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THE | NVENTI ON [ 0001] This invention T8l%tes to the field of expandable

pol y(aryl ene ether)p I ticularly to the
field of flame ret ar@éﬂﬁ%ﬁfg@dﬁ?;@&ﬁ@?ggéFgﬁgﬁg}% Eol ystyrene -
conposi ti ons. ETHBRYPOLYSTYRENECOMPOSITIONS AND RREANRABION TBEREQF ace netal s
in awde variety of applications ranging fromcar exteriors to aircraft
interiors. Flanme retardant plastics have been especially useful,

par ticul ar | yeRSERBFERBNCHEO R A T&S ApwigicRasofer el ectronic devices. The
use of plastic instead of netal decreases weight, inproves sound dampening
and nakes assenbly of the device easier. Flame resistance has been

dom nantly provi A@?“?@F"ogenat ed flanme retardants. However, plastics

enpl oying hal ogenated flame retardants rel ease toxic gas when heated to

el evated t eryIABHIMERY RBAARDINGC EFESERAECY ClSpoiNsOiREsh € RHIBRUH & a
result non-hal ogenated fire resistant materials are in demand for a w de
range of appﬁﬁ ‘PW.NTE 0003] The nost wi dely used process for making
expandabl e pol y(arylene ether)/polystyrene is via the styrene suspension
pol ynmeri zation pNet@pplicabty m nally end capped poly(arylene ether) resin is
di ssolved in the styrene nononer prior to polynerization and

pol yneri zati _ ion process. During or at the end
of . pol yneri%ﬁ§%63ﬁﬁl?(§%ﬂﬂ%ﬁ§§gﬁﬁ9@$added. At the end of the process

pol y(aryl ene ether)/pol ystyrene expandabl e beads are recovered. Term nally
endcapped pol y(af§00dh&het heventiore selates stor elipifiebd] ofo expeadgiié ygdy(3tylene et her)
resin does

ether)/polystyrene compositions and more particularly to the field of flame retardant

expandable poly(arylene ether)/polystyrene compositions.

[0002] Increasingly plastics are being used to replace metals in a wide variety
of applications ranging from car exteriors to aircraft interiors. Flame retardant plastics
have been especially useful, partibularly in applications such as housings for
electronic devices. The use of plastic instead of metal decreases weight, improves
sound dampening and makes assembly of the device easier. Flame resistance has been
dominantly provided by halogenated ﬂame retardants. However, plastics employing
halogenated flame retardants release toxic gas when heated to elevated temperatures
and produce non recyclable waste streams. As a result non-halogenated fire resistant

materials are in demand for a wide range of applications.

[0003] The most widely used process for making expandable poly(arylene
ether)/polystyrene is via the styrene suspension polymerization process. Terminally
end capped poly(arylene ether) resin is dissolved in the styrene monomer prior to
polymerization and polymerization proceeds by the suspension process. During or at
the end of p_olymerization a blowing agent is added. At the end of the process
poly(arylene ether)/polystyrene expandable beads are recovered.  Terminally
endcapped poly(arylene ether) resin is required so the poly(arylene ether) resin does
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. *@0002* 7 NOV 2005 WO 03/000785 PCT/ US02/ 01485 not inhibit the
pol ymerization of the styrene. Unfortunately, the capping agemy ZUUH“ roduces

by produc terferes with polynerization, resulting in | ow
Addi ti onaw(g/&/@ﬁégpol y(aryl ene ether) resin has |inited sﬁ%?oﬁoi/l‘w% t he

nonostyrene, restricting the anount of pol y(aryl ene ether) resin that can
be added to lnt |mt rature
properties (#Dp ﬁ%resu w&ﬁzﬁon 91 efigentyt T‘Bﬁﬁes'stéer Meaf&P als. The
hi gh vi scosiittyodntest heptrml[rptssamtlllmerfexleﬁﬂv&l& pdlﬁn@ﬁ@wﬁ reftingdidi lowvgeld. such as
flame retard difiers that can be included. Furthernore,
only hal ogeré(rdgtbon?f %r{féng‘g?' éﬂg‘%‘? SlBé‘aﬁg@Hed Q‘Hﬁlélhfyﬁé th fomgsyrene,

pol ymer i zat irediri@ting GRS Smb@iht w@ry@eﬁe%méabﬂeﬁn PRk bR X 081 &F therbidndol ystrene
has several_dr awback?l i.ncluding I'imted poly(aryl ene ether) resin

sol ubi lity, TR W Bmsy'élarf%fbf?@r@faﬁg? )Prcrpémeﬁ of ghe exfuitmgRoldarisPogenat ed
flame retar Q&{&)/poi;ysfy@axwrﬁﬁehalsanﬂxe khg}%sebb &ﬁ*é dom U&ﬁ%ﬁ 1%@%'@ {imt the

potential to manufacture expandabl e” poly(arylene et /'pol ystyrene
mat eri al s wicfddigyesn sueh py @a@ﬁtrﬁ@édaﬂﬂqra@dgmpadﬁenodsﬁgpéhﬁ|0@n beripelbded. BRI EF

SUMMARY OF Fdﬁhérhl\{?é\r@ng\'hLQg&%led'\ﬁﬂPé‘?%}%Sﬂ?h% 'b !u£e r%@{}‘ﬁ?e“& efXpandabl e

poly (arylene et her)/ pol ystyrene S are hod
conpri si ng, Polymgrigationt proeesp, for fmﬁkmgnqmndabteepwlg(aaﬂmmmm/polumn@(hmpr| sing a

o haogen el drk oS Hchiitle 1Rl R RAS FeN Hhdin [PRIif foRAY D] VT ene

resin by intimte mXing 1n ‘ormng the
non- hal ogen@pbﬂaryltmer ethﬂétrmudaimeguieedparmmlgératepdlayne( maydlaamm required, and

et her)/ pol en i fire retardant
e e v 3 el SRty cEnett Rt Bk M bl of Sudrolfied eenbld
f eat ur es angobdarpeicagteripdlystbene apprielsi avithdadvanted ngppatieo dhioygh hixse

skilled in %Q&e%gngrg&%the follow ng detailed description. 2 7 NOV 2005

BRIEF SUMMARY OF THE INVENTION

[0004] Non-halogenated, fire retardant, expandable poly (arylene
ether)/polystyrene blends are produced by the method comprising, in a first step,
forming a fire retardant mixture comprising a non-halogenated fire retardant,
poly(arylene ether) resin and polystyrene resin by intimately mixing in melt; and in a
second step, forming the non-halogenated, fire retardant, expandable poly (arylene

ether)/polystyrene blend by intimately mixing in melt the fire retardant mixture with a

blowing agent.

[0005] The above discussed and other features and advantages will be
appreciated and understood by those skilled in the art from the following detailed

description.
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Appl i cabl e DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT$ NXQOQ)Y A

non- hal og fire retardant, expandable poly (aryl ene

et her)/ pol W&’B?’?g bl end is produced by the nethod conpri s?%{?squ?lﬁsfi rst
step, formng a fire retardant m xture conprising a non-hal ogenated fire
r et ardant, BM%EX&WI@NW%HEWW&SWWM resin and optional inpact
nodifier by intimately mxing 1n nelt; and, in a second step, formng the
non- hal ogenated, fire retardant, expandable poly (arylene

et her)/ pol yst yr en®0B¢leNet Applifablé mately mixing in nelt the fire retardant
m xture with a blowing agent. Preferably the first step is perfornmed in a
first extr Ud@'Eﬁ'TQEEmmw{)ﬁﬁH%Pﬁ?ﬁ%M%Mébﬁﬂ\&@l@?§m extruder
conprising extruder A and extruder B. Tntimate mxing of the fire
retardant m xture and bl owi ng agent to forma non-hal ogenated, fire

retardant, expand®8Pd poingn-halogensied, Ereherejargaot, y sxpandaldle bipehd GBEEES i n
trud A [ . = hal d, fi
extruder A ofmidso ﬁ?ﬂﬁénb‘i‘éﬁﬁr?ddll?rbd@é@&' tﬁgﬂe} %gtlh&f coﬁxgﬁsexﬂg,lnxenng‘ fgenas.e Ire

retardant, expandablé poly (arylene et ystyr occurs in
extruder B oformbg ®afitfe fstardentyagxtureCoonprigngfa nérehalegenitad ofireneetasdant,f i r e

d ’ e | i by impact, modifi iHti
bremt e {BAREHRIcRIRD in B GHRR: fEAThY BRNBF ey RSNED 2
fir eI Iret ?r damixing upaeliaide lrpalsycqndrsydpelrffrmim ?grnphmalotg&tagade{ﬁee tetadents exhi {oi t
excel lent no erfor elle ire .retardant propenties a
AHaREOR b1 DS <BR8/BIESrn€ Blong oy S0 e R b

various thicknesses W , ona
stability. Shrepeiasianghixture withndiewiag agenaPeftrably the firsestap thopetformediandabl e
poly (aryl eng_ etber n | ends exhibit better fire retardant
properti es, ﬁgr?réa%uae/é %glri %{ﬁ% }1%%%38%? 1 RpEoaRy Wo?ll?afnpﬁﬂ’ri FFUdrS PRRERRS or |

t han convent exdrubr AahdgeneiteB, Intinatemixdigoftaniire rexpamdaixhee pad Ylowmgy| ene

th / | t ds. T - | ted, fi t dabl
o 1 LPol Lokt G Bl s Rt SRS SRR, Eranads pRolf olagbandaP! ©
better in thehtd/péiGsiders BREE bHETE ﬂg:&naa'?m af ﬂlf:'tﬂﬂﬁiﬁlﬁxhrhﬂéfldnﬁi:‘cboliﬁgwmt hi ng
not revli ous seen, I n a Xpanda e (0] ar ene et r 0 styrene
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occurs in extruder B of the tandem extruder. Cooling of the non-halogenated, fire

retardant, expandable poly (arylene ether)/polystyrene blend prevents premature
foaming of the blend at the die.

[0008] The non-halogenated, fire retardant, expandable poly (arylene
ether)/polystyrene blends exhibit excellent molding performance and excellent fire
retardant properties at various thicknesses while maintaining desirable heat
dimensional stability. Surprisingly, the non-halogenated, fire retardant, expandable
poly (arylene ether)/polystyrene blends exhibit better fire retardant properties, namely
short flame out time and non flaming drip behavior, than conventional halogenated,
fire retardant, expandable poly (arylene ether)/bolystyrene blends. The non-
halogenated, fire retardant, expandable poly (arylene ether)/polystyrene blends can
achieve an HBF rating or better in the UL ASTM D 4986/ISO/DIS 9772.3
flammability test, something not previously seen in an expandable poly(arylene
ether)/polystyrene blend. The excellent fire retardant properties are unexpected and

are believed to be the result of the thorough distribution of the non-halogenated fire
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. are believed to be the result of the thorough distribution of the

non- hal ogenated fire 3 7 NOV 2005 WO 03/000785 PCT/ U802/0174§3J Q@?}ardant
throughou&V t&? & Qandabl e poly(aryl ene ether)/polystyrene blen e non-
hal ogenat @ 000085 et ar dant, expandable poly (arylene et heprg /WF@%‘??H ene

bl ends do not require specially end capped poly(arylene ether) resin, have

on line procgssa be col or 0 awge.r ors and have
a wide rangee‘o ar?herné}iloug?’opeép?qdé g'gaGﬂfneAﬁh )gf?ﬂbfs% I r?f: 9% of the
met hod to pmalrbge:mtqdoﬁ;e(maydaanexpaeaitﬂé pépoixylswétmﬂdewﬁd& Blardeidandescri bed
is the abilit i NcOr por at e i ficant | arger anmounts of. pol y(aryl ene
ether) intof ?%geﬁpﬂgteﬁgﬁa@ﬁfi P%&?We c?géef)df’% ‘QP‘E’WG!"O%EE@B‘&HPF%%

pol yrer i zat ibgRoloFeda6 8 vidéangy SPebIvESAnd HARY WRIR §FheP Of thémtaY bRperied. her ) has
limted solubility in rmno styrene thus restri Cgl ng the ambunt of

poly(aryl ene eth a poly(aryl ene ether)/polyst e bl end
produced by suspgd@% f@é}’ﬁq@ﬁﬁ of thee gisthodsto, Prasuc ¥Y q i ein
descri bed cefhef)nﬁwswnettﬂe@bqlléieuQéesc%édgiatth@%&@% 1(1Wr;@rat@f51g9mc)iﬁt@r yl ene
ether) or greater, preferably about 40 wt % or Qreater or even nore

preferably A3euamayntyafpely(aylens eher) inie the bendihan auerepht passiblesing the
conposi ti onsuslp@%&i (ﬁ%lnex%mlﬁthob&ga|A5H94v¥(f1f§%%§ﬂ8m§itﬁlﬁ’f(ﬁﬁleﬁ?@th hssrml oyed.

The term poly(arylene ether) includes po henyl ene et hér

pol y( aryl endintited splubility, jhmppe styreng ﬂlaﬁtremmgyheemeuqs@f yelafayylemet@sher )
ether ionomgtseniaigd Rl 96K(a r;flE}R:O' %@Hekef%h U@e{d gcgg%gm vi nyl
po he Tik

aromati c conpounds, and y(ary e er), and't
conbi nat i onPolysepratipnn glnagonresssthe @!thﬁf her¢in descub@bcﬁnnlgcommtet gheut| 3k e.

Srruciural oot BebenScy B ot Gl AP, BRG, BRI sBbedo BAE 1Y)
structural @greater opgedn rarei psefenably mbonteift wijo hnpregiem based iondlneyweight afdaondar y

| ower al kyl c&ﬁp&itional kyl containing up to 7 carbon atons), phenyl,
hal oal kyl , ’

[0010] All conventional poly(arylene ether)s can be employed. The term
poly(arylene ether) includes polyphenylene ether (PPE) and poly(arylene ether)
copolymers; graft copolymers; poly(arylene ether) ether ionomers; and block
copolymers of alkenyl aromatic comi)ounds, vinyl aromatic compounds, and
poly(arylene ether), and the like; and combinations comprising at least one of the
foregoing; and the like. Poly(arylene ether)s per se, are known polymers comprising a
plurality of structural units of the formula (I):

¢« | ®

wherein for each structural unit, each Q' is independently halogen, primary or
secondary lower alkyl (e.g., alkyl containing up to 7 carbon atoms), phényl, haloalkyl,
aminoalkyl, hydrocarbonoxy, halohydrocarbonoxy wherein at least two carbon atoms

separate the halogen and oxygen atoms, or the like; and each Q*'is independently



. am noal kyl , hydrocarbonoxy, hal ohydrocarbonoxy wherein at |east two carbon
atons separate the hal ogen and oxygen atoms, or the |ike; didVedthh Q@ is

i ndepende 4 7 tJV 2205 WD 03/000785 PCT/ US02/ 01485 h al ogen,
primary ostiséoc??ﬂfgry | ower al kyl, phenyl, hal oal kyl, hydr‘@ﬁ%’gﬁbﬁg,

hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and oxygen gt & Ohaibb& | ke &F & IS | 104 nyl,
especial ly Cl- ggegl’ kyr, Eglr’ldlpeagw Qﬁ f\sse@q%%qogg\g& %‘8’1’1}%@% l%(r)oﬁon%gl yner and
copol yner pbydrpearydnony haldhadipcabaoky wherdintat leafthieopambe atogd separdpdieymer s ar e
t hose cont aipi - di et h | ene her . units. ~1Sui I | ymer s

i ncl ude ranh%ﬂg%o%%cfs)?n@ %%()Aln{?ao:%%?lgfkef g#re eﬁaa? Ieé(,?h guclg ahkﬁlptog pﬁlé}ﬁ&)’

conbi nat i onespietiallPCa, Skyl; andetattyQ? it hgdopeny| ene et her units or copol ymers
derived from copolynerization of 2,6-dinethylphenol wth

2,3,6-trinmethylp incl uded ar ol [yl ene h ai ni ng
noi eti es prepar eﬁﬁg@ 8?@:‘1?0??1050p| r?f/fm ﬁg%ogjﬁg?rsﬁ/oﬁﬁa%%ﬁ/%rgé %%c c@g&'

pol yst yr eneFhe asfensdd hoasopolyuptsade thoke/¢atanling 2,6alimetbylphanylendethér wndtsipl i ng
agents such | ow ol ecul ar .wei ght pol ycar bonat es, .qui nones het erocycl es
and for mal s SURAF GO OPELL fnc?h]df ﬁana?FBvﬁﬁp?}é’ﬁﬁrérwW‘f‘Wgt F?g et 8xh°lb}'ngtsps of
tvvlo pol y( ar_yriI aﬁﬁb( iﬂzlttfbal’\)/itlcEaimsinfe?:yp:{@qiheﬂléhef’&k@hﬁﬁitsrm| @ﬁumérs\ﬂeﬁ@ﬂtl 4
polymer. P aryl.ene.et.her)s .the present inventio rt her .incl ude
conbi nati on °§‘oﬁﬁ¥‘?l§rf‘?@zat‘8lf c?ire%tg’t‘m’ﬁ"r"r@’]BI‘T‘”‘E"né""é‘ba’\? - m[‘tﬁg‘flﬂﬂ!‘e“l‘ﬁ'e A% (aryl ene
ether) geneiilddgd hae polyieyteas o@ieer agfaifmkemblefss pMparBdtbyoErathguiinyl

3, 000- 40, 000 aton c malss units (anmu) and a wei ght average m)ltgcu] ar wei ght
of about 20™99ETEH BWAEYEIIF SugkasRol¥shEsTIve AS B!l g Foyplsdmohiayigne ether) in

chr omat ogr apiseh- cdipding CleydBrMbIERE 16%NRbleciRY WRRNE pBlcirbénatess hindiescosi ty of
about 0.10 to about 0.60 deciliters per gram (dug),. preferably about 0.29
to about 0. hgerpgysles apd f LVndarep feachon indingpvmmannersyith the hydroxy gr9URSossi bl e

to utilize gfpl8polytiryieRs iether)Vdhame b tpfodied M (1RENer GRSl @R Bl digR HblyAndrOW
intrinsic viscosity pol ngar I'ene ether) in_ conbination. Determning an
exact rati oPolxksriensesherys ofithgpresept igvension ifirthepinslude eembipgtions COERRSAE somewhat
on the exacty et bhdStifie Ybo360Si ties of the poly(arylene ether) used and

[0012] The poly(arylene ether) generally has a number average molecular
weight of about 3,000-40,000 atomic mass units (amu) and a weight average
molecular weight of about 20,000-80,000 amu, as determined by gel permeation
chromatography.- The poly(arylene ether) may have an intrinsic viscosity of about
0.10 to about 0.60 deciliters per gram (dl/g), preferably about 0.29 to about 0.48 dl/g,
as measured in chloroform at 25°C. 1t is also possible to utilize a high intrinsic
viscosity poly(arylene ether) and a low intrinsic viscosity poly(arylene ether) in
combination. Determining an exact ratio, when two intrinsic viscosities are used, will
depend somewhat on the exact intrinsic viscosities of the poly(arylene ether) used and

the ultimate physical properties that are desired.

[0013] The poly(arylene ether) are typically prepared by the oxidative
coupling of at least one monohydroxyaromatic compound such as 2,6-xylenol or

2,3,6-trimethylphenol. Catalyst systems are generally employed for such coupling;



. the ultimte physical properties that are desired. [0013] The poly(aryl ene
ether) are typically prepared by the oxidative coupling of dtNWeH8i one
nonohydr oxyar omati ¢ conpound such as 2, 6-xylenol or 2,3,6-trinmethylphenol.
Cat al yst $3498783r e general Iy enpl oyed for such coupl i ng;FCHEUSP2 2005 WO
03/ 000785 PCT/ US02/01485 they typically contain at |east one heavy netal
conmpound such as a ﬁop‘g)glr ) ma]n anese or cobalt compound, usually in

conbi nat i on W% ANRHY SRR 1Rbrledtaioas i heeyy metd1eqmpmonnd isue £5 13 CORRSFuI

pol y(aryl enenfighikd of baRBEHpdRHd, ROSAS i@E&nﬁiﬂﬁﬁ,ﬁ withVafiBusCRHER hafefiaRD! ecul es
havi ng at | east one am noal kyl -contarning end group. The am noal kyl

radical is typic y.located in _an ortho position to the hydroxy group.
Products cont ai nﬂ'dd‘%%ﬁ’ﬁc‘élﬁ’gy Q‘Fe&!}p@l}‘(ﬁ?’léﬂé edisr)afos dBRIyPYPRSGY %r%_f’?eng an
appr opri at e wHiH E6Mptise mokRARY HAY: M&Q%He@ﬁ?ﬁéﬁ%l-@&tagﬁihg eRiEphAMTIRE OF

di met hyl am ne as one of the constituents of t oxI datTve coupling

reacti on mi @migeslkyhradical g dpigally Joogtedsioran orthoepasitionde gk byydraxsn groupnd
groups., tyPitGhlok SRR LABEERCH Jtl] bl fy oduct

di phenoqui non_eui S cpr esén , cespep{)‘gﬁ%dyﬁj% oglaélgg%ﬁqcﬂﬁ’lowggg%g%ﬁ%ray or
tertiary anprigasyersspendaryguinoerineisadh gsdppdutylaminodr dinethplainineas onpdfecul es,
typically ¢nsdiktdli s 5%9 ut  90% by . wei ght ner, may
contain at | eaé(%n one tg.lgf sal gﬁ?ﬁ%@?% Qagtboﬁlt%%rtﬁrﬁg ésr?dt? {?P %@ﬁrpg%‘?%ﬁ phenyl
end groups. afe0tbhgiroxsbiphieny! ehé grmppratypivally obthinesfroms kéakli@omixturesia wauich f rom t he
foregoing t g Q@g& ! lv(aryl ene .ether) inclu | | ose
presently kﬁg;v?;réljaﬁcrte pegﬁ?]%/xg%g?s 8 r\%}f’iérﬂlg’as %cha@yilﬁ AP %;[haf;i% éjeg%nl %‘Jr]

ancill ary chetianyamihe systemes A fbitytial plopordior ol €fe) polyersar inolécalep,rtgsiesily i N about

5 wei ght percent (W% t % based, on. 1t he wei ght of the. c osition,
pref erabl y gﬁlgsﬁlt téé a\sﬁ'%%cggggﬁ\g%%o / Bgy \Wf*%’b%fééﬂpﬁ}‘f“?rh@a%?“éﬂ? atc}?asf ?que

conposi t i onof j3d dbinodkkel-¢tantainippindst-ydenebiphenys el digupsi n i ncl udes pol ymers
prepared by methods known in the art including bulk, suspension and

Struct ural uni ¢ s\0ap] Sarpedbtent QR Rlea v R ey Y GRS el e
contemplated poly(arylene ether) include all those presently known, irrespective of
variations in structural units or ancillary chemical features. Poly(arylene ether) resin
is present in about 5 weight percent (wt%) to 95 wt % based on the weight of the
composition, preferably about 30 wt% to about 60 wt% based on the weight of the

composition.

[0016] The term polystyrene 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 a monomer of

formula (II)
RB——C—_-(;H2
X
[ =@,
F

I

wherein R® is hydrogen, lower alkyl or halogen; Z' is vinyl, halogen or lower alkyl;
and p is from O to about 5. These resins include homopolymers of styrene,

chlorostyrene and vinyltoluene, random copolymers of styrene with one or more
6



CR8-C=CH2 \ (ZL1)p I (1l) wherein R8 is hydrogen, |ower al ﬁquv%[]#al ogen;
Z1 is vinyl, halogen or lower alkyl; and pis fromO to ab Lh“ 5" These

resins inglude hopopol ynmers of styrene, chlorostyrene and vinyltol uene,
random co&’&@?ﬁ’@?@sof styrene with one or nore 6 7 NOV 200§CTW§66}§}{§80785
"PCT/ US02/ 01485 nononers illustrated by acrylonitrile, butadi ene, alpha

- met hyl styr hy:\vd benze di.vi nylng nzene a mal_ei.c,anhydri de,
and rubber-%g?weg% llé)ﬁ(ﬁ yis/({dyrggenar%%?%gﬂ%o ‘ﬁ?c@?nﬁg Bibg‘ﬁds'"éwlsg’ﬁ%t s,

wher ei n t he etiyivioylbenzene, pdiviyliteaztnenand afialéic r ahpéride, Cando ybver-modifiabout
98-70% styre aho 2- 30% di ene norer Pol ystyrene resins are known
to be msci béb EYS%H ?x}sf rg%ﬁs;“(oénrpﬁmé'ﬁgieéf’%@gyg”?‘gg}"heriﬂﬁ the Wbt}/ebfsc?pﬂﬂlﬁ"@ﬂ?,“e and any
such bl end naya nibbérgi copEginysofyAbEBEIS- B ityréhe ARB UBEE 205090 BRYHE monomk0 t O

about 95 wt 9% an refer ablé/ about 40 wt%to about 70 wt % based. on_the
wei ght of t HE YOS TS KBoy{r fo bimpisgible Widh PAa(apdensasthed) fesinin At ar dant s

are or gani ¢ yabgAa et syl SADhy AR YRR EnP AR BhBuROIPRIGS Of (e

fornula(llgétl:o R gl%ﬂ) OoR where he same or different and is
al kyl, cycl /k;?f?,a %t 7P Wi aid prefgrably abored0 atdpito abovk 78 ette, Yassdtantthe ed aryl
aryl substi tydigst ofkiedompbati@pen, or a conbination of any of the foregoing,
provided at | east one Ris aryl. [0018] Exanples include phenyl bisdodecyl

phosphat e, phenyl bj opentyl phosphate, phenyl-bis )
(3,5,5 -tri-met h;ﬂ&"rs?igyﬁae%d’é’ﬁﬁé‘@éﬁqateét Agmelirpiawiants ash esganis ghosphates,

2- et hyl - hex ygrétefaBhytaalaydiatRhRsHAAE SomPhusid 02 ht{))t) p-tol yl phosphate,
tritolyl p%}ﬂospha{yza, bi s-(gj-aeﬁl?yl hqé??g‘?) phgﬁg{;ﬁﬂgzhgs hate, tri-(nonyl phenyl)

phosphat e, di
|
RO—P—OR
ey R

where R is the same or different and is alkyl, cycloalkyl, aryl, alkyl substituted aryl,
halogen substituted aryl, ary! substituted alkyl, halogen, or a combination of any of the

foregoing, provided at least one R is aryl.

(0018] Examples include phenyl bisdodecyl phosphate, phenylbisneopentyl
phosphate, phenyl-bis (3,5,5"-tri-methyl-hexyl phosphate), ethyldiphenyl phosphate,
2-ethyl-hexyldi(p-tolyl) phosphate, bis-(2-ethylhexyl) p-tolylphosphate, tritolyl
phosphate, bis-(2-ethylhexyl) phenyl phosphate, tri-(nonylphenyl) phosphate, di
(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.

[0019] Alternatively, the organic phosphate can be a di- or polyfunctional
compound or polymer having the formula (IV), (V), or (VI) below:



. (dodecyl) p-tolyl phosphate, tricresyl phosphate, triphenyl phosphate,

di but yl phenyl phosphat e, 2-chl oroethyl di phenyl phosphat e, %A@%ﬂ 5
bis(2,5,5 -1ri yl hexyl) phosphate, 2-ethyl hexyl di phen e, and
t he Iike.“"%ﬂgﬁé erred phosphates are those in which ea?k |2BQQ§I.
[0019] Alternatively, the organic phosphate can be a di- or pol yfunctional
conpound or polynmer having the formula (1¥y (V), or (VI) below. 7 7 NOV
2005 WD 03/000785 PCT/ USOg/ 31485 O 11 J1|OR RO~OR2 2 (IV) (X)mn
or OR3 0O 11 Il RSQ,~4 X2) RY )r R MP or I1~-R6 -P\
R7 RIl O1A0~-R6 R?Rﬂ3cr§- di ng2rm xtures conprising at | east one
of the foregoi ng conpoundsg?iin whi , and R5 are, independently,
hydrocarbon; R2, R4, R6 an 7 are( i\ndepengent |y, hydrocarbon or
hydrocarbon&%@; X , X2 and X3 are %QWogen; Prand r are 0 or integers

or
0 R
RSO-—Y 07 o— OR>
R? X)) ). R
V) ) R p
or

RG\E_O Il _RS
vp R

including mixtures comprising at least one of the foregoing compounds, in which R,
R’ and R’ are, independently, hydrocarbon; R?, R, RS and R are, independently,
hydrocarbon or hydrocarbonoxy; X', X? and X° are halogen; m and r are 0 or integers

from 1 to 4, and n and p are from 1 to 30.

[0020] Examples include the bis diphenyl phosphates of resorcinol,

hydroquinone and bisphenol-A, respectively, or their polymeric counterparts.

[0021] Methods for the preparation of the aforementioned di- and
polyfunctional aromatic phosphates are described in British Patent No. 2,043,083.

[0022] Another development is the use of certain cyclic phosphates, for

example, diphenyl pentaerythritol diphosphate, as a flame retardant agent for
polyphenylene ether resins, as is described by Axelrod in U.S. Pat. No. 4,254,775.

[0023] Also suitable as flame-retardant additives are compounds containing
phosphorus -nitrogen bonds, such as phosphonitrilic chloride, phosphorus ester
8



~from1l to 4, and n and p are from| to 30. [0020] Exanples include the bis
di phenyl phosphates of resorcinol, hydroquinone and bi sphengly- 2805
respectivel or their polyneric counterparts. [0021] Met hod t he
prepar at i W%’I’O"PW@ af orementioned di - and pol yfuncti onal P&r@'r‘é??{%"sp
phosphates are described in British Patent No. 2,043,083. [0022] Anot her
devel opnment is the use of certajn cyclic phosphates, for . exapple, diphenyl
pent aer yt hr iaf"b‘?esdf’lb?%g?ﬂ?afcéﬂ? a%?é‘ie& lﬁ’l"%ﬂ?@n‘f’écé@r HBWPS»QB?P&“F%?C‘&T«B@H%henyI ene
et her resi nsgs(@sridiayl)lphesphineoxiy, ofveahiiQHydrBxshethyFiosphbRiumth@Bde. 775.
[0023] Also suitable as flanme-retardant additives are conpounds contai ni ng

phosphorus -nitr onds,, such, as phosphonjtrilic chloride, phosphorus
ester 8 7 NIV 2 @Qb\%%%eéoa%sh%*ﬁ)%zﬁe@m Inglfle e ?S%%%Bhﬁ?qnc acid
am des, phos@bfmdl saet &, doA eamplePROSERbINeGafken difHoSihite, ad WeIB4Rbsd di Nyl )

phosphi ne oxi de, or tetrakjs(hydroxynmethyl) phosphoni um chl oride. [0024]
Preferred phasHHPes bisphfaok sidr ¢a fir §X‘|‘rh1€1Pu%i&Ph¢il@ A teisapienyl diposphalgor ci nol

such as, fophepaaiel @mtﬁiﬂﬁ@ﬁﬁiﬁmﬁl%@{eg@gﬁ%!aregglwg%peﬂ@ Lin &vedpBlidiyas those

based upon bi s-phenol s such as, I s- phenol A tetraphéenyl :
di phesphat e Prefesrrss prRbadimento fheaprganaphospitaee ist butpldte Hephenylgphosphsteagséeral so
preferred. LQoRMhESRESHRRIY diph red. di e hgsphate is
butylated tr i_BhenyI p.ﬁ%sp*natlg Beﬁ’%%’, ggrpgg%o?c%‘ggﬁ%?}gbgagﬁﬁelg%Pﬂgi gﬁosphat e,

bi s- phenol Mixture coFRsisE aflleptt ospofabeforagping. ni xture conprising at | east one
of the foregoing. [0025] The flane retardant is present in an anount

sufficient to i k7. f Ltjon to
achieve a HBF ra ir%é] ?}rlle ?ﬁgegﬁtaﬁf&g#ﬁﬂa%%fégg?%%qﬁg %{{}%&g%ﬁ g@ §I:‘todr 12 nun
t hi ckness béggree Phélaparretacdaney toathe wpmpositidnl tovaghieye deifBhdating inrthe RE.

mol ecul ar  wajsglg U3198%h_§8{%19®")'7£3 RIORP Yﬁn& ﬁ&ﬁa@’@éf‘&h«%e ibdl& aflogpmap! e

resin present and possibly other norma anmabl e’ i ng lents that m ght
al so be i ncMilljsary; depepding onrfisshal¢cular wiighi ofithé yrgtiie phesphate, tief anfiduatref

retardant i g, ﬁﬁgllh Q8060 : %1to a 25 W % rably
about 5 wt % teo a o%?e 30 g/rte&)nlt)ggs)d;g(gsglﬁly%{léerm%%&%?yg?m?ﬁ%@ é%ﬁ?%gesn PS{ t?%{rel
might also be included in the composition. Typically the amount of flame retardant is

in the range of about 2 wi% to about 25 wt% and preferably about 5 wt% to about 20

wt% based on the weight of the composition.

[0026] In general, useful blowing agents are volatile liquids and include but

are nqt limited to aliphatic hydrocarbons, straight chain or branched, with up to 10

carbons; ketones such as acetone and methylethylketone; short chain alcohols such as

alcohols having up to 10 carbons; and cycloaliphatic hydrocarbons. Preferred blowing

agents are all pentane isomers and mixtures of pentane isomers. An especially

preferred blowing agent is n-pentane. Blowing agents are typically used in amounts of

- about 2 wt% to about 20 wt% based on the weight of the composition, with about 2
wt% to about 10 wt% preferred based on the weight of the composition.

[0027] Particu]arly suitable impact modifiers are the so called block
copolymers, for example, A-B-A triblock copolymers and A-B diblock copolymers.
The A-B and A-B-A type block copolymer rubber additives which may be used are
thermoplastic rubbers comprised of one or two alkenyl aromatic blocks which are

typically styrene blocks and a rubber block, e.g., a butadiene block which may be
9



~[0026] In general, useful blow ng agents are volatile |iquids and include
but are not limted to aliphatic hydrocarbons, straight chdikiVom)fpranched,
with up tgy ons; ketones such as acetone and net hyl e;
short chal n ?cohoﬁbs such as al cohols having up to 10 carE%Jrrﬂlhs/JE ?(,t@g

cycl oal i phatic hydrocarbons. Preferred blowing agents are all pentane

I somers and parkhly eftydadgeRRed. ANBIikQANELE - théyR @c‘fc' %éjcb! ymd?§ efn@r GthcR! oW ng
agent is n-pentane. Bl ow ng ?yents are typically used Tn anpunts of about

2 Wt %to abofP WWD/BrBag%’a%l tefuliei gilt impact hmodifiams og¢nerallp, uskit fPrabout 2
W % to about
o 0 L 0, B L

[0027] Particularly suitabl e inpact ock
copol yners, Pl ped¥anfme ether)Besin and agjotyskyreanepal hameses. and A- B di bl ock
copolynmers. The A-B and A-B-A type bl ock copol ynmer rubber additives which

may be used are Qg]’@mag;%tAcB gr}abg%rg Ob%?(g) ﬁtmegsn e Uiscla ﬁl ﬁznyl

aromati c bl ocks ich are typical ene a Ul ock,
e.g., a but a@iaméeﬁmcﬂetqmrl@ﬁ 36, 25@3@2715&;13{2%@5 3mmsm@m$g452

PCT/ US02/ 014 t g e of

copol yrer s a§131 g%l%ﬁidmgc%gﬁgne%}%%&g Y 8%}5‘:@ PREFSY © Egeeglﬂ"d &Pfg b SKct

modi fi ers gempbflmﬁ}'s usdddd qolystyompesiybitadienc ¢SBR), s polgstaremepatyf(athylesse et her )
resin, a pol e or onbi nat.ion of a poly(arylene eth resin and a
pol ystyrene %ﬁﬁ}i Fused? &E'%H p@ﬂf"cpé%‘le’e A- BOYRemathdstyreps ol @Féﬂ‘l‘(’“e

copol ynmers apcéysdyremd palgishtadiene fpor & diRl She- ¥3eR54,
3,402, 159, 3, 297, 793, 265n;ggystgﬁ}é gBBS) IkL!S)%tyr (])%Bkeﬂl'}ﬁ §tp2?1@ 16%64 741.
Exanpl es of RSPGHERS sped! @geQﬁPOMQPEﬂﬂ&PNYmﬂbI oK e@ﬂpl(ﬂ yxnﬂwlgtyrqne)l ude

| yst t
Dol ene %y%%zﬁggﬁya%@sy%b R R e B0
pol yst yr ene-398| thsulikeli e NExtpres yemprising z(tSBSét one of the aforementloned block
pol ystyrene-qJy {)%@I‘J‘ere%%% e R,Pyls‘]&e) p0| é"gby{‘ 2?%tq99?lweaﬁee?vaxlable

pol yst yr ene- pol yI sopr ene- po ren
pol ybut adi erP@Irpnﬁryl@Hy il mxrylreems,ouxasS virtihdiag mnﬁp&ye&ag&m&h@a ther si ons

t her eof t | th
af or anent | oncd BFAckoCRRET SHECRAIRS 8, et s Fodimnalk R g Desee a bl ock

copol yners améerathatrh@nbme VECTOR, and Kuraray under the trademark SEPTON.

[0029] A useful amount of impact modifier is up to about 30 wi% based on
the weight of the composition, with about 5 wt% to about 15 wt% based on the weight
of the composition preferred. In an especially preferred embodiment, the impact

modifier comprises a polystyrene-polybutadiene-polystyrene block copolymer.

[0030] Non-halogenated, fire retardant, expandable  poly(arylene
ether)/polystyrene blends can also include effective amounts of at least one additive
selected. Possible additives include anti-oxidants; drip retardants; coating additives;
dyes; pigments; colorants; nucleating agents; stabilizers; small particle minerals such

- as clay, mica, and talc; antistatic agents; plasticizers, lubricants; mold release agents;
and mixtures comprising at least one of the foregoing additives. Effective amounts of
the additives vary widely, but they are usually present in an amount up to about 50%

or more by weight, based on the weight of the entire composition.
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~comrercially froma nunbef of sources, including Phillips Petrol eum under
the trademark SOLPRENE, Shell Chenical Co., under the tradEhgit RIKRATON,

Dexco un radenane VECTOR, and Kuraray under the t kK SEPTON.
[0029] A use?:{ﬂ(fbgéstrsmunt of inpact nodifier is up to about W@@é‘g d on

the weight of the conposition, with about 5 wt%to about 15 wt % based on
e et ol TRRIETREShil ooy 5l SERRGIAL! Yo" lstlhe”

pol yst yr ene-efhe)ipolyistytkine rtderale lays foymenby bitigtakel £ 8iahy §6l(anfi€id¥Mer) resin,

Non- hal ogenated, fire.ret grd nt 1 .expandabl e, pol y(aryl ene

et her)/ pol y?f’@?tgﬁf@e BFSYh Fed ©RHona! ppach modidier iF meld fither BeRstieaenaed fife | east

onte agdi Ei veetara?_h.ecmgecriaﬂt?pfﬂsei bél?(g%ﬂ%@lk teih}é%sre'ki?pb& fe{sfﬂ%iaﬁtﬁﬂ tiso:ntaldri p
retardants; ,coating, itives; yes; pignents; colorants; nucleating
agents; st ab‘F’P‘i"ié’P"g}f?%ﬁ’éﬂ Wflﬁ%@r%“idd?‘éedﬁ%‘égapgﬂ'b%l@gﬁna‘ﬁ% figq gp{ardant sdhenand tal c;
antistalic a8ealsd iRhRdklyhaed So rdry A€ Hthdiant ithrd, CAAAAR AR Dpfent and

m xtures conprising at | éast one of the foregoing additives. Effective
amount s of cepsbleafdnixingas melt maybelvded althanghtaneytrades ivprafeited. Peeefamt in an

amount up t t 0 ' a ' [ t he
entire cgrrpgétlﬁﬁagr{?p% W&T%S’S?‘e @% 8%%86@7@%%%@%8%%]?&%0{) 31] The
non- hal ogendistrbutipi o€ thegtoarldiogenatefrandaiim. Yoikhout beiyg bomd by theory, it

et her)/ pol . . by . nti nmat m. X ol rvl ene

et herg rpes?l?l%yeﬁlggﬁ%;}g%t%? gﬁgﬁ{@g{uﬁ,{ g@ﬁ%ln%‘b}ﬁﬂ@ﬁ% eqe}r%éﬁtfi rd?r’%gllug ‘l”se?h%i%ﬁx'rrel t with
a non- hal ogbalagendteflj fire retagdamt, dapandatite efietnmbioyachibee o HRFarieinctheler )

resin, pol ysioms i iQnal ... nmpact ifier. are | t.ed and
ni xed and tz\e nonﬁﬁgg@gge&%{g e%?ﬁe reaglrh:ﬁ’gﬁeft'i EH‘I?) %‘ re%%aﬂ“édmg'ﬁaéylf”heti mat el y
m xed to foethed/pblysyrenenartiamis thanxhinedin mél with x blogviggageptypreferabiypjpabl e of
m xing in | t._may,he used al.thoygh an extruder js _preferr.ed. of an
ext r uder fg?anfi?lrg %8}’?7%& F%%c%?le‘?hggfio?é ttalé‘ieg} aﬁtﬁfde '&t?}?lg"%wéa#‘z%feo enhance
the distri badrian nmiktirdievithahe blalvirgesgedt @l fdrin tBe hei-A4ldgenkted Vil haardadiei ng
bound by theor it s belieyed, that even distribution of the .

st aoly dpent AP Bitiret Bepb oD GRS | YU et ar dant

non- hal ogen&t
expandabl e extxtdar A dfachatinieu extundeHEBd doalingof the blehe tdoccuAmlditiddetIB6f | SO DI S

9772.3 1l am{rh%tﬁrllde;rye)}tr%agr' th;.rrggy Igrle\r/e%tirrlge ér%r%gt%pé deBgllaX£aatir<) IOFE]% blowing agent

at the extruder die.

[0032] The invention is further illustrated by the following non-limiting

examples.

EXAMPLES

The materials used in the following examples is listed in Table 1.

~ Tablel |
Material Source and/or Trade Name Properties
Poly(arylene GE Plastics, PPO" I.V. =32 ml/gram at 25°C
ether) in toluene
Polystyrene GE/ Huntsman 2114 MW=206,000
Impact Modifier Kraton Shell/ D-1102 -
(SBS)
Flame retardant Daihachi Chemical/RDP -
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. ether)/polystyrene mxture is then mixed in nelt with a bl owi ng agent,
preferably in a tandem extruder, and cooled. Use of a tandemyexfy uder for

nelt m xi Lre retardant m xture with the bl ow ng rmthe
non- hal og{elﬁ)aisbebg?%ki re retardant, expandable poly (aryl enngl%so )814%9

et her)/pol ystyrene blend allows the nelt mxing to occur in extruder A of

the tandem extr uggys3affle COGhLNH R I 0_ogcUr. in egpB of  the
t andem ext r uder ?(?ergbye_prev%nt }v%g esﬁ%}gewgt S"rqig 3%%: atT 28t i@lﬁo tﬁg’ bl owi ng
agent at tsemaerdialyeravailable [f3OB82GE TRiastiosy enNOBYL®s BFuiid herpolydryleter at ed by

the foll ow Lol L l.es. ES terjals u in the
fol | owi ng e%gﬁ%@yslbga '{elbg]%gﬁ ?‘ﬁ‘@%‘ff?’@%@%‘fﬁ% (WZ“F f’zﬂam%f}?@gnq'and/ or
Trade Nane Fhefentuiasion oPNIORAAERREhdm Rl Tasleixs, PPO I.V. = 32 ni/gram at
25C ether) in toluene Polystyrene GE/ Huntsman 2114 MA£206, 000 | npact

Modi fier Kraton I 02 + S) Fl ame retardant i hachi. Chem cal / RDP
M ooy 2008 TIBHLEXGERTRG P e Bt cprgEpge %ﬁq‘g’%‘g%ﬁ’&? 9P exanpl e
was formed usiTableNDR¥Ingr 3 ZSK28 wanseimc eahldyr &vai Madehee & rPfvideerPl st i Cs.
NORYL(r) EF A s a poly(arylene ether)/polystyrene blend. with .
hexabr ormcycqogi%r g‘&%ﬁ&’?ﬁ@&ﬁ? bﬁ%"‘Q”F’%’%fﬁ’ée%i‘i’érf@é‘h? suspeRSiPNPLISHET Wt n of
NORYL(r) EFdbes sibowoniain Tebjbetadiend. 0034d Jorapémes inl ,Exdmpred13 w&itdnsrade
accordi ng tomtg\it %ornu at.i onla sgovvn in Table 2 using a ZSK28 tw nscrew
ext ruder fr BRYREPHERS: & TPFIUTRIEY £20d Phihe Rebiipralens piher) ExshARe PRRRITEYS
pol yst yr ene réstis Wetd R@déd; Qiting SHRRAN Foc@BrsP P RS Sxiilesh IdEREMMET]1 @@t @i n
pol ybut adi ene. The pol ystyrianfe I n Exar}'pl es 1-3 contains i

polystyrene resin’ was’split fed, about 46% of the polystyrene resin was added with the

poly(arylene ether) resin and the remainder was added by a separate feeder. The

resorcinol diphosphate was added by a liquid injection pump after the addition of the

polystyrene was complete. In Example 3 the impact modifier (SBS) was added with

the poly(arylene ether) as a mixture. The melt temperature was in the range of about

301°C to about 311°C. Temperatures after melt were in the range of about 210°C to

about to about 270°C. The examples were then direct gassed in a tandem extruder

with pentane.
Table 2
- Material 1 2 3 Comparative
Example
Poly(arylene ether) 30 50 40 10
Polystyrene 65 35 35 - 90
Impact modifier - - 15 -
Resorcinol Diphosphate 5 15 10 -
HBCD - - - . 1.5
Pentane 6 6 6 6

Total composition: poly(arylene ether) + polystyrene + impact modifier (when present) + resorcinol
diphosphate = 100 wt%. ' '
Pentane content is expressed in parts by weight per 100 parts by weight of total composition

(poly(arylene ether), polystyrene, optional impact modifier, resorcinol diphosphate, and pentane).

[0035] The examples were foam molded into 12 millimeter thickness bars and
6 millimeter thickness bars for testing for flammability according to UL ASTM
4986/ISO/DIS 9772.3, a horizontal buming test for foamed materials. This

12



. pol ybut adi ene. In Exanples 2 and 3, the poly(aryl ene et her) ngs B and

pol ystyrene resin were added, using different feeders, 7t|hel Bl ruder. In
Exanpl e 1 glystyrene resin was split fed, about 46% of the
pol ystyre é’q“‘é’g& Swas added with the pol y(aryl ene et her) RCISY28HE5 t he
remai nder was added by a separate feeder. The resorcinol diphosphate was

dded b fter, t ddi t f t
conpl et o, -1 HREHEETISE A bRyt e B Plaapiitic aabefsn @Ry Mo
pol y(aryl enwhsh lethy wapsst dlamiing hehamor]’hledlmnlﬁan{eeatpﬁlﬁﬁtperfem& (HBR),hmdr ange of

about 301C ut 3 ter |t were in the range of
about 210C f%)%mgrgfg iR arga%afr e%kﬁbg@ %F‘érdf‘ﬂ‘e‘}?fftawaéﬁi Sgassed in
a tandem extefindéms skért flapemuatmes dabhe &i Elfehé%horl ﬂxﬁlﬁ@ﬁﬁ@aﬁ'ﬁﬁ/bme

Exanpl e PoI ar ther 0 50 40 10 ystyr ene 65 3 0 . I npact
nodi fier - g’% éé %és’ﬁ? éjf’\go%“a y ﬁlﬂ’sh?ﬁ‘étdﬁnﬁS‘S‘?Ba 15(9ab11HBCE3VI°ldmg~ q‘@? iSpent ane 6

6 6 6 Tot abxw@m@ml tein@of tAOld¥drad ¥t B8 B tEurfate B WRJINEEEL dtid IR CT
nodi fi er (vvhen przsent + resorcinol  di phosphate = 100 wt % Pent ane

content is H3GHeoEadrokengsrt SHeppd mnglﬁnals@blhm@ tmmewrmﬁ which e t ot al
conposi t | onshrﬁﬂa Ydeahy iR dfaltSedt thhD3GL fHRdI T er,
resorcinol di ph{(i)gsephat e, and%gnt aﬁ%?péryaﬁlt %ggi%&flhdgg;éiﬁﬁn%: es vve@‘r%e f oam nol ded
into 12 ni | Tesyistes showndr Aable 3bé’rﬁhlean1cbr®kmilate|fme6@mbdﬁ$ ckness bars for
testing for flammability according to UL ASTM 4986/1SO D S 9772.3, a

hori zontal Wurning test Tor Toaned NHGRfesal s. 1S 12 7 NOV 2005 | WO
03/ 000785 PETT USOFEttes 11 amm DUy tESt Fatesy pers or @gﬁp&&i,};n,
foll owi ng manner: non-classifigd (NC Example
Molding quality Excellent Good Good Excellent
Heat Dimensional Stability 104 104 104 105
in °C
Average flame out time in | 33.3 [2.0] 0 [0] 24.8 [7.6] 32[11.6]
seconds
Dripping (% out of 5 bars) 0 0 0 100
UL Rating HBF HF1 HBF NC
[(HBF] [HF1] [HBF] (HBF]

[0038] While the non-halogenated, expandable, fire retardant poly(arylene
ether)/polystyrene blends, (Examples 1, 2, and 3) show comparable molding quality
and heat dimensional stability to prior art material (Comparative Example), they show
marked improvement in dripping, average flame out time and UL rating. Thus the
non-halogenated, expandable, fire retardant poly(arylene ether)/polystyrene blends not
only improve upon the properties of available flame retardant poly(arylene
ether)/polystyrene blends but they have the added advantages of being non-

halogenated and producible in an efficient, cost effective, on line manner.

[0039] While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to

adapt a particular situation or material to the teachings of the invention without
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~which is the worst flam ng behavior, mediumflanme retardant ferfor mance
(HBF), and superior flame retardant perfornmance (HFI). Supe N 260b ame

retardant_performance is defined as short flanme out tines aﬁ?ﬁ ﬁ]g%jrlppl ng

behavi or . WRHEY8%m bars were exanined for nol di ng qual i T4/

di mensi onal stabili ty Mol ding quality is expressed in ternms of the degree

of fusion a art. an acture of .a broken
part. Heat ?ptangn Ei ona tﬁé) CI%P{:TB‘CWQF ﬂEretf%rﬁpg}sé?tﬁ?%%é}EatW?l%enﬁ%ne °Shri nkage
of the nol dealipied td’lélatpadxcu}ar ambﬁdxmexﬁldlisewkai ﬁdh@h‘ésnmoﬂe baaﬁn;tlhemfcﬁ) 1% The
results are_shown Tabl e in hrac nmm Tabl e 3
Properties "% %ﬂﬁ%{?‘gf?t{%’ b eénve%?’ﬂ?"'ﬁg‘ &lﬂg‘??e] %39&*@?’1%‘% mgzood Good
Excel | ent He@hinBhesopé oftat afpeatidd ddins. 104 104 104 105 in C Average flame
out time in 33.3[2.0] 0 [0] 24.8 [7.6] 32 [11.6] seconds Dripping (% out
of 5 bars 0 0 0 100 UL Rating HBF HF1 HBF NC F HF1 HBF HBF [0038] Wile
t he non- hal ogenat ed, expandable, fire retardant poly(aryl ene

et her)/ pol ystyrene bl ends, (Exanmples 1, 2, and 3) show conparabl e nol di ng
quality and heat dinensional stability to prior art material (Conparative
Exanmpl e), they show marked inprovenent in dripping, average flame out tine
and UL rating. Thus the non-hal ogenated, expandable, fire retardant

pol y(aryl ene ether)/polystyrene blends not only inprove upon the
properties of available flane retardant poly(arylene ether)/polystyrene

bl ends but they have the added advantages of being non- hal ogenated and
produci ble in an efficient, cost effective, on |line manner. [0039] Wile
the invention has been described with reference to a preferred enbodinent,
it will be understood by those skilled in the art that various changes may
be nmade and equi valents may be substituted for elenents -thereof wthout
departing

14



fromthe scope of the invention. In addition, many nodificati ons may be
made to adapt a particular situation or material to the teadhi)yogppf the
i nvention Wy 13 7 NOV 2005 WO 03/000785 PCT/ US02/ 014 ryi ng
from essen%té)?/e@z%spe t hereof. Therefore, it is intended thgaT/tUg@?(ﬁﬁ%?enti on
not be limted to the particul ar enbodi nent disclosed as the best node

cont enpl at ed‘,‘ﬁ%[ [ ut this invention, but that the invention wll
include all e 0’1&{5‘3”%%{3&51\4?% ing within the scope of the appended cl ai ns.

14 7 NOV 2005 WO 03/000785 PCT/US02/01485 WHAT IS CLAIMEDIS: 1. A
non- hal ogenat ed, i re 4 emandalegenatssipafidabkrdant, y ekpenghtdme poly (arylene

et her)/ pol ys | e t he thod.conprising: in a first
step, form n%p{%ﬁé}ﬁs}gyrr et e{?rgpal%?&%gip tP%mc? F?@Prﬁd"ga non- hal ogenated fire
retardant, poly(arylene ether) resin and polystyrene resin by intimately

mxing in nelt; inadiktstep, femurgia Sireeptardant mixtye threprising Aabnysogenatdd fire
r et ardant, e et her,) /. pol ystyr.ene.bl end .by i.nti mately
m xing in rreeqﬁtgz}%{%g%ti Ir)ée]%ag}fl%r ?él%é{)e 113%1“)%? up‘g}'#?’hyrﬁs’ |bé’v{PWBat5Qé‘Hf“¥g & The

non- hal ogenandtiandire retardant, expandable poly(aryl ene
et her)/polystyrene blend of aim1l, wherein the anount of poly(arylene

ether) resin is ;ahq i : cent.t (W% to about 95 w9 based on the
wei ght of the C(l)ﬁpoésl%otn ?8%&%&5 {nﬁgﬁean%'éd]ﬁ g%’%/a%goﬁ%lie%&eaﬂg c’r(%agér??ﬁ %0?%1bout 5
Wt % t 0 about(ayBnevetheripaystyrene blved Wyi igtimately tniding diipoeli thieofire Rtarddne

non- hal ogengfed. . M‘%?é’#?’gé g%m“, expandabl e pol y(aryl ene

et her)/ pol ystyrene aim 2, wherein the anount of poly(aryl ene
ether) resin is about 30 wt%to about 60 w % based on the wei ght of the
conposi tion and 2he dhpumondelogeraied; yfirneretagdanty | expaislabile 4fly(dteno about

0 i . . .« .
70wt % baseduB/doi\Rty e HMndVft Claim 1, wherein the amount of poly(arylene ether) resin is
about 5 weight percent (wi%) to about 95 wi% based on the weight of the

composition and the amount of polystyrene resin is about 5 wt% to about 95 wt%

based on the weight of the composition.

3. The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 2, wherein the amount of poly(arylene ether) resin is
about 30 wt% to about 60 wt% based on the weight of the composition and the
amount of polystyrene resin is about 40 wt% to about 70 wt% based on the weight of

the composition.

4. The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 1, wherein the fire retardant mixture further

comprises an impact modifier.

5. The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 4, wherein the impact modifier is present in amount

of up to about 30 wt% based on the weight of the composition.
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~the conmposition. 4. The non-hal ogenated, fire retardant, expandable
poly(aryl ene ether)/polystyrene blend of daim1l, wherein thE\f e

retardant Jp xt further conprises an inpact nodifier. 5 . T
non- hal ogﬁa@gé@?%?i re retardant, expandable poly(arylene YCT/USI01485

et her)/polystyrene blend of aim4, wherein the inpact nodifier is present

in anobunt of up ¢o a t 9 d on the i ght__of e Ltion. 15

oy 5005 o b oa Tt i gaRARE R ’%}ﬁ‘éjg\’ﬁOnF’FPé‘P%aé’té%aP@g@?@%e

\rM?t ar dant,h esthendelystepoblgadiof Che 5, whkreim)thepﬂi;]mt wf mmcbifnediﬂexdﬁ inGhai m 5,
erein the ' t (figr.is. in the. e of about 5 wt%to

About 15wt ol HRe St 3 PR SLaREL v oh hisSe e ariep b G ccmpeditat

non- hal ogenated, fire retardant, expandabl e poly(aryl ene
et her)/ pol ystyreng bl i@ ofionchadegenated, wWke eiretarding, | sxgmedabi@dpbly@rylens a

pol ystyrene- _po .adi ene- pol.yst.yrene, bl.ock copal .. 8. The

non- hal ogena?tggy}‘ ‘9? érttg,rgrrwep geflgz%ﬁalé&%a o éhep‘&PWtdl%ﬁgﬁrels 2 p(nystyrene—

et her) / pol yspolyteslidnk @olysgten€hbiickicdpolytder €i n t he non- hal ogenated fire
retardant is an aromatic phosphate of the formula (I11): O I I ROP-OR

OR where Ris t sane or_different,and is alkyl, cycloal kyl . aryl, alkyl
substituted aryl hge halrﬁ(;lﬁennosnﬁrgi%ef]%‘fdedr}g?yl“?targ?'%}/’l g’f%gﬁ%?%t ﬁ%ly(éﬁy%?,

hal ogen, or cha)¥pdystatnoblend ohGluimfl, Whereinfihs fgohalggenfed Nirdethraaht it @ast one R
is aryl. 9. The_ non-hal ted fire retardant, expandable poly(aryl ene

et her )/ pol ys?rfl?’%thcepqﬁféﬁgﬂgogﬂg"tﬁgﬁma “YWwherein the non-hal ogenated fire
retardant is selected fromthe group consisting of butylated triphenyl

phosphat e ester, resorcinol tetraphenylQ di phosphate, bis-phenol A
t etraphenyl di phosphate, and m'xtureﬁo_r,_OR

am) 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.

9. The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 1, wherein the non-halogenated fire retardant is
. selected from the group consisting of butylated triphenyl phosphate ester, resorcinol
tetraphenyl diphosphate, bis-phenol A tetraphenyl diphosphate, and mixtures

comprising at least one of the foregoing non-halogenated fire retardants.

10.  The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 1, wherein the non-halogenated fire retardant is a

substituted triphenyl phosphate or an unsubstituted triphenyl phosphate.

11.  The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 1, wherein the non-halogenated fire retardant is
present in an amount of about 2 wt% to about 25 wt% based on the weight of the

composition.
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conprising at |east one of the foregoing non-hal ogenated fire retardants.
10. The non-hal ogenated, fire retardant, expandabl e pol y(arylKNens

et her)/polystyrene blend of Caim1l, wherein the non-hal oge fire
r et ar dant V%/%O P00%3pstituted triphenyl phosphate or an uns&%@?‘tjﬁg@g&g

tri phenyl phosphate. 11. The non-hal ogenated, fire retardant, expandable
poly(arylene ether)/polystyrene blend of daim1l1, wherein the

non- hal ogenated fije regar danhal esent | agﬁ;‘ ARGabRS leBe M % t O
about 25 wt % baseIl on the wel g%?gegftg{’hzﬁgcé’?}%ggr?ti on. (?LaG 7 ﬁﬁgﬁgo 05 WO

03/ 000785 PCEthegpalystyreds blend of{daimoh-wiateiy thederdng hgant isrssleated &9m the
expandabl e pg| - - har tyrene bl end of IR lnoMResigei N the
bl owi ng agen%r %ﬁé%é%%x%@?g&%@%ﬁ% f‘ﬁg&ééf;broésu‘ﬁ&é%pn!soﬁs%tcﬁ%and# gﬂgﬁglsbﬂlaot i_c_l

hydr ocar bons alebhdis wightup td 00 carbbus sycldatiplarie aydrsdachions edibinixtured @otpok8S Wi t h up

to 10 carbons,, cycl oal.jiphati ¢ dr.ocar bons and m xtures conprising at
| east one of af‘ﬁﬁf"bﬁ'%&é?ﬁ’&%ﬂ"&%ﬁ&“%@%ﬁ?s. 13. The non- hal ogenated, fire

retardant, expandabl e poly(arylene ether)/polystyrene blend of Claim12,
wherein the bl owi by agémt nen-babgmbted] ffiremretaelantgr exgandabisi pely@glest pent ane

[ d m f i .14, The. - N [
etardant. crpambanrss BERAR B e o DR AR SRR o7y

wherein the lgtoapicomsisting of pérsanerieaefy ant thiires afpetifahe Bbmadout 2 wt % t o about
20 wt % based on the weight of the conposition. 15. The non- hal ogenat ed,

e et dant. ofpandhl e BphCAn £ e UG PO YRS epblgatne! ol m

1, wherein the fire retardan .
non- hal ogenatkther)/pblystyrenettderdlant Clamphnelisddie tpoblp(véngy hgeme is present in an

et her)/pol ystyrene.hl e i.s fo in,a second extruder Lch.is a tandem
extruder. 16! °ﬁ§?ﬁ‘ﬁg|%t§’°e‘r?aa§’g‘§f}°f“i‘(°g’a?—e toﬁ%%?g,ht«g)g%’ ﬁgﬁa]gfsgmlgbl y(aryl ene
et her)/pol ystyrene blend of Caim1l1, which has at |east an HBF rating

according to UL ISTM The10861-h8GEdDaSd, 0 7Mit2. Jetargit, f expatdablen poly@rifses bars.
17. The non- gl 9acnal e thddaor LAY YA herei ARG AR faROIMREN RMcd 2
first extruder and the non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend is formed in a second extruder which is a tandem extruder.

16. The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 1, which has at least an HBF rating according to UL
ASTM D 4986/ISO/DIS 9772.3 test for 12 mm thickness bars.

17. The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of Claim 1, further comprising an additive selected from the
group consisting of anti-oxidants; drip retardants; coating additives; dyes; pigments;
colorants; nucleafing agents; stabilizers; small particle minerals such as clay, mica,
and talc; antistatic agents; plasticizers, lubricants; mold release agents; and mixtures

comprising at least one of the foregoing additives.
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et her)/pol ystyrene blend of daim1l, further conprising an additive
selected fromthe group consisting of anti-oxidants; drip retardants;
coating additives; dyes; pignments; colorants; nucleating agent S;
stabilizers: small particle mnerals such as clay, mca; andNiZess
antistatic agent s; plasticizers, lubricants; nold rel ease agents; and

m xt ur es oS si iy methadeofgrakingsa aen- hﬁegerrtaﬁeégﬁreﬂgtaa@ds e¥paadabld7 7 NOV 2005

18. A rret . fire retarded, expandabl e
pol y(aryl'e %qaﬁ%gr%%ﬂ/ %ﬁgﬁgr@%%@ ﬁ!ﬂ@&ﬂf) n%rl sing: in a fi rst step,
I ntimately mxhadirststeppintingatelp mikiak og aritaatntialgenstd figaftardat, 90l y(aryl ene

et her) resi d a _pal ystyrgne resin to forma fire retardant m xture; and,
in a secd®? (?yg%‘e ethspesinagd aipalyisirgne resin tq form 4 ige detgedant mixtergrandai th a

bl owi ng agent;, a%&;g{]ﬁ@%p%lﬂagm anél't Thelfire r\@ﬁ?&aﬂi Rk \pltl?%f&gvﬁr ent is

conbined with the fire‘tetar m xture at a tenpera ssure
suffici erigento prevent devolatization of the bl ow ng agent. 20. The net hod
of Claim18, wherein the fire retardant m xture is formed in a first
extruder and the fire retardant m xture is conbined with a bl ow ng agent-

a second ext rigder m@ﬁemmlauﬁhg @ﬁ&@iﬂ%@ﬁ%%@eéeg[eh?ls% Ialgpféw i<t ruder.

21. A nethod of nmking an expandable pol y( ary styrene blend
conpr i si ribg fiferetardant mixttesy a témpdramtesdngd pressimeguffiviers itd paverssi n m xt ure
i non- nated fire retardant, a poly(arylene ether) resin

h
g(r)urjrpgl ;S)IOIC@?? ?@HB“PEE%%%W&%FW the amount of poly(arylene ether) resin

is greater than about 25 wt % based on the weight of the conposition; and
in a second step, conbinin in nmelt, the resin mxture with a bl ow ng
agent. 22. AZ2fon-Hae @foplﬁumé8,r\éhea¢1aahﬂﬁreeﬁq@admamu)@uqso$ foraeg | ene

e DOl X BB a0t TR A R W RIPITA S S B dant . @

pol y(arylene et yrene
second extruder, and wherein the second extruder is a tandem extruder.

21. A method of making an expandable poly(arylene ether)/polystyrene
blend comprising;:

in a first step, intimately mixing in melt a resin mixture comprising a non-
halogenated fire retardant, a poly(arylene ether) resin and a polystyrene resin, wherein
the amount of poly(arylene ether) resin is greater than about 25 wt % based on the
weight of the composition; and

in a second step, combining, in melt, the resin mixture with a blowing agent.

‘-22. A non-halogenated fire retardant, expandable poly(arylene
ether)/polystyrene blend comprising:

- anon-halogenated fire retardant, a poly(arylene ether) resin, a polystyrene
resin, and a blowing agent,

wherein the blend, when expanded, has at least an HBF rating according to UL
ASTM D 4986/ISO/DIS 9772.3 test for 6 mm or greater thickness bars.
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wherein the bl end, when expanded, has at |east an HBF rating according to
UL ASTM D 4986/1SO DIS 9772.3 test for 6 nmor greater thickness bars. 18
7 NOV 2005 23. The non-hal ogenated, fire retardant, expandable

pol y(aryl ene ether)/polystyrene blend of Caim22, wherein the\NWgeest of

poly(arylene ether)_resin is greater than about 25 wt_ % based on the -
wei ght of the %I-endThezmn‘lﬁll‘égeHBtﬁgﬁeéﬂeGeé‘E%f"eEPSPaF‘Fj‘F@eP@lﬁ’éﬂfﬂlﬁﬁ?, expandabl e

pol y(aryl ?’8@&39%&5‘@%3&%“?@?2?' end of Claim 22, further conprising an

i npact nodi non- ogenated, fire retardant, expandabl e
pol y(aryl ene whdrein)thpahystt o€ pelyldrelede ether resimis2deatartthareatout e wt tpact

nodi fier is | yst.yr | ypbut adi ene- pol ystyrene bl ock copol yner. 26.
" The non- r@ﬁ%ﬁ@ﬁ%ﬁ&ﬁléﬂwﬁliﬁ&'ﬁfdam , expandabl e pol y(aryl ene
et her)/pol ystyrene bl end of claim 22, wherein the non-hal ogenated fire

retardant is an aromatic phosphate of the fornmula (111): RO IP-OR (I111)
OR where R is 24ne sHremoorhaligenhated fire aetardast, expeptable polyGayleyd , aryl, al kyl

substituted arvl . hal oge stifuted aryl, .aryl substityted al kyl,
hal ogen, & ergpﬁggms;flﬁg%pgﬁg?augr@, g‘frﬂ}eﬁgglpgrﬂsé‘é%?m’é?paﬁf'@\?ﬁﬁga at |east one R
is aryl. 27. The non-hal ogenated, fire retardant, expandable poly(aryl ene

et her)/pol ystyrene bl end of claim 22, wherein the non-hal ogenated fire
retardant is 2l eckhechonrhategenatedriapetardart exnandatdé polytayylaned tri phenyl

phosphat e _.e | CTPN ci;nal ; . di,ph hat.e, . resorci,nol .tetraphenyl
di phosphaett}ée,%}/ﬁ?lgtf)eﬁ'é% nd,&? lélflgazgh‘gﬁél)rfg&ﬁ%h%%aﬁﬁﬁog%é%a H?IX{%WB% conpri sing
at | east palbueididneeoldtean blgclespohahstgenated fire retardants. 19

26.  The non-halogenated, fire retardant, expandable poly(arylene
ether)/polystyrene blend of claim 22, wherein the non-halogenated fire retardant is an

aromatic phosphate of the formula (III):

|
RO—P—OR
am 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.

27.  The non-halogenated, fire .retardant, expandable poly(arylene
. ether)/l;olystyrene blend of claim 22, wherein the non-halogenated fire retardant is
selected from the group consisting of butylated triphenyl phosphate ester, resorcinol
diphosphate, resorcinol tetrapheny! diphosphate, bis-phenol A tetraphenyl
diphosphate, and mixtures comprising at least one of the foregoing non-halogenated

fire retardants.
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