WO 01/ 74937 PCT/ US01/ 03100 TRANSPARENT, FLAME RETARDANT POLY( ARYLENE
ETHER) BLENDS BACKGROUND OF THE | NVENTI ON Pol y(aryl ene etheﬁé poI ners are
a wi del y WR8H¥P7ass of thernoplastic engineering resins Jifah %F@P‘?ed by
excel l ent hydrolytic stability, dinensional stability, toughness, heat
resi stance, and dielectric properties. Blends of these polyners further
contai ning poly(styrene), and inpact nodifiers such as styrene 5

but adi ene-styrene triblock copolynmers (SBS) find particular utility in a
nunber of applications, including plunmbing fixtures, appliance and

busi ness nachi ne housings, autonotive garts and el ectrical apparatus
housi ngs. TERAPMORARERES iF ERISTARBY W POLORARMIZEND EdfHoR) BBEN&&anpl e,

di scloses a poly(arylene ether) resin blend that contains poly(styrene)
and has inproved heat 10 performance characteristics. Conmonly assigned
U.S. Patgyifc ﬁ.%ﬁﬁﬂﬁé&)FQTﬁ?ﬁ@@Eﬂ@‘ ofi scl oses a thernoplastic pol ymer
conposition conprising a poly ary ene ether) resin and a styrenic
honopol ynmer. Bl ends of poly(aryl ene) ether polynmers and

pol yal kenyl ar dolt(arylene rieunedyheidare asidety yetyciane) tharmomplastiver ci al |y

avail able. . NORYL(r.) is the.trade n of one su h. blend that is sold
commer ci APEYCHP&] %%‘%ﬁ% a@qﬁg}zgp%g eéﬁ%['g‘ﬁhx%ﬂléf&ﬁ?t Y- KERghsinands of

pol y(ar y|s€’a'Bﬁ1t§ttB§é}ﬁ1e§"§‘ﬁea‘?%s)i's(tﬁdérﬁﬂ@wl@éﬁ’l@ Ehﬁ@ﬂl&s%ﬁ&a lof tHEREY

appl i cati ons, conventional blends have | ane resistance needed

f or sorrmoapﬁpﬂrs ﬁathencmtalﬁmug pohstarene), aadi trapavramorig“lewmhms styi@e- adapt er

hous ngs onl. t hst.and s acts, .the st.al so resi st
eat® and Priae Soy b sfi P o SRS ) RrialRECH B AeET S

r et ar dan@ypli@tibhe sfeliRRhy PRIUMENYSres, muﬁ&tdn@rb@hmag%&dh%e&h&!sﬁgsreduce the
transparency of the finished product, and this 1|oss of optical clarity is

undesi r abnnicsive poris angglectin anperatus hagsings. 74937 PCT/ USO / 03100 There
accordingly remains a need in the art for a blend of poly(arylene ether),

an 1 mpact MdicduihonidAthi RS 31 BLENS 0Nl b Tirbb AP eLFHAE Ao REY  hat
retains transparency rn-the fTinished product.
poly(arylene ether) resin blend that contains poly(styrene) and has improved heat
10 performance characteristics. Commonly assigned U.S. Patent 5,952,417 to Thompson
discloses a thermoplastic polymer composition comprising a poly(arylene ether) resin
and a styrenic homopolymer. Blends of poly(arylene) ether polymers and
polyalkenylaromatic compounds (such as polystyrene) are commercially available.

NORYL® is the trade name of one such blend that is sold commercially by the
15 General Electric Company.

Although blends of poly(arylene ether) and poly(styrene) have been used for
many applications, conventional blends have lacked the flame resistance needed for
some applications. For instance, alternating current (AC) adapter housings must not
only withstand structural impacts, they must also resist heat and flames. While

20 additives are available to impart flame retardancy to these polymer blends,
conventional additives also reduce the transparency of the finished product, and this

loss of optical clarity is undesirable for some applications.



BRI EF SUMVARY OF THE | NVENTI ON A transparent, flane retar dant pol y(aryl ene
ether) blend conprises about 10 to 5 about 90 weight % (w. of a

pol y(ar yMh&/BPHer) resin, about 0 to about 80 wt.% of af 03108 ne)
resin, about 5 to about 50 wt.% of a rubber-nodified polystyrene, about O
to about 15 wt.% of an inpact nodifier, and about 2 to about 35 wt. % of an
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A transparent, flame retardant poly(arylene ether) blend comprises a
10 poly(arylene ether) resin, rubber-modified poly(styrene), optional impact modifier,
optional poly(styrene), and an organic phosphate flame retardant or a mixture of
organic phosphate flame retardants. Use of the organic phosphate flame retardants
was unexpectedly found to provide flame retardance without affecting the
transparency of objects molded from the blend. Transparency is herein defined as
15 permitting sufficient light through the material so as to perceive an object on the
opposite side, although details of the object may or may not be clearly

distinguishable.

The organic phosphate flame retardant is preferably an aromatic phosphate

compound of the formula (I):

RO—P—OR
20 0y R
where R is the same or different and is alkyl, cycloalkyl, aryl, alkyl substituted aryl,

halogen substituted aryl, aryl substituted alkyl, halogen, or a combination of any of
the foregoing, provided at least one R is aryl.



phosphat e, bis-(2-ethyl hexyl) phenyl phosphate, tri-(nonyl phenyl)

phosphat i (dodecyl ) p-tolyl phosphate, tricresyl ph | phenyl
phosphat gl,o @(76 7yI phenyl phosphate, 2-chl oroethyl di pheny?%gﬂgstsng/ﬂaélwe,

p-tolyl bis(2,5,5 -trimethyl hexyl) phosphate, 2-ethyl hexyl di phenyl
phosphate, and the like. The preferred phosphates are those in which each
Ris aryl. Espg@hplel Yndidfiphier@ithisdodedsil phesphbteppisipliasmeopsiylch may be

ei ther unsubstituted or substituted, for exanple, isopropylated triphenyl

10 phosphbesphata) phensbbis (&P -tri-Rethyil-daryehorrisim ety dphend PRogRhatc
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or R6 Ophodphaté, biR§2letBlyliexi!) ph&idy1 phosph@eltrR(iidny BHhedy 1D phaspBaxe, BCT/ USOL/ 03100
5 (dodecyl) p-tolyl phosphate, tricresyl phosphate, triphenyl phosphate, dibutylphenyl
phosphate, 2-chloroethyldiphenyl phosphate, p-tolyl bis(2,5,5"-trimethylhexyl)
phosphate, 2-ethylhexyldiphenyl phosphate, and the like. The preferred phosphates
are those in which each R is aryl. Especially preferred is tripheny! phosphate, which
may be either unsubstituted or substituted, for example, isopropylated triphenyl
10 phosphate.

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

or polymer having the formula
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including mxtures thereof, in which R, R3 and R5 are, independently,

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

hydr ocar BSh#A#937X | X2 and X3 are halogen; in and r are ®CAUSOKPEYers of 1
to 4, and n and p are from1l to 30. 5 Exanples include the bis diphenyl
phosphat es of resorcinol, hydroqui none and bisphenol-A, respectively, or
their polyneric counterparts. Methods for the preparation of the

af orenenti oned di- and pol yfunctional aromatic phosphates are described in
British Patent No. 2,043,083. Another developnent is the use of certain
cyclic pinobidheteitubothesofiipivéiich RO Rdiaph &iate, preteperetentipyrliydodcadigahos phat e,

as a fl «efardant agent fqr po arylene . ether) resips,. As (S described
by Axel ra B mreped R lifpengensBl hia@ethpt o b Piberciy: R arahdetar dant
addi ti vegedhRgeRTRAHAHareaPstiftcBER G 1RGASRIOK Med p RiclifBeNoBONdS, such as
phosphonitrilic chloride, phosphorus ester amdes, phosphoric acid am des,

phosphoni ¢ aci d am des, phosphinic acid am des, 15 tris(aziridinyl)

pho8&phi ne oxi Beamples instudg khaskip ythhenyl ipbiosphiales of sespreannlumideequinangand These
flame-regardant ,additiy rciall vai |l abl e. Preferred phosphate
flame re %;h %ﬁt’é’ IR (%ctﬁl gﬁ't ﬁ%@gﬁg)%f%ﬁ%gﬁ%regggtﬁci nol such as, for exanple,
resorci nol tetraphenyl diphosphate, as well as those based upon bis-

phenol s such Kethddeforakepriperatibn 8f theafiokménti@icd aphedpolyduphivaphat e.
Phosphat es 20 cont ai ni ngr%ubsti tuted phenyl gr re also preferred. In
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m ni mum anobunt necessary to inpart a degree of flame retardancy to the
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depending on the specific application requirements. The particul ar anount
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organi ¢ phosphate flane retardants are generally present in the blends 4 WO

01/ 74937 PCT/ WHQ ,2a810Qs flameaemidahtadditivab et codnpoanddeuntaidiagWt . % preferably
about 5 to about 30 wt.% and nost preferabl Kl about 10 to about 25wt .%

based onphkaspherys apitraggngpandsfsuehhas plospizpnitrilic chloride, phosphorus ester
amides, phosphoric acid amides, phosphonic acid amides, phosphinic acid amides,

15 tris(aziridinyl) phosphine oxide, or tetrakis(hydroxymethyl) phosphonium chloride.

These flame-retardant additives are commercially available.

Preferred phosphate flame retardants include those based upon resorcinol such
as, for example, resorcinol tetraphenyl diphosphate, as well as those based upon bis-
phenols such as, for example, bis-phenol A tetraphenyl diphosphate. Phosphates

20 containing substituted phenyl groups are also preferred.

In the final blend, the flame retardant is preferably present in at least the
minimum amount necessary to impart a degree of flame retardancy to the blend to
pass the UL-94 protocol at a rating of V-0, V-1, or V-2 depending on the specific
application requirements. The particular amount will vary, depending on the

25 molecular weight of the organic phosphate, the amount of the flammable resin present
and possibly other normally flammable ingredients which might also be included in

the blend. The organic phosphate flame retardants are generally present in the blends



The organi ¢ phosphate flame retardant can be conbi ned with conventi onal
poly(aryl ene ether) resins. Conventional poly(arylene eth I

conpri seWQ % 7§ 0rality of structural units of the fornul asﬁq‘]wﬁdég&(gl 0- 02
Q@ (Il) wherein for each structural unit, each QL is independently

hydr ogen, hal ogen, primary or secondary |ower alkyl (e.g., alkyl

cont ai nijNgmuintt 6f Fbonap RO Hbalt IB®t.% Pftefeydbly atival 0ab kiydut 30R¥t¥edrdy | |
hydr ocar bonoxy, or hal ohydrocarbonoxy wherein at |east two 10 carbon atons

separ at masherekespiyabowid o R R Sutt Grraseden tha éatalopeipht of theplendent | v

hydr ogen, hal ogen, primary or secondary |ower alkyl, phenyl, hal oal kyl,

hydr ocar bono f.i - far. : : bly, each QL
is alkyl orx%lﬁgh%lal'ﬂ?é @%&#ﬁﬁ?@gg%é%agﬁggﬁe Cgﬁl ereg(m@{l(\)czorﬁ,g cg{g?ogen. The
term poebiy(ayichenthestrbeny. Conleundeslpolyphieny biboeg retifseconfiPRER and

pol y(aryl ene ether) 15 copg rs; graft copolyners; poly(arylene ether)

et er | GHEABYOs rBFB‘&‘RG ijc%’g&%éﬁbf al kenyl aromatic conpounds, vinyl
aromati ¢ conmpounds, and poly(arylene ether), and the |ike; and

conmbi nations conprising at | east oge of the foregoing; and the |ike. Both
honopol ynmer and copol yner pol y{aryl ene ether) polynmers are included. 20
The preferred honopol yners are e_contai ni ng 2, 6-di net hyl phenyl ene et her
units. Suitable copolyners in e random copol yners cont ai ni ng, for

exanpl e, such units in conbindtian with 2,3,6-trinethyl-1, 4-phenyl ene
ether units or copolyners derfved 2from copol ynerization ofil)

2, 6-di met hyl phenol with 2,3,6-trinethyl phenol. Al so included are
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vi nyl nononers or polyners such as po y(ps yreney, das we asP'coupl ed

pol y( ar yWretwndaihexdr oyl arr, alkyhcovhiziamgapupl7icathoagenhs), shualyl,as | ow

nol ecul ar _ wei ght pol ycar bonat es, qui nones, heterocyc]es and fornmals undergo
react i orfaloalkyliamnealkyd, Rydreearbonesy., (F‘%P}%Séioﬁﬁf PBOXY VRTREAt WG ™Mhe hydr oxy

9r QS Qi doQudiN Jbarate B RaiBbEPAnd SRRk SohR; MPGE €8s a8h&ldently
hydrogen, halogen, primary or secondary lower alkyl, phenyl, haloalkyl,

hydrocarbonoxy or halohydrocarbonoxy as defined for Q'. Preferably, each Q' is
alkyl or phenyl, especially C,-4 alkyl, and each Q?is hydrogen. The term
poly(arylene ether) includes polyphenylene ether (PPE) and poly(arylene ether)
15 copolymers; graft copolymers; poly(arylene ether) ether ionomers; and block
copolymers of alkenyl aromatic compounds, vinyl aromatic compounds, and
poly(arylene ether), and the like; and combinations comprising at least one of the

foregoing; and the like.

Both homopolymer and copolymer poly(arylene ether) polymers are included.
20 The preferred homopolymers are those containing 2,6-dimethylphenylene ether units.
Suitable copolymers include random copolymers containing, for example, such units
in combination with 2,3,6-trimethyl-1,4-phenylene ether units or copolymers derived
from copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol. Also
included are poly(arylene ether) polymers containing moieties prepared by grafting
25 vinyl monomers or polymers such as poly(styrene), as well as coupled poly(arylene
ether) polymers in which coupling agents such as low molecular weight
polycarbonates, quinones, heterocycles and formals undergo reaction in a known

5



nol ecul ar wei ght polymer. Poly(arylene ether) polynmers of the blend further
i ncl ude conbinations of any of the above. The pol y(arylene ether) resin
gener al | WhHE4®B 'nunber average nol ecul ar 5 wei ght of abo®CTHHH1PS about
40, 000 and a wei ght average nol ecul ar wei ght of about 20,000 to about

80, 000, as determ ned by gel perneation chromatography. The pol y(aryl ene

et her) resi i i RSk I i : : 10 to

about 0. BB A fIEREb ol e r@lhs oPhig B BrtiERERBED Yihata Ahugg Y hichrou: 0. 4

dl / g, al moksularpagit pdlynmrer.cRblgtanflonaethtr) PbIgmelrd of the dlemd fpobaiibdledd 0 utili ze

a high intrjnsic vi scos'{hﬁ F‘1)0 oly(arylene ether) resin and a lowintrinsic
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vi scosi t §° esin in conbination. Determ ning an exact
ratio, when two intrinsic viscosities are used, will depend sonmewhat on

the exact int Th@?bl?(a@l%ﬁ@_éth&ﬂ)?@si@éerfehﬁl ek ¥ cambkeneraidabkcaed and the
ultimate physical properties that are ge5| red. The poly(aryl ene ether)

residn i sweight ebdtopt pOBG & dbubg0,00@amki watghy evesegepnplegulef weigbt eff | east one

nonohydr ox i C .CO such_as 6-xylenal..or 2.3, 6- tri hyl phenol .
Car ol o1 RYLROTR0 LFuRAPAT, S WelbpRlsEuTiebtbEnhe Blafriaderbly ey or cal Ty
contai n pblylshe &her) ey Yer®rilB! hat aARaHA¢lc SHELIGIIE) l4ppat 0.108nganese or
cobalt conpound, usually In conbination with various other materials.

Par t i cul abquy 0@defeqtlityss pir errip (EHe). Brehrhly pbeRtPs2%hicaaborod 8 dhgcl @onprise 20
mol ecul eﬁegﬁn\fém orbfd tat%@tf.afﬁi{a% {%Jém?é){&t&hf}!: 'a%iﬁi‘ﬁ’m%gsﬁ’é‘ﬂscol
y I'S ically Tocate 0Si

am noal k radi ca yp In an ortho’p ion to the
hydiooxy @olglpyleR¥ etlerd r&sin aahd Rivninagnssandbeosing pobyarpieneratheheedbimi ned by
i ncorporating an appropriate primry or secondary.nonqQam ne such _as
di - n- but §FPERANAGCTLr DefFrBnHR AfxAe Ta0. GHEN WO AIHEINSIE YiEPHIHERATE 355k Wikhe

oxi dativge ‘HHQ})}ngﬁgﬁt%cthE R FntlitNi Svisés fésfo"fg%%’f'}(hbﬂé}{eee?ﬁé?} u@fiénd 2°

hydr oxybi pheny groups, typically obtain from’reaction mxtures in
whi ch a khe-ulpmertpdiysidalpirepeotes thatrsee desipd.esent, especially in a
copper-hal i de-secondary or tertiary am ne system A substantial proportion

of the polymer, nol ecules, typically .cgnstituti as h as about. 90 w. %
of the pol yrorhé pap dyinari et iyl trersted P ki P ol ning and
4- hiysdr oX ¥PjeRRBRY noRBRy @6RHRSmatlt RFbhd ¢ 7asPEk kbl 3 3196-

trimethylphenol. Catalyst systems are generally employed for such coupling; they

typically contain at least one heavy metal compound such as a copper, manganese or

cobalt compound, usually in combination with various other materials.

Particularly useful poly(arylene ether) resins are those which comprise

20 molecules having at least one aminoaikyl-containing end group. The aminoalkyl
radical is typically located in an ortho position to the hydroxy group. Products
containing such end groups may be obtained by incorporating an appropriate primary
or secondary monoamine such as di-n-butylamine or dimethylamine as one of the
constituents of the oxidative coupling reaction mixture. Also frequently present are 4-

25 hydroxybiphenyl end groups, typically obtained from reaction mixtures in which a by-
product diphenoquinone is present, especially in a copper-halide-secondary or tertiary
amine system. A substantial proportion of the polymer molecules, typically
constituting as much as about 90 wt.% of the polymer, may contain at least one of

said aminoalkyl-containing and 4-hydroxybiphenyl end groups.



It will be apparent to those skilled in the art fromthe foregoing that
many poly(arylene ether)s are contenplated for use in the blend, and

i ncl ude MYEYesently known, irrespective of variati onSCT/S8VP318Y ur al
units or ancillary chem cal features. The poly(arylene ether) resinis
typically present in an anmobunt of about 10 to 5 about 90 wt.% preferably

{1 om about * 10yt,0:aR0bL: Wk RIAATRE A EEAADE LR atfigny 30 to_about

60 wt. % of the total end. o optionally Inc end i s one or
nor e pol pélytayylenegthpos yreeostemplised for usoinyths biendneld ipdugerthose presdntiye  at

| east on ol yner derived fr.om.one or re vinyl aromati.c. nononers in the
descr | begn%%aaew@%%f@rlamw|SE{U?fPTaT‘3ﬁ.t%Weﬁéfarwe§tbeal(fz'c)tbref-| 1)

wherein R is hydrogen, a |lower al kyl group or a halogen; Z is a hydrogen,

vinyl  group, Tée palyPa9Rne ethed rbONR typicklYy p@EQH R atidodhtiof absi@MoQot 0 about
5. These resins include honopol yners of styrene, chlorostyrene, vinyl

t ol dene, abaub RE-wideHyrefesably &nm abopt HhissabpreHewt.thkod owstprefreably figm

di br onost yr N &S | & e polymers fornmed by 15 the copol yneri zation
of styreﬁ%“§?§ﬁ°§%9%§b“PH@°§E§§5?4§F%@ units listed above, particularly
al pha-net hyl styrene or dibronostyrene. Honostyrene resin, commonly called
crystal pol ysiygedionaldy pickided irethe blésdfisibneoabiermil | styrale )M péiymarsdom
radial, linear di-, linear tri-_and/or tapered blaock copolynmers. Random
copol ymeMseiyt paly(stapre) nohineh chide b feastayg GRBIET dgeked Dompaie Q£ Mareni tri | e,
but adi eng; 2 : L h\virpyl benzene and

mal ei c agﬁygégggng§§ﬂék§%yﬁgﬂﬁggﬁﬁgﬁiyﬁg¥FP§£é§ﬂgggﬁﬁ%%gified pol ystyrenes
conprising blends and grafts, wherein the rubber is a pol ybutadi ene or a
rubbery copol ynmer of about 50 to CH8 wt.% styrene and about 2 to
about 50 wt. % di ene nononer. A pre red rubber-nodified polystyrene is
FI NACLEARTM 520, available 25 frofp Flng,)G | and Chem cal Company. 7 WO
01/1¢4937 PCT/USO /03100 It is pre ed,” however, that wheqpot her vi nyl
aromati c nononers are enployed, that they be present in anounts |ess than

about 10 wt.% and nore . .
wherein R is hydrogen, a lower alkyl group or a halogen; Z is a hydrogen, vinyl

group, a halogen, or a lower alkyl group; and p is from 0 to about 5. These resins
include homopolymers of styrene, chlorostyrene, vinyl toluene, alpha-methyl styrene,
bromostyrene, chlorostyrene, and dibromdstyrene, as well as the polymers formed by
15 the copolymerization of styrene with any of the substituted units listed above,
particularly alpha-methyl styrene or dibromostyrene. Homostyrene resin, commonly

called crystal polystyrene, is preferred.

Useful copolymers include random, radial, linear di-, linear tri- and/or tapered

block copolymers. Random copolymers of styrene with one or more monomers such
20 as acrylonitrile, butadiene, alpha-methylstyrene, ethylvinylbenzene, divinylbenzene

and maleic anhydride may also be used, as well as rubber-modified polystyrenes

comprising blends and grafts, wherein the rubber is a polybutadiene or a rubbery

copolymer of about 50 to about 98 wt.% styrene and about 2 to about 50 wt.% diene

monomer. A preferred rubber-modified polystyrene is FINACLEAR™ 520, available
25 from Fina Oil and Chemical Company.



preferably | ess than about 6.5 wt.% of the styrene. However, it is nost
preferred that the only vinyl aromatic nononer be styrene, so that the
styrene PP U1 s a 5 honopol y(styrene). The pol y(styrené’)CTﬁé?()}/’H%‘t"Ol s used
in amounts of O to about 80 wt.% preferably about 10 to about 70 wt.

and nost preferably about 20 to about 50 w.% The rubber-rmdifi ed

pol y(styrene) 10byiEted, BoWeRS, thh \@H%U&Bér \Hﬁylaa%manémbﬁ E@ 50 wt .
preferably about 10 to about 40 wt.% and npst pref era out 15 to

about BSenwldy@QOhanh@mlpmmesqmm dmeynts scihamobduyt IOsrec%lzmd mpreove t he i npact

properties .of t d ugh the SBS .copol yner. is one exanple

of a bl oB’[?f%‘i’s%léﬂ ?fr%éli’a“ "‘[dbﬁ%géé{ﬂ /BQA%R%%Y fc. aﬁo‘iv?kﬁé SBatt Predered 8Ee ski |1 od

in the agie omly blﬂ?fﬁﬁ@ﬂlﬁh@ﬂioﬁlbﬁkr be/ @t/ tedk] PNBatQRe bhRnEGBRMAr i$4 r UCt Ure shown

in formula can alternatively be used, including, but 'not limted to, block
B

copdl yrmehemepolyfseyraney- Ahe nol(styreme)@olyines inugdis amOAntswé@s:o aboatrB9l es of
these t YR,?S/ E@fexsa%iy};a%gﬁt P(Wo '08{1?(5 \Svtt % ﬁg mos% %re?e.rr]a | %ouq 2%'%0 about 50

styrene- et hyl'e Styrene-'é

styrene- attbyl ”éhﬁamlbbéraxﬁbéllﬁed pélyystemae) Iﬁﬂﬂner is used in amounts of about 5 to
styrene- et hyl ene rop% ene-styrene. Styrene acrylates are al so useful as

i mpact nARREPEME.%o.gurgheEably shAvA P énebquss) vAe s yneshaeereblaiabpiet 1Sttgr ene

( SBS) COQQCL]%@gr“g re preferred. The inpact nodifier is used in anounts of
fromO t out 0 15 wt.% preferably O to about 10 wt.% and nost
preferably fromO to about 5 wt.% The transparent, flanme retardant
polly(aryl ene émhmp)actrquiﬁmrishemnmnﬂ)i wsedltd jmpmmpthesimpuetrﬂropmlaaj@ﬁthé ves, for

exanpl e, an a | d ea ent s, stabilizers
such as M@ g‘,)"ﬁdbg‘i”éjg ﬁ‘koélﬁg?%%ﬁ% %@%me 36PF E’éaﬁ’?%le OEP%&?&PE@V@er pi gnent s,
dyes, COkifak 8dH 1So usdBla arsirﬁlsdc@n@aﬁf&&hoéelsqzme@gnﬂm\snu ARGo rﬁke%'d{ es thereof.
25 Exenpl ary antioxidants include organophosp ites, for exarrp e,

tris(no nyamatwlﬂe Ay Fl)qgmglplh ptrusture rsh@;\(nz 4fogiinula-dan ta;texphevn}y pphsslphi t e,

> 3 di - ¢ DD PR IR PG P B B R ATty ArB-
di posphitt &;typdsk Bxamprs @ﬂﬁ%gﬁ@ﬂ a‘ére sBRtnePRARERe-Mene, %b}%ﬁeaﬁlﬁgdléx?@m on

products of pol yphenols with dienes, such as, for exanple,
t et raki spiEangyatisfenchwadiene, styrengretipileng-prgpiyleney hymmmthm@mbwc}wmet hane and

3 oot s St VARV B RALRRABR Sefiehe digihles REENS Bl Aot on

product s
impact modifiers. Styrene-butadiene (SB) and styrene-butadiene-styrene (SBS)

copolymers are preferred. The impact modifier is used in amounts of from 0 to about

20 15 wt.%, preferably O to about 10 wt.%, and most preferably from 0 to about 5 wt.%.

The transparent, flame retardant poly(arylene ether) may further optionally
comprise various additives, for example, anti-oxidants, mold release agents, UV
absorbers, stabilizers such as light stabilizers and others, lubricants, plasticizers,
pigments, dyes, colorants, anti-static agents, blowing agents, and mixtures thereof.

25 Exemplary antioxidants include organophosphites, for example, tris(nonyl-
phenyl)phosphite, tris(2,4-di-t-butylphenyl)phosphite, bis(2,4-di-t-
butylphenyl)pentaerythritol diphosphite, 2,4-di-tert-butylphenyl phosphite, or
distearyl pentaerythritol diphosphite; alkylated monophenols, polyphenols and
alkylated reaction products of polyphenols with dienes, such as, for example,

30 tetrakis[methylene(3,5-di-tert-butyl-4-hydroxyhydrocinnamate)] methane and 3,5-di-
tert-butyl-4-hydroxyhydrocinnamate octadecyl; butylated reaction products of para-

8



WO 01/ 74937 PCT/ USOL/ 03100 cresol and dicycl opent adi ene; al kyl at ed

hydr oqui nones; hydroxyl ated thi odi phenyl ethers; alkylldene bi sphenol s;
benzyl c¥POIMHIY: esters of beta-(3,5-di-tert-butyl- PCT/US01/03100

hydr oxyphenyl ) - propi onic acid with nonohydric or polyhydrlc al cohol s;
esters of beta-(5-tert-butyl-4-hydroxy-3-nethyl phenyl)-propionic acid with

ronohy o sl n® AROLPARA EnALASDR By FSURH BRI niliphdpl par

conpoun or exa i onat e,
di | auryl éthm@,mrlbjdldanabesphdidis* ibehey chrlnpomq:arcsparmnﬁb@a (b,ﬁdh tambded dof

bet a- (3, 5-di - tert - but yl - 4- hy d.Fill d
I’gl ﬁf(()rc]P)ﬁjgjl Q’SF‘WQ gﬁ%”l%‘%ﬁ)&/ ‘gé‘gxy %’G%ﬂﬁg IY]%BJF ‘%h‘ﬁis étgﬁsﬁirfia? 25
titani U”Bém E?tgi ?%&époxglﬁ%thfyl&%ﬁﬂ)-ﬁ)kdl%ﬂig h&id vﬁﬂﬂhbﬁ&%ﬂdﬁc%@d chopped

fibers), car cium carbonate, talc, and mca. The
pr epar at pcdplhyﬂrlctdh@hblsemllerﬁ 9f ﬂomaihvlloy tlaiotriy beanipdapndsy sm:lngs foreexgoipled

conponen f er abl r for t he nents under
condi ti oisllé e@‘g'ﬁtgg’ﬁf@l?%? t%f'}gu%ﬁ’l‘?ﬁfqpb abe[, Hgﬂg‘?cﬁﬂﬁ‘ﬁag’éo%?%%&r?“ahen one or
nore  CORRRIREBE Betd§ 5di Gat-HuiyhayhydBokybRerftdsdpiduid e, tHBeds@ngat i on of the
intimate bl end. 15 Conditions for fornmation o? an intimate bl end include

sol ut i onreiferedigrgeois masl also be wiedgsuch asi fagexannle. siicates citenjumydiexides r uder s,

Chear torb 8 brSTEE g Snblly B Thda e ERm AL FAREER 17,

thgpr nOEfAciuh @ASINR, fﬂl@glaﬂ@nﬁagpabl lity over single screw extruders. It is
of t en advant ageous to apply a vacuumto the blend through at |east 20 one

vent port in the extruder to remove volati]e conponents in_the bl end.
During m xi nghe prepafienaf the bigndne pammallyag ‘FV‘?,q @hﬂ”ﬁ}n%é@t%’&dsuch that the

Corrponeni:/érp Ii%n{s Ite?e?ablg%{) rf@ﬁi?’a grﬁ‘f'ern% e err% n{s Hdegpt e m xing.

Typi cal | nper a Piires out 0C ca w th about 150C
t 0 about cafiibrprseitaile &dthcafwmamnuof ﬂ&@(ﬁnatablabbdﬁ’h%@@ «asrpem ally

preferred. 25 The bl.end can be, np i.nt eful artjcl h as, for
exanpl e, CPBRPNENISALE Y tth%'dﬁ?%P$%4cgﬁ%ﬁ %ﬁ? ﬁén??ti&“tﬂféfé ”glﬁ‘bait E% and
busjisness C¥Rg; Es'oﬂ@fo? PR of af it bIKAd BRI soRkiBR blen@Rl GRRRAT at us

housi ngs, AC adapters by a variety of means such as, for exanple,

injecti omlmngdm aggle@mmmrmmvotypﬁmkmudﬁgs, mmmgrbofivchrmﬂdglead@mdr $idr nol di ng,

anong ot her nv i onal |
g rrﬁxi%g%nggs t&latoca% apzly a s%ear to ri'h_e compontents. Twin screw extruders are

often preferred due to their more intensive mixing capability over single screw
extruders. It is often advantageous to apply a vacuum to the blend through at least

20 one vent port in the extruder to remove volatile components in the blend. During
mixing, the blend is preferably sufficiently heated such that the components are in the
molten phase, thereby enabling intimate mixing. Typically temperatures up to about
300°C can be employed, with about 150°C to about 290°C preferred, and about 180°C
to about 260°C especially preferred.

25 The blend can be molded into useful articles, such as, for example, heat
resistant containers, plumbing fixtures, appliance and business machine housings,
automotive parts, electrical apparatus housings, and AC adapters by a variety of
means such as, for example, injection molding, compression molding, thermoforming,

and blow molding, among others conventionally known in the art.



9 WD 01/ 74937 PCT/USO /03100 As shown by the Exanples below, it was
unexpectedly found that the necessary degree of flane ret only
achi eved"®YW!i8%7of phosphate based flane retardant addit?ég@ggv%wgﬁ
particul arly advantageous feature, use of even relatively high amunts of
organi ¢ phosphate flane retardants resulted in blends 5 having excell ent

transpar ency. Ad Bgv Ve e AnipteslBéidvar whd inesbeatad fbynd thet thel | owi ng
non-limting exanples. EXAMPLES The conponents used in the follow ng

exanpl esnezessagyhisgree of fipald wtardasey oves oMby agtriened byraseed phosphatoPsd phat e,

boron phgsphat e ngd ,magnesi um ' t | conventi onal
flame reﬁﬁﬁ%ﬁ%ﬁrdﬁﬂ&ggﬁtvg% "Gt paﬁ%?@%ﬁ %&gﬂég%@ﬁﬁ %hgseagpfgﬁv)@)% styrene)
bl ends. Ealeivelyhidi adeulia e opaticghosphanraiumi refl¥anP@sultedGarndsml El ectric
Plastics Poly(arylene ether), IV = 0.4 FINA 520 Fina Chem cal s
Rubber - ngaying @@ehaty@nsnageney- PS EB3300 BASF/ Chevron Pol ystyrene SBS DI 102
ilhgl I ﬁhelm' cals Inpact nodifier Melamne Aldrich Flame Retardant Ml am ne
rich Fla t: ggﬁg t ; Labs Fl ame
Ret ar dant REEﬁ%@?ﬁﬁ?gHﬁéﬁ¥ﬁﬁpl aI??bztgggg?W@%%%Ehggﬁggagﬁgu%%hosphate 71B
Akzo/ FMC Corp. Tri hen 1 phosphate RDP Akzo/ D ahashi/Nagase Resorcinol di
hos hate BPA-DP G eat Lakes ChenmiXAMHBES phenol A di phosphate

The components used in the following examples are shown in Table 1 below.

Melamine, melamine pyrophosphate, boron phosphate, and magnesium ammonium

10 phosphate are all conventional flame retardant additives for poly(arylene ether) and
poly(styrene) blends.
Table 1
Trade Name Source Component
41V PPO® General Electric Plastics | Poly(arylene ether), IV =
0.4
FINA 520 Fina Chemicals Rubber-modified
polystyrene
PS EB3300 BASF/Chevron Polystyrene
SBS D1102 Shell Chemicals Impact modifier
Melamine Aldrich Flame Retardant
Melamine Aldrich Flame Retardant
Pyrophosphate
Boron Phosphate K and K Labs Flame Retardant
Magnesium ammonium | Pfaltz & Bauer Flame Retardant
phosphate
71B Akzo/FMC Corp. Triphenyl phosphate
RDP Akzo/Diahashi/Nagase Resorcinol diphosphate
BPA-DP Great Lakes Chemical Bis-phenol A diphosphate
Corp.

All blends were formulated by mixing the dry ingredients, compounding in a twin
screw extruder and pelletizing the resulting material. When the flame retardant
15 additive was a solid it was mixed with the dry ingredients. When the flame retardant

additive was a liquid it was added during compounding in the extruder. After

10



Corp. Al blends were fornulated by m xing the dry ingredients, conpoundi ng

inatwn scr extruder and pelletizing the resulting I en the
flame ref’@r%’é’ﬁ?ﬂﬁ additive was a solid it was m xed th‘%ﬁmsglr/gslw

ingredients. Wien the flane retardant additive was a liquid it was added
during conmpounding in the extruder. After 10 WO 01/74937 PCT/ USO /03100

f or mul at ifgimuleESH kAGpNE Werdmbided bhynjedtjcdahbldihgraviddesigl. anll tested. All
nmeasurenents were at roomtenperature unl ess ot herw se indicated. Heat
di st or t i GREASBIPPEARIWATE af 190N teReraiwus uBlgsaebeMdshiRdicateAneri can Society for
Testing Materials (ASTM D648. Notched |zod in foot-pounds per inch was 5

measured on 1/8. ) ehesof %rﬁﬁ%%m)%ﬁg{ R eftind RNhEREH 4 in foot-

pounds per inch was neas on bars“1/8 1 nch thick using ASTM D256. Tot al
ener gy i rfof Dedtinpdviaisrizie $ARERD Dtd. dNotded [zortin fobi-pdyndd pemioblewasli anmet er

di scs using ASTM D3763. Flexural .no L njts.of  a thausand pounds
per 3quarBCIsHEH On(kpEIopes ‘EF% FS&I‘S%&&S&E&@Z% @ngfthilzﬁgdﬂg%(ﬁber squar e
i nch (ps';)dunéélgerfih&%wé%eﬁﬂ%%ﬁ pefs B8 iRdedkck(Riig ASEKEDIBRSTHEd 1/ 8 i nch
thi ck bar's on using ASTM D790. Tensile strength at yield (psi), tensile

st rengt h akerdyriedéot{guaidy wasmgasueeson &8ahdnideaki drnches Braggker diss8 Byingas
nmeasur ed i nch.,thick bars usin TM D638 Fl a ret ardancy was
eval uat ed‘gg’gwaé}’g t%"‘-lf)?ﬁd&?‘gﬂlﬁ g}gm%a ('SIrtg‘lPlgFl?gEﬁ@ig%Fre%quaf)er%%gdure. The
mat eri al dkEsiB'QTHthaqis 1t (x8elti e pburde peBsqRASHER (hst)Pakibfieumldrgyl S how

long it take§S for the flamé to extinguish. The ampunt of time is known as
t he10| anewbreakr(psi) werpemeasteed 1/hinsh dloakibars Anfusigedt MdP 790 skenshan 10 seconds

V-0 UL i pa. A f.l | , - V-1 UL
Fating Apgasyd (180, ConlTERNY o e T} AT R AGanRDaaRbRR S T,
rating. Thei)Gakandaburkden TADInESs thick barsludng $.STM DBBEr age fl ameout val ue for

10, 1/8 inch bars. Transparency was eval uated 20 by neasuring the
percentage of light transm ssion thyou

est | ng- ompl oyBl™A real g Fo U LEEaRIT PdeDonrtelatssPl BLBEl ow
D et ol L ATE S TP B e it ot ar dant
15 how long it takes for the flame to extinguish. The amount of time is known as the
flameout and is measured in seconds. A flameout of less than 10 seconds earns a V-0
UL rating. A flameout of less than 30 seconds earns a V-1 UL rating. A flameout
less than 30 seconds (with dripping) earns a V-2 UL rating. The data in the Tables 2
and 3 is the average flameout value for 10, 1/8 inch bars. Transparency was evaluated
20 by measuring the percentage of light transmission through a 1/8 inch disk.

Transparency testing employed a cold white fluorescent light source.

Table 2 below presents data for seven blends wherein BPA-DP was used as
flame retardant. The amount of each component shown is wt.%, based on the total

weight of the blend.

25

11



wei ght of the blend. 25 11 WO 01/74937 PCT/USOL/ 03100 Table 2 Materi al
Conmponent 1 2 345 6 7 41V PPO 30 30 48.13 40.21 47.5 60 80 FINA520 5
30 14.58WQ0809% 5 XPS EB3300 50 15 28.13 42.71 10 10 10 P(BAMSODR3IMNE 25 5 5
12.5 255 SBS DI 102 0 0 4.14 2.06 0 0 O Properties HDT at 264 Psi 162.6
126.4 212.1 205.5 177.2 159.7 265.8 Notched lzod 0.19 0.45 1.01 0.47 0.41
0.22 0.46 Notched lzod, -20F 0.50 0.66 1.14 0.69 0.78 0.39 0.71 UnNotched

|Zod 461 5_(\!: 10 RA l: 00 7 ’.)l: l: An 1n 0’.) Ilnl\‘lci-r\lnerl lLzad ')nl 4 50 5 90

T TTTCO— 1ot

13.19 9.29 8.92 4.87 9.90 EnergyTaldeIZal lure 1.15 0.68 30 1.01(0.66 1.05

3.24 To al Energy 1. 27 0. 69 31I.57 1.03 6/ 1.0/ 3.3T Energy|to Failure,
-20F 1.02 ;w%g 68 1.15 1.53 GsmBenenf. v _20F 1 27 1.26 3.43
1.13 1.88 1 1 i FI exural Modul s #60. 34294. % 388. 8 4R6.71 360.2 433.8

416. 2 Flexxaratl—St+ cnULn &t yi H—3-6636—467/30—15680+16656—1494) 18300 19460
Tensile PHIVEIRGt h at yiel d 93965 71(57 o148 |16046| 19442 10654 84920 Tensile

Strengt h ak U265 5477, 7665, 10247, 836510554, 11135 [Tensi e.
El ongat i N e T an 1125 eal aXa 14580 208l 1159 by ebk Bl ameout

Aver age 1@rbsssodt. 8 3.8 11.9 1D. 65 4928138 &8 | 148 iinches| 10

BPA-DP 15 25 5 5 12.5 25 5

SBS D1102 0 0 4.14 2.06 0 0 0
Properties

HDT at 264 Psi 162.6 | 1264 | 212.1 | 205.5 1772 | 159.7 | 2658

Notched Izod 0.19 0.45 1.01 0.47 0.41 0.22 0.46

Notched izod, -20°F 0.50 0.66 1.14 0.69 0.78 0.39 0.71

UnNotched Izod 4.60 5.05 19.64 5.99 7.35 5.40 10.93

UnNotched Izod, -20°F 4.50 5.90 13.19 9.29 8.92 4.87 9.90

Energy to Failure 1.15 0.68 30 1.01 0.66 1.05 324

Total Energy 1.27 0.69 31.57 1.03 0.67 1.07 3.31

Energy to Failure, -20°F 1.02 0.97 34 1.12 1.68 1.15 1.53

Total Energy, -20°F 127 | 126 | 343 | 1.13 | 1.8 | 117 | 1.82

Flexural Modulus 460.3 | 294.2 | 388.8 | 426.1 | 360.2 | 433.8 | 416.2

Flexural Strength at yield | 16030 | 10730 | 15680 | 16650 | 14970 | 18300 | 19460

Tensile Strength at yield 9265 7457 | 9746 | 10646 | 10442 | 10654 | 11920

Tensile Strength at break 9265 5677 7655 | 10240 | 8365 | 10654 | 11135

Tensile. Elongation at

5.65 16.31 12.52 9.46 12.32 7.28 11.92
break
Flameout Average 10bars | 4o | 35 | 113 | 106 | 49 | 18 | 38
1/8 inches
Transparent Yes Yes Yes Yes Yes Yes Yes

Table 3 presents four comparative examples (8-11) employing conventional
flame retardant additives as well three examples (12-14) using organic phosphate
5 flame retardants and one example (15) without flame retardant. All examples use the

same resin blend.

12



Transparent Yes Yes Yes Yes Yes Yes Yes Table 3 presents four conparative
exanpl es (8-11) enploying conventional flane retardant additives as well

t hree exwgpdied93712- 14) usi ng organi c phosphate 5 fl ane retPaTdz#o1/831a0d one
exanple (15) without flanme retardant. Al exanples use the sane resin

bl end. 12 WO 01/74937 PCT/US01/03100 Table 3 Material Conponent 8 9 10 11
12 13 41V PPO 33.3 33.3 33.3 33.3 33.3 33.3 FINA520 25 25 25 25 25 25

XPS E8B3pH—33—33—33—3333—33—333333333333—Mlam-ne-8-333-Mlani ne
8. 333 Pyrophosphate Baron Phnqphat?“me 333 Magnesi um 8 333 Ammoni um
Phosphat ¢ 71%8t Bai RDP 8. 33 BPA-DP Pr dpemppeent HDT at 264 Psi 282.7
233.9 234 91.6/198 Notohed |a0d 0.44 0./4 014 0.43 01#49 0|51
gogghgdzﬁm%o 20F 0.48] 0344 (.44 ;0. 4730, 49 G 49 Unmtcned I%gd 3 94 g gg
. . tched—tZzpd, ;204,93 ¢ AT 79541 TCTOY arture 3.

30 2. 77LENEI ooy el s ol e Pl o anl o %5n a 705 5412, L -8

XPS E&B300 33.33 33.33 | 3333 33.33 3333 33.33

Melamine 8.333

Melamine

Pyrophosphate 8.333

Boron Phosphate 8.333

Magnesium

Ammonium Phosphate 8.333

71B 8.333

RDP 8.33

BPA-DP

Properties

HDT at 264 Psi 2327 2339 234.1 239.2 191.6 192

Notched Izod 0.46 0.4 04 0.43 0.49 0.51

Notched 1zod, -20°F 0.48 0.44 0.44 0.47 0.49 0.49

UnNotched Izod 3.94 4.52 5.06 6.26

UnNotched Izod, 20°F 493 4.52 4.79 5.41

Energy to Failure 3.33 3.9 2.77 3.62 2.09 1.45

Total Energy 3.35 3.92 2.79 3.64 2.12 1.8

i‘g’fﬁy to Failure, 326 | 311 | 222 | 266 1.81 0.94

Total Energy, -20°F 3.28 3.13 2.23 2.67 1.82 1.47

Flexural Modulus 431.0 420.6 421.1 4244 3975 388.7

Flexural Strength 15110 | 15530 | 16090 | 15850 | 15920 15950

at yield

Tensile Strength 8777 | 9147 | 9778 | 9576 10080 9921

at yield

Tensile Strength 8708 | 9089 | 9778 | 9576 10010 7018

at break

Tensile Elongation 967 | 927 | 9.1 8.88 9.76 1151

at break

Flameout Average . . . .

10 bars 1/8 inch Fail Fail Fail Fail 6.6 7.6

Transparent No No No No Yes Yes

13



Energy to Failure, -20F 3.26 3.11 2.22 2.66 1.81 0.94 Total Energy, -20F
3.28 3.13 2.23 2.67 1.82 1.47 Flexural Mdulus 431.0 420.6 421.1 424.4
397.5 388woo1Fkwrural Strength 15110 15530 16090 15850 159POT/US@AB100at
yield Tensile Strength 8777 9147 9778 9576 10080 9921 at yield Tensile
Strength 8708 9089 9778 9576 10010 7018 at break Tensile El ongation 9.67
9.27 9.1 8.88 9.76 11.51 at break Flaneout Average Fail Fail Fail Fail 6.6

7.6 10 hars—1/8 jnch—-Transparent No No No-No Yes Yes 13 WO 01/74937

PCT/ USQO /103100 _ Tablkabde 3coentinigédd Material |Conponent 14 15 41V PPO 33.3
33.33 FlmaefiaP5 25 XPS E$B30C@8p@®nB3. 33 Mel ami ne Mel am ne
Pyrophosphat e Boron Phosphat e 1dvagnesi 1sm Aqfmoni um Phosphate 71B RDP
41V PPO 333 33.33
FINAS20 25 25
XPS E8B300 33.33 33.33
Melamine
Melamine Pyrophosphate
Boron Phosphate
Magnesium Ammonium
Phosphate
7iB
RDP
BPA-DP 8.33
Properties
Specific Gravity, 1.08 1.06
HDT at 264 Psi 211 2339
Notched Izod 0.37 0.39
Notched Izod, -20°F - -
UnNotched Izod 5.94 6.68
UnNotched Izod, 20°F
Energy to Failure 2.26 2.86
Total Energy 23 2.96
Energy to Failure, -20°F 2.52 3.26
Total Energy, -20°F 2.54 33
Flexural Modulus 394.6 3853
Flexural Strength at yield 15950 15790
Tensile Strength at yield 10211 10138
Tensile Strength at break 8987 8551
Tensile. Elongation at break 1041 11
Flameout Average 10 bars 1/8 12.0 Fail
inch
Transparent Yes Yes

As shown in the Tables, phosphate additives effectively impart flame retardant
character to a poly(arylene ether) blend comprising a poly(arylene ether), a rubber-
5 modified polystyrene, optional poly(styrene) and optional impact modifier.
Surprisingly, as shown in examples 1-7 and 12-14, blends with good flameout

averages were also transparent.
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BPA-DP 8.33 Properties Specific Gavity, 1.08 1.06 HDT at 264 Psi 211
233.9 Notched Izod 0.37 0.39 Notched Izod, -20F - - UnNotched |zod 5.94
6.68 UWROYMIY | zod, 20F Energy to Failure 2.26 2.86 THREAVEIEH 2.3
2.96 Energy to Fallure -20F 2.52 3.26 Total Energy, -20F 2.54 3.3

Fl exural Mdulus 394.6 385.3 Flexural Strength at yield 15950 15790

Tensile Stre i t k 8987 8551
Tensile. E oﬁglrgﬁl%trﬁl &eéflts &E&gﬁgﬁhﬁgﬁ%%dvaéﬁgﬁé%g? \%]gfr}%glgta%angglﬁg 1/8 12.0

Fail i mﬁhsp-ﬁfﬁﬂS\pﬂleﬁHa YesbiXasonAsot stovin theptidrearTiob NGR Yh@oyphat e addi ti ves
effecti veI?/ npart flane_retar dant ﬁ?har acter to a pol (qa\%l ene et her)
1

bl end cdis PsSW@e&leP‘P(%‘% ’é—?ﬁ’é iy gid fransparenp $h blgn d g%t yr ene,
opt i onal 4a¥1£) ttlﬂti&gﬂregp&l at hﬁﬁ?@tcﬂaxﬂpqlnﬁ'tﬁﬁspareﬁd&pﬂeﬁ ngly, as

shown i AP xarrp and 1 ends wth good fl'aneolut averages were
al so tr agspaiteohtainkds, ‘pﬁrMﬁgﬁ%ﬁesPﬁﬂﬁliaﬁa axﬁﬁmmess‘rrhwckbh@hwsu@crl bed above

has the advantage of being fl amne- {let ar dant d.,trans arent,1 ch is a
combi natARIMGHE PRESFISGHIGH aPRATaLES %Hsfngso‘?nd@?émtfs SR c. Since it
i's both bl angsfehHidafRdnsand transparent, the blend can be used in any

While preferred embodiments have been shown and described, various
modifications and substitutions may be made thereto without departing from the spirit
10 and scope of the invention. Accordingly, it is to be understood that the present

invention has been described by way of illustrations and not limitation.
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application that requires resistance to heat and/or flame, and
transparency. Heat 5 resistant containers, plunbing fixtures i ance and
busi ness WREIKI4AE housi ngs, autonotive parts, electrical §ﬁ ﬁf%é

housi ngs, and AC adapters are exanples of sone useful applications. Wile
preferred enbodi nents have been shown and described, various nodifications
and subs i ARY¥r9¢s.made thereto without departl ng fromthe spirit 10
and scopbev%‘giqlﬁ?? nvenI'??on Accordingly, it is to be understood that the
present invention has been described by way of illustrations and not
limtation. 15 WOAQDIy(49%herdRrUdend o3npdsingilated & Q0 NEDIte: total A

pol y(ary{)}gn& et her) blend conprising, based on 100 wt.% of the total

bl end B¢ 10 to about 90 wt.% of a poly(arylene ether) resin; about 5 to

about 50 wt. ‘Vawut@owahﬂwmwxﬁbﬁ@lpa@ affn%he'étﬁ&e;)fesﬁxesm and about 2 to
about 35 wt.% of an organi c phosphate f arre retardant. 2, The poly(aryl ene

et her) bl end alfouch 49 abaut 5WrYér%|0ﬁatﬂI¢é’eb od Poby{seps) ESSHT; 8R® et ardant i s
oher Do RN 238 B 35t of %fflﬁ)ggsrgaﬂog&% Phil derthitd OF G alm 1,

wherein the o?ganlc r|p enyl phosphate. 4.
The poly(aryl ene et her) bI end of Caima1l, wher e| n t he organic phosphate
flame retardant is _resorcinol phosphate, 5. The poly(arylene ether) blend
of Claim1, wlerei Ahe H@Yﬁéylﬁ(“*a?@?ﬂéﬁ@ndé’tfﬁéﬂn b odhercIp haRTedS a plurality of

structur ) Q- 2 QQ (Il) wherein for
each st rﬁ ?Séﬂétf)’?lﬁﬁll trgﬁgdgéﬁ{sgig ?tééﬁun‘ééiplenég’r'\t?'y hydr ogen, hal ogen, primary
or secondary | ower al kyI havi ng up to about 7 carbon atons, phenyl,

lhg;gfll t(\ilvlo Cacr’slmogoal Ee poly( dlregggtlixgg b? n>(/i of?{lal 1 w egélg(t:t?er(?r(égrgxy Wherel n at

phosphate flame retardant is triphenylphosphate.

4. The poly(arylene ether) blend of Claim 1, wherein the organic
phosphate flame retardant is resorcinol diphosphate.

5. The poly(arylene ether) blend of Claim 1, wherein the poly(arylene
ether) resin comprises a plurality of structural units of the formula (II):

QR Q'

¥ q (1)
wherein for each structural unit, each Q' is independently hydrogen, halogen, primary
or secondary lower alkyl having up to about 7 carbon atoms, phenyl, haloalkyl,
aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms; and each Q? is independently
hydrogen, halogen, primary or secondary lower alkyl having up to 7 carbon atoms,
phenyl, haloalkyl, hydrocarbonoxy or halohydrocarbonoxy wherein at least two
carbon atoms separate the halogen and oxygen atoms, and a number average
molecular weight of about 3,000 to about 40,000 and a weight average molecular
weight of about 20,000 to about 80,000, as determined by gel permeation
chromatography.
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atons separate the hal ogen and oxygen atons; and each  is independently
hydr ogen, hal ogen, primary or secondary |ower al kyl having up to 7 carbon
atons, pleeeyds937hal oal kyl , hydrocar bonoxy or hal ohydr ocar Ircmasg1/04166 ei n at

| east two carbon atons separate the hal ogen and oxygen atons, and a nunber
average nol ecul ar wei ght of about 3,000 to about 40,000 and a wei ght
average nol ecul ar wei ght of about 20,000 to about 80,000, as determ ned by
gel perneation chromatography. 16 WO 01/74937 PCT/USOL/ 03100 6. The

pol y(aryl ene gt her jrypl,8Rfar9 fenge@i'ef)‘@end‘mlﬁl'nm e@l‘féieleeabﬁQa'i‘s | A‘lldll group

having from1 to 4 carbon atons and each hydrogen. 7. The
pol y(arygane hevingrijor|l énd cafboiagins, and pedr@] i htyﬁ!@gpml y(aryl ene ether)
resin is selected fromthe group consisting of honopol yner resins
containing 2,6-dinethyl phenyl ene ether units, random copol yner resins

having 2, 6- dimet h%@%@m&@&ﬁe ethBBbleHd ¢ lhith o;mmra@tth@ﬁomarwene
2,3, 6- trlnethyl | ene ether units, and copol yner resins derived

from copgthmerr:slzme&mtqdf Tm ghe gIPWREPRFISIRE 86 NOPPOIYDIERTesINg CPRBIRE phenol . 8.
The poly a6r (%?A;gﬁe?lg/fe}]e h% gnlps ra 981%159@%%1ymﬂ£h{§ htat}ﬁlgrﬂ(? ber - modi fi ed

pol y(styfén es up 0 abo rene nononer ~units. 9. The

pol y(ary kiﬁﬁahﬂph@fy)eﬂel ettt vafts @ mrmlﬂanmﬂet 8,6t thienathsi He4-phadilérieed
poly(styrene) is a tapered bl ock copaly 10. . The p Iy(aryl ene et her)
bl end of ethenppitsy and eﬁnorlwercrsm degivisg f%bﬁﬁmiym%rbzaa%e 280 wt.%of a

poIy(sty?ﬁﬁg%%%géthw&éz3gq§gggh€gépwlene ether) blend of C aim 10, wherein

the poly(s resin rom one or nore nononers having the
formula (11l1): RCHCH2 6D (2P (III) wherein R is hydrogen, a | ower

al kyl gro h ng fro to 7 car en;. Z.is a vinhyl group,
ol ogen: Tor B I o PRy fegf stip oy B v hdeR s FR- Rediagl 1P

poly(styrene) comprises up to about 50% diene monomer units.

9. The poly(arylene ether) blend of Claim 1, wherein the rubber-modified
poly(styrene) is a tapered block copolymer.

10.  The poly(arylene ether) blend of Claim 1, further comprising about 1
to about 80 wt.% of a poly(styrene) resin.

11.  The poly(arylene ether) blend of Claim 10, wherein the poly(styrene)
resin is formed from one or more monomers having the formula (III):
R—CH=CH,
X
o (I
wherein R is hydrogen, a lower alkyl group having from 1 to 7 carbons, or a halogen;
Z is a vinyl group, a halogen, or a lower alkyl group having from 1 to 7 carbon atoms;

and p is from 0 to 5.

12. The poly(arylene ether) blend of Claim 10, wherein the poly(styrene)
resin is formed from one or more of styrene, chlorostyrene, vinyltoluene, alpha-

methyl styrene, bromostyrene, dichlorostyrene, and dibromostyrene.
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and pis fromO to 5. 12. The poly(arylene ether) blend of C aim10,
wherein the poly(styrene) resinis forned fromone or nore of styrene,

chl or ost W@&HE49i nyl t ol uene, al pha- nmethyl styrene, bronoSEyHSAK03100

di chl orostyrene, and di bronostyrene. 17 WO 01/ 74937 PCT/USO /03100 13. The
poly(aryl ene ether) blend of C aim 10, wherein the poly(styrene) resin a
hono pol y(styrene). 14. The poly(arylene ether) blend of Caim 10, wherein
the poly(styrene) resin is derived fromstyrene and up to about 10 wt. %
nmononer s havi b3y t h&hé pmly(drglent( tthen) bldndrodiCiaiR 1G5 vehelomere @ilkgtyrgpepup havi ng
from1l to 7 carbons al ogen. 15. The poly(aryl ene ether) blend of
daimil PSRN BAY Slt%rF’ﬁ ~about 1 to about 15 wt.% of an inpact nodifier.
16. The poly(arylene ether) blend of Caim15, wherein the inpact nodifier
is selected fromthe group consisting of styrene-butadiene-styrene,

styrene- but at#.eneThepglyeanglent phrd bdendaf §daiank), “shewremml}*(ywym) propyl ene,

Sty ane dop S B ST TR R oo - PO P PR PREIRE PR
foregoi ngin) WherelR iP@l(@rarkyd peot eing tbrndo gfcaBlonk Bt 4 Galoplier ei n the

inmpact nodifier is a styrene-butadi ene or a styrene-butadl ene-styrene
bl ock copolymer. 18. The poly(arylene ether) blend of Claim1, further

Coeprbor e ol TBE BoSlarbichs BBy by or RNART himcl Al gh e Ry 396N S Y

absorbers, st a ilizer rican iClzers

col or ant shoud b iwt3Sb af acimgenh®difiend bl owi ng agents. 19 The poI y(aryl ene
ether) blend of Claim1l, conprising, based on 100 w.% of the total blend:
about 10 to about 70 wt.% poly(aryl ene ether) resin; about 10 to about 40

Wt . % rubber - 81' fi ?He Q@gﬁ%@%}{é Etie b'ié?l%li Clal p.‘}”wh%?elﬁ ﬁlea 4L 70 wt. %

pol y(styr ene) resin, to about 1 . %1’ npact Ier; and
modifier is selected from the group consisting of styrene -butadiene-styrene, styrene-

butadiene, styrene-ethylene-butadiene, styrene-ethylene-propylene, styrene-ethylene-
butadiene-styrene, styrene-ethylene-propylene-styrene, styrene acrylates, and

combination comprising at least one of the foregoing.

17.  The poly(arylene ether) blend of Claim 16, wherein the impact

modifier is a styrene-butadiene or a styrene-butadiene-styrene block copolymer.

18.  The poly(arylene ether) blend of Claim 1, further comprising one or
more of fillers, anti-oxidants, mold release agents, UV absorbers, stabilizers,
lubricants, plasticizers, pigments, dyes, colorants, anti-static agents, and blowing

agents.

19.  The poly(arylene ether) blend of Claim 1, comprising, based on 100
wt.% of the total blend:

about 10 to about 70 wt.% poly(arylene ether) resin;

about 10 to about 40 wt.% rubber-modified poly(styrene) resin;

about 10 to about 70 wt.% poly(styrene) resin;

about 0 to about 10 wt.% impact modifier; and

about 5 to about 30 wt.% organic phosphate flame retardant.
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about 5 to about 30 wt.% organi c phosphate flanme retardant. 18 WD 01/ 74937
PCT/ USOL/ 03100 20. The poly(arylene ether) blend of daim1, conprising,
based onw®01/74987. % of the total blend: about 30 to about GCTAISOUH3100
poly(arylene ether) resin; about 15 to about 35 wt. % rubber-nodified
poly(styrene) resin; about 20 to about 50 wt. % pol y(styrene) resin; about
O to about 5 wt.% inpact nodifier; and about 10 to about 25 wt. % organic
phosphate flame retardant. 21. The poly(arylene ether) blend of Caiml1,

wherein the bbend ae pblypitsRAE ethkr) blehd oT@aiﬂQlM(oﬁ’f(;i‘isﬂ%?b@:feb%h)lOb' end of
Caim1l1, wherein the blend has a UL rating of V-0. 23. The poly(aryl ene

et her) bheéfidobthe @talend: wherein the blend has a UL rating of V-1. 24. The

pol y(aryl ene %@‘?[32)@}11?&@68 t%?i_)@‘%xgggg{hg)r}eﬁge bl end has a UL rating of

V-2. 25. The poly(Carylene et arm’l, wherein after being set

on fire the bb&ndsw hboug3siwigdinstber-hidified polRbgudne] tesggconds or | ess. 26.
The poly(aryl ene ether) bl end 0of Claim1l, wherein after being set on fire
the bl end wi | Bb@t20gaba S0 meep polyfstyisBenresid: seconds or | ess. 27. The

poly(aryl ene gt hghoRb&RS ‘g\f!%q@ld modi Lggn after being set on fire the
[ itself in ’

blend wi |l extringuish about seconds or less. 19
about 10 to about 25 wt.% organic phosphate flame retardant.

21.  The poly(arylene ether) blend of Claim 1, wherein the blend is

transparent.

22. The poly(arylene ether) blend of Claim 1, wherein the blend has a UL
rating of V-0.

23.  The poly(arylene ether) blend of Claim 1, wherein the blend has a UL
rating of V-1.

24, The poly(arylene ether) blend of Claim 1, wherein the blend has a UL
rating of V-2.

25.  The poly(arylene ether) blend of Claim 1, wherein after being set on

fire the blend will extinguish itself in about 10 seconds or less.

26.  The poly(arylene ether) blend of Claim 1, wherein after being set on

fire the blend will extinguish itself in about 20 seconds or less.

27.  The poly(arylene ether) blend of Claim 1, wherein after being set on

fire the blend will extinguish itself in about 10 seconds or less.
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