Title: POLYPHENYLENE ETHER RESI N CONCENTRATES CONTAI NI NG ORGANI C PHOSPHATES
Abstract The invention relates to a process for the manuf aktQFteoRsr £003

t her nopl astic composition conprising a polyphenylene ether resin and a
styrenic resin wherein the processes cénprise a concentrate of

pol yphenyl ene ether resin with an organi c phosphate conpound. The
concentrate al IFGRXPHEVYLENE ETHERIRESHN 8@@CENTMT§5@WVAIMNG@MNK99 n

wi thout the risk of dust ignition ile obtaining substantially the sane
physi cal properties as obtained wi tAFEHPsReNnyl ene et her resin powder. The
invention also relates to articles forned out of the conpositions nmade by

the proces W R YPHENYLENE ETHER RESI N
CC]\ICENTRATE G m&%%ﬁ%FERENCE TO RELATED
APPL| CATI ONS 'Not applicable. FEDERALLY SPONSORED RESEARCH 5 Not

appl i cabl eNJBAPKERBIND OF THE INVENTION 1. Field of the Invention The
invention relates to a process for the manufacture of a thernoplastic

conposition conprising a pol yphenyl ene ether resin and optionally, a 10

styrenic rEEtﬁgaHéﬁéﬁ Cﬁﬁéb%ﬁﬁb@Eé@éRﬁﬁﬁprises a concentrate of

pol yphenyl ene ether resin with an organi c phosphate conpound. The

concent r at onpt.i ses | ess than about 1% by weight particles |ess than
Niok Aphticat]

about 75 F-size, and preferably essentially no particles |ess
than about 75 mcrons in size. The concentrate allows for ease of handling

of pol yph @(@Réﬁﬂ\‘?? F@m;\ﬁr m@ﬁ] the risk of dust ignition while
obt ai ni ngegébstanti al 399{‘ e tsame physi cal properties as obtained with

pol yphenyl ene ether resin powder. The invention also relates to articles
formed outl dieldnd tholpaationons nmade by the process of the invention. 2.
Brief Description of the Related Art 20 Pol y(phenyl ene ether) resins
(referred to hereafter as "PPE") are

- The invention relates to a process for the manufacture of a thermoplastic

composition comprising a polyphenylene ether resin and optionally, a
10 styrenic resin wherein the processes comprises a concentrate of
polyphenylene ether resin with an organic phosphate compound. The
concentrate comprises less than about 1% by weight particles less than about
75 microns in size, and preferably essentially no particles less than about 75
microns in size. The concentrate allows for ease of handling of polyphenviene
ether resin without the risk of dust ignition while obtaining substantially the
same physical properties as obtained with polyphenylene ether resin powder.

The invention also relates to articles formed out of the compositions made

by the process of the invention.
2, Brief Description of the Related Art

20 Poly(phenylene ether) resins (referred to hereafter as "PPE") are
commercially attractive materials because of their unique combination of
physical, chernical, and electrical properties. Commercially, most PPE are
sold as blends with predominantly high impact polystyrene resins. PPE are

miscible with polystyrene resins in all proportions and because of the verv




commercially attractive materials because of their unique conbination of
physi cal, chem cal, and el ectrical properties. Commercially]l costbEPEarE
sold as blends with predom nantly high inpact polystyrene resins. PPE are
mscible with polystyrene resins in all proportions and because of the very
1 October 2003 2 high glass transition tenperatures of PPE, the blends of
PPE wi th pol ystyrene resins possess higher heat resistance than that of
the pol yst \HigR@idse &iahsitiBhBRperdpy t i natdon of PPE with high

i mpact pol yssygene resins results le)ﬁﬁgp .‘9?5’%}%&?‘3%5%1 RYEstvrane such as
hi gh 1 ow aesinslpotsess higheFeutbsistazice shar! Bht ok el R;@H%. und.in U.S.

Pat ent Nos. 3, 383, 435; 4,097,550; 4,113,800; 4, 1%%,’50 Qﬁ%{'e%ﬂﬁs%ﬁﬁe

4,101, 505; Morepges ghe combizgtignt Ffuwathiisigh iibaatpoly sty@bhe ESsins HaSuits

properties.of se. bl ends can be further enphanced by the addition of
vari ous adéf??@‘gg’“%{;%e’ PF%%’&F%B&*‘PF gh tlowand duetilitytafemplegn

st abi | i zer SuclPbRAES SirBe Rhatd i hlze i,oxi dants and
fillers. 10 Commerci al PPE arﬂg %%?Sé%ﬁﬁ%égg?gﬁgﬁ%@?Kf‘%&'ﬁél%%er form

typi cal |y AA01303;4101E0414, 1005608 438E02; 4,@39,_57!4;%&.@19@271%03%99{ wei ght fine
particles of |essg than about 75 mcrons in size. Particles @& than about

75 i cr onSthess-sTbeproneriies ofthese blenrs gan be further endpireeil &y thazar ds.
Consequent . wders..require special hagndling procedures to control
dust and 1§a%‘&%gﬁ°?s’§ﬁ8§ﬁ3?§‘“-vge%is A5 FRPAFJRogiaess; fame retardanss; dighpowder s.

Such  handétaBilizRfsOBRHEE i [ UL nt and.use of inert
gas bl ankets tgfsggcl ud%ﬁ%iegg#&?’?{%%gﬂ%ﬁ%%%q ?%gygﬁt ageous to
be able to ship PPE to various |ocations around the world for conpoundi ng
into FHesin coréwmﬁrdabPPBampmtimmﬁvasAMﬁvmm@tpdqe@gqonHomver, the 20
handl i ng procedures. as qescri d above require significant iInvestnent for

ALY Gavingnat

e
equi pnent W8 %ﬂlg?ﬁngﬁd‘(ﬁi&h‘l@ﬁﬁlﬁie&ﬁh % byweighakinkeasi bi l ity
for such [ il i . ver si on,of. PPE powder using standard
conpoundi g eg}térgggi%g% }osiiq%\l}\“égg)é%}mgg ’éﬁ’i%???}ﬁcgﬁ?ﬁéng&?bﬁ%ﬁ% to obtain
pel | et s hanidgnslinsnsiretslioved bOldadd Wip ttenpted a
solution to the probl ens ass%ci at ed S%Eéx%lo er. n‘?%pgﬁﬂsfﬁg‘??,gythe
physi cal phesspawdersasequiseispeaial harctingosiccedures e dontts] Agstye pel | ets are

inferiQr as.conpared to.control conpositions made with PPE powder .and the
pel | et’d mf& 6?6%1‘@‘!@9%“%@&{55%@1 mithysuly pewdetst Guehphysi cal

properti eganl j j ' . e of contral conpositions.
Consequent | y%hmﬁﬁ?ﬁ ﬁ%{ﬁ#%?%ﬁ?ﬁ%wgwﬁﬁaad%w?pw Ba®n limted.
L Cot ober bt declislel BigehOTewdRRE b Bt RIL AvAER o0 P @ Need for
i npr oved rocesses to manufacture resin conpositions coht P Y PPE.
SUMVARY OP shigVERE toManines lnations asourss the wbdmefohm;:aagau%e,ﬂ?a ally
sati sfied the discoyer f a process for the manufacture of a

pol ypheny F%ﬁ% Cge]?‘ﬁ’g?mf’ﬂ@}/‘?rﬂé“i‘g FF%‘peéSﬁﬁrméﬁ' kggneeds. However, the

20 handling procedures as described above require significant investment for

equipment modifications and consequently limit the commercial feasibilitv
for such compounding flexibility. Conversion of PPE powder using stand-a.rd
compounding extruders foliowed by pelletization of the extrudate to obtain
pellets having dimensions of about 3 mum by 3 mm has been attempted a

23 solution to the problems associated by PPE powder. Unfortunately, the
physical properties of many resin compositions made using the pe}lets are
inferior as compared to control compositions made with PPE powder and the
pellets must be ground to a smaller size in order to obtain phvsical properties
that closeiv approximate those of contfol compositions. Consequently, the

30 utility of the PPE pellet approach has been iimited.



preparing a solid concentrate conprising a pol yphenyl ene ether resin and at
| east about 5% by weight of an organi c phosphate conpound, 1bagsedpudponpghe
wei ght of the pol yphenylene ether resin in the concentrate, wherein said
solid concentrate has | ess than 5% by weight of particles |ess than about
75 mcrons; and optionally, mxing the oncentrate with an al kenyl aromatic
conpound. The conposition may further conprise at |east of the follow ng
optional components: thernoplastic resins such as, for exanple,

pol yol ef i ns, ity ehdrefdrgiapparernehereicontiatiet @NBS a neB@YSildB08g. POl yani des,
pol yesters, and pol yaryl ene sul fides, conpatibilizers, i'npact nodifiers,
ant i - oxi d@feessses|ta mranufactuge rasin comppsitions goeksnirg, PRE yst al | i zat i on
nucl eat ors, dyes, pignments, colorants, reinforcing agents, fillers,
stabilize i i The description which foll ows provides
further dgwgg%mﬁ@ﬁ{/emi on. DESCRI PTI ON OF THE DRAW NGS- Not
appl i cabl e. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pol yphenyl ene et her
resin, hereinath@heedFdEscudd gg_qwg “Q'%afi — Li.Sing a
plurality of structural uni t&gagf&? ﬁﬁeﬁ? or mu %1 I ?‘gé&s&eﬁgﬁ%}mZOOB 4 wherein
for each giseenstunfalpragaistior teammuGbnirsofl apdBpRAGRAE btiedrAGH R icPr | MBIy  or
secondaryc&ﬁm%[ri al kyl (e.g;, alkyl containing up to 7 carbon atons),

phenyl, hal’oa | , am noal kyl, hydrocarbonoxy, or hal ohydrocarbonoxy
wherein at s |east two carbon atons separate the hal ogen and oxygen atons;

and each i s independent|y hydrogen, hal ogen, primary or secondary |ower
al kyl , p%%ﬁnfg aﬁcr’z;lfde(;é;()flfﬁ? rate g %Blérag](?ﬁ@;ﬁ}ly f ﬁg‘i’rdwé}éﬁﬁ%msés defi ned
for th. Breﬁigiéta:tﬁhmrgaa'chhc@hataﬁcombkqﬂld, memgme,w@éﬁlpenhaﬂ;dlyph@%déﬁl klyl g gnd
each Q i rogen. 10 Bot ono r and co r..PPE are included.
The pref e?tlrl%rdgm %mepcgf“ilerr%téla’l%g’ “r’a}’relée“{ %ggsgﬁggwaﬁﬁfeﬁﬁp ]%S%ﬁr%‘i %F%VF@W,%- phenyl ene
et her uni pasticlesJess thab keout dHmicyorey mdiopitdnaldle ntiaingl tcoepatydwiisarcont ai ni ng, for
exanpl e, its in ¢ ination.with 3, 6-trinethyl -1, 4- phenyl ene
;tllgéﬁ?/ﬁ %ltlE 2o Cﬁo&a&@he cO g;glo&dﬁaty l?e?:'

et her uni SO I'h edare g noieties prepared by

0ral | 9 Sophhlise JTRIANBE rOIBRIEBE ORI AR UL ARSiARHEl | 25

coupled PPE"in which coupling a ts such oW N ar Wer ght

pol ycar beuaeh es, for|exarnphs poiywdéfans pyhletiserdmmid és) poBletheyiid fsr@e, reaction in
known manner with the hydroxy groups of two PPE chains to produce a higher
nol ecul arPoliEswianes ralyamidesppolyvestgry, pngpalppaiens sulidesiose skilled in the

t f f ing t he PPE. lated f i.n th t
vent | o OAEAE. MhaR Clnokilers e ST i et abRodtiBy | var Dot ons i n
st ruct ur abpgpdsbérs drysadizdadnnudiitbiatived, Pafeass cﬁﬁ&rﬂ?%%' y have an

intrinsic viscosity often between about 0.10- 0.60 di./d., ably in
t he r angegeftsafiders, Gabifizers48ndkntistaticagkntss neasured in

The description which follows provides further details regarding this

inventidn.

DESCRIPTION OF THE DkAWINGS-

Not applicable.

DETAILED DESCRIPTION OF THE INVENTION

Polyphenylene ether resin, hereinafter “PPE”, per se, are known polvmers

comprising a plurality of structural units of the formula (I):



1 Cctober 2003 5 chloroformat 25C. It is also possible to utilize a high
intrinsic viscosity PPE and a low intrinsic viscosity PPE 1 roctosddnatdon.
Determ ning an exact ratio, when two intrinsic viscosities are used, w |
depend somewhat on the exact intrinsic viscosities of the PPE used and the
ultimate physical properties that are desired. The PPE resin conpositions
of the present invention optionally contain at |east one nonel astoneric
pol ymer of an al kenyl aromati c conpound. Suitable polynmers of this type may
be prepared by nmethods known in the art; including bulk, suspension and
enul si on pol ynerization. They gehgral | 10 contain at |east about 25% by
wei ght of structural units derive m an al kenyl aromati ¢ nononer of the
formula (11): wherein Gis hyd —al kyl or hal ogen; Z is vinyl,
hal ogen or lower alkyl; and p is O0to 5. These resins include
honmopol ymers of styrene, chlorostyremne and vinyltoluene, random copol yners
of stvrene with one () nore nnﬁﬁners(fllustrated by acrylonitrite,
but adi ene, ac-nethyl styrene, ethylvinyl benzene, divinyl benzene and nal ei c
anhydride, and rybber- nodified polystyrenes conprising blends and grafts,
whetaipd '

wherein th pr eachestryeinral wnitde ’dsimdepdnﬁenﬂydﬁmgeﬁgpfhﬁ,gabout
98- 68% sty&p&%oﬁ?gapﬁ)hw ha%kz 32%di,.ene _mononer. These rubber nodified
ﬂ?Lé)stergnesbl ncrude f& Lﬂﬁ&cﬁmﬁ&c%ﬁay%gélﬁ(f@gnﬁhp?atﬁmer phelnjtlg as
: Nha D BHin® C ons of styrene an
but adi ene can@ffvso be usé}g t‘hdazﬁeﬁg\%aﬁlr’P%%d%é‘f?fg?ﬂ%%%ﬂ%@tor t aper ed

bl ock copolesstdwomgarhon attms esparitectite Alepef ANHRIGbEh hihAY-a) d%%lcﬁ om such
conmpani es .as_Fina QO | ei_lsvﬁmder t he traqgmark FIXKECLEAI'«x"r:}'éélfér?éIl I'TIF ps under
vdr,

the traden@tRa9sRESPIE hydregen halogeooprimany er semnnarpiowdealkel yrer of a
nonei ast o S 346 I .C, .compoyn en one is used, is an- anount
ef fective o&?#prov%x%ﬁgmééﬁrgﬂﬁo -p‘i%@&%%@?’?ﬂ@ﬂ%éleﬁmbﬁm@.on.

| nproved fRreferabiy, 8aH QUisaAkerth r‘vpgﬁg&%mi cosity .or. reduced injection
pressur es needed?to fill a part%ernr ng 5 an i%}‘%@?%ﬁnﬁ'oqaﬁ*q%%r ocess.
Gener al | y,hﬂdﬁ@gﬁbnel astoneric al kenylaromatic conmpound is utilized in the

range of about 20% to about 60% by wei ght based on the total weight of the

conpos,,tion. o T referred rapge i s about 30%to about 60% by wei ght;
basedslgn theB‘E*_g‘ﬁbcf)n.‘RBP tiero?n‘{]‘%%Poéﬂﬁﬁﬁﬁ’Eﬁ%mcdeMefM of the

resent i j I | gas e 0 i npact nodifier. The
Prrpact rmdrl'l:"“f%l{H (gr Ty gﬁu@%ﬁ%ﬁ%ﬁ’%hﬁ%&%ﬁﬁ“ﬁﬁﬁeg"aﬁ@ﬁéﬁast omeric
al keny!| ar &mitable copobanass infldeirsRd@sh cap@liviﬁ&ggon%ﬁgbg’dfgf%i%éiét ypically

di bl ock, triblock or radial telebl ock)" copolymer romatic
conpounds SYHHUBIte Hecompinationfwith 23t6-trraethybad-phaghersetheeihyed from

styrene .a east o | ock. from at_ | east one of butadi ene and 15
i soprene. g@%%%‘é%ﬁl{/“ﬁ?@%??%%%@ﬁ@eﬁ Prepased byrgratting vioki copol ymer s
COMPY k51 Nenchiobitrs ¥ $ofyhleLditn a8 boflsBAEnde bb YR 2 QSR BEE &1 11t e

al i phatic mn which

coupling agents such as low molecular weight polycarbonates, quinones,
heterocycles and formals undergo reaction in known manner with the

hydroxy groups of two PPE chains to produce a higher molecular weight
polymer.

20 It will be apparent to those skilled in the art from the foregoing that the
PPE contemplated for use in the present invention include ail those presentiv

. kmown, irrespective of variations in structural units or ancillarv chemical
features.

The PPE generally have an intrinsic viscosity often between about 0.10-
2 0.60dl./g., preferably in the range ot about 0.25-0.48 d1./g., all as measured in



unsaturation has been preferentially renoved with hydrogenation. M xtures
of various copolyners are also sonetinmes useful. The wei ghti a¢e688¢ 20p3
nol ecul ar wei ghts of the inpact nodifiers are typically in the range oP
about 20 30,000 to 300, 000. Bl ock copol WTer s of this type are available
coommercially froma nunber of sources, i “nel udi ng Phillips Petrol eum under
the trademark SOLPRENE, Shell Chem cal Co. under t he trademark KRATON, and

Kurarav unQeforfoRSmt Lt f m Xt s. of the aforenentioned
i npact nodifiers ar eaa%be&aléls (rg\elgosg%&é s‘étlﬂﬂﬁ 19 ERRsE viseosite PPEpact

modi fi er genedad low PitEasiobiscoREPPERE coMmbHER ?@,,&?;%unt effective to
i nprove the physical properties, for exanpl erl DEte Iaﬂ?‘a&r 300

conposi ti on Wﬁﬁhﬂt@m@ visgosities amrsedcwﬂbdepéncbibrﬂﬁzhﬁ%n & bipact
i fi i ndi cated by increased 1| npact

nodi fier. roved dUCtl|IE C

strength, i RTsicYseasthes o %%&P@%ﬁnﬁ@wmteph@mmﬁﬁ%&aer bot h
i ncreased i pRAGLsifdd. ength and increased tensile elongation to break.
General ly, when an 1 npact nodifier is present, it is utilized in the range
of about 1%to about 20 % by wei ght based on the total weight of t he
conposi tion. Al BPEresitcampgsitivfis ebhetpradérk thvih@eh o}é&}éu\(}’% ?aSEd on
the total i ght of the conposition. The exact anpun type

conbi nat i on'€28t ORgPeRslastereriF @pbmen ofi aredkenytarodmgtinebrivpopad { Sgﬂ-agilge
requi r enent he fi n bl end it Organi ¢ phosphat e
compounds aﬁeﬁ‘ﬁ&?g’é%g‘ﬂ?ﬁ (Efefi’?féd%ﬂg%&?dsgﬁ(? inghe athe organi c

h hat d of f I
(o 1 P EprE ‘ﬁg%%@&'ﬁﬁd AL o B rER HAGY Gl < ol iy

cycl oal Ky! , comtgin atdedsy hb:mtlﬁt% butwedehtasfstruchahDaaE Sipedd {{Hh‘?gnar yl, aryl
substituted al k | , hal ogen, or a _ conbination of any of t or egoi ng,
provi ded at2lkeRglaromatictmosomey pf thedemsnida (ncl ude phenyl bi sdodecv
phosphat e, phenyl bi sneopent vl phosphate phenyl -l ei s

(3,5,5 -tri-nmethyl-hexvl phosphate), hyLEgEhenyl phosphat e,

2-et hyl - hexyl di (p-tol vl) phosphate, bis hvi hexyl ) p- tol vl phosphat e,
tritolyl phosphate, bis-(2-ethvlhexyl) enyl phosphate, tri- (nonvlphenvl)
phosphate, di (dodecvl) p-tolvl phosp tricresvl _o phosphate,

tri phenvl phosphate, dibutyl phenvl ph ¥ 2- chl oroet hvl di phenvl
phosphate, p-tolvl bis(2,5,5'-tdﬂhethV| xvl) phosphat e,
2-ethv|hexv|diphenv| phosphat e, and the | i ke. The preferred phosphates are

those in whj Ryl eferred i s triphenvl phosphate,
whi ch nmay be e| t Eer sut%%l °l‘j‘te§fﬁﬂé}’ t%é?j"m% rlower
i sopr opv| atatidyi; and ph@ﬁ‘éh @&f’ip'hﬂés%-resms mclude homopolymers of styrene,

13 chlorostyrene and vinvitoluene, random copolvmers of stvrene with one or

more monomers illustrated by acrvlonitrile. butadiene, a-methylstyrene,
ethylvinvibenzene, divinylbenzene and maleic anhyvdride, and rubber-
modified polystyrenes comprising blends and grafts, wherein the rubber is a
polybutadiene or a rubberv copolymer of about 98-68% styrene and about 2-
20 32% diene monomer. These rubber modified polystyvrenes include high

impact polystvrene (commonly referred to as HIPS). Non-elastomeric block
copolvmer compositions of stvrene and butadiene can also be used that have
linear block, radial block or tapered block copolymer architectures. They are
commercially available from such companies as Fina Oil as under the |

25 trademark FINACLEAR and Phillips under the trademark K-RESINS,



1 October 2003 8 Alternatively, the organi c phosphate can be a di- or

pol vfunctional conpound or polyner having the forrmula or 5 aictRdek Lilyg6
R7/ p-o 0--P~ R including m xtures thereof, in which RI, R3 and R5 are,

i ndependently, 10 hydrocarbon; R2, R4, R6 and R7 are, independently,

hydr ocar bon or hvdrocarbonoxv; Xl , X2 and X3 are halogen; mand r are 0 or
integers from1l to 4, and n and p are fPom1 to 30. Exanpl es i ncl ude the
bi s di phenvl phosphates of resorcinol, hvdroaui none and bi sphenol - A,

respectively, .or their g I m=1ric counterparts. 15 Methods for the
preparation of "EREAEP %qm iAnofelessemetigatitanylerbmationat i ¢

phosphat es ' ' Lbi. Patent, No. .2, 043,083. 1 October 2003 9
Anot her devégrg%&ng?ﬁ%%ﬂe&ﬁsﬁéé%é%&ﬂ?ﬂn% 'qucf"’ © 5@ Jeprkethe fow andanpl e,

di phenyl pepiozedsubility 6Othe@bR{RBRIR . €F f@.ﬂ% ent for

pol yphenyl ene ether resins, as is deég?ﬁ)‘%g%y afé?’%g‘é&?%{#%’ Pat. No.
4,254, x. 5 mAgeedviscositlyerasdiiteshinjectivar preasuresi deédeden AIDR gt Jukiyent i on
are comnpounds.cant %imrligﬁ%é)hos horus -nitrogen bonds, such as

phosphorti t r§7 F¥ectgR  PIBRSSD allytthe nanelastomerinalienylaromatid

arni des, ptyg,;@ﬂgﬁ{ : il ) hor i cid am , tris(aziridinyl)
phosphene oxi de, gﬁsu?%?%ﬁ%%ﬁ%ﬁﬁ%)@%@?ﬁ%‘%%ﬂggﬂﬁgéﬂq’giﬂ‘é’ﬁ% bated These
f 1 ame- r et aratothie tdtabweilthtlof YREcARBOSBHRE MH e referadtfidnall red
phosphate fl ame retar Eﬂts i ncl ugg t hose bcgésr'(e:d upon eslg'fﬂglgﬁg ﬁ’é‘ﬂch as,

for exanpl ébonbé®k by vetightbasgshenghe titphwejghtoé thecompbsitian, t hose  based
upon bi s-phenols such as, for exanple, bis-phenol A tetraphenyl

di phosphat e. osphat es co i nin ubstituted phenyl groups are also-1s
preferred. | n"an° &IB%S&%%IH &%Fﬁﬁ%"@dﬂ‘é‘?ﬂf&ﬂ mayalsq gontaingtiepstonghat e i s

sel ect @ f [@PatBoQHRYPTRO BRb S 1R I phenyl asphat e ester,
resorcinol t trapﬁenyl ‘(lzl-ll:[p”nogp atg%?%ﬁg%gggig{o&%%&ﬁéﬁ%%‘ﬂgﬁ%sphate,
and ni xt ur eeititanbaclastomenic alleastiaenatif cdhpohRd ST Mbadt InbAfiepd €Par at i on
of the congentrate of PPE with the organic phosphate it 20" 1s desirable

to have a rHuge blork (tyaicgly diklosk. aibleckeonragialiteleplmkptapelymasent so as to

[t i i > trat By hi i t that th
Coraent ot ARERI ARG SRERNS A didhel Ml Sitte atiBartans Hoskder Lo
prepare a dekiged ot & Yerfank abade A iati 88 é{lgﬂt%& 1 g;'@?&f“‘:e”t rate

conposition. It is préferred that the concen contal eé‘ﬁ?PdS%
pr ef er abl yiseprérea Hspéddislly preferred are the triblock and diblock copolymers

comprising polystyrene blocks and diene derived blocks wherein the aliphatic

unsaturation has been preferentially removed with hydrogenation. Mixtures
of various copolymers are also sometimes useful. The weight average
molecular weights of the impact modifiers are typically in the range of about
20 50,000 to 300,000. Block copolymers of this tvpe are available commerciaily
from a number of sources, including Phillips Petroleurn under the trademark
SOLPRENE, Shell Chemical Co. under the trademark KRATON, and Kurarav
under the trademark SEPTON. '

Various mixtures of the aforementioned impact modifiers are also

25 sometimes useful. The amount of the impact modifier generally present,
when one is used, is an amount effective to improve the physical properties,
for example, the ductility of the composition when compared to the same
composition without an impact modifier. Improved ductilitv can be

indicated by increased impact strength, increased tensile elongation to break,




25 nost preferably at | east about 20% or nore organi c phosphate conmpound by
wei ght based upon the weight of the PPE. The naxinun1annuntlogc§h$ggh?h$
conmpound that can be present can also vary widely and is genér P vy i ed
by the maxi mum anount that can be added before the concentrates becones
sticky and begins to agglonerate. This apount of 1 October 2003 10
generally | ess than about 50% by wei ght of organi c phosphate based on the
total weight of the PPE/ organic phosphate concentrate. In the final

conposi t i oner bdta iﬁdramdriﬁtpwcﬁaﬂén%ﬁm A EERAdaskd tahsiletAsh %{b?l toBrB4Tum anmount
necessary tg inpart a degree of flane retardancy to theg conpo

srtion to
pass the UGeRergipishen animpagtmpdifiastis praseny/-ifis whilizéddn tHepaipdicly on the
will™ vary,

specific applicatiaon.requiyenments. The partjcul ar amunt

dependi ng o#({“fcﬁgérﬁ?la&?&lggbgf ,ng}g}a{s ogithatetal peighsiedtke the anount of
the fl amma i P e@g‘!m I [..00Q L1y fl bl

i ngredi ent ?%ﬁﬁ%gﬁﬁﬁ% e %%3‘?%‘2%% %@fﬁgggé%c?ﬁ‘f’ﬁ@ﬁm{@e%r
conposi tsi ort_hettmai)wie'ﬁgmgafﬂ@éatphﬁﬁmﬁ@ﬁ.embf&éctr@ﬁbﬁm ﬂi(ﬁhﬁj’e&%@ conposi tions
have the maj or, conponents whi ch make up the conposition’in an anount

Wi thin t he PBIIBHGNF gfiBTRact medifierganilizegIvibilhdepdnehin etrben thesi n, (a) about
30 to about__10. 1S, n-el ast ri.c polynmer of an al kenvl aromatic
conpound, (‘6?“%3&&‘@‘}&?8%%@%@%&3#%%55 WPOSIRY Or gani ¢ phosphate, (c)
about 10 to about 30 parts; based on 100 parts by weight of (a), (b), and
(c) toget her.Og@arR©phbs a i I incl ude
effective anounts gf aﬁe%?bgﬁg%gfﬁ%%eggﬁ??ggﬁ@otﬁ#%ﬁ%‘eﬁfoup

consi sti ng wYention: fderarghaistrilosphateris psefetatis anfabmaiefHosphate! Vol ef i ns,

poi vet hgri m des, p(%l vet her sul f gnes, pol vsul fones, pol vam des, polyesters, .
and pol'¥ar yPEROUNd ﬁ‘ﬂé@’,n‘éé tibilizers, inmpact nodifiers,

anti-oxidants, drip retardants, crystallization nucleators,, dyes,

pi gments, colorants, svnergists, reinforghng agents, fillers, -stabilizers,
and antistatic agents. These additives arle known in the art, as are their
effective tevels and nethods of incorf@rafT@R Effective anounts of the
additives varv wdely, but they are usualg present in an 1 Cctober 2003 11
amount up-to about 60% or nore H¥Iwei ght, %ased on_the weight of the entire
conposition. The resin conpositions used in the present invention can be

prepared b ety of thods invol ying inti e adm xi ng of the

materi al s v¥\ﬁ ' g%ﬁﬁa%ﬂ‘?‘i?‘mﬁ%‘cﬁ% ’é@!kﬂegffﬁ%ﬂ@fq a{)aea%lrsm?wam@.

Sui t abl e paggathis@mn ddbstieed a3¢ YR pbY; ' | endi ng. Because
of the ava?lﬁ'gbi I i%‘ of melt Db eﬁfc'i‘i} ngbgéci]ﬁl?%drren ’lr!‘r%lc ér#’ré)?gi al pol yner

pr ocessi ngedmbinatiohes anyref the foregeing) provided atllisassomr Rigaqer al |y preferred.
Exanpl es of equi pnment used in such nelt conpoundi ng net hdds i ncl ude:

-rotati d ter-rotati
co-rotating ﬂam(f:) eusnmglrudreophaenlyfI gisdodecyl phosphate, phenylbisneopentvi

phosphate, phenyl-bis (3,5,5"-tri-methyi-hexyl phosphate), ethyldiphenyl
phosphate, 2-ethyl-hexyldi(p-tolyl) phosphate, bis-(2-ethylhexyl) p-
tolylphosphate, tritolyl phosphate, bis-(2-ethyihexyl) phenyl phosphate, tri-
(nonylphenyl) phosphate, di (dodecyt) p-tolvl phosphate, tz;icresyl

20 phosphate, triphenyl phosphate, dibutylphenyl phosphate, 2-
chioroethvidipheny! phosphate, p-tolyl bis(2,5,5'-trimethylhexyi) phosPhate.r
2-ethylhexyldipheny! phosphate, and the like. The preferred phosphates are
those in which each R is arvl. Especially preferred is triphenyl phosphate,
which may be either unsubstituted or substituted, for example, isopropviated

23 triphenyi phosphate.




i o extruders, single screw extruders, disc-pack processors and vari ous
other types of extrusion equi pment. In sone instances, thel coppovrded03
material exits the extruder through small exit holes in a die and the
resulting strands of nolten resin are cooled by passing the strands through
a water bath. The cooled strands can begchopped into small pellets for
packagi ng and further S handling. All OP the ingredients may be added
initially to the proceSS| ng system or else certain additives my be

pr e- conpounded jyirhin6a6 hat i e ca f the concentrates of the
present discl osure. |t§@sg}%egf& ’%"585{'}5&%% édgl £5 Polvfunciired t he or ganic
phosphat e ﬁﬁ aldm&uhﬁvmgttﬁefcj}ﬁugémpounder 20 through the use, for
exanple, of a liquid injection systemas is known in the conpounding art.

It is also sonetines advantageous to enploy at | east one vent port in each
section -between the feed ports all ow venting (either atnospheric or

vacuunm) of the lt. Th of par skill inthe art will be able to
adj ust bl endpog.d.i S nper @t , as well as conponent 2jz addition
| ocati on and sequencCe, ut (Rfdue additional experinentation. It should
al so be clear tRAt] | npr o nol ded articles prepared from the conpositions

of the present inventi on(x?gresen p@n addi tional enbodi nent of this
invention. 1 Cctober 2003 patents cited by reference are

i ncorporated by reference herein. The foll owi ng exanples are provided to
illustratedSome enbodi nents of the present invention. They are not
intended to limt the invention in any aspect. All percentages are by
wei ght based on tge to at Wei ght o he entire s conposition, unless

ot herw se indi gat ¢d followng exanples are illustrative
of the cong95|ﬂlo s g} s ventjj on. Conpositions were eval uated
conparing formof (1) t owﬂe¥P RPol), (2) ground into a
particle size qﬁ less timghabout 3 by b ut 3 mm (3) pellets having a
size ofsabout 1 mmby 3 mm (mni), %ellets having a size of 3 mMm
by. 3 nm (regular). To contrast the conp05|t| derived directly from PPE,
concentrates of PPE with either HHPS or a phosphate flame retardant (e.g.,
tetrapheny? resorci nol di phosphate: "RDP") is were al so eval uated as either
pel lets having a size of 3 mfmby 3 nm(regular), or alternatively as
ground into a particle spze of |ess than about 3 nun by about 3 mm The
energy input into the PPH Wés varied as "high" by addition of the PPE into
the first barrel of &t -Pev n barrel tw n-screw extruder, or "low' by
addition of the PPE ilpto tRe seventh barrel of an eleven barrel twin 20
screM/extruder The of the PPE was varied between 0.33, 0.40, and

0. 46. Egst ndarn fo lsation was as follows with all parts by

wei ght PP C1P .O§7P2 tetraphenvl resorcinol diphosphate: 17.6;
polvstyrenﬁ%’poly(butadlene) pﬁiystyrene bl ock copolyner: 1.7; LLDPE:1.1;

including mixtures thereof, in which RY, R* and RS are, independently,
10 hydrocarbon; R2, R4, R¢ and R7 are, independently, hvdrocarbon or
hydrocarbonoxy; X1, X2 and X3 are halogen; m and r are 0 or integers from 1

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

Examples inciude the bis diphenyl phosphates of resorcinol,

hydroguinone and bisphenol-A, respectively, or their polvmeric counterparts.

13 Methods for the preparation of the aforementioned di- and polvfunctional
aromatic phosphates are described in British Patent No. 2,043,083




tridecyl phosphite: 0.39; ZnO 0.1; ZnS: 0.1: TSAN. 0.2 25, The conpositions
were extruded on a Werner-Pfleiderer tw n-screw extruder at @t@merZild e
of about 280-320C with vacuum applied to the nelt during conmpoundi ng. For
concentrates, the vacuumlevel is typi caldy 1 Cctober 2003 13 low, e.g., O
to about 3 inches. For final conpositions, the vacuumlevel is typically
hi gher, e.g., about 3 to about 30 inches. The resultant conpositions were

nol ded usi ng L J | nol di.ng .machi ne ysing a tenperature set
of about 275- %%H%%&%l%%ﬁ% ?%SP&?SF 8%?%%’6&: P@GSH es; far exgampiees of
t he conposi diphesviedreaedhsRridl ki Héf%,a ) %808 r;rgt?} not ched 1zod i npact
strength accordi hhgﬁio ASTM DZSéﬁ(e |l t(gfl)i ng a&égrrp edé}Istiaﬁsn%fI%rz. 5 inch by

0.5 inch byp@lyphenylantpthebyesinsms(edesaibedoby Axelrod en QP NG, dart test)

strength ac__igt%f.g to ASIM D3763 (using 4 inch dianmeter by 0.125 inch
di sks), fle “modul us and flexural strength according to ASTM D790 10

(enpl oying a sanple size of 6 inch by 0.5 inch by 0.25 inch), and tensile

yield and tengid &iglpgahi ording.to ASTM D638. 1 Qctober

2003 -14 Ouz n"y oa n %Ehﬂﬂaé ’%@ég?%ﬁi‘gﬁé'eﬁg?ﬁ Bivpnien are

-+ 7 - [~ ~compaaRiscontAntd\phesyhdnaaaittbgerPbdnds, Stch a5 Ghl Glar,HN

Ca~-.Nte) u' 9C] nn Vsti i NCn Q}KeCN ant" %eo 'qI,1 tn aaseﬁhkfél}]omgmc
chloride, phosphorus ester amides, phosphoric acid amides, phosphonic

acid amides, phosphinic acid amides, tris{aziridinyl) phosphine oxide, or
tetrakis(thydroxymethyl) phosphonium chioride. These flame-retardant

10 additives are commercially available.

Preferred phosphate flame retardants include those based upon resorcinol
such as, for example, resorcino! tetraphenyl diphosphate, as well as those
based upon bis-phenols such as, for example, bis-phenol A tetraphenyi
diphosphate. Phosphates containing substituted phenyl groups are ai.t;o

15 preferred. In an especially preferred embodiment, the organophosphate is
selected from the group consisting of butylated triphenyl phosphate ester,
resorcinol tetraphenyl diphosphate, bis-phenol A tetraphenvl diphosphate,

and mixtures containing at least one of the foregoing.

In the preparation of the concentrate of PPE with the organic phosphate it
20°  is desirable to have a relatively large amount of the organic phosphate present
S0 as to result in a high value concentrate. By high value is meant that the

concentrate can be let-down to a relatively large degree in brder to prepare a
wide variety of final formulations from a single concentrate composition. It is
preferred that the concentrate contain at least 5%, preferably at least 15%, and

25 most preferably at least about 20% or more organic phosphate compound by

t
1

weight based upon the weight of the PPE. The maximum amount of
phosphate compound that can be present can also vary widelv and is
generally limited by the maximum amount that can be added before the

concentrates becomes sticky and begins to aggiomerate. This amount of
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generally less than about 50% by weight of organic phosphate based on the
total weight of the PPE/ organic phosphate concentrate.

In the final composition , the flame retardant is present in at least the
minimum amount necessary to impart a degree of flame retardancy to the
composition to pass the UL-94 protocol at a rating of V-0, V-1, or V-2
depending on the specific application requirements. The parficular amount
will vary, depending on the molecular weight of the organic phosphate , the
amount of the flammable resin present and possibly other normally

flammable ingredients which might also be included in the composition.

For compositions comprising polyphenvlene ether resin, preferred
compositions have the major components which make up the composition in

an amount within the following preferred ranges:
Polyphenylene ether resin, (a) about 30 to about 70 parts;

Non—elastomeric.polmer of an alkenylaromatic compound, (b) about

20 to about 60 parts; and
Organic phosphate, (c) about 10 to about 30 parts;
based on 100 parts by weight of (a), (b), and (c) together.

Compositions of the present invention can also include effective
amounts of at least one additive selected from the group consisting of
thermoplastic resins such as, for example, polvolefins, polvetherimides,
polyethersulfones, polysulfones, polvamides, polyesters, and polvarylene
sulfides. compatibilizers, impact modifiers, anti-oxidants, drip retardants,
crystallization nucleators, dves, pigments, colorants, svnergists, reinforcing
agents, fillers, stabilizers, and antistatic agents. These additives are known in
the art, as are their effective levels and methods of incorporation. Effective

amounts of the additives vary widely, but thev are usually present in an

N C
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amount up to about 60% or more bv weight, based on the weight of the entire

composition.

The resin compositions used in the present invention can be prepared bv a
variety of methods involving intimate admixing of the materials with any
#  additional additives desired in the formulation. Suitable procedures include

solution blending and melt blending. Because of the availability of meit
blending equipment in commercial polymer processing facilities, meit
processing procedures are generally preferred. Examples of equipment used
in such melt compounding methods include: co-rotating and counter-rotating

10 extruders, single screw extruders, disc-pack processors and various other
types of extrusion equipment. In some instances, the compounded material
exits the extruder through small exit holes in a die and the resulting strands of
molten resin are cooled by passing the strands through a water bath. The
cooled strands can be chopped into small pellets for packaging and further

15 handling.

All of the ingredients may be added initially to the processing system, or
else certain additives may be pre-compounded with each other as in the case
of the concentrates of the present disclosure. It is sometimes advantageous to
introduce the organic phosphate compound as a liquid into the compounder

20 through the use, for example, of a liquid injection system as is known in the
compounding art. It is also sometimes advantageous to employ at least one
vent port in each section between the feed ports to allow venting {either
atmospheric or vacuum) of the melt. Those of ordinary skill in the art will be
able to adjust blending times and temperatures, as well as component

3¢ addition location and sequence, without undue additional experimentation.

It should also be clear that improved molded articles prepared from
the compositions of the present invention represent an additional

embodiment of this invention.
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All patents cited by reference are incorporated by reference herein.

The following examples are provided to illustrate some embodiments of
the present invention. They are not intended to limit the invention in any
aspect. All percentages are by weight based on the total weight of the entire

5  composition, uniess otherwise indicated.
EXPERIMENTAL

The following examples are illustrative of the compositioris of the

present invention.

Compositions were evaluated comparing PPE in the form of (1)

1o powder (control), (2) ground into a particle size of less than about 3 mm by
about 3 mm, (3) pellets having a size of about 1 mm by 3 mm (mini), and (2)
pellets having a size of 3 mm by 3 mm (regular). To contrast the compaositions -
derived directly from PPE, concentrates of PPE with either HIPS or a ‘
phosphate flame retardant (e.g., tetraphenyl resorcinol diphosphate: “RDP")

15 were also evaluated as either pellets having a size of 3 mm by 3 mm (regular),
or aiternatively as ground into a particle size of less than about 3 mm by
about 3 mm. The energy input into the PPE was varied as “high” by addition
of the PPE into the first barrel of an eleven barrel twin-screw extruder, or
“low” By addition of the PPE into the seventh barrel of an eleven barrel twin-

20 screw extruder. The I.V. of the PPE was varied between 0.33, 0.40, and 0.46.
The standard final formulation was as follows with all parts by weight: PPE:
41.75; HIPS: 37.22; tetraphenyl resorcinol diphosphate: 17.6; polystyrene-
poly(butadiene)-polystyrene block copolymer: 1.7; LLDPE: 1.1;
tridecviphosphite: 0.39; ZnO: 0.1; ZnS: 0.1: TSAN: 0.2.

25 The compositions were extruded on 2 Werner-Pfleiderer twin-screw
extruder at a temperature of about 280-320°C with vacuum applied to the

melt during compounding. For concentrates, the vacuum level is tvpically
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low, e.g., 0 to about 3 inches. For final compositions, the vacuum level is
typically higher, e.g., about 3 to about 30 inches. The resultant compositions
were molded using a van Dorn injection molding machine using a
temperature set of about 275-300°C and a mold temperature of about 80-110°

C. Samples of the compositions were also subjected to measurement of

wy

notched Izod impact strength according to ASTM D256 (empioying a sample
size of 2.5 inch by 0.5 inch by 0.125 inch), Dynatup (energy to fracture, falling
dart test) strength according to ASTM D3763 (using 4 inch diameter by 0.125
inch disks), flexural modulus and flexural strength according to ASTM D790
10 (employing a sample size of 6 inch by 0.5 inch by 0.25 inch), and tensile vield

and tensile elongation at break according to ASTM D638.
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The compositions in Tables 1 and 2 compare the same composition
wherein the form of the PPE has been varied. Samples 19 to 21 illustrate
controls varying the LV. of the PPE but using the PPE in the powder form as
commerciaily isolated and available. The physical properties obtained with

5 these compositions illustrate the target vaiues that would be desired if the
PPE were utilized in an alternate form to that of isolated powder in the same
or a new process. Samples 1 to 6 illustrate the physical properties obtained
for the same composition varying the L.V. of the PPE but wherein the PPE is in
a pellet form having an average size of about 3 mm by about 3 mm,

1o Comparing the properties of samples 1 and 2 to control sample 19 of the same
LV. PPE; or samples 3 and 4 to control sample 20; or samples 5 and 6 to
contro} sample 21 demonstrates the substantially poorer impact strength,
especially Dynatup dart impact strength obtained when pellets having an

.average size of about 3 mm by about 3 mm are utilized. Likewise, the

15 properties of samples 7 and 8 to control sample 19 of the same LV. PPE; or
samples 9 and 10 to control sample 20; or samples 11 and 12 to control sample
21 demonstrates the substantially poorer impact strength, especially D_vnatué
dart impact strength obtained when mini-pellets having an average size of
about 3 mm by about 3 mm are utilized.

20 In contrast to the results using pellets or mini-pellets, the properties of
samples 13 and 14 to control sample 19 of the same LV. PPE; or samples 15
and 16 to control sample 20; or samples 17 and 18 to contro} sample 21
demonstrates the substantially better physical properties could be obtained
using ground material. It was unexpected that the physical properties,

25 especially the Dynatup dart impact strength, would be affected by the PPE
particle size. It is thought that using a smaller PPE particle than the standard
3 mm by 3 mm pellet, and/ or the irregular shape of the ground particles,
affords less shear heating during the compounding operation with less
thermal and shear degradation of the materials.
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conpare the sane conposition wherein }he formof the PPE has been vari ed.
Sanples 19 to 21 illustrate controls varying the I.V. of the PPE but using
the PPE in the powder formas comercially isolated and avail able. The
physi cal properties obtained with 5 these conpositions illustrate the
target values that would be desired if the PPE were utilized in an
alternate formto that of isolated powder in the same or a new process.
Samples 1 to 6 illustrate the physical properties obtained for the sane
conposition varying the | V. of the PPE but wherein the PPEis in a pellet
form havi ng an average size of about 3 nmby about 3 mMmt o Conparing the
properties of sanples 1 and 2 to. control sanple 19 of the same 1.V. PPE;
or sanples 3 and 4 to control sanple 20; or sanples 5 and 6 to control
sanpl e 21 denonstrates the substantially poorer inpact strength,

especially Dynatup dart inpact strength obtai ned when pellets having an
average size of about 3 mm by about 3 mmare utilized. Likewi se, the is
properties of sanples 7 and 8 to control sanple 19 of the sane |.V. PPE; or
sanples 9 and 10 to control sanple 20; or sanples 11 and 12 to contr ol
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and 16 to control sanple 20; or sanples 17 and 18 to control sanple 21
denonstrates the substantially better physical properties céuPgtBeespeaPaed

using ground material. It was unexpected that the physical properties, 25
especially the Dynatup dart inpact strength, would be affected by the PPE
particle size. I s thought that using smal |l er PPE particle than the
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high a loading of phosphate would result in such acceptable physical

properties. It was especially unexpected that the dart impact strength values

would be so high. The results are also unexpected considering that the

PPE/phosphate concentrates of samples 28 and 29 were used as peliets and
10 notas ground material.

It should also be clear that the present invention affordé a method to
prepare PPE compositions while reducing the dust explosion tendency of PPE

powder.

, The preceding examples are set forth to illustrate specific embodiments of
15 the invention and are not intended to limit its scope. It should be clear that -
the present invention includes articles from the compositions as described
herein. Additional embodiments and advantages within the scope of the
claimed invention will be apparent to one or ordinary skill in the art.
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CLAIMS:

We claim:

1. A process for the manufacture of a polyphenylene ether thermoplastic comprising:

preparing a solid concentrate comprising a polyphenylene ether resin and at least about 5%
by weight of an organic phosphate compound, based upon the weight of the polyphenylene
ether resin in the concentrate, wherein said solid concentrate has less than 5% by weight of '
particles less than about 75 microns; and optionally, mixing the concentrate with an

alkenylaromatic compound.

2. The process of claim 1, wherein the concentrate has essentially no particles

less than about 75 microns in size.

3. The process of claim 1, wherein the concentrate contains at least about 5%
by weight of the organic phosphate compound based upon the weight of

the polyphenyiene ether resin in the concentrate.

4. The process of claim 1, wherein the concentrate contains at least about 15%
bv weight of the organic phosphate compound based upon the weight of

the polyphenylene ether resin in the concentrate.

w

The process of claim 1, wherein at concentrate contains at least about 20%
by weight of the organic phosphate compound based upon the weight of

the polyphenviene ether resin in the concentrate.

6. The process of claim 1, wherein the polyphenylene ether resin is present
from about 5 to about 70 percent bv weight based upon the weight of the

entire composition.

7. The process of claim 1, wherein the organic phosphate compound

comprises at least one of the group consisting of:
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Cct ober 2003 -7?8 The data in Table 3 conpares concentrate éoﬁﬁggiFFo §03
containing PPE with either H PS or RDR. As can be seen fromthese data,
especially conparing sanples 26 and 27 to 28 and 29 with a 30% by wei ght

| oading of the H P or RDP, respgctively, high value concentrates can be
made from PPE 5 w th phosphate mditéerials. It was unexpected that
concentrat es confjaini ng iQtr Rdi ng of phosphate would result in
such acceptdﬂ i per'h s. It was especially unexpected that the
dart. i npact streggth val wou be so high. The results are also
unexpected consi derjng that, the PPE/ phosphate concentrates of sanples 28
and 29 were used as pellef%)and 10nnot .as ground material. It should also
be clear that the present invention affords a nethod to prepare PPE
conpositions while reducing the dust expl osion tendency of PPE powder. The
precedi ng exanples are set forth to illustrate specific enbodi nents of s
the invention and are not intended to limt its scope. It should be clear
that the present invent; i ncl ude icles fromthe compositions as
descri bed herei(, Ado" ts gydiadvantages wi thin the scope
of the clai i nye nt #ojone or ordinary skill in the
art. 1 Ccto U197qTAI MS: - Ve cfai nfP—1P—AFFcess for the manufacture
of a pol yphenyl egte ether(KﬁarnDplastCéﬁponq%i ing: preparing a solid
concentrate conprising a polyphenylene ether fesin and at |east about 5%
by wei ght of an organi c phosphate conpound, based upon the weight of the
polyphenyler;gd

0
n_R®
P\
R?
0
R © - _R®
Dp—o P.

including mixtures thereof, in which R, R3 and RS are, independently,
hydrocarbon; R?, R¢, R® and R’ are, independently, hydrocarbon or
hydrocarbonoxy; X!, X2 and X2 are halogen; m and r are 0 or integers from
1to4, and n and p are from 1 to 30.

8. The process of claim 1, wherein the organic phosphate compound
comprises at least one of the group consisting of:

phenyl bisdodecyl phosphate, phenylbisneopenty! phosphate,
phenyl-bis (3,5,5'-tri-methyl-hexyl phosphate), ethyldiphenyl
phosphate, 2-ethyl-hexvldi(p-tolyl) phosphate, bis-(2-ethvihexyl) p-
tolylphosphate, tritoly} phosphate, bis-(2-ethylhexyl) phenyl

- phosphate, tri-(nonylphenyl) phosphate, di (dodecyl) p-toiyl



ether resin in the concentrate, wherein said solid concentrate has | ess
than 5% by wei ght of particles |ess than about 75 microns;lapgteper oy,
m xing the concentrate with an al kenyl arqmati c conpound. 2. The process of
claim1l1, wherein the concentrate has essentially no particles |ess than

Concent rat e cont aP NEFRPE idpsshigBpBSE Sy Bhefyfiomsphis donggipherphosphat e
conpound based u Wtﬂ%me{hgﬁlargf%ﬁg}%ﬁaﬁ%{tﬁreﬂae-to%ﬂ?é.ﬁgsgf'i nin the

concentrate. 4. e process of cl rern conc € contains at
| east about 15% b@memytjmcybprmbphmegamiQ-qnhpl&ahﬂaepmmgﬂﬁgpmed upon the
wei ght of the pol yphenvlene ether resin in the concentrate.” 5. The process

of claiml1, rein at concentrate contains at |east about 20% by weight
of the organic 'pﬁb%ﬁ?&?sé ﬁ&hé‘lﬁ&%@r&a@ﬁm aidigive selectadchfrom

pol yphenvi ene Stisisd n ta.. 6. The process of claiml,
wherei n the pgﬁggﬁgﬁéﬁeneqg%éﬁ“%éé#%ﬁiéﬁ%% gﬂFpppgﬁﬁFhBHﬂPﬁBst@“&bout 70
percent by weimgbiutessiketetfpon the weight of the entire conposition. 7. The
process of claim1, wherein the organi c phosphate conpound conprises at
| east one of the group consisting of: | COctober 2003 -20 and 5 including
mi xtures t htY-ebrthermopiastigcomposiBon madwbuthe pioressatiant 1y,  hydr ocar bon;
R2, R4, R6 and RWare, independently, hydrocarbon or hvdrocarbonoxy; X,

X2 and X3 e : rn.are 0 or.integers from 1 to 4, and n and p
are from 1%?'0 %L@g?%ég %-E}SOC%]S‘?C%PP@F%O,Q T,aaﬁhgr%? RTeq¢8s 8?5‘&!#‘01- phosphat e
conpound conprises at | east one of the group consisting of: phenyl

bi sdodecyl phosphat e, phenvl bi sneopentyl phosphate, phenyl-bis

(3,5,5 -tri-nethyl-hexyl phosphate), ethvidiphenvl phosphate,

2-et hyl - hexvl di (p-tol yl)' phosphate, bis-(2-ethvlhexyl) p tolvl phosphate,
tritolyl phosphate, bis-(2-ethvlhexvl) phenyl phosphate, tri-(nonyl phenvl)
phosphate, di (dodecvl) p-tolvl 1 Cctober 2003 -21 phosphate, tricresvl
phosphate, triphenvl phosphate, dibutyiphenvl phosphate,

2- chi or oet hyl di phenyl phosphate, p-tolvl bis(2,5,5- trinethyl hexyl)
phosphat e, and 2-et hyl hexvl di phenyl phosphate. 9. The process of claim1,
further conprising an additive selected from the group consisting of
stabilizers, dyes, drip suppressers, pignments, and m xtures thereof. 10. A
t her nopl astic conmposition nade by the process of claiml1. 11. Articles
formed out of the conposition made by the process of claiml.






