WD 03/ 000785 PCT/ US02/ 01485 FLAME RETARDANT EXPANDABLE POLY( ARYLENE
ETHER) / POLYSTYRENE COVPOSI TI ONS AND PREPARATI ON THEREOF CROSS REFERENCE TO
RELATED AWPBLOB@AITBIONS Not Appl i cabl e STATEMENT REGARDI NG FERDERADLY48PONSORED
RESEARCH & DEVELOPMENT Not Applicable BACKGROUND OF THE | NVENTI ON [ 0001]

This invention rel at the field of e ndable | ene

et her)/ pol yst yrene é%ﬁﬂﬂ%ﬁﬁ?ﬁﬁp%ﬁﬁ m&&5§%@¥EBE$J $§¥£5Néhe field of flanme
retardant exppagRbPELYSIYRENG @(DMPGSPHONSMMWPWPQH%MRE@F‘S [ 0002]
| ncreasi ngly plastlcs are being used to replace netals in a wide variety

of applications ranging fromcar exteriors to aircraft interiors. Flane

appi 1 cati ond atth EEERECE e REERTED AR IR TIONR VP Ces. “The ute of plastic
i nstead of netal decreases weight, inproves sound danpeni ng and nakes

assenbly of the MNeviApplimbki er. Fl ane resi stance has been domi nantly
provi ded by hal ogenated fl anme retardants. However, plastics enpl oyi ng

hal ogenat ed i, &R i g ardanh Rt CARB LISy 3popaPRriPakEdEARCH eyat ed

t enper at ur es producé non reéecyc resu

non- hal ogenMEMELOPMENES|i stant materials are in demand for a w de range of
applications. [0003] The nost wi dely used process for making expandable
poly(aryl ene ethgf égmj gtyrene is via the styrene suspension

pol ymeri zation proce ernlnally end capped poly(arylene ether) resin is
di ssolved in the styrene nononer prior to polynerization and

pol yrer i zat iBe¥-TEBE! ObyTHIhBVCENTORsi on process. During or at the end of

pol ymeri zation a bl owi ng agent is added. At the end of the process

pol y(aryl ene et h?dob'i]o?hi‘éslr%ﬁﬂﬁ sefRandagblie %@ﬁd%faé@aﬁcfa%V%E,@@ryléF@r minal l'y
endcapped poly Iene ether) resin is required so the poly(aryl ene ether)
resin does et:be /po ystyrene 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, particularly 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 polymerization 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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WO 03/ 000785 PCT/ US02/ 01485 not inhibit the polynerization of the styrene.
Unfortunately, the capping agent introduces by products and interferes

wi t h pol yworimet7sdn, resulting in |low yield. Additional |l PCTiuse2/01485
poly(arylene ether) resin has limted solubility in the nonostyrene,
restricting the anount of poly(arylene ether) resin that can be added to

t he bl end. ndhindubif thet pelpnerizaiipn of tthe styragh. t Enfoeneetely,ethor cpping i agentof t he
resulting p I 4 styrene, mat.er.i al s. The .hi scosity of
t he conposi ﬁtpé&g{elxr%?{]@ O?‘ﬁcggﬁn&ogﬁ%%osf x%&o{yp\; %afnmslu(r: uga;gg leell(rgrg }>r{éé ‘ardant s
and i npact #awmditiondlys thehmly(aglend ethen) eésirdkd. limikedrsohsilitp ire theandnpstiehggenat ed

flame retardant be used. Thus the styren ol ynmerizatipn, process for
maki ng expant ﬁb"?“égng’}é %/n(’%urnilogr?glyéa(rﬁg?e) ?tB?)rﬁ %esgf“r &‘ﬁtegﬂ‘age a‘i‘%@é?e{ﬁe Eggﬁbac ks

i n::l udi n? | This éd oo bis yl!lﬁeh'@hetbl!ﬂpér?jmfeeﬁﬂﬁp?rﬁ@ uﬂ)tﬂeijxfeﬁltimg)gbr&(aqd?e
oly(arylene,ether) resin i.s regujired, a.halqgenated, ne retardant
Iroeqﬁi( r eé, aﬁt&eg)&?f’ld%‘fy’i?i‘%%?f‘?&?: ﬁ‘ﬁb@g V&F%%Qéﬁ’g CPV‘HPStm?’h@mﬁ?ﬁhéﬁF‘Pﬁ’% to
manuf act ur eox@dineabheh Boflaiaradrents eid @rpatPflodFeys MRE cambefiricRldsd.Wi t h
advanced prgperties through the suspension process. BRlLEF SUWARY OF THE

| NVENTI ON [gﬂ@lﬂmﬂiﬁnpﬂlﬂl egratied) flame, wiapdentsr mande wrbanbus| Be SBESPS(ar yl ene
et her)/ pol ypélymenatibh §nsesared REREN CRPardibit 1R ERYIRRY aRARolBIE, hdsn a first

step, formng a fire retardant m xture conpri'sing a non-hal ogenated fire
retardant, S§Y6IY Capreifeinstinioe) limited polxiaeyiqne| gker) resimeselaility: BPdifisei mat el y

m xing in npbitiarahd e'tH!:r)ares&qgQ&ﬁiréa,eaohalé»é%ﬁﬂbcpQaﬁlg‘?etgﬂﬂﬁtrﬁ@lr&ﬂl%@@,tﬁg: fire
retardant, expandable poly (ari> ene ether)/polystyrene bl end b&/ intimately
m xi ng in nBigh Yisresity. r Thegn dragdacks ndimit ke paientialato FewvpHYeag@ardable0005] The
above di scusg d ok f 60t HE §5atRE 81 WrbderR tRRRhefeat ed and
under st ood %y?@f?g@e ski gé’ ?Itr? theatgrghﬁs ?’E%?nq?ﬂag‘ ?domrodv% ng detail ed

descri pti onsuspenpon@gIceBO 785 PCT/ US02/ 01485 BRI EF DESCRI PTI ON OF THE

DRAW NGS

is

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.



[ 0006] Not Applicabl e DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[ 0007] A non-hal ogenated, fire retardant, expandable poly (aryl ene

et her)/ powoasgewse bl end i s produced by the method conpri PCAFIS02/m485 fir st

step, formng a fire retardant m xture conprising a non-hal ogenated fire

retardant, E{)ol \é%%% ene ether) resin polystyrene resin and optional inpact

nodi fi er by BRE RIPTIGN OPRG HEWDRAWINGind, i n a second step, forming the

non- hal ogenated, fire retardant, expandable poly (arylene

et her)/ pol ystyrengods) &ReApMicktiti mately mixing in melt the fire retardant

m xture with a bllowi hg agent. Preferably the first step is perforned in a

first extruder and the second ste isR%erformed in_a tandem extruder

conpri sing RxtANEE DASGRE TER QFEHE BREFERREREMBORIMENTS the fire

retardant m xture and blowi ng agent to forma non-hal ogenated, fire

retardant, expang@iu7g Apohoh-HabogkhRaE (RE NesddRn) YShiERBR bhand (@glesss in

extruder A of the tandem extruder, and cool jnrn?glogfq t he, non- hal ogenated, fire
S

retardant, GXSEYRPASHEENSOPIFNY Ly Prodhesdebydhe opPEiEEEp e A irsh SRy s i n

extruder B @bmiiRe 4 ameemtatshf WeRfure @e&h}mg of fohfalBeiimital aaenabsht, fire
ret ardant, exg/andabl e poly (arylene et er)%p_ol ystyréne bl end prevents
premature PORKATHENOStherhESHInehEtyEme resén diideoptipw oBgactrmedifisnbitiBgiehat ed,
fire retar dm&mﬁ%gﬁ\aﬂaﬁhﬁnp&o&&oﬁ@&x ,efe]%ningtugb?ﬁ&rh&w Y3, Gi6 r@hangds exhi bit
excel | ent noldi g perfornmance and excellent fire et ardant properties at
vari ous thi ekpradsids palyi (aelergicHical nelystyrae dilendbyeintimately wivies i mak|the
stability. (.S : t - hal n L I dabl e
poly (aryl e?gé %’Iti réeérrgﬂfH 6}:() rfs‘figlra{e]ﬂgwg%é%g@ g&%}%}?l{’ hxggitr{tg?resfl ??{e}h}g—l&@ d;?’ﬁjgnt
properti es, fimsinexitrpderséngr the fseeomd stapt ist parformed] im o rtarfideamextypddr cemprasingi or ,
t han convent] h (o RS | L .aryl ene
et her)/ pol y%%tgﬁr«%ké dgggg&} %hépl trllr%‘!'rl]tg gﬁ%ﬁ%géﬁlg?i té%feg?@rﬁggggérgraggmé%@ pandabl e
et Lot T e v ASTVLD 4906 L SO DS G772 3 Loy L ost . semet i
etter in : amabi | i est,. S i ng
ot pr evi ouslyIBSERO e L ST BT a51 § ch et B Rmers FoRpieg Fone
bl end. The eheasinteidgehdted firceterardhan expindfids pole fargee: dine)Xpegdtaenediiehd ar e

Eglnl_ ﬁ\éleg gte(r)1 gg(glast ]E]r}eF)rg?usng ﬁ 0(%fthe:t pa%dénrl] %}rct%{%p. @o%{”nggl QP t‘.;nle %gn%];lo%pnealted, 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)/polystyrene 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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3 WD 03/000785 PCT/ US02/ 01485 retardant throughout the expandabl e
poly(aryl ene ether)/ pol ystyrene bl end. The non- hal ogenated, fire

r et ar dantwoeagfpeniesabl e poly (aryl ene et her)/pol ystyrene bl @e0aaSd2013es
require specially end capped poly(aryl ene ether) resin, have on |ine
processability, can be colored to a wide range of colors and have a w de
range of t hestarddnt phropghoni s exjapdadbdy po&v(aadEhbtetmﬁaﬂolya@mmbagé éhe nore et hod

Lo PiEouCe RAbynla 6 ern@i el aRBbl Yol GRAen SREARONELERE LfiGRCH RAC 19 L 1°

ability to inc rporate signifi er aryl ene et her)
i nto the bl eqdir¢ mlaﬁuﬁncbcapbgd m&&tybheemm neyirt, have cmdmpprwéssablmlqmerl zation

process. v nt|o aryleeeth S I|mted

sol ubility P‘ﬁ ﬁ% gltl gteﬁﬁgoq?rggf"ﬁ‘aé'ﬁaﬁﬁg? KBSy %H?"a]cﬂro%e&l Y(aryl ene
ether) present in a poI y(ar yl ene ether)/pol ystyrene bl end produced by
suspensi on  pol yipe09]zam i aiditiohal edvahtages tof thhemmbdhotd btedtejenpde(sr,}ﬂénbed can
i ncorporate

percent . | ene _et.
great er, %tﬁ%rﬁlégyg}yreﬁ eggﬁhmfl% Fmbé%sﬁ}grabbl %é Faée SIIgré?l 8arn)§l\bll y about
50 wt % or graB@t ampuﬂnaséﬂolg(ar}tléme etiet)ghto thd bleh@than @ﬂfp@ﬁlytpbssuble pod O Al |
conventi onal pol ene et hers can be e erm oly(aryl ene
et her) incl ?}ﬁg S%’g‘ K?Wéeﬁ Ptéc}?epr%‘ieﬁﬁer Ffﬁé‘)o‘qgﬁay epi¢my -E(&PV Yenee ‘%hé)?/é
copol yner s; ligtted tsolﬁmﬂql MR, stj&aieyﬂaaﬁ yseieng theimouat degoly(atueemer)and bl ock
copol ynmers of al kenyl aronmat | c co ounds, and

o) ounds vi nyl
pol y(aryl ent&Phety) @ aﬁ‘ﬂy(gﬁ'ienﬁ IRAYSIGRGI Pisrd o?fgd‘tcﬁ‘%’mPYs FHBSSN| east one

of the for ﬁﬂ%&%atx@ﬂd Iﬁf&emkdskehe B@dhm Abdire AR crifed &an Sndefjordt€ abat @5known
pol ymers conpri sing (WP| urallty of structural units of the forpula (1): @
[

Q 0- Q@ Quveish tm%erné Phpt RAKRryiens Gther) ok eresinrs PreREbly Bput 40 Wﬁéé’ﬁendently

hal ogen, pr gr@ﬁéb’oxoéven%ﬂﬁé’P%r%l}I’ SRE S@Ivdf% or %‘?eagar,baﬂéd%’ﬂ the Qdight Bf fhg UP toO
carbon atons), phenyl oal kyl, am noal ky hydr ocar bonoxy,

hal ohydroca‘?%‘éﬂ?é%@n\/\herel n at |east two carbon atons
[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 comﬁounds, 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):

¢ W

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

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



separate the hal ogen and oxygen atons, or the like; and each @ is
i ndependently 4 WD 03/000785 PCT/US02/ 01485 hydrogen, hal ogen, primry or

secondar yWbw00783 kyl , phenyl, hal oal kyl, hydrocar bonoxy PCT/US02/01485
hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons, or the like. Preferably, each is alkyl or phenyl,

especi al | y oyfrogspyyhalogeny BaBHy Qor i secRydirnglawver| atikrh] phawh halealssh yier and

copol ymer pgla¥daroh&Rg helohffdcadtofox ArBbEkbad sdpanmpat ymers are
t hose cont gligjni ng 2, G%i met JICSheﬁg/ﬂlygﬁﬁeéﬂéej?ﬁgrea%E\??g Suti talsﬁt?)e copol yners

i ncl ude r ankidesca gl gRiEes 2t af ienbike. f Grefoblypkash QUésalisyi ersphenil,

conbi nati on, . ~3, ri 2~ - nyl ene ether units or copol yners
derived f reosﬁ%&c%lﬁgﬁ:Vn%}?’zdg??%%}%fl;}yfdé&%ﬁnet hyl phenol with

2,3,6-trinethyl phenol. Also included are poly(arylene ether) containing
noi eti es prepar d@0bll Batathomapelymeryand eapalymer pobyfaryeneyerpery amyiapluged.

pol ystyren | 2 . i J grupl i ng
agents sucﬁﬁgsﬁ? %@“%%]Pglgﬂfg@%\g?gtﬁ%%%é@é%g%%%gﬁ%gﬁpgﬁﬁg%ﬂ}%puh_et erocycl es
and f or mal sSuitablerqppolysgtst inelnde randomo vepotparene contdinihgtfheetaypieo yehgmseips of
two pol y(aryl . ef. : kI ro ' r #IT% i gt

pol yner. ol"%‘z’%‘ﬁ‘gﬁé‘) 1@?%2’?;@n%tgylgh‘gg%(rﬁelggen%h%étﬁg? (lc)ﬁ)% ur tsh‘é@vigﬂcl ude
conbi nat i onforsompoisnangatian of xsdinetiglphtnd heitlaldh3,é-trifh@bylphenthe flod y(aryl ene

et her) generally, has a a‘fﬂf@ r _average. nol ecul ar wei ght of s
3. 000, 40, 008 HYBHtE RHTRR (AT GHRu SRRE YR by e i o et gt
of about 20m6AKIR&EH pOPflyaem suchss gellysyigheseas Ysll gedoupled pelpaiydeme ether) in
chromat ogr a {11 , _Th oly(aryl ene, et her% y have an i,ntrinsj¢ viscosity of
about 0. 10‘B %h a°888§n£ .a%%&sdé ) 15 la¥s ol CUE a‘?ﬁlglﬂl ?@Xﬁarbﬁf“aet?sérqélbqoi/lésabout 0. 29
to about O.HKBerodycls andforneR3mdeshb tedetivhlin kodval Mamder 250.thd iydroxy akaips possi bl e
to utilize hi gh i ntrinsi Vj Scosi t oly(aryl en ther@an a | ow
intrinsic v‘?afs'@%?sp?]y{]aﬁéﬂ?( %tﬁwé S_e‘ioh%%)i‘?_eng%bg%‘%%fnﬁgﬁ% we EB&Wﬁri' ng an
exact rati Opolyyagient\Wehel)8of tHe Predent irHefSd fuftBerdh@udes@ehbinatibls cotppeing somewhat
on the exact 1ntrinsic viscosities of the poly(arylene ether) used and the
ul timate pHAfdsEEAne JI5PPYes that are desired.
[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. It 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;



[0013] The poly(arylene ether) are typically prepared by the oxidative
coupling of at |east one nonohydroxyaromati c conpound such as 2, 6-xyl enol
or 2,3, oworosmen7ky| phenol . Catal yst systens are general | yPeERlSoyedss or such
coupling; 5 WD 03/000785 PCT/US02/01485 they typically contain at |east
one heavy netal conpound such as a copper, mnanganese or cobalt conpound,
usually in tmyrtﬁypiaa]i)omonmmhawdaaktou& hedver meatl ebinpbend [sﬁlihlda] aPeogpeul arly
useful pol yl(nar Ingsne0 etgla X for % urp es _.are.those q rrprl se

mol ecul es hAGTHGSR O Co%Ht OGP B’ﬁ{‘%ﬁ With gareg o ro‘ﬂ?)e”

am noal kyl radi cal is typically I ocat ed in an ortho position to the hydr oxy
group. Product s[06b41]t %artrirmhglysuscfml @nly(egylmqosthe@foxbmanjnmaipom dog those

i ncorporatipn or seco nonoani.ne su as

di - n- but yI amglr‘fg 08m r?g’? Lyﬁlesrﬁa lélgé 8“%?mln9ﬂgﬁcééﬂt§wrigtfélﬂtg§°u8f Cl?’ﬁe

oxi dati ve cammloallagl faea:at isOtypiehlkt lotated A 810 ofth€ PusIbd Yo FHeclH@fxy 6.

4- hydr oxybi ically obtai ned fromreaction nmxtures in

end grou t
whi oh s by PSR ST RGN ST Tey B S38iRed D puET g napgprie
copper - hal i iémse@e Bd)@h&arjbfnonbﬁxﬁﬁd Y a@dﬂrﬂ&ltﬁ}(ﬁlr@r& dinetiahiadis e opr oporti on
of the polyner mo) ecul e cally . constituting as nmuch as about 90% by

wei ght of t W pBTHYFES Ofﬁ% o it cRUinE| Tecion SHITéo fAlsd, figauently present

ami noal kyl ﬁem@umxgg?ml &d@wp@&y@&ﬂ%@sﬁkneemn%w@ﬁ m&@ﬁém whrbhwl Il be
appar ent tothoses inthe art fromthe foreg mggt hat t he

cont enpl at ¥ PEBFSAUST FIPBFROdBInARS, ¥ Prosentyerpecirlly inndsepPnst- ’élﬁtSF%?nW\ﬂﬁ
i rrespecti VRraly amafel ShiAn SA Isibs@hfidd %frwo?tkon% thé p&l'&m@tnﬁlbiel:lﬁésy nphan cal

features. Poly(arylené ether) resin present "1 h about 5 weight” percent
(W% to 9SC%tIMI%MUWStaﬁ@m\RB‘V@Wmhtpﬁéle pebymso Shayicopfaing t@ﬁ%roaﬁl y about

30 wt%to a@fosafdmnw%lamﬁﬂg%wglya@kmp 1ehh1§rou§9”p08't'0” [0016] The

term polystyrene as used herein in epared by nethods
known in the art |nclud|n§ bul k, suspension and enuIS|on polynerlzatlon
%

whi ch cont ai n at{OPEddt wikbg apangps tg Hroseyskildedrip ghe arbfrom thetferegeipg thatither om a
mononer of  fenipiiad GblylarftencCatdiRinclude 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)
R"——C:(}I2
X
| @

(1

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



(Z1)P (1'1) wherein R8 is hydrogen, |ower alkyl or halogen; Z' is vinyl,

hal ogen or lower alkyl; and pis fromO to about 5. These resins include
honopol yrieo306078% yr ene, chl orostyrene and vi nyl t ol uene, PCandorv@8Hol yners
of styrene with one or nore 6 WD 03/000785 PCT/ US02/ 01485 nononers
illustrated by acrylonitrile, butadi ene, alpha -nethylstyrene,

et hyl vi nyl b@MPeRBrs dilysHplies e nbenecraloditrile) eibotadivhsidr righy  amdthylstybse, nodi fi ed
pol ystyrene I ri gl n afts, erejn r is a
pol ybut adi er?e}ﬁlw 5&%&?%%?&8 8%%‘ I;;/Edrr;d}n ao&aggcouaf'ﬁgjéi@{n%(ﬁg étg/utrbgeﬁ'éﬁ%gg about

2- 30% di ene PALYRGTRBE resirPEPipptisingblendsesd psfis vehekaiotin ritdebis apolybutbdieneni t h

poly(aryl en t B r-oportions nd o,Skch bl end may
cont ai n pol ;?/)gt(a ny@t?}eley &gﬁ]ﬂnér%fg‘h%uﬁ ng'? '57%&) St%%?ﬁ%&% gﬁ%é’ ‘gl%eu?m%n% % and
preferably &obustyresd resids e bivowt to78: widgbldbas@dpddy(atylvae eei)gletindh dlhe

conposi tion, 171 Suitabl on- hal ogenat ed fl ane .retar dant re organic
phosphat es, P rJﬁ) (rgg[goé1 lr;’a%lﬁf %ﬁ guchrbg 7 Cﬁﬂ@é"pﬁ’?ﬁ¥5&r (Sdo]pisis)e Hﬁa%?u“%rf’z a's Sfrul a
(I11): O 1#t%R0-abbi TRw% @nd PrRIWAEY abduti4® WiketcsSasat 90 walkf baeessh t@nd i s

al kyl, cycl oal kyl ...aryl | Kyl substituted aryl, hal ogen substituted aryl,
aryl substi twlﬂgg%oglhﬁfi%?p?%otggen, or a combination of any of the foregoing,

provided at | east one Ris aryl. [0018] Exanples include phenyl bisdodecyl
phosphat e, pheny[WilZh&dipblet ybn-hybpeaspbdtfRmepheydntdage organic phosphates,

(3,5,5 -tri-nethvl-hexyl .. sphat e et i phenyl phosphat e,

2- et hyl - hex§1 |rh%¥?%?r§/’_ atlpﬁlgossglﬁz? : pBF%‘P%/flig%g’ﬁ‘?&ﬁé]w'l ) p-tolyl phosphate,
tritolyl phosphate, bis-(2-ethylhexyl) phenyl phosphate, tri-(nonyl phenyl)
phosphate, di (dodecyl) p-tolyl phosphate, tricresyl phosphate, triphenyl
phosphat e, di butyl phenyl RO-—%PI—OR

(1) 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.

[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:



phosphat e, 2-chl oroet hyl di phenyl phosphate, p-tolyl

bis(2,5,5 -trinethyl hexyl) phosphate, 2-ethyl hexyl di phenyl phosphate, and
t he |i ke.wOg/om7e$ erred phosphates are those in which eaPRTRSIZOEBYI .
[0019] Alternatively, the organic phosphate can be a di- or pol yfunctional
compound or polynmer having the formula (1V), (V), or (M) below 7 WO

03/ 000785 PCT/ US02/01485 OQDit OPR (I? ~0OR 2 (I1V) (X)mn or 11
R3 ORSOP OOP CRS R4(|2m(X 124p M) p or EORR, 101 ~/-R6
7/ P-O O P. -1 includi ng!amx Si nl% t" Teast one of the foregoing
compounds, in which R, n e, 1Ndependently, hydrocarbon; R2, R4,
R6 and R7 are, independentRy hydrjocar bon pr hydrocarbonoxy; X , X2 and
X3 are hal og&m; mand r are or i@flh.gers fwom1l to 4, and n and p are
from1l to 30. [0020] Exanples include the bis diphenyl phosphates of
resorci nol, °f hydr oqui none and bi sphenol -A, respectively, or their polyneric

counterparts.
g [ = 0
R°0—P—-0 L
P

W R Im & R
or
0
Il_R®
\R7
o) 0
RAI N_R®
w R7/P 0 O—P\R7

including mixtures comprising at least one of the foregoing compounds, in which R,
R® and R’ are, independently, hydrocarbon; R%, R, R® 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



[0021] Methods for the preparation of the aforenentioned di- and

pol yfunctional aromatic phosphates are described in British Patent No.

2, 043, 083wW0 0B0AZ2] Anot her devel opnent is the use of cert RCA/GSYDI485
phosphat es, for exanple, diphenyl pentaerythritol diphosphate, as a flane
retardant agent for pol yphenylene ether resins, as is described by Axelrod
in U S Patamides, phogguriz a8id arhidep Phosphadc scill taatiles, asosphiaiveacidesraidegnt

phosphoni ¢ 1 T aneRAT R Bl BeRTSORIR e Bhrab0 98 “HeisSs02/ 01485

am des, phosphoric acid am des, phosphonic acid am des, phosphinic acid

am des, tri s(azi0p24diRrgfeired hwpihiatee flome deetardantst dhelade sSkdsy dbased/ mgpohy| )
phosphoni u i 0 ref erred. phosph | a retardants include
t hose bas eg} eg%léﬁr)fa %llglsl gr‘L’ ’c@ﬁg%an?d%ﬁesgéc}nofl g‘?”%%é‘%&@?“?@%raéi‘ﬁ@laSE%‘ESF aphenyl|

di phosphat ebased upel bis-pbertdioseh abafseekathps) bisigheidl eN et@planghdipisospliats. exanpl e,

bi s- phenol tetraphenyl. di phosphate.. Phosphates containing substituted
phenyl groulghsosel?aéesa(ioggé}/nﬁ?%ftg)??tggg p%nwyhgroggsp gid PIWefer;Serdgf raflgapeé'r‘?aﬁdi ment ,
t he or %anolo;lsrg;ﬁepﬁditemrl:io&nimt,ythato%dnéplhb%n@te)ﬁk bmym&mh I aip elgﬁtpﬂl?]sphaté @ster, ci nol

t et rapheny i phosphat i S- nol A tetrapheny i sphate, or a

m xture contq" g‘i“ﬂ'; Q%ﬁapﬁ‘gﬁ’g tdslﬂ‘ﬁ’épe‘lﬁ'fe’ tbr‘r“éP}feBP]eQAbit?f&th‘D’g 2@1]’}10?%@"? | Y nd
retardant imixpiresemprisifg KeadHt theWibighent to inpart a degree of flanme
retardancy to the conposition to achieve a HBF rating in the UL ASTM D

4986/ 1SAO' D S 97@ % L@st for 12 mm.t hi ckness bars. Tﬂr? E?arti cul ar anpunt
will vary, depertdP?rd 185 F3H° FEIEa is Present JheanAmeuns SBITiGIeAt & BRRSEhhat e, t he
amount of  ddarefdfaflmdtatariasy Ro Miccsposi@bs (P agaék! ¥ HErhRtinger el iy

fl ammabl e I’E e% ﬁ%"%@wﬁﬁ ht al so be included in the, conposition.
Typically t %flg g %%ﬂzg’ettsséf‘aéﬁtm‘i’éhmlﬁﬁsst%- rESGRTSEREHBRH 2 Wt % t o
about 25 wt¥ilianey, RegneinginthaReltula weidh boRRehicGRosphald e sReudft he

wei ght of the coggg&ithon. [ 0026] In general, useful blomnng agents are
vol atil e |ittiflasmasle ©oHe IREenind Poaytdy aiber pormaily dlapmgnadls ipergtiprts that
hydr ocar bongighsls@b&aMtuaaRInthOEonoRiREH 1T bhelnduflt danfeAtBRAS: is ket ones
such as acetone and net hyl et hyl ket one; short”chain al cohols such as

in the range of abouf 2 wt% 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 not 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] Particularly 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



al cohol s having up to 10 carbons; and cycl oal i phatic hydrocarbons.
Preferred blowing agents are all pentane isoners and m xtures of pentane
i soners. WO ospees ally preferred bl owi ng agent i s n-pent a&/USBt/amBHhg
agents are typi caIIy used in anpunts of about 2 Wt %to about 20 w % based

on the wei ght oI e, conposition, with about 2 w%to about 10 wt %
preferred b&auiglynhydieeepardnt Mixtusse of ohpwsitiblesk Ppelzmerspand jdiiedk | v

sui tabl e i mp %ilyrﬂptgl blceEspeainR tlﬂ@fufso 9»@1 i gaal Elﬁef&%@ﬁ%ﬁ@r Sised! % exanpl e,

A-B-A triblock copol yners an B di bl ock rrers A-B and A-B-A
type bl ock 68‘68?%}%’@ OEPHERS ad@in(arvl@se ethery hesmay pbb'smﬁed oppgompinatiamppl ast i ¢

rubbers Com?hﬁgﬁ(ﬁle&%ﬂre&ﬁ@néﬁéﬁiy}lﬁg Eh&dbl ocks which are

typically styrené ocks and a ru a but adi ene bl ock whi ch
may be 9 WO 03/000785 PCT/ US02/ 01485 partl aI I y hydr ogenated. M xtures of
these triblock cEfERyfEilcahd aibidiR typoplock wepalyrasre arsdiedsed iy farsef ul .

Al inpact eRgifibars. ﬁﬁaﬁws'ym%d 4. 802,15004B9F4d4 9985 %magmg

pol y(aryl ene ether) resin, a polystyrené ota ¢onbinhat
pol y(aryl enénélh&r Paterts, 24aHd. aB¥aoiples tof tygmeal @mldsmfuﬁs-Bdand[ﬂ@ZB]blm tabl e

A-B d A-Bg b
patent Nos. S GTE% clrelle GRBRDKER BB BathS SIRE bl Rl porfREBAE 3 %, e
U K I Pat ent pﬂoplyﬁgwﬂll pmamhepolmoﬁgm; cal pslp@Gmeslyl@fyreﬁeBpayuﬂtaAreBeA bl ock
copol yners incl ude t yrene-
poioy?%/yr eflﬁp;égztyr(egf'ﬁ?%%%i;ﬁp %ﬁégg% Efgi'ﬁﬁf"’e‘??eﬁ%?@}dg%?r@w&ene)‘l t
ol y(a-nme age Wedn¥r e Wl styrene
FSB%) pol ygt irtgrﬁe pofa?etth Igﬂgﬁpr?;gypggjrsle) £};ﬁ/fs!to?/lﬁene yRUReR) Y51
pol ystyr enep?}cziblyﬁ@@méﬂﬁéapmtméwm@q)easawdll p@ltlye( bydmgehg»tb@ tvgisong Jhereof,
pol ybut adi ey Rl Y- MRiRKEA! YGANS Qtsle“@t bn@ s L€ AALRAENR Gocker st ons

K l%p F €  aféreme {;on[@l oc

t her eof , xture st one o
af or ement i ontml}tmh&ns Rre aiﬂp@ﬂeﬁuier&lcmﬁeBednSQA%Afmdmk GpolymérsBaramekilabB- A bl ock

copol ymsrs Vi oEr & ally fram.a er 0f sourc i ncl udi ng
oo 11 Y pe pefEn@LRy R o ROMDE & Bicks, u e IR, oRoBRREE we0” e
t he tradenatrkdelRAT &SLPRIENEQ Shmlhdbd:mltzﬂeﬁd,hﬁﬂ%ﬂhﬁ&ra&'&ﬁﬁfﬂKRﬁl’ﬂNmé)&bay under

the tr aderm‘lrn%(ders Exlg-grca]éléname VECTOR, and Kuraray under the trademark SEPTON.

[0029] A useful' amount of impact modifier is up to about 30 wt% 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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[ 0029] A useful amount of inpact nodifier is up to about 30 wt % based on

the wei ght of the conposition, wth about 5 wt% to about 15 wt % based on

t he wei ghwo 0f00d7B® conposition preferred. I n an especi al | PCprishzored

enbodi ment, the inpact nodifier conprises a

pol yst yr ene- pol ybut adi ene- pol ystyrene bl ock copol yner. [0030]

Non- hal ogenat ed,[063 k]é‘hcehmndhahgenaenpaﬁtﬁabétﬂdmj yexptnydablee poly (arylene

et her)/poly en iincl ude effectiv f at |east

one. atidl 1 vaneFUEN Guhet ORnECHts Fartida b niten R G BT PR PRI ES o | p

r et ar dant s; patpafréntgresitl darid upaﬁmal ihped ;mdi fHrBA hfelt With @ manthalogearkdent i ng

agents; stabl Ic’ﬁz_‘er% srrﬁll g b’d e mpnerals such as clay, mcga, and talc;

antistatic SHE biferably ih (arylfsy stheghfesin. palyetyreas &eile aéi‘&é’ﬂ?fl%“al and

M xt ures coppatisho@fiatart arstd @xﬁtﬁm@&‘ed bﬂ@rh&%ﬁ&@logaqa&d%& irst@8ant B fhegt i ve

amount s of the addltlves vary w e@\% but they are usually present in an
Fegts

amount up t¥ldshard nsippielp mixgdrte fegm tardaﬂh@éﬂmén Alhwix{as ghermeant ¢ he
entire compg ?!151& 8P mixRg WOmER M) ?00%%&3 %6%#%0;3{ Qﬁ%gtﬁ is E)&@é‘g&i e of an

non- hal ogenated, fire rtetardan y (aryl ene

et her)/pol yeégpdenor ghe femnatios qfo etrytardmxﬁ mteneyanneae'ﬁrrg Poreedhy| ene

et her) res'd]smbﬂginyc?fttb(é #&ndl £'ted ﬁ% @)Qitah lt%dﬂ%@ﬁ b ‘{> ¥ fkory e el t Wi th
a non-hal ogenated fire reta era e poly ene et her)
resin, pol ysbslieadthabeien dlm@t@ptomnabn-halnw@md ﬁmjnefar@nt@l sited noad  and

i xed and, fbfled ThoURALAC TR ShALIAIY adiord URTmiREARE R0 UL AL el Y

m xed to form™a fire retar g equi pnent capabl e of
m xing in rwé$TMnﬁw9@éﬂS@éHSeﬁ7t7héu@mrmbﬂaxttersudéihe|ﬁ§e pcterfdemtrletdY(aIMbee of an

extruder fo I e fire re a I 0 enhance
the distri hew Olysgﬁfrg%he&%ggﬁsl‘n&]?oggﬁ% N %I rtg ?)té wm n'.?’ ‘\?@?ﬁ%&?ﬂ %ei ng
bound by t hemdeyn exttuder, anedookededUsehalta emeéem d:b(ﬁ'hddrtfut rrmh rofxirtghthe fire

o o TR B SO G2 B, D ol RPN it 2 e
9772.3 fl armipimdlablb)potye(atylen'EfBﬂlei)/poeysfyﬁa&xaIbﬁaaﬂhllqix@d she aiel reixéng to occur in

o e ef ably TS 1 ghive sl e saeecae oL tisnd oo L RAENPCR OF uder 1 or
mel t m Xi nghé BAddmh eftrudeeitrfedapteveitg Prethaniré Bevohgizatt cawif g Wowing agent f or m t he

non- hal n r rdan
0 al oge a%tth%%xtruéer%w etardant,

[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.

Table 1
Material Source and/or Trade Name Properties
Poly(arylene GE Plastics, PPO® LV. =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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expandabl e poly (arylene ether)/polystyrene blend allows the nelt mxing to
occur in extruder A of the tandem extruder and cooling of the blend to
occur in wetswesss B of the tandem extruder thereby preveRCIIAOpoLEEAL Ur e
devol ati zation of the blow ng agent at the extruder die. [0032] The
invention is further illustrated by the followng non-limti ng exanpl es.
EXAMPLES The nalf833kThke maparaﬁvc hexdnplé owangfosmedrphesg | §ARW: edER.n Tabl e

1. Table 1 T, e S | ene GE
Pl astics, J)\Oﬂaﬂt’ﬁrda@ig' gﬁﬂnﬁ% am a B Z%‘%qﬁet hrltﬁgﬁlr(g@tié ugne Eglb'gjlgﬁ{;%éene Ge/
Hunt sman Zliﬂlemﬁﬁremb]end M@éd‘lﬁxwuﬂmdcy@lodddﬁma (HBOD) by a Darhd GPardanf. SBS)

Fl ane retar 03/ 000785 PCT/ US02/ 01485
[0033] The gg?r%gﬁgi[ P@?emeI;I(gR %"fsjlsﬁ}%@rﬂ%fm ng NORYL(r) EF, commercially

avai lable from GE Pl astics. NORYL(r) EF is a poly(aryl ene

et her) / pol yst yr el®€34] Exahpldstln thdaibwcmnnaﬁe laocbodieg enihe fd1BOGYioasshawhl ame
retardant. . T td w(RY EE | bl e 034]
Exanpl es 1, i Iﬁblg? SM V\g ggKg% a%:né((:)er tmger fts?{gk\%?%l a}?lglﬁigreghoj\[}\ln%
Tabl e 2 usi fgmaarZSIBxamplasupleyy Imigtstytederesﬁlltmgnfr%rmspe&slﬁ?ﬁ b@ceﬁem&rch The

Conpar ati ve ,Exanpl e (e} styr ne _r sultin rom.a pen L gn process
which does ‘%5t H@on?lgtlnﬁ XIS’ ‘ﬁ‘%é © PR S%P?s‘gykéwlfsn TPrEs 1-3
contai ns  ppdlytauddiciceria. E)dampEsah'p)xi@S, Be polgl(adylerfehethqpp teg{naanyl pm;etyeénher) resin
and pol ystyrene  resp di fferent feed

e
extruder. | Bx4H5 & c%dt I‘f%mg Cgﬁgrg?tyfeé‘iifégr@s e qrbuden) e‘fc"@é“ H%BOE’F 46% of
t he pol yst ypeingyremsiesinwas splitded) avéu: B6%E 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 burning test for foamed materials. This
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poly(arylene ether) resin and the remai nder was added by a separate feeder.
The resorcinol diphosphate was added by a liquid injection punp after the
addi ti on WD osler78pol ystyrene was conplete. In Exanple 3 tRETIUspAesHodi fier
(SBS) was added with the poly(arylene ether) as a m xture. The nelt
tenperature_was in the range of about 301C to about 311C. Tenperatures
after melt fhenmabilityttee raten perfommaapoin the folowiog mevoert nen-elpssified ZWOL. The

exanpl es weggt ReRe Fbieal -' - ] e. Table
> Nateral g 3 1 ol Bim RS Sddp Al AL G Beormithod UBRE R 1 g

Pol yst yr enesup&i@3lag® re@rdanigraormansd (HFr Superiot Bame Resdant ipaidormBiceivs hat e 5
15 10 HBCDy+.z4 6.6 6 ..Tatal .conpositign. |y yl ene
ether) + po?e?g%%/?se%heoﬁﬂ%?ﬁ%g%g ﬁnn%cﬁnfl i'er dfl\[/’\ﬂg% lbf)hraéggg'nt )he ﬁrr%rg%(raﬁsi%%{

di phosphat eexami®@0 ft 36oldHegtqanlity cndtient dimensoqal ambidity. i Meding squblity viei ght  per

100 parts by weight of tatal ,conpQsitio (pol y( | e et her

pol ystyre neé,é(p op e|8 ghdgms r?gg}éet deBrssi 9??5590,“ Blr’gé}éeo{)“é‘%af\{u%%r %fnﬁ Ec%g B ﬁ%taga at e

pﬁ_nt Ene) : bﬂrﬁﬁ&&bg d I’oﬁ)k_eﬁ@_aml é&amﬁhﬁngﬁmmwﬂglit@ed]EHertExﬁpélrat_um' dt:cv(rhiﬂhttﬁdf il

t hi ckness r.s.an mllimeter thickness bars for testin r ammbi lity
accor di ng t%“(‘)ﬁagﬁgf %e rﬁ@]g%cyggbglﬁlt% 1§ pn gir gircujated, oy ool fes ﬂl?g‘ronﬁ/f’rgfrk‘%st f or

f oamed mat edeéudts Sre shbws in TabldD) VBihe00 bidokdn(aké ©9@2AMbA85 flammubility test
rates performance in the follow ng nmanner: non-classified (NC whichis

t he wor st flamnAg—behavior—redtum f,'r;.me retardant—perfermanee—HBF), and
superior fl gre—+etardapt—perioerance . ri-of—H-anpe—retardant
pelrof ormance| is dBTIPRBWSas shoft flane out 2 i mes and non %ﬁﬁ{ﬁuﬁ‘é behavi or.
The 12 mm bars—were Exaniple
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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exam ned for nolding quality and heat dinmensional stability. Ml ding
quality is expressed in terns of the degree of fusion at the surface of a
nol ded pawDoanob788 the fracture of a broken part. Heat diPEEAS0OMABS
stability is the tenperature at which the shrinkage of the nol ded part
heated in an air circulated oven is less than 0.1% The results are shown
in Tabl e 3. dopartingdramhesserdickscope tereof dhesfore ibiainended Blabthe iPeairarnotes 1 2 3
Conparativ j i | I t Heat

Di mensi onalebesftﬁgglgqj*otet e oﬂfg‘gﬂ%@&%’é e a%x%?%%@‘?%%ﬂ“%@t?ﬁﬁ B 33,3
[2.0] O [ 0]cazging dquythgy ingentjom,1bué that the droeoisonDwillipilade alPénthetlinpdtsFalliags) 0 0 O
100 UL Rat] F EHBFE. [HF1 [HBF] [HBF] [0038] Wiile the

non- hal ogeng[hgaﬁ%esfglgénﬁ{%?%qeggﬁf’%% ardant poly(aryl ene ether)/polystyrene
bl ends, (Exanples 1, 2, and 3) show conparable nolding quality and heat

di rensional stability to prior art material (Conparative Exanple), they
show marked inprovenent in dripping, average flame out time and UL rating.
Thus the non-hal ogenated, expandable, fire retardant poly(arylene

et her)/ pol ystyrene bl ends not only inprove upon the properties of

avai l abl e flame retardant poly(arylene ether)/polystyrene blends but they
have the added advant ages of being non- hal ogenated and producible in an
efficient, cost effective, on line manner. [0039] Wile the invention has
been described with reference to a preferred enbodinent, it wll be
understood by those skilled in the art that various changes may be nade
and equivalents nmay be substituted for elenents -thereof w thout departing
fromthe scope of the invention. In addition, many nodifications nay be
made to adapt a particular situation or material to the teachings of the
i nvention w thout
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13 WO 03/000785 PCT/ US02/ 01485 departing fromessential scope thereof.
Therefore, it is intended that the invention not be limted to the

parti cul awOegbedBirent di scl osed as the best node cont enpl Cedsbvo148ar ryi ng
out this invention, but that the invention will include all enbodinents
falling wthin the scope of the appended clains. 14 WO 03/ 000785

PCT/ US02/ 0138PAT WHALADEEDLIAI MED |'S: 1. A non-hal ogenated, fire retardant,
expandabl e poly (arylene ether)/polystyrene bl end produced by the nethod

comprising: i Af1TR SichBLNasA ket AT AR S SARp | ST ng @

non- hal ogenat ed fire retar ene” et h resin ol ystyrene
resin by i netheriipelystyrensblagd pmduqerébytheawdmdmompﬂﬁngmd step, formng the
non- hal ogenated, fire retardant, expandable poly (arylene

cther ) pol vty o, SLEA B LT SLll K0S oL BB A gl o

mxturevmthab ire refar
expandabl e sl rytaadayt, enb’(arﬂtmﬁeﬁbtdr})mblyan@pelryﬁyﬂaheredmdfy 1@hmat¢iy]m1xmgene| n the
anount of p&}l%(%yl ene ether) resin is about 5 weight percent (W% to
about 95 wt ased on the wei ght of the conposition and the anount of
polystyrene resin is about 5 wt%to about 95 W % based on the weight of
t he conposition.in3. seqind stapn idmminggbavaindojogbnatesd, fiet mt@dﬂﬂt,,exmwida@b’e

pol y(aryl en Cl ail. unt of
pol y(aryl en@ryé%’tﬁer glg'é@&}'%t?llte?s{é %ng‘ob‘{y glgm\/\{e lxm tﬁ‘}@g ﬂ\?\‘}t 3 E‘Iogegaer on the
wei ght of thtwempthsitlowmgagentt he anount of poI ystyrene resin is about 40
wt% to about 70 wt % based on the weight of the conposition. 4. The

non- hal ogenated,, firepgetay q@g & pawg b y( L@d@f‘e 1
et her)/ pol ystyr ene bl end of &ena% ke?ahrg %{re ret aP%]lé\(rai?lerx}lgxture
furt her ether)/polystyrene blend of Claim 1, wherein the amount of poly(arylene ether) resin is
about 5 weight percent (wt%) to about 95 wt% 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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conprises an inpact nodifier. 5. The non-hal ogenated, fire retardant,
expandabl e poly(arylene ether)/polystyrene blend of Caim4, wherein the

i npact noWDfBA07BS present in anount of up to about 30 wrexhmezei4eh t he
wei ght of the conposition. 15 WD 03/000785 PCT/ US02/ 01485 6. The

non- hal ogenated, fire retardant, expandable poly(arylene ether)/polystyrene
bl end of O ai m 56. whef8¢ n nohdialegenated, ofire neéerdaniyo déxfpigdables ;pqhy(@rmgne range of
about 5 w % % ight o Is 7. The
non- hal ogenae:tedﬂ% ryéé!rée%I}(P dan gq‘egrl\él#éeé% § a(’:lmlum(ctf m{ﬁ‘%‘gﬁ%ﬁ?f?& it

et her) / pol ystigerod akouh b evith tofabﬁltdﬁmt% bavddemehenwmgla qulmactompnmdorfl er is a

pol ystyrene- pol ybut adi ene- pol ystyrene bl ock copolyner . The
non- hal ogenated, ~fire t a bl (
et her)/pol ystyr ene bl rerﬁ‘g glltog%PfOfgeﬁ%G vvﬁ%r etleeﬁ é)aﬁ% ﬁ‘“{)éhﬁd&?le Oé)f(aér(‘ﬂle?? re

retardant i stien)/podystymertei ldelpdmfsﬁhanel ofherelnetht ompad anddifidr)is a@olymrenRO , I P-OR

() "R Wnere di ffer nt and is al kyl, cycloal kyl, aryl,
al kyl subst |ptol}fbg%d1§$gp&9@aﬁébkmk CO@B%’?’I Yuted aryl, aryI substituted al kyl,

hal ogen, or a conbination of any of the foregoing, provided at |east one R
is aryl. 9. The Bon- hdhogenateldgerfatede ﬁmt arethadunt, ecxpamidblel epofyddryless vyl ene

et her)/ pol ysd f |

retardant i sh}és)e[{z) 3’ BJ;%,@]EL rl%m thglalénr (%?up e&%’h eﬁoflﬁ‘élog?naﬁed?ﬁrlegggg&ﬁ %%enyl
phosphat e estenaticrphssphetewbthe formtula@@enyl di phosphate, bis-phenol A
tetraphenyl di phosphate, and m xtures conprising at |east one of the

f oregoi ng non-hal ogenated fire retardanis. 10. The non-hal ogenated, fire

retardant, expandabl e poly(arylene eth@r)/polystyrene blend of Caiml,
wherei n the non-hal ogenated fire retROd&8mORs a

(Im)

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.

t

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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substituted triphenyl phosphate or an unsubstituted triphenyl phosphate.
11. The non-hal ogenated, fire retardant, expandabl e pol y(aryl ene

et her)/ powoasgewse bl end of C aim 1, wherein the non-hal ogenaiseziof4ss e
retardant is present in an anount of about 2 wt%to about 25 wt % based on
the weight of the conposition. 16 WD 03/000785 PCT/US02/01485 12. The

non- hal ogenat ed, f| re et ard expandabl e pol y(aryl ene et ol ystyrene
bl end of Caiml1, IZnher&en q9man Eﬂgﬁ%ﬁt‘iﬁ‘g §&enfetqf@“geleé8?@a (?r?ft(%%lg “gr oup

consi sting ofthapsiidirese biyad of 8LRANS whkrbh th@bmuﬂg%g@mb@a&tedmmm short
chain alcohols with up to 10 carbons cy cloallghatlc ydr oc b ns and

mi xt ures con@PIBFINSIStiag Oﬁ"éﬁéﬁtwdwérowbqqﬁevmoxpé@é ﬁfgb%lsolﬁt%’fjs’é M 13. The
non- hal ogenafiggolsf e ﬁ)tﬁf@fi‘lgl;n il RRk ﬁgrﬁraylh%ﬂ@t res comprisin
et her)/ pol ystyrgrfe 1b ‘é‘?, S & gﬁ{b\/\% @ldn trhe bl ow nél eagen% |sg sel ected
fromthe gr%jdﬁilsf&?ﬁé)if%lfﬁ@g@flgb’émrmrﬁgent‘sorrers and nmi xtures of pentane

i soners. 14. The non-hal ogenated, fire retardant, expandable poly(aryl ene

et her)/pol ystyreng. bl end QJfonCﬂaingeﬁaihadt V\’ﬁf‘er e{e&rm? blxp¥idaBle 2GRN arylEnePr esent

in an anount of about 2 wt%to abou W % based on the weight of t he
conposi t i on. etha) potysyrarhbiped 6@@\4&1@ éi-’j WHeretirethﬁéi%ﬂ@&?ﬁem Beplgriehbem

poly(aryl ene QeLkGiROshMhE rein the fire
retardant m tﬁ%e |sllpg.grﬂﬁ%d a ﬂ rst ext %‘d}“ Pk el non- hal ogenated, fire

retardant, expandabl e,llpol y(aryl ene et her)/pol ystyrene blend is forned in a
second extruder wich s aondislaganaisds r fierer retar@int, THEPHISALIE ol OGEHEEWd, fire

retardant, e RObxbarel e / pol e36nt bk 6ppgkestf inGnai m 1,
whi ch has at&%gg?%éﬁeHBF rati n%gg%éor i&%l)n {Hg %?_&M% % : %88/ II§O’ DS

9772.3 test Fmaunyof 3pauthVEk fedhoubl wt Yaped OMéC wexghvrmﬂ%@ﬁﬁ)p@aonfu re

retardant, expandable poly(arylene ether)/polystyrene blend of Caimil,

further conprising, an1gddiddnficzelaRat edrd F RFrdde  &baidable ONpalytdrylag: Of
anti-oxidants; drip retardants; coating additives; dyes; pignents;

col orants: retksr¥ealysagensybland of Slaim 1, Wiléliegl the ¢ Fetgsdant imaik@renis fefle such as

clay, mca, 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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and talc; antistatic agents; plasticizers, lubricants; nold rel ease agents;
and m xtures conprising at |east one of the foregoing additives. 17 WD
03/ 000785wB@3huB82/ 01485 18. A nethod of maki ng a non- halPcgarsar/edss fire
retardant, expandable poly(arylene ether)/polystyrene blend conprising:
a first step, intimately mxing in nelt a non-hal ogenated fire retardant,
pol y(aryl ene et hdB) r ésimetimddofamplihy st yunenigewséd) firo rétardanta ekpandableet ar dant

m xt ure; an(fjpogl(%rplege éﬁ&yﬁg@%ﬁ"_%gi@gg 'g’rf)hg\ﬁ%o' n nelt, the fire retardant

m xture wt OW hg

d of daim18, wherein the

in
a

bl owi ng agent is conbined with the fire retardant mixture at a tenperature
and pressure suf fin gifgstt stem iptimeatelytmixihg\in Ingdti z adn-balogehateth dird ketanilangy 2agent .

20. The neth 0 ' . erejn the fire.retardant .m xt.
T a it dobusr EhaD flm HHE8hAien ek kPt P
bl ow ng agent in a second extruder, and wherein the second extruder is
t andem ext r uder . iPd secAndretepecdmbinimga ki mejt, alre fore petadardingixpod with e plosieg
et her)/ pol ysatgé(l{tene bl end conprising: in a first step, intimately mxing in
% based on the
wei ght of the conposition of poly(arylene ether) resin and a pol ystyrene
resin; and in a 3$Bcondhemeihodobfiaimil§gwhdrein el blowingagerdds comliineduyith with a

nmelt a resin

bl owi ng ageng, % ngta;rzgfitr erm%g?éi 2fa %n?ﬂf%‘_t%%h%l%ng{egégﬂ %Pﬁéegf ir%E' zﬂ%L%\%l\ﬁr e

further conprise et ardant.
the fire retdavdaitiosofzheblewitpzgenjenat ed fire retardant.

mXxture conprising greater than about 25 wt

18

ety

is forned
%’%th a

erein

20.  The method of Claim 18, wherein the fire retardant mixture is formed

in a first extruder and the fire retardant mixture is combined with a blowing agent in a

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 greater

than about 25 wt % based on the weight of the composition of poly(arylene ether)

resin and a polystyrene resin; and

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

22.  The method of Claim 20, wherein the resin mixture further comprises a

fire retardant.

23. The method of Claim 21, wherein the fire retardant is a non-

halogenated fire retardant.
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