcent of a netal hydroxide; and 3 to 11
aco&ﬁ‘i“g‘?ﬁ mg(gr cent of an organi ¢ phosphate wherein wei ght
percent is with respect to the conbined weight of the

a coR@ing &Epds8d8ve tieEondubtBPREEreIDHE CoRingRBINpEk&E i N,
phosphoric acid salt, netal hydroxi de and organic

phosphate. 53 i . )
a flame retardant thermoplastic composition comprises:

a poly(arylene ether);
an impact modifier;
a polyolefin;

7 to 25 weight percent of a phosphoric acid salt selected from the group consisting of
melamine phosphate, melamine pyrophosphate, melamine orthophosphate,
diammonium phosphate, monoammonium phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and

combinations of two or more of the foregoing;
4 to 15 weight percent of a metal hydroxide; and

3 to 11 weight percent of an organic phosphate wherein weight percent is with respect
to the combined weight of the poly(arylene ether), impact modifier, polyolefin,

phosphoric acid salt, metal hydroxide and organic phosphate.
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