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WD 2004/ 072170 PCT/ US2004/ 003499 HALOGEN FREE

| GNI TI ON RESI STANT THERMOPLASTI C RESI N. COVPGSI TI ONS
WOa4/BR2eWent invention relates to thernopl ast i BCHYPHEEP03499

conpositions which exhibit ignition resistance

HALQGENtFREE IGNETION RESISEANTTHERMORL ASTHOBESEN CAMPOSITIONS
Ignition resistant polyners have typically utilized

hal ogen containing conmpounds to provide ignition

T8 B A0 BT AL i i

igmnaﬁrm$mmmm¢mﬁﬂumanhmnm*uﬂhmOgannmeﬂmngwmmpﬂunds

pol yphenyl ene ether resins and triphenyl phosphjne

. oxi iR ESsislabPRlEIST A t»a%cqll@/mtﬂizs%hﬂeg%qoatﬁmg compounds to
pro%?{%%ﬂ%i%&%eﬁ_g\ﬁ/\% "i—fclv?e%% tﬁé}e E'Qﬁ;etegtan% reasin derﬁﬁltd?gf halogen free

ver, Ssucn compositions ave

compssiﬁ@nstmegudolﬁretststddﬂ polhRs anelectf C&ngihaﬁoﬁﬁmﬁowphenylene ether

ght pol yphenyl ene ether resins, rendering it

resmeamd @uphentv hnsphias oxiderhayie Alse oeen ased @s ignitioy wsistaghcomponents

o AR SRR . USROS D okt rve i

visbadiferedirtie the préﬁenb@ bAhigh Mdledulart i@ SRGBfpheRAXNe étB&H rdsins,

formul ati ons ‘as described in, for “exanple, EP A

relxdsmgghfﬂgnltm pmewztbrough e»tr@sms glgmuec@&n moldiog eguipmpst.

081 8 08187 7685, and
96 / 3’ ﬁcge én? t&]ﬂseépp o%1s %%esdgtf?dp%get g&wstead of
hafogéxf’&?&ﬁfﬁe mﬁrd%h%‘ 1hqR&GhRAetWpbky f’é&meﬁ%%ﬁlaf@ﬁd a5 de@cﬁ&ﬂrﬁ) or

dir- or multifunctional epoxy "resin which is

exampledERiA 038939, ER A 0384940, EMALM08920 DEA 4308184 DE A 4308185,

DM E SO oplireRP sl P ashii636 ol BiseromRiSS H phosphorus

flafiRWeMRTant {sH26Beacf@NPRS bt ERULS r8dif td Rﬁﬁl’@&ebﬁm\ﬁﬁﬂﬁﬂctlﬁ)(?ﬂ €poxy

cannot be used in injection nolding applications
remb&h i3 gpaeutidswitio se smand ¢raseelinkss secheastdieyandiamide,

sulfanilamide,

or PR Bt htsoh e GRS inel Ryt R P e v these

coﬁ&yeﬁﬁbﬁf A8 tiePRoItH Whsth &aﬁﬂ&%ﬂf&e& th mpeRbR aldldAg 1|§1h:aﬁan

aromati c epoxy resin. JP2000-239543 di scl oses a

r esiJBRO0-49@0% disdosep e Slaneansistentmesinsomposition of a polyester resin, a

e R AP o £ BSOS B Mo o
coﬁitﬁgiﬁ}(d {€onibindtidn vk Sh ﬁl%nﬁ'ﬁc%g?x _ rostal QPQ_@(*)O-239543 discloses a flame

stabilizati on enhancenent of

S ] synergi stic effect
 redigtaritregyn eombophars mbmpeisimg@ thempmopjastie sésin andd plhasghoms-containing

' COEP%H }r?i %’3 b@%ﬁ%\éﬁg B8 53,’13&@ Sﬁsgr%?ﬁ 18 Sei)ct)xy resin. In “Studies on the

thérfdapgtﬁm’l&&mﬁﬁ@en%’c bt AR SHleRsidAUifecRb tﬁBh%ﬁyl%ﬁl%E’phate and

However, the epoxy resins utilized in the above

. epaxXyIRSB mmbmgs tmfrﬁdymeﬂﬂﬁ%()?é@éﬂ%—%ﬁlrmﬁ& t:ompoapwontammg

B R A Tl S5 R GRRHIT oo,
thét ﬁg{xﬁé‘éqﬁ@ﬁtﬂﬁedg? RREMHYO c&ﬁ@&l@(‘ﬁls%eﬁ?&@%ﬂ flé\)’efseof reactive epoxy

asti c pol yner conposition use

groups @dﬁclmreanmmnggnoappdm pradessing, calisiug bipck epets iy thetfirished product.

resi stance and heat resistance, which overcone the

di s AdeEHPIRy RSTORmaES BRGed to prqvide a halogen free thermoplastlc polymer

composition useful for injection molding applications, having good ignition

heat resistance, which overcome the disadvantages of the prior art.
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The present invention relates to a hal ogen-free
ignition resistant thernoplastic polynmer conposition
conprising: A a thernoplastic polymer or polymer

bl end; and B) a nDdified mul ti-functional epoxy resin
mhich s the r c u

epoxy beeglef,?nt W‘V? logﬁe [g g?f%}?ﬁ)(&e? fl‘gF lg‘m'ogﬂeﬁl%a%mermopﬂastlc
phigmel doenposiciop eergtisin: pol yi socyanate, an acidic
conpound, cid anhydrjde, or a npound cont ai ni ng
an amino gﬁéﬁgw”ﬁﬁ ?%mWOVH@rP%%%¥P%' Sodfct cont ai ns

fromO to BessmddiRE rltiWncti®i Q&ﬁS’ résﬂiSWQk!ﬁhs tBORAYtion product of a
groups, based on the total t of the epoxy resin;

and 10 C) AUBhBepHIRLEPORY FSHS mtg@néwdﬂmﬂerwméa phenolic
embodi ment ccﬂ'fm duh§, ﬂ&ﬁ%&bada&v%ﬂﬁdl&@ cbrﬁ?]ﬁmaazlnoagﬁpaniﬂn?(ﬁ e,ora

ignition reS|stant pol yier conp05|t|o conpri si ng
from 40 t oc@upaneil gbntaipiwe @e aminogieurd Whareirtibe tegttédn product contains

v o S SRR U, plel TR IS s on e s
per cent, basgﬂt@hh¢hﬂmycﬁaiambight of the conposition,

of a pol yphen et her ner such as pol yphenyl ene

oxi de (PPO ??aé%”p PrEReIg n%grﬂ%“@ t percent, based on

t he t ahatheveni@dimait ofﬂhe pROEP OBkhticds a hlbga-fadphitieresistant
qglti-functLonal WP resin containing fromO0-20 wt.

B i

YREOMPORLEREOBR 'Y e total wei ght of the epoxy

resin, resphg@ah R0y Waight p&cendbdseddn@he ﬂ‘ofaq)meﬁhwftﬁa
MEIght percent, based on t e total wei ght of

conp05|t|oﬂ"“ﬁF“@"dﬁ@§ﬂﬁ6pagﬂédﬁﬁﬁwﬁdﬂ§@EHUd§ﬂHHdamWUO:5

phosphat e. Iht ﬁ&@enpfba@d%nqhueftbﬁdwggmdfftmfowp%abn RPAXY
conpound having from 0-20 i ght percent residua

epoxy gr oup@lypf@nhlam@beltméﬂﬁelr awed as polaplranileye ofide (RPO),
t her nopl asb? ﬁoploll %% welgh@gg'c&ﬁrba'séhccfnﬁtﬂéﬁdl I&%laht of the composition,

conpatibility of the epoxy resin wt

t her nopl astf ampdifigdraulti-funotinylal Foxy mmwetaoﬁng fa@n 0-20 wt. percent,
nodi fied f i [iti i-t,ho ack s ecks

in the fi ng&%{lﬂogg% t{)ttaf \s?cibhtvglf{he ggx 31 £ ig%llg]aér:?oxy roups; Sand

di scover edCl) fratn ffmdmfwwght prrctrit, lfasmiortn thereval &recg}hyofrtes b(ﬂﬁposmon
can al so nHrl ute to nR£ ﬁ nec Fn cq
properties? heITP W%%ﬁ%ﬂﬂ?g WD Bt Yy phgrabetey
OOfT'pOTlTBfntlse(oﬁ)a nefdifiddenilafvagemafl dpeey t@mpdund ﬂa\l"ﬁgtr&h@mo weight
8 mer. £o 05|t|on |a1 t he nnplaé}lc

i Rgy S Sihapshs B ey &%‘%@‘E'{Wﬂ%ﬁ%%f’o‘ymef

Bt caalieréie BRicombafitiiRgl of the POl YYEBA SvithlRAMERpla&@polymer through
vinyl aromatic nongners and hydrogenated versions

thﬁéllseegﬁt,he Irﬁélf'&‘alf%t'%'@ﬂlﬁe% wathautcavsing blagktspecks in the final product. It
Ry HeLQ8NaEGHI1Y B85S VRRY that WoRifRE nfllyi§REonal epoxy resins can also

contribute to improved mechanical properties, melt flow rate and processability.

Component (A) of the halogen-free ignition resistant polymer composition is a
thermoplastic polymer or polymer blend. Typical thermoplastic polymers include, but are
not limited to, polymers produced from vinyl aromatic monomers and hydrogenated versions
thereof, including both diene and aromatic hydrogenated versions, such as styrene-
butadiene block copolymers, polystyrene (including high impact polystyrene), acrylonitrile-
butadiene-styrene (ABS) copolymers, and styrene-acrylonitrile copolymers (SAN);
polycarbonate (PC), ABS/PC compositions, polyethylene terephthalate, epoxy resins,
hydroxy phenoxy ether polymers (PHE) such as those taught in U. S. Patent Nos. 5,275,853;
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but adi ene bl ock copol yners, pol ystyrene (including
hi gh [ rr_ﬁact pol ystyrene), acrylonitrile-
WORQP42ERe- st yr ene (ABS) copol yrmers, and PCT/US2004/003499

styrene-acrylonitrile copolyners (SAN); pol ycarbonate

5,4965900; 3 BBS/SRE; alytpmsvinylaleqhob odpedyrhers eethylere agsylithadidicepolymers,
S o i e SR SRS AL o,

3 il #ﬁf&ﬁf&é&@&ﬂy% e2syu R Afbpol f
Otheé%\]s%%%g etzﬁgﬁggenégéﬁy y1 al cohol mo?)f/%ers, gtohy)llllleésﬁgor
examley those amide usinp cbyvantional heterggenediscatadysts)potyphexyyigae ether

i nt erpol yners, polyol efns,  cyc iCt?' efin copol yners

P013(m$9€ BO) angk FnycogIEnationas SidBF e, especial [y
5, AT S RS

exanp et er ogeneous
metBadfoy prsducingo! yphenyl ene ether 5 polyners (PPO and
any conbi nation or blend thereof. Thernppl ast

pol Jprane smbodimgnt) thr HhermoplastigpRIEmELis 3 reabqrﬁnﬁée%w,novinyﬁdene
wel | t hpd . - NG . '
aofiod B oMb g N Sh R AR B brscoceof

 disdPRRAIAYdrh QRSB O VR rdeitic FRdndnas imsaticpput are not limited to

pol ymeri zing a vinyl aromatic monomer in the ﬁr sence
thossf descritiedl igi (&S opatents 41686198745 T3-8 FUanskd o 83/BA | r&%%ﬂ%lw-tée
nnnomerz iqplqu, but are not limted to those
MORRREL 1S 0L {1 INTRIE: ot ents 4, 666,987, 4,572,819 and
4,585, 825. Preferably, the nononer is of the fornula:
R 15 1 Ar-C=CH2 wherein R is hydrogen or nethyl, Ar
is an aromatic ring strBcture having from1 to 3
aromatic rings with or Without alkyl, halo, or
hal oal kyl substituti g-CafiERei n any al kyl group 20
contains 1 to 6 carbon atons and hal oal kyl refers to a
hal o substituted al kyl group. Preferably, Ar is
whpteenR|is bydragéndnrhethyl, Arwhar aromatic Kipe sheeiyre haying fsomd to 3

e BT 5 A R et o

coftdins 190 ¥8FbonMdiisignd BllyAIRYIGefedd o achald subylitited ikl gradg.

I somers of vinyl toluene, especi al

|
Preferably, Ay it pHeoyher, allgylpheanyh veierein ﬁll@h%!yll}’léﬁfyfséﬁ@? aleyd pyipstituted
styrene, vinyl hiphenyl. vinyl napht h .\ .
T RIS L O -
caﬂpgﬁfgariﬁclﬁaéf styReR0 alpBa- PRI S19FnYS Al Nis@h B8 lof vinyl toluene, especially
y

copol ynmer i zabl’e nmononers. ‘Exanpl es of such nononers
pataninyitdmendyail isomeers of ethiyhstyrsde,tpyopsd styréns, winsoriphenys émyl

s acrylonitrile, nethacrylonjtrile net hacryl.ic '
o aend sy b ot B B T *Toe FE LR Hbb ppomers may

alsBHe o RHotned Wik bile&polymerizable monomers. Examples of such monomers

include, but are not limited to acrylic monomers such as acrylonitrile, methacrylonitrile,
methacrylic acid, methyl methacrylate, acrylic acid, and methyl acrylate; maleimide,
phenylmaleimide, and maleic anhydride.

The rubber used to produce the rubber modified monovinylidene aromatic polymer
can be any rubber which will enhance the impact properties of the monovinylidene aromatic
polymer, including any molecular architecture sucﬁ as linear, branched, star branched, and

homo- and copolymer diene rubbers, block rubbers, -ﬁmctionalized rubbers, low cis, high cis
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phenyl mal ei m de, and mal ei ¢ anhydride. 30 The rubber

used to produce the rubber nodified nonovinylidene
WQRIHATAIE pol yrer can be any rubber which wi | PCBRE2004/803499

the inpact properties of the nonovinylidene aromatic
rublsry p;g mixinesis tatirenf. divg ehastommarloarubbe hieferably empieield adsSthose

i near brariched star _branched, and hono- and

POBREF ghe FoRf EREs rvﬂﬂgé?’gnblb ? 8eqenfl ppdss transifion impsEilre ubich is not
T LR T ——
aseletesmined or epproninbeted peing esmiehtiomipdchiigdes) for dxafpie, ASTM test

I and copol yners which exhibit a second order
m‘%ﬁ%‘xgﬁfgn tenperature which is not higher than 0C,

r ef ' ] re ef er abl
ot Taeanoberdp ety ated Ml syl el ey Bl Birdigda potymer
prodiich gomtainy ot Bpaéfetabifiomug snort prefeublyHtdin 5AA Midsepieferably
5 thod D 52 T. The rubber is typical used in
90,18 20, e feFabina 18 PRIconiimere preferabi tekh g5l mosspreferably to 14

' r ref.erably f.rom 4 re
S e B8, Bl R T ol i Bl(@R s vt Artine P Fgnomer and rubber
coppehertsexpressedls3 rbties 0P fubbePédhi PAl&Tte MaB kot Guler®BH“rubber
npst preferably to 14 weight percent rubber, based on

eqpiyalenht agiusad hepsin is intended\ip mean.foo ranbber homopelyman duch as

0. nts.. e ssed, as bber or rubper
Pl AP RR B 5 BE5S 55) 22 o B b peunt of e
copSlylRe thalde i iffdm mohbieFWRIh WheRBRMopbRimeddiZ&E s a rubbery
honmopol ynmer, such as pol ybut adi ene, sinply the anount

popmeryBisaas ferrbitadiene-syrsok blosk coyoipmer, thearnomif tefbutadiene
( I r,, made up from nononer whi ch when
co a8 Sl B PneE,

rubbery polynmer, such as for

a bultrdubbe-ispikanas Bisaicte ©#BP& phtldies mﬁﬁﬁf&%horﬁ%yﬁ&%e

but adi ene 15 conponent of the bl ock copol yner.
aredfisapolymepmatsixy andieandiaye ray typeyinbladingamonarhedal iitbial or

o B S R TR g R o RSy g
celtulbf, icorekhk]l Raidt drfdresigh 78 v&’élﬁésrdn%t)h{isﬂndaﬁeﬂs ﬁl%fee]to cle

size, as wel| as any norphology’including ¢ ul ar,
cor & odyra¢rizatign prasasses ank processsonditionafor aireypolymerization of vinyl

mﬁ%@é@?ﬁ%@eﬂ% éﬂgg‘%" fg);lé)lf %11 g(r) %ﬁ?}p@?ﬂ%&%&é reg%:oef;l?lﬁ)s}heago%ditions
neededfot podBIRE MRS dosirdd SFiAde fARAL siztd E%wgggﬁ%‘r?% one skilled in the

pol ymers thereof and the conditions nee
arty Adtheaih gny pelymesizatiog proensagan pamseidclypical presessay a2 weriinuous

o0 SR A e s A B S aso s o
PSRRI D, S T e e
clagiomense prepaiedmpodét todified, wy lgraftedmabber comtamimgg products, examples of
WA Y G SSved i 18- RIS, USRS Ya3.639.522, and
US-A-4,409,369. The rubber is typically a butadiene or isoprene rubber, preferably
polybutadiene. Preferably, the rubber modified vinyl aromatic polymer is high impact
polystyrene (HIPS) or acrylonitrile-butadiene-styrene (ABS), with HIPS being most

_ preferred.
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el astonmer to prepare inpact nodified, or grafted

rubber containing products, exanples of which are
WORMHPTBEY i n US- A-3, 123, 655, US- A- 3, 346, 520, PCT/US2004/003499

US- A- 3, 639,522, and US-A-4,409,369. The rubber is

ty Ip [ TSEI fh%r_na)plmtig pbfbnmr (b)f pblymﬁr bl&ﬁg EALD ﬁ&ﬁraplf@_{'ﬁg ift ﬁ:l_%?)lll?lo gen-free
. ut adi ene. Preferably, the rubber nodified viny
13‘@&8%&‘?5?5?‘% BPVYRST CPRpRiipas ofihe present inseptioy insamoynt ot least 40
bU1Ld i en it h . H PS
g AECHRITATE o USSE) SRR e 3l o o

prefermblysa 04! 0DBABDby Weight, hed most mfdrﬁblﬁ@ﬂl 148t 65 Parts by weight based
al ogen-free

I bl er A), i I dinth
o 58 e TR o e of
| | ' t t 40 t f.erab .
eSS gy A e 3 b o B

anpoantsdedsythaeorgiaiial 10Weart be fvadigh) pfreﬂ&aﬂlg.l%‘gg ?tt@g ogsﬁﬁaﬁ t&%0 parts by

wei ght, and nost grefgrab at |east 65
W%tftg‘f‘ﬁse% 88 460 partby weigbhef %e belogen-fpee ignfitiortwesistant polymer
coﬁ?xﬁbél%ﬂbf{h%ﬁrésgﬂﬂ i&b@@ resistant polynmer conposition of
e pr |

esent 1 nvent r? "I'n general, t he thernopl astic

pol Jfrehe e@BpdiRRAL, the dorhSosRGN SURS Rfe@ent %%HHB% c&rﬁ?ﬁses a

than or equal to 94 parts by weight, preferably Tess
thermoplagtic bignd pf ene thermenlassictpplymeriaghan aljdisiedaldherirfdPlastic polymer,

sl o oMEL AL oBlr PERHB e SOl o Rl W rvariety gt fatalytc and
nofRetaBie Qb cBREHs frdnh theCRRRRGSIn! Hholls Qg f%ﬁ?%&“&’%&ves thereof. By

i nvention conprises a thernoplastic
wayiof ilsiratien.icertpinl of ey palyrheaplene dibtiscmatistlossdinil. 8SPatcNos.

3 8300 3 U 0 Bo P ety Ut Yo BN 157, i 3257358, Inthe
Hay@atenis @lelolyphRh{IeRS&Bers hfdprepf1Ed %8 hh 8%9&?4 &prﬂﬁg P&Qkfon
or reactive derivatives thereof. way o

COMPNIZL PAISIREAN QXigerriconteininghgas tinonglh e mgdctoe saltitien 6f @pkenol and a
06, 874 and

e 3RE EGmblls dutlyslrQthet Gtloniesielabie 1o ppptesen 7 paeppring
poBpHerdiled £tk Sesids) idchfling BUARBH SN rs 6%&@%@?@%&9 ith styrene

ethers are prepared by an oxidafive c eact1 on
tyResepiosndfy atsfoundhin Box, 6k§.dian-Nard, 366;761g Syastotde; QLKHPA. No.
i sl Yt | h met al - ani ne
1255300 Bl 5L 70 pal 325 4B BBwr AR Hg S et No.
3, 210806 5ER%ksb of al PUSH Pai. M. 3&&%&@5?@8&?&?@.%&. N 3.94%,166; Hori et
i ncludin raft copol yners of pol yphenyl ene ethéfs *
al., /S Pat eg,QSQ,GIQ,ﬁﬁumie epalyAds, ParNof 440217 ah@ discldsies relating
P No., 3,356, 761 .Sunmitomy, U K. Pat. No.
to fBla) bhRH et ZR /b do g incluge aminsiare kgown Seogypasergs such as
‘WiBi@énahd! U .£tradiNo. : Lami hi e
g 0.5, 48 551 M NG AU o o
3,533344 (Me®laleeholate br -phienolatd); K otagashi doal., an@8KS. Pk No. 3,455,880
and

(°°§?‘§ %ﬁ%gtﬁf%g@aﬁlhé isé%%ﬁ'@ff T’?’-t?h%'\&'ﬁlp%bgggév%ég ethers ere praduged by

reabfingHe cbAEIPHEInG PhBES ateF6F Wit W Inikib R K3k gyf)grmsc)lrj 04 28, an acid

peroxide, and a hypobhalite, in the presence of a complexing agent. Disclosures relating to

non-catalytic processes, such as oxidation with lead dioxide, silver oxide, etc., are described
in Price et al., U.S. Pat. No. 3,382,212. Cizek, U.S. Pat. No. 3,383,435 discloses

polyphenylene ether-styrene resin compositions.

-5



10

15

20

25 Weden et al., US. Pat. No. 3,442,6 885
(copper-am di nes); Nakashio et al., U S. Pat. No.
WQ%Z,OQ‘VBPZ@? (Met al al cohol ate or -phenol ate); KoPGY/AS§H04/003499
et al., and U.S. Pat. No. 3,455,880 (cobalt
cheTla polyphenplend ethSt vesims afe prpferabiy of the iypeduiviqgibe yepsating
ethers are produced by reacting the correspondi ng
strygHERldPEPY; on with an initiator, such as peroxy acid
salt, an acid peroxide, and a hypohalite, in the
presence of a conpl exing agent. Disclosures relating
to 30 non-catal ytic processes, such as oxidation wth
| ead di oxi de, sillver oxide, etc., are |[described in
Price et al., U§ Pat. Qe 3,382 212.| G zek, U S
Pat. No. 3,383,435 discloses pol yphenyl ene
-5 VD 2004/ 072170
Qe ef her resins are
ting

PCT/ US2004/ 00349
preferably of th :
structural formulfa: Q 5 wh&rein fhe okygen ether atom
of one unit is cdnnected to € benzenge nucl eus of the
next adjoining unjt, nis g positive ipteger and is at
| east 50, and eac Qi:szavuno-valent substi tuent
sel ected fromthel group cofisisting of hydrogen,
hal ogen, hydrocarbon radicals free eH a tertiary
al pha carbon atom hal ohydrocarbon radi cal s havi ng at

- | east two carbon atons between the hal ogen at om and

HePn RRQIXYbed$tRECHSm JTYHE AR IDEMBNMted fthe Bbszens dudl@us of the
hal ohydr 6car bonoxy radi cals having at | east two carbon

* nexitadjuininghusitpn ifapositive iptsiggrangriy pelgast SPhand gagh (Qisjagnono-valent

ol y(2,6-di pet hyl -1, 4- phenyl en her resin. .
sl s e o P e o Bl et ipiSehrbon radicals
freB A ¥ HEiaryldishaRAkdoRNREM| BAEhydRédaeon @8ichls havipg et Raghivg carbon

enpl oyed”in the hal ogen-free ignition resistant

atquod Yerween tho hplogen atonsansk the phemil audpes, hydreparpeppxyfadicals and

t f | 1.0 ]
e iDs o et R by e D b g Bl aroufl oY Btefed
polyphBRflése dier'¥difl I polReb-amsdthy &t sHedblele)asther réshst 18

parts by weight up to 35 parts by weight, preferabl¥
30 Palhesuspd inepyhmationmith gpethee thesngplagicaplymen thetpplyphenylene

wei ght, nore_ preferabl) 0,25 pakts. bv. wej
S S S L st S L
coffpokitioAs1bf thEe ?Yé@ﬁt iRPTIRRS 1A hRduRts of BEleftt @0 9Ait by weight, preferably at
I nvention. The thernoplastic and pol yphenyl ene et her

leaso 1 Y perts byaweight, prnazp praferably a4 laasteliopazs b{yrwqjght; and most preferably at
i ncorporation.int e osition of ent. ..
el RTEHRT R VOB S FOPRRM B S P Vg more
prefafiyy SUR davs bYQRBBIERord Bbfdribly RE24'p4rRU8 wéBEE based on 100 parts
Ignition resisftant pol yner conposition of the present
byi wwight dfcthe halogemifrek fgnstbnmesistant paiymérnempositionof tesprasent
in;ll-gnetiorlrll.) dllhgltge%m%g{atstlié and polyphenylene ether polymer can be prepared as a blend
prior to incorporation into the composition of the present invention, or each polymer can be
incorporated individually.
Component (B) in the halogen-free ignition resistant polymer composition of the

present invention is 2 modified multi-functional epoxy resin. The modified multi-

 functional epoxy resin is an epoxy resin, initially having at least two epoxy groups, which
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functional epoxy resin is an epoxy resin, initially.
havi ng at | east two epoxy groups, which -6 WD
WOWOHIBYP170 PCT/ US2004/ 003499 has been react BATAIS20§4/003499
at | east one conpound capable of reacting with an
hag pesnyregetedpith ah leasti onecofupound| capabRsofiredbiihp &¥ilh arbéfiy group
t hat J_L.hednurrber gr i ni ﬁqitg%'fﬂelpoxy groups. i s reduced and
(hergin eterngd fp phmppHier), sigh ¢ Dyinger efijaitizhepcxyegroups is reduced and
e i o £ . cted-.so as to
AR e Tt Ry e FO P PP PHEGHOA3R 2 o ve
selected o hutcincreasd the pompatitikiyrof the wiotiificdhgultifanomHaP3dxS resin
&g{h¥$r or bl.end. The nodified nulti-functional epoxy
w1 Srmoplastic plymenes tlent T anesdjBed mawlti-functional epoxy resin is

i 't e8] 0 [ti-functignal ..
oelTd b SRR ol oy R B Bloona cprs
resimsubistantiallp 66 bEllbgenl YA fesaewhich hatBsmntiRARS oftﬂagégen” means

the resi.n is conpl et e}%q]free of hal ogen, that is,
that thetopin in sorpletely Hee efbaloganethabisi O persentthmiopensanthat the resin

i | t hat ffect th
coffelilsoRIRb: Shalti of ASebl By AR5 Hb e i Properie orarformance
of detresinpaidal nbpddth@efi@biothe tdsir. Sit mﬁ%&&&&%%&hﬁfggﬁxg multi-

some nmulti- functional epoxy resins there may
funchippalapaky restnsdhere atayrhel aoipay sinalh amioniiesf Halfgen finpaitiésHeft from

[ [ OCESS. erally, the [ti-fupnctional
the] f§§‘§5§°€§?%‘%&%e_ i Shghep%@éﬁwcg?ﬁéﬂwo FEsuged in the present
inventien isad muRkiahwhidh ihidhlly pRRSRESGRDT tPfeaOiod With §35diAL
wth a nodifier corrpounds), on average, nore than 1 and
coppayrd) o071 vesagel mase than § andpreferablyf atdenst 1.8 amotegasferably at least 2

and FroBl e Py Blort {33 <baR oS peraleBisy Aties Hecshpiouad the
modlifidt cobotitd Withfth R RRlcHERA ok PRk, Fﬁer}gleﬁﬁ%ngﬁﬂét (the

product (the nodified nulti-functional epoxy r
madifjedgnitafunctienal eppxys r@injenayionzén eelutw af 0 weishdpatent of residual

<oA%, B Bl BT 20, Reperibironyrle pestdbly oo, and more
prférablySForh Bag 1ekS than 18 ?fe@é}h‘bﬂy 115 ShenE) a&@mo@é]grle?&étﬂy Jess than 10

preferably | ess than 10 20 Wwei ght percent re

wegght pyrogriotesisiualepoan gorps Hemsedomthevtofalveighf of the modified multi-
i fied multi- functional epo resin. [n the i
fur R cBP TSt in e R psmeim e BRa SagioRg] Feumiresiaymay be any
thRteddt unSathraked SHhot Ak ' | i ;
'_Sa cycl oalui phati c, %r orr%;é ?t?@%l?ﬂh%gt@%ggﬂg%{?%ﬁég%rﬁ%c&ﬁg ompound which
1s demived fromsanepoxyeesif havingmozpthey one & j2sepravighgupror e t han

o nb wioBRAL AR Bog FRerof feitsouhiph o mogied fo usein the
o o 0 ey R o Bk e M BT RRP R a3 or

D.BNe™ 4390@hieh lafe 19fdeatask oM comMdrdiaBy avdiRbBleSrdh aMe Bfv Chemical
Dow Chemi cal Conpany; a dicycl opentadi ene phenol

Company; hdicyeigrentadicnenhenal snsdy movolhanan epoxidived bisphenah-A novolac,
o0 BRHOE S R SRS R i WS et el s avp s,
6,48628D4md WO 99/00451.

Epoxy novolac resins (sometimes referred to as epoxidized novolac resins, a term
which is intended to embrace both epoxy phenol novolac resins and epoxy cresol novolac

resins) have the following general chemical structural formula;

-7-
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30 Epoxy novol ac resins (sonetinmes referred to as
epoxi di zed novol ac resins, a term which is intended
WO € B Hce both epoxy phenol novol ac resins aPEI/EpR$/003499
cresol novolac resins) have the foll ow ng general
chem cal structural fornula: -7 WO 2004/072170
PCT/ US2004/ 003499 0 -CH2 -CH -CH2 0 -CH2 CH CH2
-CH2-CHCH2 HZCCH2 \ _ RR R n wherein "R' is
hydrogen, CI-C3al kylhydroxy or goCl-C3al kyl, for ,O\

exanpl & —@8; hdH —arg ' n" O -sCH)—-oH—arH) ntiegeD—f €M AH +-GH,
10. "n" preferably has an| average val ue

5. 5ALRN=functigrall e resins e r

conmt Iy avaifablle] for|fexanpl e thnde

namesSN\D2& N. TM ( Tr aden The Dow Chgny

. Conpany) ,'sand Quat r ex(TM & tris epoxy
Tacti xTM ]}42 (Tradensy ks of R ba). The rngteri &s of
commerce generally conprise m xtures of “various
species of the above fornula and a conveni ent way of

wiehahi 8RY @f hyZirfigkn$ Qﬁg.’, MWd?@XT}) & -C? EE(ME g&seé&tra?lg{lg Snethyl; and “n”

_average, n', of t val'ués of n for
is @ pean wéegepfiofmel taell. min" prefbrablyt hasralaverpgx yalue of fiond ®to 5.

L b TR MAT T L M—
0 i N R 4 0 LA B, s

trig epoBy siitteasPactix@¥ 742 (Diadahaike bf Sita)yv Thaafitdriatd sfldmmerce
t ho e(gglymsrs havipg the follow ng 15 structure, )
geRil e rompse mixturey;pl varipps sprcissef e ahoye dormula and 2 convepient way

of lz:%%'%}t%r% g %cﬁ%%%ﬁﬁa%ﬁ%ﬁg ?Meeaggrxaée,_na, c\)/}Qhe values of n for the

various species. Preferred multi-functional epoxy resins for use in accordance with the
present invention are those epoxy novolac resins, epoxy cresol novolac and epoxidized
bisphenol A novolac resins in which n has a value of from 2.05 to 10, more preferably from
2.5t05.

The epoxidized bisphenol A novolacs include those polymers having the following

structure, wherein GLY is a glycidyl group:

O-Gly O-Gly

D\ T

n
O-Gly O-Gly
Fig.1 BPAN-epoxy
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Tri sepoxy resins include polynmers having the structure
. O0dy Ody Ody 'V 1\ Ody Ody In Fig.2
WQ30040BRk®nol type epoxy 5 Typically, the wei ghPCEUS2084/@03499
nol ecul ar weight (Mv) of the nulti-functional epoxy
resin is dependent upon the thernoplastic polynmer used
in e conposition of the esent invention and is
genersfy qﬁ?ﬁﬂ?¥§8@ﬂ b@@FgBP9n$ﬂEH¥@@@Fehnre
preferably from 350 and nost preferably from 450 to
100, 000, generally to 50,000, typically to 25, 000,
preferably_to 8, 000, and nore preferably to' 5,000
atom c mas mu). 10 The nodifiers used to

modi fy nulfti Bt i/onal eppgy\ esi ns arQ}Qp¥pounds
’

cont ai ni ng| regctive groupy, whhch will rleact{wth
epoxy func al i tfi 4CH i oup, for

exanpl e, ph phenol ,
4- phenyl phie

but hyl phenfol ,

pol yi socyanat es slg §

di i socyan JoIl an actd group,
acidic co [ [ AN an no

Qni L acjd nhyd}ije group
such as sjuccinic acid Khydri rge, 6@ cenyl spcci ni c
anhydri de;Laor any non-phosphorous contai ni ng| group

whi ch can ' roups of the
non-halogeéﬁ?g%hﬁ%P?Fbpﬁﬂgg$ééggyepoxy resin
conpound. Ot her nodifiers include conpound contai ning
f unational idi 6s: i , . _
proncPriaythe SEP LTIl pbleshalRBRE 1G) SRR Aynetonat cpoxy
resithis dePendeet wppl the thecmopbtic pdipmet et i fHeadiipositioaiofithe present
. such as. nonovipyl.i de argmatjcs and conjugated
iyl 85 S RERCTRN Eior bl PIoTEE0 R (R 20 b G ST RO Bem S0 and
dst Pretsbly o ' - i '
mds ?i;?i?s(&}% Y @ronPWSER RIEG00, ﬁé%e)‘h{/l% ; IOSh{é'Hsﬁghygd'tﬁjﬁéo, preferably to

po yanates such’as ["ene
8,(0i awsbipareairefesablly tof R0 atediic smeyaiat(emu).
pol ybut adj.gne- ma] ei c hydri de copol yners, carboxylic
aci d% To 89 ‘?ﬂ@%%ﬁtg@éw%esmes%mq@mp@ands
é%ﬁkc i . E!?ﬁ .
co%gl ys ??ﬁﬁ“@’s. Si/ co iglart%?%ﬁhﬂlo%pgﬁg 1T glrl%mgeghsuﬁ}é as a phenolic
gr@rﬁeﬂbriegampbi Phanojc compouidsisuéuac?-phergiiptenok w-phesylphenol, dimethyl
ier. conpound nmay contain on average, one or
ph ’etg‘?‘ﬁ%“tg}ﬁ‘@ﬁ?{ac‘?l 1%??5#%, 1sphspeit Bolyisopyanates mechyasumethylene
; ; i fiap C
iR R aALe 4R TR e, B 0 BRI b RORBHRSS such as
salpybit ecidpinyarfind groupisuchnd suifitilaptiéd; @h abidyanbydrideSgroup such as

succinic acid anhydride, dodecenylsuccinic anhydride; or any non-phosphorous containing

group which can react with the epoxy groups of the non-halogenated multi-functional epoxy
resin éompound. ther modifiers include compound containing.ﬁmctionalities which will
enhance the mechanical properties of the composition and are compatible with the
thermoplastic resin. For thermoplastic resins such as monovinylidene aromatics and
conjugated dienes, such functionalities might include, but not be limited to, butadienes,
styrene-maleic anhydrides, polyisocyanates such as methylene diphenyl diisocyanate and

toluenediisocyanate, polybutadiene-maleic anhydride copolymers, carboxylic acid
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functional groups per nol ecul e, capable of reacting
W th epoxy resin. The nodified nulti-functional epoxy
WO 2004/%7288Wn be general |y produced by any met ho®BCT/Hp004/€03499
typically obtained by heating the nulti-functiona
termyeatgd bussdiagesaant] ¢arboxyhio dicidi fenctiomabipal ol B@yr€ndésn Adyecombination
r nce of catal ysts. (am ne, acid,, osphoni um or 10
of fﬁ%ﬁﬁng%me o Owﬁmﬁt}-mgﬁ PPRETCSIE.  The
anoymhe ndifiBtohlRAndWaly cohREbh SRR o BAX ¥r fERS tﬁa.lltl Bud Actionality
hal ogen-free ignition “resistant polymer conposition
campble dfarematingerith the\epnty groups pér melpeuiel Spenmbéifier compound
osition and is

t.he | astic ol used in the co
Pr%fefaﬁfgfoffgpmoq sgatg% -% <y rorp eredembly @Em,amﬂynw preferably 1 to 3

' (Y . 10 wei ght

Rl O gron i ol BN Bl BB Wit iin 5 per cen
and Tl sodified mutbfunctivndl @psty Reinwah ¥6 lcepEhbE plodadddl by any

ercent, preferably |less than 3%

| than 30 wei ght _ .
. mq}ﬁisd; hut %&m@u“yeéb%md‘) b basing shemplisSinetienal epoxyaiesing and the

T N I T

amingphitir @Btalys ) 8¢ RhvelPdoW¥ein thoaROSi ti on. A phosphor us
el ement contai ning conpound is also included in the 20

conpdsiamoyat off medidied puddrfundtipnalgposy resithingtbe baloperufresignition

BN S —

poBiitr ay&Linithe cdmBosMAOPARTTs kypReallydi 1dabionweRht Sérédtt, generally at least
pol ymer conposition of the present invention as .
S vea gy aeesent, poyfergbly abdepahbpwergbhperoent, moremreferkblynitiledst 15 weight

Lncl ude organo sphat organophosphoni.t e .
pefgplgt aar‘?g %%sg gﬁegﬁr%{;l&?‘g Teélpgié(wgﬁlﬁgggqp%é §D‘P Pess thans30 welght percent,
pre¥érdBABRABAN 81veRRht petberi?] BRARBREMNY R34 Ban 29WWBEht percent and
phosphor us el enment -cont al ni ng conpounds such as” 9, 10-
magt pigdrebly lesg shan@Opweight peptrahdastd emtbe 1@tabweight ¢IPhalogen-free

. -(2' .5 -di-hyd henyl ) -9, 10-
1gré$%1§%rs1(§?ag§ B@X%fggéﬁﬁ%sgﬂ Lenant hr ene- 10- oxi de
(DOP- HQ) ;A BhéspRors @leetp b6t g d&ﬁg@!@ﬂa €l @¥4ndRided in the

tris(2-hydroxyphenyl ) phosphi ne oxi _
cogpawtion pi the preseat inyenrtiony $g8/¢0mpolnds would be non-epoxy containing

phodRBRY Y B ot Sisabii Rhip hrons. paepqupds pmployed in

theXh1peet feoe)iphieiaw rd AR ROl yeer @i sition of the present invention as
bi s(2- hydr oxyphenyl ) phenyl phosphi ne oxi de, bi s(2-
COMmpP AR f/‘fzaha,i‘n yrgashp. Bm@gp hompownds which include organophosphates, -

orggh P FRRNleS, aFioPuehoRR R oo Bt SR hssPhates,
orga&@pﬁ%ﬁ@%,%ﬂérﬂog’m%éﬂt%ﬁﬁ%ﬁn% %ﬁ@@d@ such as 9,10-

_or ganophosphor ous conpounds are di sclosed, for
dihydearPioxa-1i0rphosghaphenamtirendr0-o88le 1@HOP B 1642, F4dihydrorlyphenyl)-9,10-

S R B R A s b e R LR

phosphine oxide; tris(2-hydroxyphenyl)phosphine oxide; dimethyl-1 -bis(4-hydroxyphenyl)-

-

l-phenylmethylphohate; tris(2-hydroxy-4/5-methylphenyl)phosphine oxide tris(4-
hydroxyphenyl)phosphine oxide, bis(2-hydroxyphenyl)phenylphosphine oxide, bis(2-
hydroxyphenyl)phenylphosphinate, tris(2-hydroxy-5-methylphenyl)phosphine oxide; or

mixtures thereof, as further described herein below.
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O 51 R-(Om-P-(O M-R3 (I) (0) M 1| 10 R2

wherein Rl1, R2, and R3, each represent an aryl or an
WORMREP70r oup chosen i ndependently of each oOPHEUSA#003499

m, nm2, and nB each i ndependently of each other are 0O

or Buitablgorganephespberonsewpprmdh eredisclossdpfuessmplecin U.S. Patents

N T T O e T,

monbpBdSphorexk ¥bmptiBlepreseAR by Foérmifi#f: exanpl e,

trimet hyl phosphat e, triphenyl phosphate, all .isoners

of tricresyl phosphate &1d m xtures thereof,

especially tri(4-nmethyl pienyl) phosphate, al | isoners

of trixylyl phoslﬁh@pnaﬁdﬁm)mgmses t her eof (1)
especially tri(2,6-dinethyl phenyl) phosphate

tricresyl phosphate, allolgpnmers of tricunyl phosphate
and m xtures thereof, ang trinaphthyl 20 phosphate,
or m xtures thereof. Another preferred

or ganophosphor ous conpound i s an nul ti phosphor ous
conpound represented by Fornmula Il: 0 0 25 11 11

R1- Ps.

(o) Q&@e?@in Rl,ci{£ a?fﬂ & eerag% p?@sent)'ﬂl 523&]411) éf(ﬂl %()12% cien
1ndeppncbgﬁy| pf eachaxtlyér and ngnma) dndrmj eag,homitepehdﬁﬁly of each other are 0 or 1.

i nd ende r}p other, X i s an aryl ene group

deri %}%‘ﬁ? P s r%‘%?rﬁ?&%ﬂ?&n hijre moppphpsphates whege my, mo,
and s 25%%‘58%5*3 R o R, SRSRIeRE R oy L bWt 4351, cumy,

napitibyl, for |examgleah'1mmh3drphgslﬂﬁteempﬂ&ﬁy]l phosplits @ll isomers of tricresyl

&ltlphs orous coppounds are sonetines referred to
RGP T e RS h SARR Ay S thomR S phns) phpsphate, al isomers of

R T —

trigrésyl pRosphste, dhx#o@rsajfemdumﬂhhoﬁﬁxatd%d mbdurBéth%f@f and trmaphthyl

PhOSP%eeegrd%]xtm%s%rel phenyl’, cresyl, xylyl, cunyl,

Another preferred organophosphorous compound is an multiphosphorous compound

represented by Formula II:

O O
| R1 -(O)m1-|IL-O-(-X-O-|FI>-(O) m4 -)n-R4
w (c|)) m2 (é) m3
e g

wh_ereiﬁ Rj, Rz, R3, and Ry each represent an aryl or an alkaryl group chosen independently
of each other, X is an arylene group derived from a dihydric compound, m;, m;, ms, and my
each independently of each other are 0 or 1 and n has an average value greater than 0 and

less than 10, when n is equal to or greater than 1. These multiphosphorous compounds are

sometimes referred to as oligomeric phosphorous compounds.
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naphthyl, X is an arylene group derived froma
di hydri c conpound, for exanple, resorcinol,
WO3M#8BdTMone, bi sphenol A, and n has an aver aBeTAS2004/003499
greater than 0 and less than 5, 5 preferably n has an
av ePmirredahuéiphosphoreus corapoundsaee naliphpphates wigss m;, m;, ms, and

- ex le preferyed ol igoneri.c phat es havin nn
e 5 o B ORGP HRPRR AR Gy creey, 5ty Gufhy,
Lot di . o " . inol,
nap%_ltgﬁ,e?%?lF gﬁéﬁgﬁtﬂg%g?ug% &rived from a dihydric comﬁound, or example, resorcino

enyl phosphat €), m phenyl-ene-
hydroq(inkre; bspheriobAp hmd »has an average value greater than 0 and less than 5,

pregr Ay qg Bi'?? ;]? E}kz)%géﬂgl\lgﬁg gsr\élugp thah tiaatn(a)lt’ess rtrﬁaglhf nf‘c';reer)](ghple preferred
oli %@Wgﬁ%’t&i il le[¥ bﬁg@ﬁ&ﬁ@&?? an8 R SRR Henehe-

phosplrat I spheno
bis@ifhea§phosphaid) i phdlyiine bis(Biphpindpladsphete), m-phenylene-
_bi s(di xylyl phosphate), or m xtures thereof. TEee
bishierspheiiashastely rbenYcroPsGhERty Rk@fplilaig)e%ﬁ&ﬁpé( 061 t he
. hal - el TS - 25 : sitions
bis{f FBRarhER PR SRSy il B RARRAS
bispdiphedihbyphatd), ‘t?qiﬁiﬁ&hoﬁA&ﬁ@(diﬂfﬁHs?lphbqﬂﬁt@,ﬁﬁyptﬂholl gast 10

_percent by weight, based on 100 parts by weight of 15
bisfdiwyliiphospbate).rasanixipiaes thewgof.esi st ant  pol yner

co sition of the ' i: ' .
o 38 5hohe bl PG5 P GBS e B8 W AR e g

reséstant g@ryﬁ)& c6nPoSARbNs fithé Predeht invRRt o @npuies of atleast B preferably
to 20 wei ght percent, based on the total weight of the

at Jeast Jcpad-rhore greferghlytat deast b peyeenibyyeightebased apd 8P prmby weight of

I.n.additian,..the hal ggen-free iqgnpi.ti resi . .
o B ros o Friet i E5mip bt BE IR #hEReprion, and in
anfdRBts OF upBOEpREFABIY ¥ $o LN ahorRefoABIPR) 16 255 @tbré Preferably up to 23,

pol ymer™ conpositions of this type. Preferred
and dtire prederalely uphip 20 mygight ipAtseniel based wn the totalgveightipf theshalogen-free

. to: antjoxidants; inpact nodifiers, such as
lgtgﬁﬂ}?ﬁ’éi%ﬁ?glgf“gﬁgomﬁﬁté?%; pl astici zers, such as
M ngh alidifibh, the BAop&t-AtS ig;niticﬁﬂ!‘e@i@ﬂaﬂﬂpcﬂf'mér ¢ohsbsitions may also
u

rel eases; pignents; wetting agents; fluorescent .
optidurillyl cpatain ong o1 mmprs, addifives Hhat el oMM tpRSHEMSlymer compositions

| ci um-hydr oxi de. Lum. vl o] by | |
T T T e .
imPsttdBodifibls] SiRh a§ SiyRAB Yk Akdhe ribes, plasbieizers, AR $hitisal oil;

itanate, single Ioa/ers of a cation exchanging |ayered .
angisthiscflow enhanseisamodd relgages; pigsnents; syediirig aggnis; fluorescent additives;

vﬁl e"?r’ ;‘lﬁ 04Soa qf@?*3@{049%}?%@cﬁ%ﬂ%ﬁ%&%ﬁaﬁ@éﬁ#@%ﬁmid@ talc, clay,

mREIAUITRRGE, hdlloW-gldé beAad, Maiiarokede) BiYigh, Gatboalack, glass fiber,

chem cal blow ng agents 'including carbon dioxide. )

pofassiuletitanate simgle tyexstof @rvatiom bk dhanging dayierddailigagssingtenial or mixtures

ol ymer 3Q conpositj.ons againsi degyadation caused _
thiget, Apd PRHIPIELARE OFEGIper PR RPfyn%?ﬁ%(SB%a%%@%ﬁ@mm%lem) for
in‘W} [ ipt Jbef J5BH 194! 3Rh pe Al R BRGS cAHRL IcheRMbidwtlg agents

a?%égenpc%ntogllﬁ?}? ng a d?t ives can (yk})hg used, it is S98
inpludingrearbontdiatide. HEurdenposifounds wWhichatabiere igrien resistant polymer
co\pgh@%,rsi?‘qjgg@tegq?@% gigng‘gglat}(;nocguge%egy, bl-.ltl Eot\f\fr)ni%e%ch/hgzt,z ilig}g)t, and oxygen, or a
mixture thereof may be used. Although small amounts of halogen containing additives can

be used, it is preferred that the composition be halogen free, wherein the composition does
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not contain any hal ogen at |evels above 0.1 weight
percent, based on the total weight of the

WO9I%21 10 on. |If used, the ampunt of such addi RGT/BS2004/003499
will vary and need to be controlled depending upon _

not ¢dmtaipany haloper ateeds afove Ogi weightpetcentcbaspdpn st tpgh weight of the

comppive TR ot BROL GRS P g DY bt
|l i mg] L MRD e phadicaewHich! dag @skily and

depl n @J“pt?gﬁg’?ﬁﬂagﬁ% a gam Thgq%gl oglen-free an
appiopfiatelyoex erdsidyathbseskdiNetein thoaghosi tion is extruded

into foam by nelt processing it with a blow n ent. .

t o 1n onFRbe SRt ob FRooN ot ehbe By meesPi (o R bl Leed in the

ol 6 o £35AY LOgbnBfosition is extruded
prohisic 6« 1858 e Mol i antudl byl AR rebositon iy extrude
intoefs @@y reldproedsingGowithri blowalg dgeantodutm afoamable mixture, extruding

equi pnent, such as 10 screw extruders, tw crew

€ n .
saiddfomabiermixtine thieuginal eXTHPICE FQ. FegPTLfsatured oresayreiged allowing
sed Sui.t ahl CESS f j
e PRGBS BRI oA 50 A Simen, st o
scréw SxtnitRts, thiSscrev 4fuRiDindachilihnRbifg eRnishéh aiphratus can be used.

.2,848,42é; 2,928,130; 3,121,130; 3,121,911, )
SuimbR7BoeBses for swbing extrudedampdrom tesiryplowing agentuXtyees are

4.146 154,229,396, . . . 1 0
e 58 o0 APy TR T o Tt
3,181, 83@r 2l 1018 ; BAT0%BE; 3,888,6RYROEHRT92)B,966:38i c408 50T 416,563

agent” "and may be |ncorgorat ed or mxed into_the

4,200 96ek3 026 6k, D 1 3p60hsh38.33ic Q8 Crash 52456, Mk

typi _a physi L owi . .

LY DB bloWing afol B Bberai S hAGRERE phidef br UG blowing agent
and X Be Mcbfpokdted BPi:eld i) 8 Bblynide wR@al b daYcoiveniegt means.

may” be acconplished by a variety of other neans
Mashiypicdling physical blewing agentis fed undsr prespyre &ptp dg barrel of an extruder

sur.face generators 20,such e ' ' .
Bl B SR R0 AR 0 o AAETY B By
varlddl§ BF StheLABarREndudRg sidalled bati@alivereor edriiciah anfacergenerators

fed into the extruder together with the Folymsr.

2r . The

sughcdsyanedesiotibed mdJ SgBaitt Nesxd, 6?37 andrbhl heeh Ldiepical blowing agents

tenperat ure _aboye the. boilin i e .
car o Bt VK R e pod s e AR Bl ity the
poRfne? FhE gi)l?ﬁier/bm“ﬁiﬁﬁ AferAGgRtute s@AREcatdd 10 adémpérature above the

owi ng agént, under sufficient pressure that the . ,

boiling it tha ga@Hf fagrnysibaleblowing agent) or deqompositioniin thecage qfia chemical

is forced through e .extrusion die. Typical :
blGv BB 1REREC CL P uips Apeth et n TR Pl Wi the reslting

fo#ﬂ]ﬁglé‘&iﬁﬁi’é &fes Bbt &xpafid BRHRHR & Rrddakrousk HeaRgasioh died Typically, the
oam ng tenperature that permts the formation of a

fodmabie axturegis theled ds theenttrudem stheymixitg dewirs ein@siepargieeat

ol QLA SRSLELA 6 TR AP i e cosived

i s A UhtinRiHR S aAhid Su €06 fddueabROmixture is

deﬁ%g{f@gg%%%gé an c%o@g%tto fo?(;m a %gﬁrﬁﬁ?ar structure.

thebhsasieathrangh thediexttolatened oft redened pressireand tdmpsiratpreszone where the
but wil] npst commonly he. extruded to form sheet

fogm sxpangs apd ceplp &2 forpy 4 @UBRSERCIES 5) or pl ank (noni nal

thi CKE8Em can be extruded into any variety of shapes, but will most commonly be '

extruded to form sheet (nominal thickness of 13 mm or less) or plank (nominal thickness
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-13 WO 2004/ 072170 PCT/ US2004/ 003499 over 13 nm
products. Sheet products are conveniently nade using a
WO30pH012410 di e, producing a tubul ar foam that PEI/FE2004/003499
to forma flat sheet. Plank products are conveniently
overddanm preflugtsr Sheetrpgedusts aye coulemdntlyetiade iusingSuditcalir die,

hysi cal, hl ow n ents i.nclude carb i oxi de, .
oroi¥Pi St tafilS Ao 100w S ook hlaRi progie are conveniently
aodsia t}y&gﬂg‘;ﬁr RSoo- i@l |y al kanes having up to
Inasi X c'grabon a orrksb.? g(lb—%/g?%?grlﬁon bl owi ng agents i ncl ude
met Raiteble physacat blowing agents inclnde amdon idioxtidd, aftgen; lower alkanols,

N LT —
B RABREM Bp kPR ARE R4 bl SRR B o

pemsirey isopeiiene, nbbpentane scyefobutside @nd Bpdlepeitarie @9 CohY micRak
é?%ﬁﬁi oW ng agents can be used. Sujtable chem cal _
mepiagQ). fHaBdle AtrsoRane] Igdseprepanokr Buitaie alkyl ethers include dimethyl

L A o hvdr azi .
ot U REAL ERERI) b ARG, bt b0 s piysical
bloswihg agants cdrBe-usedir bazi de, barium azodi car boxyl ate, -

N. N _-di met hyl -N, N' - di ni trosot er epht hal am de, _
t ri Rydatle henical blowing ageets seudaazodisarbiooamids, azogiisobutyronitrile,

h . sent Jinvent | relates.ta.a )
bereh M bt S PP PER e Bl oo rp-talyene sulfonyl semi-
carbixidd, bati@mN2baidarbBRylaRAINAFet A1 X, RUHnfr RS RAphNNRIhide,

.also perform adeguat el y in ordér to produce a foam

triagine fad sariym bicarbonateal ogenat ed bl owi ng  agent

is | oved. | n_one enbodi nent | owi.ng.agent .

m xR TE fhe peche i USRI b9 o e RSt enistioes roigtut o
corfiPoRMid18§ lit Hhoald BeVRItePth&OkIb geaiet Do vihg Bhdntd FoflldCAs orm

atons, al kyl ether, alkyl ~“ester, hydrocarbons, water
adggyptelbinzgdgrde peasiure afenz.aHowvievei, prefateblysa nerebaloyemateditdowing
age?l‘t’i%iéﬂé@weé;mte” als can be used in the foam ng

pr OC€SS.

mmon such auxiliary materials include cell
conti Ghe @FSdHimenit) Gl RALS bdnt nkifire 814 A6 P hANBABERI Rowi t
stability control a engsgé( pernmeability m)dfgfi erslfle’)mngagen

mugHTe emapristngglories alcohdlduivingideom, 1 tpdomdwsi atgmas,iatley] ethec falkyl

5 | t bi | | . £ et ar dant s,
estf? byl B oS by i s Boxidt et s, on
ai dVariowé SLGHAD nitéHals G Hetised A fofRIn" mon such

inorganic fillers. Cell control agents and s%'abi Ity
awxdhary madterig)e mnclndgcell goritelragents (Rroddators)p delt edlhrgimpdgents, stability

i ncl ude.£.i nel ¥.di Vi ded i.norgani c subst ances . .
°°nsu(§§§§“§s EP@EPS? ;%?‘ﬁﬁ?féi’ é?“ga%?%fﬁhrssﬂ%@ {<EXS, PRoQFs§Hg aids (such
as §1) dpen®), AYabilidet2 Mot rEta b ACul Bl 10l bs T A c3Pengers,

stearate or di atomaceous earth, as well as srm?l

dispgreigntaidse extoiseon aidd, sntidwidants aotoramisiend inorganic fillers. Cell control

agents and stability control agents are preferred.

Preferred cell control agents include finely divided inorganic substances such as
calcium carbonate, calcium silicate, indigo, talc, clay, titanium dioxide, silica, calcium
stearate or diatomaceous earth, as well as small amounts of chemicals that react under
extrusion conditions to form a gas, such as a mixture of citric acid or sodium citrate and

sodium bicarbonate. The amount of nucleating agent employed may range from 0.01 to 5
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extrusion conditions to forma gas, such as a m xture
of citric acid or sodiumcitrate and sodium
WORRHIBbWat e. The amount of nucl eating agent eRfpl/BHRIE4/003499
may range fromO0.01 to 5 -14 WO 2004/072170
par@@};l/vlcﬁglﬁlq:@t BORHEO partelryt weight o priymperesinu thequieforred sange is from
ight of a polymer resin. The preferred range is .
Olft?élwﬂ@b)l“ietghﬁ parts by weight. Wen the foamis to be

use%%ﬁgﬁ@hﬁagﬁf 16 DS Ui dshe ﬂmsmﬁ%ﬁ ddiftvesita®Rahuste the
t he rare ransm ssion t roug foam structure
infiaesd thaisiniss ik thd foamugnenire tarsb&incorpotattd ioraugment its

per formance, even when the bl ow ng a%lag i ncl ydes an )
inshlation penfornages evenwhph the blowingaeght iBAdeAIFHEITERRS. Examples

bl ack
o B SFaEE b EIR g L OA8500 umi
parficleS dvaRd ]Rra‘@ﬂéﬁﬁdtbx@ Ardifised)a todacedyproportioh ofian gnsubgag blowing

can be used. The foam nmay be subjected to various
agemlbaebmmwd processing steps if deS| red. It is 10

8|f gﬁ}ﬂﬁg" S e bte%uﬁjﬁcéteg h?%ric%%?ﬁ %nt p§$9r SSl eéégés it Iagsued Itis

ofttNHERAR G bire iR R (IR is; Heplae the HE)Wlﬂgl hatah€ in the cells wﬂh air).
perforation, as described in U S. Patent No.

PrécedOsterdiftendehtoi mduceibe uring time inclugetneyfomtionagsedescribed in U. S.

RETRE T N A T e
H?é/ opgar}g ft 5&1&9@ bf‘coﬂ?ﬁ@ﬁﬁoﬂs%&g@ﬂq 16 84 %ion Fhe $&dnh ﬁlﬁy% crushed in

y al so’be performed. 15 Preparation of the
ordhih@gpeméeﬂlee(jr@shﬁkmg stepsimay also h@qieyfnaned:orrp05| tion of

t he present jnvention_ can be acco hed
0T (TR LB WGBS RFIEIOR TN GABy RODR T SO ion g ghe presant

m@enlgt'aﬁl DPbd Q&o %h i r%g%fm% Sk heaRchng WRSRA e Helat, including

m X1 ng in the extruder used to
drijreleadingehd inﬂn&dh&xﬂ canpomdnm zmd subsequientiyngelt mizingegitheadipectly in the

extruder. bl end he conposi t.i ons can a
exihlercised ia Ry B S GBS RO TR PR G PRI g Gero gy blends
of tRE¢ Jﬁg[%’ci%ﬂﬁﬂls cg.r? leh 9Rialrb& 155%%{1515 A1l ddRAk KGR pre-melt mixing.

conposi t1 ons e pres invention, and polyners
conprhesiedogehefte ipnitian eesushamt llmblnm'tcompp mtlymemfsthe Present invention,

softened or nelted py t l'i.catjon of
aﬂdalobg%?fs potBRrised hemeth ar ST StlﬁaPirﬁar Yﬁ‘ﬁ ?fﬁnsﬁ op,melted by
[ f thi
sk i DYEEDDnE R, b e Bt o i

inkétRatdan be fehttidng madsd asisg sdreeniiogab tﬂchmqummh as) pompressmn

cal enderi ng, vacuum form ng,. 25 therof or mél%n f
mewmgmmnoaﬁwlémgbgwswﬂeémacﬁ% lling cplgndeting, vacuum forming,

n‘qg &truHE)?l ARV Fr{ ‘f(ﬁg %&et dr9h cbfBinatigf{ The halogen-free
5 ?/ brrp03| ion can a % spun or drawn
ighitiod r&élétﬂﬁt polyrhé@ cdmpositioticah algebe lfcarmada‘s;ﬂm or drewhrintoeftims, fibers,
sheets, or can be cg;a:oounded with one or or gani c
mylti- layﬁrdpglmﬁt@ cg@g;gtl sheets T cgﬁ)be ﬁgmpwgiegot}ylﬁéﬁtpeeorfrm)re organic or

1norgamcp suBEtances on any machine suitable for such purpose.

In one embodiment, the present invention is a halogen-free ignition resistant
polymer composition consisting essentially of:

A) a thermoplastic polymer or polymer blend, and
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I n one enbodi nent, the present inventionis a
hal ogen-free ignition resistant 30 pol yner
W%@Hﬂg’@ﬁiq on consisting essentially of: A a PCT/US2004/003499
t hernmopl asti c pol ymer or polynmer blend, and -15 WO
2004/ 072180 arordified aadtidost@dalBpoay mesili ¢orgaining from 0-20 wt. percent

por clsntd A epeR s B PR s B8 g8 aT hRuBhob e eRER e iad

ont ai ning comamert B et P ront . 1 he

pr esbranoihey embodimemn, the helserg dmvehtior is olidlbgeprfreeipnitiontesistant
PalyBGs BRas o PaisHiE SHEIGH The toral el ght of the

conposi ti @740_@‘4 @eléflﬂ%%?ég%%b\g?%%{n 88 ltmeigﬂgéfctge chlﬁposition, ofa

optionally“conpris percent, ased

the tot al theemgplstief pdijneers ihsdahioptionalfy cdmprise 10-35 weight percent,
pol ypheny| ene et her pol ymer such as pol yphenyl ene

oxi de (PP S,eg £o thy total Feeigldiod e goatnosition, efapelyphenylese ether

t ot al ' | bl . Of dified
mul 11 -1 unbo e i FOTRASIL R lnidk ), P om 020w
percent  By$iduméighinmroengbasdiSon ha &8l Waighi\6f thf’%@xlnposition, of an

wei ght of the epoxy resin, and, C) 5-30 weigh
percent, B@dipdgpultidanetiangl epgxygesin eentaining-Gopds2@ wbrpercent

f h h hate. .
. 5bonbg g SRR, 48 1y 1458t BRSPS, o,
the |i st eQ)sBIWEIGHE Ferédn€ HASEEM thdtotal weibhos@ahe Q&lﬂﬁésittion, ofa

material s can be present in mnor anmountsS which do no
si gni f i capkqgspheius epmppprd pichge pn axyd phosppatepose of t he

pres 0sit.i.on. Preferabl t he conposjtion of )
e B L A I L R A———)
alfuyeiter mhRialkxdad R PrédeBEini iinbt AABurite ¥y ndi Qi i antly alter
conposi tions of the present invention 20 are usetfu

the pronertigscaparnegeref tepressat epmpositionl Esefaratilyp et @mpBsition of the

1 ich are dticularly well suited

ofter i 0Bl B EmeP b St e et |,

r el aThelhflogdi-Rée ightioh rBgStat i tymdndohfiRkitns Bkt HRSsehCinvention

have excel [ent flammbility ratings. O her
arg ysefukig fabrieate nyrpenoye usafelmrielps/andpadts s Satrle oftind artinles svhich are

i xaml ar.e provided to illustrate the .

ISty W SRR Rl SuSn et Somplisotiisroreiad penter
hduisirigs wihi¢h typRERy BiquirBetdHa®e e AV AR LA A th BEY icati
] sl’?oglgd notﬁge E}éoql nt et( pr et S%ellﬁﬂ%um sggiglg}n%ﬁlhggighhter applications
inglyde sutomoyit ghd spall eppliangess unl ess ot herwi se

I ndi ’fﬁlet Fo(i!l'owing examples are provided to illustrate the present invention. The

examples are not intended to limit the scope of the present invention and they should not be
so interpreted. Amounts are in weight parts or weight percentages unless otherwise
indicated.

Flémmability ratings were obtained by testing under UL-94 vertical (V) or UL-94
horizontal (HB) flammability test. For the vertical burning test, five test specimens, of a
desired thickness measuring 12.5 millimeter (mm) by 125mm, suspended vertically over
surgical cotton were ignited by a 18.75mm Bunsen burner flame; two ignitions of 10

seconds each were applied to the samples. The rating criteria included the sum of after-
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Flammability ratings were obtained by testing under
UL-94 vertical (V) or UL-94 horizontal (HB)
WQI0AEATA ity test. For the vertical burning tBET/US2004/803499
test specinens, of a 30 desired thickness neasuring
ﬂaﬂ:ﬁ timesialftet caehegm(mm@glaw tibRGafter thasspendiigdition; andwhether the bar
r surdgi ot.t on re jignited by a 18. 75nm Bunsen
?i@]ngfﬂ es'fc] PGAYOYYY 10 seconds each were

a irtregora i ncl uded
t ﬁSWéeﬁﬁnﬂ&? ritp e AR R A 288 004 009499

fl a%dtwmﬁetmd azactdingytoi ASBM, D2déow time after the
second .ignition, and whet her t drips flam ng
par {regmeswqqutem%thzggoqdﬁrg @&W&ﬁt flow rate was
det

gef@eﬂ?%loﬁgﬁ%%&%&%nﬁ!ﬁ%cp %%i%t% A$’F191cbw

det érm ne cording t Tensi |

det arigitRes deneintidrgcdrding3d MIIV I8l RSr cent EI ongat i on

was determ ned accor.di ng to ASTM D638 Vicat was
Proguctionprosadugs RO ed DORYII IESIDr oduct i on

T

with @ﬁecﬁm Stirrerosl HedtdRgackhf) fitietl Rith aNQ alet mi a sdridenser., DEN 438
a heatl&? acket fitted with a N2 inlet an

ool (SBwt. PEDRSIt) EYR5,epniReted MR Z@Bqnxwhenol (43 wt. percent)

o e B S SIS o o st v

chARRE B I¥BLRK0F With 318 ePBkE RtNolad arldiRaitdes @il 0 #as Apphaiigattly 1000

to the reactor with the epoxynovol ac and heated to 110
'ppm oﬁtplphmlethylphgsphgm@m z;ggmte)eatalyst based on total solid components was

‘H&jﬂ %g%l A Om elt'h(,Jﬁ: St d)?"i}?el ggu hn&{ﬁg was added

n

mﬁﬁﬁe Rhctibh ﬁﬁ(tﬁr%cboghoﬁr B? p{)@i%h s6fthd e tﬁﬁ@lefalt\ﬁé of €¥Ieattidn mixture
was added into the reaction mxture portion by

coplst bd eomtrobied helowt 188 Cempdienell pEthsfmedi err@amqu@d was added, the

oul d .be c:o troll el ow 1
epREafistPf e reopaunaaes SadE ettty b fl 1 and e
pro8ct e flak@ad ™ 1 efhéefﬁnah ﬁfdélluétfﬁad&ﬂwpﬁxy oaitetyof 3B3peficent, a
at 175 C and the product was flaked as solid. The

melt niscogityed 020 PeaslatakP0EG ang agenin @gpf65/4§°@3 per cent, a

el i el ARSI s 10
pérédnE Snoddin ddab aflRbutioh PRRAn 60N EREbnH00.3 wed tqﬁfﬁent mlneral oil),

mononodal di stribution (mean of 2 mcrons 19
pqlmh:eaylencmméﬁ ahd mdd)ﬁed qpoky pheaiglk Gmepatsd d@vanlaEN/OP ) was melt

SR o i AR i b

g&@%dex@ﬁdé’r VWethRhe Rhsirstarellof 385,2300a4, W50 286 26@degrees C.
ext ru W th zone tenperatures of 125, ° 180, 245, 250

Samnple? 6@rediappctiess mGlded on a DeMag injection molder, zone temperatures were 226,

226, 230 and 230 degrees C, and the mold temperature was 54 degrees C.
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nmol der ,

zone tenperatures were 226,
WOL88HERE70C, and the nold tenperature was 54 deRFEES2004/003499

226, 230 and 230

-17 WD 2004/072170 PCTI US2004/ 003499 Conp. Exanple |

Conp Conp. Exanpl e |ECamp. e| Efampipte I W|. @emgent HBmp.
60 55 55 55 W. pe 1PPO 22 22 22 {22 le {PES
ERP.500 18 18 18 18 "E‘éﬁg@y M percent {0 )'% g Elr]):-?){ggfple
Wi pergemit BPS Novol ak |Epd®y Nbvol aR5 Mel t| Fl 6%v Rate (d¥510
' 6 4442 zodr(Tt—hysHnagh)—22—417F 1%
;;?'.igg‘?e?ff'nf5115 90 7% 692 Tehsil eXiel d (psf? 5878 4745
Wah.SiEdcem? 9P-5001 vi Pa) 140 129 38 40 Rgrcent| El pggatfi on §gl9
H-4—Vieat—{(C 96193 103 93 FlaninglDrips 5/|5 0/10
Eppygvippatgentu. Rating 205 nm V-2 3-0 V-0 V0 DEN=Dofv

y Novol ak 438
I phosphat e avai | af
was a Bakelite prog

PP~ WS

uct, pr

el e
le from Dai %ac llwd

bduct nunber

Ol RS
ONOLERR Y

is 0790

PR

MeR Blyw RavloPI0 D 4

f unctigonal

L malgif

itv ave

nct1 ggal ef
age of 5§

oxyg govol ac 47

and an

epaxy

Izedui val ent (Rab/apah) ¢

>

Fur t hed cony

osi l.#ons

canl.2

simlarly be pr
process descrl(ﬁglg

' ys—nle

cU
abéve t

attygacTor™
D progﬁde cd

rgsto—t
n’poytio

)
'

ns t 3t

Tasde Yiehdar i zed (puiy
usi ng the foll ow nd

evid7gat

t act
ot

bd ag2ghown

thods;

10 Nblt

I n556@

fl oy

Tabl 79

rate

(MFR) is det er(Phd

ador d

ng t8%1 S0 1

od | 40

P&EefR Elddpatos ccor d

gIg 1S

9 J.BU.19

4

Vicat (°C)

96

93

93

Flaming Drips

5/5

0/10

0/10

UL Rating 2.5 mm

V-2

V-0

V-0

DEN=Dow Epoxy Novolak 438

OPP was 2-phenylphenol

FP-500 was a diphosphate available from Daihachi Chemical.
Novolac was a Bakelite product, product number is 0790K03

Epoxy Novolac was a multifunctional epoxy novolac having a functionality average of 5.5

and an epoxy equivalent weight of 187.

Further compositions can similarly be prepared generally according to the'pfocess

described above to provide compositions that are summarized and evaluated as shown in the

Table using the following test methods:
Melt flow rate (MFR) is determined according to ISO 1183.
Izod is determined according to ISO 180.

Tensile yield (Ty), tensile Modulus and percent Elongation are determined according

to ISO 527.

The Heat Distortion Temperature (H{DT) is determined according to ISO 75 under

conditions of 1.8 Mpa and 120 °C per hour.
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Tensile yield (Ty), tensile Mdulus and percent
El ongati on are determni ned accordi ng to |SO 527. The
g@i'@t ortion Tenperature (HDT) is determn nI/US2004/003499
according to 1SO 75 under 15 conditions of 1.8 Ma
an d Inthese epperimonts the ABO YHNPODt 052Was Asahi N-2245 brand resin that is
ri ments the PPO

= B ROy 10 PRl PomBshaeRs e PoLTIe (FAD) 3 abgut 30

I
PSSRl BB o

$ sosuponenicingheltablediedowt e I{B?Sdmedstdﬁt Resih eefbedtodialthe table

th rall H PS conpone i.n the table bel ow. The
oefguss \Be B Ghmect By reer B lpsebed e e abovsemeiment. In
thés® doRpolitidhs i@%&%@’sﬁ%ﬁai&ﬁg cgﬁmk)ﬁurgcﬁsa% BAGH \PIFJSH is Bisphenol A

used i'n the above ese COImposi
bls(u@hpuﬁqqmbmhammdmmwmcmdsm@ &g.g nobpHake)] The
phenol A his(diphenyl phosphate) and which is
my gﬁﬁi EPFE] Teinds @, THOBY Bﬁ‘a‘ﬂ@) resmepm@ pg d@dﬂbqﬂm;the above

o3 308 T 080 Y L LSRG  EhpBovak N

438).0 (lketresallts Ghowo ferBamyle pjam'i?@bm\ohs 17| aﬁ@WbEWXre Ayl ik
(DEN 10 438). The results shown for

Sanpl e
composiiong] qupwgdqi@lgdwhameb knestin énthososiplied ini tbeait.
and property nodeling techni ques known to those
skilled in the art. Sanple Conposition 2 3 456 7 8

S\’a‘lnﬂ]@t%ﬁiﬂosiﬂd:’ns Fe¢dsp ocC k;’g}. §4391' 6 4§ 5"_5? 8_}@0 § . 370 8
Wt erc [ﬂ[’ VI PET fEeTI S L. AL O o R - 2y e @ Ban - e 2w
4Fpkdst k\per cent Azajﬂd N 23%A55A§Zﬂ}2§4.-3%23ﬁ209§f3 %éé 9 19.3
[ Ztal Wepercent tPe, | }lélr.fi; 91 1 53 EATE, INodhl af 433 | 343
RNt percentAsShEN-B2485 b 3Pb| y s phazed RDR7BARP BAPP| BARP | 48.6
%Pﬁ’e@ﬁﬁ'i”l’wag‘eﬁ& f{ff-.?e”tszi Fﬂg"#ie h% %1113?0%1 8.7 34.0
el Nalereyss i b mnfo. 32 golo oy |
| Fon Yyphgiphiate, s =~ | ROP | BAPP | BAPD | BAPP | BADP | BAPP | BAPP
‘Wt percent Phosphate 17 | 21 19 21 21 | 23 | 27
Teflon 6-CN percent ] 0.1 0.1 0.1 0.1 0.1 0.1 0.1
| Sample Properties ' ,
MFR (g/10 min) 9.3 11.2 10 9.9 9.0 9 5.0
Izod (J/m) 103 81 80 80 70 65 50
Ty (MPa) - 38.5 43.8 40 | 45.1 48.7 46 50
Elongation _ (percent) 55 49 50 42 32 25 15
Modulus (MP2a) 2271 | 2500 |. 2450 | 2520 | 2580 | 2550 | 2650
HDT (9] 59.7 | 61.5 62 61.5 64.2 62 67
Sp. Dens (ke/l) | 1112 | 1.112 | 1.114 | 1.113 | 1.115 | 1.124 | 1.132
UL V-94 Flammability
Rating (3.0 mm) V1 Vi1 V1 VO VO Vo | VO
*  Total HIPS component including the blend of polystyrene and rubber contained in the
Asahi N-2245,
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El ongati on (percent) 55 49 50 42 32 25 15 Modul us
00a) 2271 2500 2450 2520 2580 2550 2650 EDT C 59.7
61.5 62 61.5 64.2 62 67 Sp. Dens (kg/1l) 1.112 1.112
1.114 1.113 1.115 1.124 1.132 UL V-94 Flanmbility
®ahimg: (3.0 Mm V1 V1 V1 VO VO VO VO * Total HI PS
conponent |nclud|ng the bl end of pol ystyrene. and
r ubbel 2 BHPEANAER EHUPhE SIS ERR!YINE2PABHOSIHEN copeprisingyD
WSE CLA Nﬁa lf%mﬁ)l&@it 99@91&:]; Bfi‘ﬁ‘olylggﬂ t;lérQinar{des' stant
pol ynmer conposition conmp r|S|n? hernopl asti c
pol ynmer orB n‘ga)m)@ﬁ”é'ted 1 udtivéuncEipeil Byoxy lnfmdwhlceds the reaction product of
product of * MBANERAEY ek LA fids Bl MRl RAS P g prenoti
epoxy nodi ¢mmouwh,|°q1ml\ns>caarptreamhmdnc ccmmnmmm acid anhvdnde ora
pol i Socyaclz]oant e)ungc)mumnu I o 5 ; aCIl d anh drl
or a conpound ¢on ‘nlﬁﬂ]ﬁﬁ‘()'ﬂg d&%ﬁﬁ]“ﬁH@F%
reacti on peanticd fr@n0t@iessthbin 00O, pieﬁtehla‘éﬁdﬁamaﬁbxl@rd/ﬂps based on
percent re |duq g gr oups. based on the total
wei ght of ﬁé"%p‘b‘%@ L SPORNESIRAE) a phosphor us
contalnlngcygﬁmgquus&NmJMgoB@hggga free ignition
resistant polyner conposition of Claim1, wherein A
is set e"l"dleé*a'%?lbﬁﬁ h@*t@r%wt%ﬁglwmer sRarssitiopef Gleim 4, wherein A)
19EQE’M@@ﬁo%ﬁM@uN&M’SU@r QRL| %ens@&%@& frOh a vm\I aromatic
hydr ogenat ed Versi ons thereo pol ycar bonat e
1a@rp<yngmrhthpg;qgu:gig(glisaqetlgqu)fm@carbonatc acrylonllrlle butadiene-styrene
0 heno
@gg&%@@%g@%&@&%&%&g%.gsy FRRSkY piRfsy, g 5 Bl s BB BRenyiene
epbdl}petm}drserpelv{zélwbphter@hamme em'yemr&sethglpncemhylamaol

L SR0RL SORELTEL S YL BB RSENY 5 s ieotmer.
mmcyeﬂlef d:\rftﬁc, oteymlcblﬁblﬂhﬁfsId’heiﬁﬁcﬁl@b}&i’f’&ﬁﬁand@nhﬁlﬁ)b@ymers poly henylene
ners apd ho nmers, polyphenyl ene oxide anJ)

%@ﬁwpﬁgwpgﬁﬂqngggg 3. The hal ogen-free ignition

r eSI S$.are hallgyiree HAMRASésidtan polymct é’dn'fﬁoglano%ﬁ@%ﬁrﬂ 2Akherein A)
20 is selected fromthe group consi sting

s $5 PEFe IrATBTEORR CHIS SRS %fobtmeyﬁ@rl@dlep%blyglt Weh@ers Rplggsyrene,

HiBP BbacPH YR ¥hE AEy | ARF LU i dre L8/ 4L B H 1§ B ST sBihe-
copol yners. and styrene
acrylonitrile copolymers.

LLOYD WISE

4. The halogen-free ignition resistant polymer composition of Claim 1, wherein A)
is from 40 to 94 weight percent; B) is from | to 30 weight percent; and C) is from 5 to 30
weight percent of the total weight of the halogen-free ignition resistant polymer
composition. |

5. The halogen-free ignition resistant polymer composition of Claim 1 wherein B) is
a modified multi-functional epoxy resin derived from a multi-functional epoxy resin

selected from the following structures:

' AT ON ] /N
O —CH, -CH —CH, O —CH,-CH—CH, O—Ci,—CH—CHy
H,C = | CH, =
|\>€ .
R R R
- —n
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acrylonitrile copolynmers. 4. The hal ogen-free i gbOYD @nSE
resi stant polynmer conposition of Claiml. wherein A
WO 0498040 to 94 wei ght percent: B) is from 1PGHUSRH04/003499
wei ght percent: and C) is from5 to 30 25 weight
whereide R ishiyddogen, 614Cs allsylgidrony ot &€,4@3latigéfof exxsmple, methyl; and “n”

. Ingni_ti.on resi stant pql,yne opposition. 5, The

s Q4P sl ifBeh R 4P ¢ b e el Bhi o vl om0 5:
Caiml wherein B) is a nodified nulti-functional
epoxy resin derived froma nulti-functional epoxy
resin selected[fromthe folftowngstructurey: /o\ /o\
0 O0-CH -CHCH2|O CHz CH@I;G%,CI—Q-CH@:@WI—EZC CH2 RR
R 30 n -20 LL 04/ 072170

PCT/ US2004/ 003499 C1-C3

al kyl hydroxy or |gHC} , Iethyl;
and "n" is 0 o a "n"
preferably has an § 0to|5 Ody

Ody HI \ \
Wherein Ay is
OCdy GGy In
hal ogen-free igmfi

Caim1 whereinfthe onal epoxy
resin is a mateti al d re¢sin which
10 possesses, ol avelage, R poxy group per
nol ecul e. 7 O-Gly O-Gly
Fig.1 BPAN-epoxy
5 Wherein Gly is a glycidyl group; and
O-Gly O-Gly O-Gly

AN X X

1
l/, i\/ =

O-Gly O-Gly

n

Fig.2 tris phenol type epoxy

6. The halogen-free ignition resistant polymer composition of Claim 1 wherein the
modified multi-functional epoxy resin is a material produced from an epoxy resin which

10 possesses, on average, more than 1 epoxy group per molecule.

7. The halogen-free ignition resistant polymer composition of Claim 1 wherein
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7. The hal ogen-free ignition resistant polynmer LLOYDWISE
conposition of Claiml wherein -21 LLOYD WSE WO
WOR049T3¥YP170 PCT/ US2004/ 003499 - the nodifi ed PCT/US2004/003499
mul ti-functional epoxy resin is functionally nodified
Wi t thermodifiedanlti-fnetionalichpry resin isTecticdally erodifiedewith more than
ignition resistant polynmer conposition of Claiml
ongyRedifich the nodified nulti-functional epoxy resin
congai R ﬁ%ﬁé ' G siPd Y wlrein the
ar og'pgfa : gé@é?,ﬂ gljrg]ét e ?ﬁé\%gﬁg%%%%g%o%ﬁ? epoxfy(gfagfs%i n.
mofificlhgultisfuagional ey rgsih comtains dess thaantS weighhparcent residual epoxy
conmposition of Claim8 wherein the nodified

gropps,thasgd orcthe dotal weighkof the pOXYIsHPai ns | ess than 12
e ! | _
ot 1 TREBREANroF Tt 1SRt polfil BompdiertofClall® wherein the

modoid thaRi-fuRsli Silad BpopaksiR bnabRNesitharlR whight péroer residual epoxy
wherein the 10 nodified nulti-functional epoxy resin
granpstbaisedson tedotehwaighbof#be gaexyperBent resi dual epoxy

based t he .5 ot al . yei - Y i
048 TR 3G Rk dghii, Rislt Pln; ohtPoSAH e Cfifih O wherein the
mIBARLEuIH-RihcBbndPepdy rbsin@Batablsi 186 tha&s b@welght psrcardt residual epoxy

from40 to 94 weight percent, based on the total
graupis ghased bn thegothl weighp oS theicpaxy ¥81ta t her nopl asti ¢

gg;gﬂfg’ﬁhe?ﬁpéci)geg}?%@/ %ﬂ%ﬁ%{rg%%tgﬁwé?@%pc\oﬁg@?%iﬁ?%o;(ﬁ%m 1 consisting
esRpli¥pPepyl ene ether polymer; B) froml to 30 weight

percent, based on the total wei ght of the conposition,
of a nodiA) frommd toi%4fweightinsresht, dpsedyon ths totalcweighi ofithe

fromO0-20 w. percent 20 .based,on the.tot,al wei. .
of “the._eroportieny o § GemboRfuB suky g sl R ELARR 1035 weient
5 10 30 wRikght HREEC&Nhe tHBEREigRI0f tHE cb8badititgioFatpobiphenylene
the conposition, of a phosphorus conmpound such as an

aryl phosghertpolym&r; The hal ogen-free ignition

resi st ant I r gonposition, qf ai ' -
e T o e PR AETRERLAS O A LS B L YOBEL o gomposidon
group Cong =SinbAgicd mulB-RALONRT $poxH réMiP ebifisidinel fedth 8-20 wt. percent,
vinyl aromati c nononer or hydrogenated versions

t her eof , Tpaskd om theohoteld aveight of the epoxy resin, residual epoxy groups; and

acrylonitr]lLe-butagd| ene: styrene/ pol ycarhonat e. "
conposi ti éﬂlérompﬁrciig%gﬁlgpﬁp] Cﬁ‘@{fp@?ﬂi@ﬁﬁ%&ﬂvﬁ}g&? the composition,
phenoxy e&ﬂ“@ﬁh&?wﬁe ESmphRIdRERYSs 8neryl Bhephateal at e,

epoxy resins, ethylene vinyl alcohol copolyners,

et hyl 2 rEhelialgdnefraccigditionpedistansmolympes opoipesitionof Chaim 11, wherein
thgoﬂgecx)'x)l(llogﬁtstic_polymer of A) is selected from the group consisting of: a polymers

produced from a vinyl aromatic monomer or hydrogenated versions thereof, polycarbonate,
acrylonitrile-butadiene-styrene/polycarbonate compositions, polyphenylene ether resin,
hydroxy phenoxy ether polymers, polyethylene terephthalate, epoxy resins, ethylene vinyl
alcohol copolymers, ethylene acrylic acid copolymers, polyolefin carbon monoxide
interpolymers, polyolefins, cyclic olefin copolymers, olefin copolymers and homopolymers
and any combination thereof.

13. The halogen-free ignition resistant polymer composition of Claim 12, wherein

the thermoplastic polymer of A) is selected from the group consisting of: styrene-butadiene
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i nterpolyners, polyolefms, cyclic olefin copolyngrgp WISE
ol efin copol yners and honopol yners 30 and any
WO9M9R810% on t hereof. 13. The hal ogen-free i gnPE€T/HH2004/003499
resi stant polynmer conposition of Claim 12, wherein
blotk 8opdIfhBRPHSIStitend HigHRhpaRt Vens SlcBg bttt RMdidie-styrene
gr ou% ?gnsf)ﬂ;t?r%ﬁof: styrpenel-)%tzl?i ene%q- 22 LLOYD WSI?rr
(AB®) cpolyniers, 2nd shheusEyonitdie39palymistsock copol yner s,

pol ystyrene, high inmpact po t yrene - . .
ber Yohe Beipeetsftpe st ol hestitAciomensition pfGlgim 4 yherein
theShYdiBiBE Rl LARBbhAL pBx ¥ FBGh Y B hateriAPprodhiéedeéA Qﬁré;laéiﬁ%sin which

ignition resistant polymer conposition of aiml
posskssegion avetage noal¢ fhaed epoky igrduprpet mmbeduleepoxy resin is

a erial prodyced froman epo resin which . :

05385 0bE balBRets AET LR GRS R B RPP fin 11 wherein
A i oy ke e
modifidgri - f uncti onal epoxy resin is a functionally

nodified with ng_rpe,than one nodifier. 16. The . .
hal d§edbe halogenyhes igptionussistanhpolyBey FRIRPQSHRILY ¢laism 14 wherein

e PR R Aol DB TR 1 S A OBRen i
epd:BSirousy, basA@x\thgtotdl peeightag st qoxy besid.ot al wei ght  of
the epoxy resin. 17. The hal ogen-free ignition ) .
r esildt e hploegariee ignitrstesistant BOLyICEFMAGitiRTefilaim | f avherein
A let i =f uncti . ' ns .l g
o U9 BB B34 BR800 R34 s
ep&ty d1oepd, Based onth@ttalofeipiteofeoepoxyessim. 15-18. The
hal ogen-free ignition _resistant polymer conposition of )
c ai1g1 The halogen-free ignatiomrasistang polymer comnpresitiemef Claga ly wherein

» thel I%.ghil%leﬁ %ﬂ}lﬁllfﬂr?%}ggg%p%)%??%ség %ééﬁé{gp %ﬁé? g;% § gtfwé[} ghzti p%gc%)%/ residual

epoxy groups,
epé:@sgroups] Basefronahé tathlevdiglbfeksegoxgiredifie hal ogen-free

ignition resistant palyner conposition of Claiml or
a ailfh P arfigle ppaduced from the halogen-free ignition resistant polymer

composition of Claim 1 or Claim 18.
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