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invenjion relates to a process for the manufacture of a thernoplastic
conpo;k@ion c&gprising a pol yphenyl ene ether resin and optionally, a 10

N

styrefl’C T ahhikher ei o Lheopiosasses cogpt 'S8, 4, concentrate, of
pol yphenyl ene ether resin wth an organi ¢ phosphate corrpourfﬁ. The

concen t ,cgrgg;i? s_less than about 1% by weight particles |less than
about &ggpqﬁq’:‘tﬁg@ A Tip e ef&Pdbiy essentially no particles |ess

| Schbddorady, AY 1278 @s .
than about 75 mcrons in_size. The concentrate allows for ease of handling

of po| §PHespere qrgipkiy bdi Heckolt Bordserrd t he ri sk of dust ignition while
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(54} Title: POLYPHENYLENE ETHER RESIN CONCENTRATES CONTAINING ORGANIC PHOSPHATES
{57} Abstract

Tt_xe inv_ention re._latcs to a process for Ll_ac manufacture of a thermoplastic composition comprising a polyphenylene ether tesin and
& styrenic resin wherein the processes comprise a concentrate of polyphenylene ether resin with an organic phosphate compound. The
concentrate allows for ease of handling of polyphenylene 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 Pol y(phenyl ene ether) resins
(referred to hereafter as "PPE') are comercially attractilvgkakay 2093
because of their unique conbination of physical, chem cal, and electrical
properties. Commercially, nost PPE arel sold as blends with predomnantly
hi gh i npact polrys;%’/r ene resins. PPE are mscible with polystyrene resins
in all proport FERIPHENYLENE ETEERRESINMEONCENTRATESIOMINT ARBNG Grduic gl ass
transition tenperatures of PPE, the_blends of PPE with polystyrene resins
possess hi gher heat resistance thaﬁ’ﬂcﬁgﬁﬁ‘iﬁsthe pol ystyrene resins al one.
Mor eover, the conbination of PPE with high inpact polystyrene resins

results i @?EéREPE?EP§3§T :REEQ I hi gh fl ow and ductility.
Exanpl es og suc ends cgjn e %Wg@%ent Nos. 3, 383, 435;
4,097, 550; 4, 113,800; 4,101,503; 4,101,504; 4,101,505; 4,128, 602;

4,139, 574; Nwtappliddle.712 anong others. The properties of these blends can
be further enhanced by the addition of various additives such as inpact
nodi fiers, flame retardants, light stabilizers, processing stabilizers,
heat stabiFEEEﬁ%ﬁlléﬁsPG&«¥Qﬁiﬁ9é&ﬁﬁﬂﬂﬂﬂi@rs. 10 Commerci al PPE are produced
as a relatively fine powder form typically having at |east 10% by wei ght,
often at Lg&?t 2 @%g% wei ght fine particles of |ess than about 75 m crons
in size. 2PPELX%ess than about 75 microns in size are believed to |ead
to dust explosion hazards. Consequently these powders require speci al

handl i ng O NP 15 potential spark ignition hazards
associ at egg% t 1éuch p?ﬁwiwmdl i ng procedures include grounding
of equi pnent and use of inert gas blankets to exclude oxygen. It would be
comer ci al 1 yFigldviEnhebemnsiono be able to ship PPE to various |ocations
around the world for conpounding into resin conpositions to would serve

| ocal market needs. However, the 20 handling procedures as described above
require si gnilhednventionmelatestn afpoecess éor theenanwiadtirecsdta thesmplastic
consequently limt the copmerci al feafibility for such conpoundi ng
f1exibilitSP Pﬁﬂvwg?%rﬁma#eogmmy%%egt&&ﬁuandomrpblgmai ng extruders

o ronsionsoeefei Bt @hitih o b e Sihrtsb e Bnbatd $bi i fon o the
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of many resih corfpositions nmade usin as conpared

to contr ol congepsteiconywisen fessuhih abbit D% \Wieweiphd pabicled fddsdhin Buohs be
ground to a smaller size in order to obtain physical properties that

ci osei v apPre¥drans i sire sadgireterablystssentiallysine panticlectess ehare aboyt 73 he 30
utility- of.the PPE | et approach.has _been Iimted. 1 October 2003 3 It
i s theref Wﬁ%%%ﬁ%@%@ﬁa& W§ @Wﬁoﬁbéﬁdhﬁg of gyphenvipnocesses
to manyf ackHELres kG BATIMN 8P 8uskt PARIN WHIEBBtaining 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



SUMMARY COF THE | NVENTI ON The needs di scussed above have been generally
satisfied by the discovery of a process for the manufacturg oftéber 2003
pol yphenyl ene et her thernoplastic conprising: preparing a solid concentrate
conprising a pol yphenyl ene ether resin apd at |east about 5% by weight of
an organi ¢ phosphate conpound, based upon the weight of the pol yphenyl ene
ether resin in the concentrate, wherein said solid concentrate has |ess
than 5% by rgh gt ensiBRA(thbRIad8s20l BB @ p%gg%%ﬁgeﬁgq and optional ly,

m xi ng the conCentrate wth eny arona Eﬁfﬁ?ﬂmltlon

may furt heresinsrpossess highbehedt reﬁxstdﬁ'@efd@érk it g dﬁ’é’?bﬁ@ﬂ}rﬂﬁé’ FE,
t hernopl astic resins such as, for exanple, polyolefins iﬂﬁ 'é’l‘? m des,

pol yet her s AYIPEsREer. thﬁp@ﬂrybiljllaﬁgh@i Pﬂﬁ)Wyﬁﬁughsmpmt yelsltméne aashyeby vl ene
sul fides, qua’&tl Ilzg_g rrg ;&é‘tﬁ ant|-oxidants, flane
retardants 3‘ PP f@?gegg’(,eﬁ Lrapp BY %ﬂ@@m@ EXd;tq.ﬂesqsf i gment s,

col orants, shén BleRHS & be &gﬁ.{% fd | ntistatic

agents. The desgrl ption whic é%Ufo gvz\i/s?é%r%(\?/gl 985 %39%% 113 8p‘égardl ng

this i nveAl0dAa03;BESCBORT, I, 505; THRE@BA, msaﬁsﬂ\ka&ldapm ﬂg%ﬁon TAl LED
er el af

DESCRI PTI ON ,OF v\ﬁI‘E | NVENTI O\I Pol yghenyl ene ether resin, ter "PPE",
per se, ar 8thER WG PIGReEHes ofth CanpelﬁuHhBIQnMCeﬁrby%gral units of

B A 3 ) S et B
cont ai ni nstdilizers/p F&é&%%?@aﬁﬁ@ers RpapX Vﬁbmﬁ% M arfIT 00BN

hydr ocar bonoxy, or hal ohydr ocar bonoxy erern 8%r bon at ons
separate the hal ogen and oxygen atons; and each 2 is independently

hydr ogth, hal og‘érpmn}ﬂmaiaPEEare pmdxmmirasdmbﬂivei{rme, owWd& Pl hal oal kyl,
hydr ocar bonox haI ohydroc&r bonoxy as defined for Ql. Preterably, each

QL is al kytIY'p 5 Fﬂﬂgaté%?éé # Py welghtapftgn at lgaat 20% hvGReight fingdr ogen. 10

Bot h hono e. i ncl The p erred
honopol yner's are t 06 e:onC%E HEI’]I rﬁ%@% Ee?‘%ide&qﬁ?é[i@éh@uﬁ%er units.

Sui t abl e mbwmrﬁzemlbeﬁevé&wwsu%w %gagap for ex rrple
such units_in conbination with 2,3,6-trinet yF -p en3?8 Y units.

Al so i ncl JB@#BH‘EdﬂPEe@mEe guemaid'lamﬂntgl mwmrtfﬁomgaagtw&pp& nyl e
NDNOMELS Of suc pol ystyrenes, as well as couple in whic
couperlelr?g AR %ﬁéﬂﬁ‘ﬁ‘ %%’@é&ﬁ ciated yrith pathypewbersatSesh qui nones,

het er ocycl I n._known nner with the hydroxy
groups of bﬁodﬁ%glg F]al ns o pr%%tﬁé@@%ggﬁ%?’pm@ﬁ? dseingit gapol yner. .

blankets to exciude oxygen. It would be comrnerciaily advantageous to be

able to ship PPE to various locations around the world for compounding into
resin compositions to would serve local market needs. 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.



20 It will be apparent to those skilled in the art fromthe foregoing that
the PPE contenplated for use in the present invention includecgbbel-n986
presently known, irrespective of variations in structural units or
ancillary chem cal features. The PPE generally have an intrinsic viscosity
often between about 0.10- 0.60 di./g., Preferably in the range of about
0.25-0.48 dl./g., all as neasured in 1 Cctober 2003 5 chloroformat 25C It
is also possible to utilize a high intrinsic viscosity PPE and a |l ow
intrinsic vi scﬁsstb{erEfEEelap amm&_umto_lc@nnnaggaj %gld@gdaﬂ atio, when
two intrinsic viscosities are used, will|l depend sonewnat ‘on t e exact

i ntrinsi cPW@éiﬁlfQF@@#ﬁCMQY@PECWQSMtChaMgm physi cal properties
that are desired. The PPE resin conpositions of the present invention

optionall | nel astoneri c pol ymer of an

al kenyl ar%Wﬁﬁ%ﬁ)m%@g polymers of this type may be prepared
by nethods known in the art including bulk, suspension and emul sion

pol yrer i zat i onThd ReXIABEIsBL ¥bodOnsAbaI gderfig Shudfiauly g@% by Vel ght of
structural units derived froman al kenyl agorratlc nononer the formul a
(1'1): whedisteveS dfs phyedssdgehs mhofeturadiiafolyphenyRhogae thefmbSlaicny| , hal ogen or
| oner alk %ID pis fromO to 5 These resins include hom)pol ynmers of
styrene, c oro yrene and vinyl tol uene, random copol yners of stvrene with
one or nore nononers illustrated by acryl onitrite, butadiene,

ac- et hyl styrene, th | benzene, vi nyl benzene and nalelc Aanhydri de,
and rubbeﬁre HBERF Ohdgcoﬂé(gfinxfgtf’é?rg?{ésglg@&?ﬁp P%e f’fﬁeéﬁ?fé“ § lgpsh et SXGher ei n t he

r utébelr3 [ sbsawe@htloﬁbmté@dueplmsmatea:omhbﬂrMsﬂﬂgﬁhww.mghf of&b@pﬁly&&ﬁ&% styrene
and about 29 ene ru renes
e o B e o R R MR e SR e e T o (b SR e of

Non- el ast pnmcrlmdesb Itlmo Inbout @ﬁmﬁqmmrand@pmxﬁﬁﬂyt imoiBg ik coicpfiteiRewiltngh but adi ene can
al so be u ar block, ra | block or tapered bl ock
ﬁﬁgl(ﬁ] n}%‘téaélf’ %(yrg%ounq_h &y (5 comgosltéd&maér

copol yner " ar "4 1y available from such

conpani eg af»p:%erméask opﬁm%ﬂsmﬁgeg gﬂg@ﬁéﬁé&@%@%&@ﬁ&&% gl PS_under

the tradenark K-RESINS. 1 Cctobe anpunt ner of a

nonei ast cuehias, far beanphy, pobtalefinsg pojyetinerimidiesn pohethaswfewds, t S an- anount
effective to inprove the flow and processability of the conposition.

| npr oved A9 Wﬁ@&'ﬁsﬂﬁ?m E@IW@HW anderssiuliides Ireduced i nj ection
Cenor al | yoRHRBERidels jiracEpPRiderd Sl il @ﬁ%ﬁ%ﬁﬁﬂ@ &0 i ved i the
range of sabordssedYerlStalbAHonGRIdoMEHEES, ﬁ?g@/ﬁ. about 6 by dﬁ%eght of the

conposition. The préferred range is about "3 i ght;
based on aghetst Hllerds, stebijizersofind hetistatipagentson.

‘<»-

The description which follows prov:des further details regarding this

invention.

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):



The conpositions of the present invention nmay also contain at |east one 10
i npact nodifier. The inpact nodifier nmay be used al one or inh @ordbdatl @B

wi th a nonel astoneric al kenyl aromati c conpound. The inpact nodifiers

i nclude block (typically diblock, triblock or radial teleblock) copolyners
of alkenyl aromatic conpounds and diengs. Mst often at | east one block is
derived fromstyrene and at | east one block fromat |east one of butadiene
and 15 isoprene. Especially preferred are the triblock and di bl ock

copol ymers conprising pol ystyr bl ocks and di ene derived bl ocks wherein
the aliphatic wunsaturation has en eferentially renoved with

hydr ogenation. M xtures of vario polyners are al so sonetinmes useful
The wei ght average nol ecul ar i Sﬁe i npact nodifiers are typically
in the range of about 20 30, 000 0, 000. Bl ock copolyners of this type
are avail able commercially fromga@n er of sources, including Phillips
Petrol eum under the {ljadenark SﬁLPRENE, Shell Chem cal Co. under the
trademark KRATON, and Kurarav under the trademark S=ON. Various m xtures
of the aforﬁnentioned inpact nodifiers are also _5 sonetines useful. The

amount of §IRSRE eaGhoETystural gaite pachi QY is imdependentibdialsines, pﬁnyé.zd is an
anount eff&fcéé[cﬁﬁd&gz foq;p(_](:;)q\jgﬂlt he p ii cal .properties, for exanple, the
ductility o e ¢anpos (e LI PR g3 9’ Suhen atumpophenyln Wi t hout

an inpact REdiikiyve amin ¢ i i_ndicated by increased
i mpact streng!tﬂE\(,v i ncr easgde?%%gg%gbg{)%ﬁgggﬁgoﬁlﬂ%gﬁrggﬂ?xﬁ BBét 2003 7 or
bot h i rfcr elgasdwiongaabon atome gé éhﬁlbgéﬁ@ﬂdtc&?géh ﬁt&hgraglatéégﬂ Qét)hbr eak.

| |

General ly,. when an i ct_ nodifier is present, is utrlize e range
of about ?%‘f@%ﬁﬁ&ﬁ?’gﬁ’@@gw\hﬁw pRmady on sedoadant Iwayedlpfit of the

conpositi e, is aboyt 1% to about 8% by ‘wei ght; based on
Fhe tot al oAk bl BB bResy S aleTut e bRpay sadbtind b

conbi nat i drefepablyeatt QUerilkyEsSpREny] 5 gsebiy €, dapend JLn, part, .on the
requirements neeged inthe fi naIISP bl en corrpc;!sdl:f"f%%?n@‘&aqﬁ%ﬂ%sphate
conpounds hyidsogemt her conponent of the present invention. The organic
phosphate is preferably an aromati ¢ phosphate f o conpound of the formula

(rrry: .0 i P-OR (H dR where Ris_the sane or different and is alkyl,
cycl oalkyl , %?@1%01'5?39‘(-”%% ?Wﬂa?%?{'mmcb@@d- Sliitesprefarteet aryl, aryl

substi t ut e@ne . ipation 0 ny ,of the foregoing,
provi ded at | as'{t’mpne [ SBS%%\;/X} ) g?é%ﬁé@ HWQT%%BE £ ethies yoitscy |
phosphat e Sujthbleybpbinnensiatidde random copolymers containing, for example,

such units in combination with 2.3,6-trimethyl-1,4-phenylene ether units.

n

~ Also included are PPE containing moieties prepared by grafting vinvl

L)

monomers or polymers such as polystyrenes, as well as coupled PPE in which
coupling agents such as low molecular weight potycarbonates, 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



phosphat e, phenyl-leis (3,5,5 -tri-methyl-hexvl phosphate), ethvldiphenyl
phosphat e, 2-ethyl-hexyldi (p-tolvl) phosphate, bis-(2-ethvuh@&xbbeg-2003
tol vl phosphate, tritolyl phosphate, bis-(2-ethvlhexyl) phenyl phosphate;
tri- (nonvl phenvl) phosphate, di (dodecvgg p-tol vl phosphate, tricresvl _o
phosphate, triphenvl phosphate, dibutyl pienvl phosphate, 2-

chl or oet hvl di phenvl phosphate, p-tolvl bis(2,5,5 -trinmethvihexvl)

phosphat e, VA ofh te.,.and the Iike. The preferred
phosphat es acr%le&bt hosge(%gn@mﬁP%%Yéga‘g%g%?$§° uiilise @ g dntringic viscesity PEE | s

tri phenvl phagphveintrinkit &ic68 PRE ¢ RS UDSL | : or_ substituted, for
exanpl e, "i sopropvl ated triphenvl %E%E%ﬁg?g%iil %%{e%mémm

Al t er nat i velWhen o ntrasic yisshsisphateeusednwhib depatid sctheRBhVEN @17& b0
conmpound or iiol mer. hayi n% t he éﬁr mula or 5 or RI1 11 R6 R// p-0 0--P~ R
i ncl udi ng i EsvIsensties of thePiip nesrl apd trsultimatebhysical progepeadeat |y, 10
hydrocar bongfdesifs, R6 and R7 are, independently, hydrocarbon or

hvdr ocar bonoxv; Xl , X2 and X3 are halogen; mand r are 0 or integers from
1 to 4, and n and p are from1l to 30. Exanples include the bis diphenvl

phosphat es of ThesPPE resit com uﬁﬁ@ﬂybﬂﬂ@?@%tm ' stfdmall f.ively, or
their polyngeric counterpartg. 15 Met hods for tf}eg&gﬁgj arati grs&g‘?m{lﬁg

af or ement i off@dt ofe n%ﬂi%@ﬂ“@ﬂﬁﬁ@mfamﬂbmﬁlmmﬁﬁtsqﬂmp@m@r Sufigsier i bed in
British Pat gfvﬂ%gogg%g 083. é Qct ober, ., 2003 .9 Aggt her devel opnent is the
use of certarn cycll X JRaY B8 Prerared by petbods dngwavipy theent aer yt hri t ol

di phosphat einchgdigHuiiee e : henyl ene eth resins, as
i s described by Agel roduflﬁé%¥ S. Iga%g%?ﬁ ﬁélvgﬁa%gog ﬁ:hgg gS‘HF’Eé{YI e as

f | ame- r & ar centeineatdedst absutf25% bjﬂh&igﬂm&ﬁfl%&h@ﬂnar@ﬁ@w&ﬁ gt ai ni ng
phosphoruségﬂitrogen bonds, such as phosphonitrilic chloride, phosphorus
ester ani dedkeRvatomats moaemer af theffesmubhéBphori ¢ acid ani des, phosphori ¢
acid am des, tris(aziridinyl) phosphene oxide, or tetrakis(hydroxynethyl)
phosphoni urn chl oride. These fl ams-reé@rcdggg 1 o additives are comrercially
avai | abl e. Preferred phosphate flane tetjardahts include those based upon
resorci nol such as, for exanple, resoreinol tetraphenyl diphosphate, as
wel | as those Zo .

(D)

wherein G is hydrogen, lower alkyl or halogen; Z is vinyl, halogen or lower
alkyl; and p is from 0 to 5. These resins include homopolymers of stvrené,
13 chlorostyrene and vinvitoluene, random copolvmers of stvrene thh one or
more monomers illustrated by acrvlonitrile. butadiene, a-methyvistyvrene,
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,



based upon bi s-phenol s such as, for exanple, bis-phenol A tetraphenyl

di phosphat e. Phosphates contai ni ng substituted phenyl groups g¥#rEds® oS
preferred. In an especially preferred enbodi nent, the organophosphate is
sel ected fromthe group consisting of butylated triphenyl phosphate ester,
resorcinol tetraphenyl diphosphate, bi s-ghenol A tetraphenyl di phosphate,
and m xtures containing at |east one of Phe foregoing. In the preparation
of the concentrate of PPE with the organic phosphate it 20" is desirable
to have a relgtively |arge anount (%f t he organi c phosphate present so as to
result in a hia%ﬁ ot Vgro! amonalagtomarigelkenytramatichat t he

concentrat e - . tivel arge degree in order to

prepare a ﬁgo@gi}':“ﬁef%‘f ﬁ%@%%b%%ﬁ% ipsecf"gSﬁ? EREW\‘& thedipieandr at e

conposi ti onprdcésshbiliwGif&@rc@ﬂlﬁd%ﬁioﬁ.hﬂnﬁwrﬁéﬁtﬁn%g%c@iicgte%fo | east 5%
a

preferably at |east '15% and 25 nost preferably at [eas t 20% or nore

or gani ¢ phoeghaedvisesty nrdedycedizjetionhpressiirep aseddietofal 8farpliuting PPE. The
maxi mum _anount . of. ghoi hat e conpound that can be present can al so~vary
wi del y dnd FsTIEAREA B’g}‘si PIRFeSd GRParAlY e nenelastaseric akenybkaomasic added

amount of - £ ane = Joned B el Rrie o ShoBt N AT -ERut DN, et e of
organi ¢ phagpthettetabeeftht@f the@m Dééiﬁbnmfﬁm%réd‘&ngrggéﬁ ggg%,? é‘g hosphat e

concentrate. In the final conposition, the flanme ret ent in at
| east the abont fRnbameight: hasasbeon tiye tatal weighit of tidegimpositiohl ame r et ar dancy
to the 5 conposition to pass the UL-94 protocol at a rating of V-0, V-1, or
oel ication requirements. The particul ar

V-2 dependi on the.specific a

anmount Wil | ng‘é‘?ﬁﬁmﬁ%%é ?f&hSﬁf.‘r@tﬁBY%W%ﬁomﬁéewgmi c
phosphate, il A58t | ] ' t _and ssi bly ot her
normal ly fla Sbre ] ngr?&? gﬂﬁg&v{ﬂﬁ:{% glaé Eglﬁg%ﬁ gg&?r%l’ﬂ&@%‘%"ﬁa?

conposi t i onvith 4 fiokelastonmepiasikdnylaromagis tEhpoune) THRIRRYARRoGIHeS Tesin,
preferred c&ggositions have the major conponents which nmake up the

conposi t i ofRGthde Bigck fymirallydibiosk tableck oowidial tpieblaek) enpolyngas of
Pol yphenyl [..Lesin a). about. 30 to about 70 parts; Non-elastoneric
pol yrer of_g'g%ng%g’ﬁ‘\ﬂﬂ&r"b’ m[owdg&r%ié es.( °Sﬁﬁgﬁ¥at‘e§5t2‘?ﬁﬁt@°§b%t 60 parts:;

d O ' ts: d 10 t
By ol Oht O (o Ty S past SriediBC om0k vbe f e fheand, "

i nvent itbn ésapreries Espedaliyipreféfred taire the ariblock andHililbcd @SS addi tive
selected fromthe gr?up consisting of :o thernorbg‘;astic resins such as, for

exanpl e, pEPRRBRENEROIYSSKTene bircksAngediene sierived bocks Whared thEodliphakit ones,
pol vam des ; pol varyl ene sul fides, conpatibilizers, inpact
modi fiers, ug%%@%ﬁg{ggtbﬁgp}%e@%vdmgeﬁ ‘8}‘53}" % Bh Mieress or s, |
dyes, pi gmefiariowk@bBORRMdrs afe/A186 SbflcHmELhhA! GHAveight average

molecuiar weights of the impact modifiers are typically in the range of about

o

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,




agents, fillers, stabilizers, and antistatic agents. These additives are
known in the art, as are their effective |evels and nmethods 8!:1; b

i ncorporation. Effective anounts of the additives varv w dely, BarTt %89/3
are usually present in an 1 Cctober 2003 11 anount up to about 60% or nore
by wei ght, based on the weight of the enfire conposition. The resin
conpositions used in the present invention can be prepared by a variety of
met hods involving intinmate adm xing of the materials with any additional
addi ti ves desbothdnireaddaeinisichbirahs®randSiHctalka toag g sol ution
bl endi ng and nelt bl endi ngﬁr Becaugse of the avail abﬁ%ﬁgﬁnﬁél#g | endi ng
equi pnent | AeResAlBwhen ap dnpaet mprifiarss presehadt isitilized ifehé rafpeeFessi ng

procedures are neral | referred. Exanppl es of equipnment use in such
nel t comomuﬁg%@tﬁé’ﬁ zﬁégfyuﬁ'é!g%&aﬁﬁgﬂi‘ﬁ@t%ﬁ%&i“’@éﬁlmfélth& otating i o
extruders, &ndsdsSH&er AN ALses C rs and various other
types of extrusion eqﬁ}%grrent. nggégn%%@gg%gé,gufig%é’o hdase eri al
exits tlhe ehetotdbweldhtofighe cotapbsieish! TheleRict dnduft shd eglaﬁ resul ting
strands of nolten resin are cool ed by passing the strands through a water
bath. The <Cg¥tiRationsofimpastmogifienseypieediwillodamend ingeirt et shd or packagi ng
and furt her i.ng. | of .t i ngredients nmay be added initially to
t he procesgﬁﬁggggﬂgg?ﬁ%%ﬁ@ﬁ%‘%cmﬂ% may be pre-conpounded
wi th each other as in the case of the concentrates of the present

di scl osure. |Qrgni6pHBIPHRS caeypdithaggrs'sndther | [gapi c
phosphat e (_:orrpogu?é gs apliqui dﬁi nto the consgsér}glggq%te?%pgggﬁgf‘ﬂe use, for
exanpl e, ofineentioguilthei orgeniciphosphatedmpasferablk anvaroiratichhosgidrpoundi ng ‘art .

It is also soneti dvant ageqQus to enploy at |east one ‘Vvent port in each
secti oﬁo- b&?mgmﬁ%&“ﬂggﬂﬁﬂf o allow venting (either atnospheric or

vacuun) of the nelt. Those of ordinary skill in the art will be able to
adj ust blending times and tenperatures, g§ well as conponent 2jz addition
| ocation and sequence, w thout undue addilti onal experinmentation. It should

al so be clear that inproved nol.ded arROctRsQRepared from the conpositions
of the present invention represent an additional enbodinment of this
invention. 1 Qctober 2003 12 Al I(Idhtents‘+ted by reference are

i ncorporated by reference herein. The followi ng exanples are provided to

illustrat dj t t.he p. t i t] .. Th t
ntended { SR Bt dferetrncl S50 vtk 2pe, S wgestued by
nel ot Dased1nIbken sflusR0 o] SBRsERLE iky?, 0AERAS O Unl ess

ot herw se i ndi _cat.ed. EXPERI MENTAL ‘Th are illustrative
of the conpasbinatins obfany loé the foregoing, provided at least one R is aryl.

i3 Examples include pheny! bisdodecyl 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.




present invention. Conpositions were eval uated conparing PPE in the form of
(1) to powder (control), (2) ground into a particle size ofll|@ssolbémnG&bdut
3 mMm by about 3 mm (3) pellets having a size of about 1 nmby 3 mMm
(mni), and (4) pellets having a size of 3 nmby 3 mm (regular). To
contrast the conpositions derived directly from PPE, concentrates of PPE
with either HPS or a phosphate flane retardant (e.g., tetraphenyl

resorci nol di phosphate " RDP") is were al so evaluated as either pellets

havi ng a size A9f e 0 ernatjvely as ground into a
particle si ze}%1 ess than cg?glt(}'{ °ﬁ8hgf6§ani?s(9ﬁ1-9rﬁﬁ{vfun@mer gy input
into the PRis o1 palyafier hawRg thy fdilid 1 on of the PPE into the first
barrel of an el even barrel twin- screw extruder, or "low' by addition of
the PPE into the seventh barrel of an el even barrel twin 20 screw extruder.
The 1.V. of the PPE was varied tiween 0.33, 0.40, and 0.46. The standard
final formul ati s a gall parts by weight PPE: 41.75;

FOPS: 37.2%lpLet 6env or ci ol phosphate: 17.6; polvstyrene-

pol y(but adi ene) -jpol yst copol yrrer 1.7, LLDPE 1.1;

tridecyl phosphi ®&:1 0. 39;
were extruded on a' Wer ne(ij;nt ei de r twn n screw extruder at a tenperature
of about 280-320C with vacuum appl ied to the nelt during conpoundi ng. For
concentrates, the vacuumlevel is typically 1 Cctober 2003 13 low, e.g., O
to about 30Fnches. For final conposi tions, the vacuumlevel is typical I y
hi gher, e.g., about 3 to about 30 inches. The resultant conpositions were

nol ded US|ng a va b jectlon ppdi ng machi ne using a tenperature set
of about 275-3@pC £Npe re bout 80-110 s C. Sanpl es of
t he conp05|g|ohs su ] eck o mgpsurenent of notched |zod inpact

strength af D256 (em oy(i)ﬁg) ORpl e size of 2.5 inch by

0.5 inch by 0 3R25 |nch)(xi})ﬁnatup (epex gy racture, falling dart test)
strength according to ASI M D3763 (using 4 g',h di aneter by 0.125 inch

di sks), flexural nodulus and flexural strength according to ASTM D790 10

(empl oying a sanple size of 6 inch by 0.5 inch by 0.25 inch), and tensile
yield and®tensile el ongation at break according to ASTM D638. 1 Qctober

2003 -14 Ouz n"y oa n [~ Na +. ag _

0
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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
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Another deveiopment is the use of certain cvclic phosphates, for example,
diphenyl pentaervthritol diphosphate, as a flame retardant agent for
polyphenylene ether resins, as is described by Axelrod in U.S. Pat. No.
4,254,775.

Also suitable as flame-retardant additives for this invention are
compounds containing phosphorus -nitrogen bonds, such as phosphonitrilic
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

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
preferred. In an especiaily 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
is desirabie 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
most preferably at least about 20% or more organic phosphate compound by
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 stickv 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
5  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 particular 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.

10 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

15 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
20 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

LE}

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




"Xxxt C~:.a

=F'

wLrt

.ME- CGMOCh Nut CO

n N ..
C WNMv CN4=P1r q C p&@ocBr~r2o0os N

r..

r C5r

~'+fg. CQJ UNN acy.

c)CnMO t
a

0.06 r~rte-2;~. Jwr. 7r~. w~. ~.w~ " yw 1/ NohNl!yl,Y NH H- 9H 6lalLL w

N G&

o LL.V,en M Onweat YXx R n 1CIA:.

Zr

MoN t 00C t 000Ch Qrj nCTSWO w . +. C3~' r

N rJOLVNCw Cer)4qPw C-Cri .

r

10111100 - 13pmod = ‘i ¢ Aq i ¢ ueyy 553§ 0) punosd = 1y fwa ¢ Aq unu § jo jopad - py e ¢ Aq v g gogoppad =y,

9p'1 6L €27 6P| BSE] e6zT| ¥RL} PZI| 98 T4 STl £6'1 ‘aap "pys
CevE €061 osT| 98ct| Tee6T| 886z 8UZ1| 120Z| tocL ez| west| ivse % do€Z “ea1q ® "duofy '],
6 1ol £61 el | 98z pel 09 06 901 S8 0s 691 ‘asp "pis
Sl €04 b299 | 6089 €¥e9| V9| 6969 | €689 1 #2a9 | S0z9 1659 86%9 1sd H.£4 “jralg @ 115 vay,
08 7 SI ozl cor 4 Sl I€ £9 £9 Be [i}4 ‘a3p pis
588/ 0€6L 0641 Oe6L| 9994 | sziL| S9ie| osii | a8 9esz | ZsZZ 1 9c6l 1sd .62 ‘P19 ® 'NG
b0 150 {80 0] s¥o| 290] 990| sco| ¥go 660 g0 950 ‘aap "pis
SZTSE ¥'SE eee| stse| seve| osve] Z8veE| BvVE| 16tE| 655e| Vvosc| 99Fc ui-qj J.€2 e21q @ ‘1 XA
96 ¥l ¥ sgr i /ol 13 09 be 133 07 £ 681 ‘a3 pis
08011 0ZEIL COTIL | orzil | 08801 | Ol60L { oceoL | 0Z60t | ov0IL | o111l | 0€601 | o0zoll 1sd do€2 ‘PR @ 15 %0|]
7t 67 Ll L 42 6 L0 91 60 € Sl 9'p 1sdy { “aap ‘pys
£re LbE b 8rE 153 LVE tve| we| € £bE LVE Sbe 1sd do£L ‘SNMPO [eInxal,|
161 Z.0 150 gso) ero]| 9so]| screl est| 0% 220 9%0 geo ‘adp Pis
88y GLT (1§ esTl 2T W] 8¢ €] 1ire 68'C £6'1 81z ql-)J 02- ‘Ad1ougy eja],
180 660 €0 €901 sko] 9s0]| e6€zf ssrl| 491 80 850 Sy ‘aap "pis
bs'Z 60T 1751 9cZ| zrz] 81| ore| wZe| 12t 997 851 761 qi-y d.0¢- 21m1e,] 0) Ad1auy
21 880 'z 62| ¥E| #oz| ebl| seol #s1 18°¢ 89'F 6/'€ INLE
Ll 66'G1 el | Zeel| 192l | eb¥L| svSI| Z6cl | €681 | 89ZL1 Zsvl| tocl q1-y do€s “KdIousy qeog,
LU 5€ 9€'l 8| vz| esv| 19z| wez| el 96F 59°¢ 5z ‘aap pIs .
866 Leol €Ll | ZovL| 911 ive| zhel| 66| Zbe| eoll| <zol £68 q1-y :1o€2 2ingte oy Adiouy
6ELD 8210 Lol whro] scoo) 99ro| ssoo| szto)| szro]| 9cro| crrol| seoo ‘3P “Pis
591 51 121 T35 vi| vl sk 191 91 791 gl ¢l | w/qry [0 ‘POZ[ PAPION
1610 8ero 6850 pro| seoo| zito| esto| zezo| <pe0] bs90| s610| gco0 ‘aap pis
LEE 0P 8h ¥ we 2| s81 9¢| ebe| e€T¥ g'¢ 81'C L8] uw/qpy d.€4 POzt parypdioN
0zl T 21 ] i) sost| ezt 989t| w91 seor| ot | sozi| t©zil do 1sd b9z ® 1) 1
i sanpdadoa, |
n W W N W W ] o | ] ] d ELLYRETES]
9r'0 9’0 70 y0] €€0| €co| 9ro| 9¥o vo V0 £€0 €C0 AlHdd
ma Yy MOT| Yat| mol| uydn{| moq{ yAiH| ~moq | uIIH mo7 | ydiy dup 4diaug
A 11 o1 6 8 Z 9 g b £ 7 1 ajdiues”
ETT : )

1648-N.O80




NO

a. Vv
MMwO

| 991" Pl

h

al"
its Cr+ C tl Ddjobert HDXh

N 0,17 ~eC N~Z er
mO .Oln

AN

NCoen 'l *~O"~Npr:

it

r+ ON=+ MOMr-01 "I, , *

.0 Atom,

2003 -15
[t~SIQrr~O C-1l
o Oap CSP. f- C-CSr

~

AN

Ul
V cCh 0 04 Lfl

11~

CVag>h Cont Q1 'D -

ri

| ~~ Z:~~ 11 1 Cctober
Lh g a

racrvL:
C. |

viEL7 A rr
CAr

tO V- "~ "
41 ~ t*~ Q

r

[e1u03 - Japmod w ] unu g £q ww g ue §59] 0] punoid w 0 A ¢ A unu g jojapd -

g Ag ownae ¢ o ol @y,

606 | LUt | £6C | 86 | ¢20¢ | b2T | 192 | stv [ 261 “adp Py T
LLe | ¥olE | 692€ | SULE | S9%T |- Le6C | evee | S622 | 692k % H.€2 "je21q @ duoyy |
98 oL | #11 | 7Zst 08z 9/ ’7 sce | sat ‘aap "ms
0419 1 Tv09 | Z96S | 2869 | #el9 | w29 | 2529 | sve9 | goio 15d €2 earq @ NG L
T 1 [ 8l 6 SI 6 1z 6 ‘adp 'PIs
088L | 8V4L | T6SL | S64 ) 9864 | G062 | 0964 | 9922 | 2vesz 1sd €4 "PIOA @ NG U],
Zr0 | 850 | 990 | 160 | 9ro 1zo | »¥0 | Z10 | zro ‘a3 ms

9SSE | 9LVE | SOVE | S8'SE | ILSE | 68FE § Z6SE | 2 FE | GCEE ui-q| dotZ NeDIq @ T XL
62 6 6€ 68 {7 A It 4 g ‘a3p pis

OSELL §0Z801 | 0801 | OSELL | 06211 | OLLIT | 0OCLL | 0S601 | 02901 isd do€4 PINA ® NG X0y
It '3 %A Iz S'L 50 £l 9°r 9’ tsdy | aop pis
9¢€ | zee | 9ec | 6bE | sre Ske | ove | eve | dce 1sdy H.E2 SNMPORW JeInxal]
68F | 65¢ | S60 | se0 | sZo oL [ zzo | 1c1 | <50 "aap "pIs
99°'g 18 {¢8v [ 6% | 69€ | sL¢ ve [ 107 | s6¢ ar-i 1,07~ “A313UT jejo]
b6¥ | 89€ | 201 | ¢s0 { 60 | ztr | #80 | sc1 | 950 adp pis
668 | 664 | s2v | T9E | 9b¢ 3 vee | 16€ | 62T qi-1j 1,02~ “unpreyg o) A5y
595 | 9z | eze | ol 6'S Lt 8% | 981 | spc ‘ap s

9L¥E | V9E | €LbT | €ST€ | vEhT | €86 | vi9g | L2 | 1921 q1-1§ 4.€¢ ‘&319u7 Jeju],
BL 1 29C e8| 991 | 8e9 | 99 | set | zve | 1ok ‘asp Pis
€1€ | 19e | b0z | €6z | 1261 | €0'lc | 952c | <Z€l | seal qI-y do€Z *210pre] 0 Ad1auy

6610 | 8¥10 | v600 | Zr0 ¥ 900 | 9500 | 9or0 | 6200 | 9t00 ‘aap 'pys
SOL 1 Tal | skt | el | 24T [ 69t | €91 | skt | Z1 | W/qr 1,0Z- ‘POZ] PatPION

960 | 1640 | ¥90°0 | 2870 | 9vz0 | se1o | ¢igo | Z900 | it o "aap Pl

LS ) I8¢ T S | 16v | 4v | 62y | 222 | 961 | ui/airn €2 "POZ] PAPION

Tl ) £891 {8491 | 0Ll | 864U | 912 | 2l | €691 | 6291 do tsd v97 @ 1411

saij4adod ]
d d d ) 2 [5) 3} 3] s} AT 19 ]
9%0 | vo | cco | 9vo | 9¥0 X1 Yo | €£0 | €co Al dd
YStH | wH [SiH | Mo | iy | mod | 4B | Mo | 3 induy Adsauy
1z] oz 61 8l {1 91 S1 vl £l apduieg
'Zaqe].

1624-N.O8H0




a" eh M- Nt~7O-N-~~NN{ Ln | iu, NNCLCC O '.Ona C7i C WIn x i
rnA EORI u) NU N r N NJ. fffff-1f fl PVlli~ Ul Q¢ttobdr 2003

-16-

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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the PPE were utilized in an alternate formto that of isolated powder in
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with either HIFS or RDP. As can be seen from these data, especiaily

comparing samples 26 and 27 to 28 and 29 with a 30% by weight loading of

the HIPS or RDP, respectively, high value concentrates can be made from PPE

5 with phosphate materials. It was unexpected that concentrates confaining so

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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conpares concentrate conpositions containing PPE wth ei t HePSPPSTor VREP.
As can be seen fromthese data, especiglly conparing sanples 26 and 27 to
28 and 29 with a 30% by wei ght | oading of the H PS or RDP, respectively,

hi gh val ue concentrates can be fromPPE 5 with phosphate materials. It
was unexpected that{ concentrateslicontai ning so high a |oading of phosphate
woul d result in guc 5 ORAl properties. It was especially
unexpected t ] eriengt h val ues would be so high. The
resul ts are al solgnlexpech\eg idering that the PPE/ phosphate
concentrates of Sanbles 28 and 29 re used as pellets and 10 not as

ground material. It shoul t(Xamso be'sl ear. that the present invention affords
a nmethod to prepare PPE conpositions while reducing the dust expl osion
tendency of PPE powder. The precedi ng exanples are set forth to illustrate

specific enbodinents of 1is the invention and are not intended to limt its
scope. It should be clear that the present invention includes articles from
t he conpositions as; descrihed heret Addi ti onal enbodi nents and

advant ages w t hign t{he R i medpi fjivention will be apparent to
one or ordi rbtth%kil e art. berlt 2903 -19 CLAIMS: W claim 1. A
process for ‘tHe jiafl of a polyph QVT% &Rier thernoplastic
conprising: premgriing a $BNHind concengxBte ri sing a pol yphenyl ene et her
resin and at | east about 5% by weight of an gani ¢ phosphat e conpound,
based upon the wei ght of the pol yphenylene ether resin in the concentrate,

wherein said solid concentrate has | ess than 5% by wei ght of particles
| ess than aBB#t 75 microns; and optionally, mixing the concentrate with an

0
n_R®
P\
R?
0
R © - _R®
~P=0 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



al kenyl aromati ¢ conpound. 2. The process of claim1l, wherein the
concentrate has essentially no particles |ess than about 75-Ogiebens2fis
size. 3. The process of claim 1, whereifjy_the concentrate contains at | east
about 5% by weight of the organi c phosphate conpound based upon the wei ght

of the pol ypheny her._resin in,the concentrate, 4. The process of
claimil, wherein %ﬁ‘%ﬁ%ﬁ%gﬂ‘i’?ﬁ‘fﬁé’%aﬁf‘a&nﬁa epxlphosphate, diety Phenméi ght of

t he organi ¢ phospprésphaRIPARoBASEdiTHRAYI (Wolalg : ol yphenvl ene
ether resin in tﬁg c%ncent r at e.0 %ﬁTﬁgﬁp?ogggssﬂ%wg??%%%gfei n at
concentrate cont airimeethylhesgl) tphabphate2fitd Zlthymiegﬁailg{eﬁﬂghggg%p phosphat e
conpound based upon the weight of the pol yphenviene ether resin in the

concentrate. 6 he process, of claim1l, wherein the polyphenyl ene ether
resin is present %Pt lam 1 ughercomprismeamaddifiveseigatechfrsmd upon t he

wei ght of the 1 j td s T ocess of claiml1l, wherein the
organi ¢ phosphtgtgg&?:%?rrﬁoung gc‘%flﬁp%ﬂéze%mh@?gzggfp ORET T BIEJPETS- &fhsi sti ng
of : | Cctober mbB@3resZReradf]l 5 i ncl uding m xtures thereof, in which RlL, R3
and R5 are, independently, hydrocarbon; R2, R4, R6 and RWare,

i ndependent | y, hydrocarbon or hvdrocarbonoxy; XI, X2 and X3 are hal ogen; m
and r are Ol%rAi eEpeplasticempasition madeby thepprocessafeldinon 1 to 30. 8. The
process of claim1, wherein the.organi c phosphate conpound conprises at

R T SR e

phosphat e), ethvidi phenvl phosphate, 2-ethyl-hexvldi (p-tolyl)'phosphate,
bi s- (2-ethvl hexyl) p tol vl phosphate, tritolyl phosphate, bis-(2-ethvlhexvl)
phenyl phosphate, tri-(nonyl phenvl) phosphate, di (dodecvl) p-tolvl 1

Oct ober 2003 -21 phosphate, tricresvl phosphate, triphenvl phosphate,

di butyi phenvl phosphat e, 2-chi oroethyl di phenyl phosphate, p-tolvl
bis(2,5,5- trinethyl hexyl) phosphate, and 2-ethyl hexvl di phenyl phosphate.
9. The process of claim1l, further conprising an additive selected from
the group consisting of stabilizers, dyes, drip suppressers, pignments, and
m xtures thereof. 10. A thernoplastic conposition nmade by the process of
claimi1. 11. Articles formed out of the conposition nmade by the process of
claim1l.



