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WD 2004/ 072170 PCT/ US2004/ 003499 HALOGEN FREE
| GNI TI ON RESI STANT THERMOPLASTI C RESI N COVPCSI Tl ONS
wabh@4prasent invention relates to thernopl astiBCPUE200%003499
conpositions which exhibit ignition resistance
HAOLeN FREE IGSETION RESISEANTOMHBR MOPL ASTRORBSIN COMPOSITIONS
Ignition resistant polyners have typically utilized
hal ogen cont ai ni ng conpounds to provide ignition

L PSS e e R SRR whion e

ighifsh AR cO Y iNBBY theBES S RiogeR CBhAREA OO unds.
pol yphenyl ene ether resins and triphenyl phosphine

~ oxi dgnitian ecsista phlyererslsye tescdllynitilizod halegémseantrining compounds to
caonponents .as discl osed jn et al, U. S, Patent
Driy AR TR e OGSIeh SR OL PO R S iegTAn gt halogen free
TR eos. T t o
co W&%%ﬁ?hgp fgﬁ%ﬁkﬁﬁ r%s?st;hﬁ gtoﬁﬂe'rfe? a0eEtOf CHInBMalBhEFHodfphenylene ether

enyl ene resins, rendering it
regind dridaribhertyb phospharoxideriave hblsebeenmsiedrs agnifior ®sistanhcomponents

o5 RSSO/ O ol U PoRioH e oS3 Heteb i foripostions have igh

. . ' 4 ' in.:
L T
ref®Bih9 3JiffiRtAo PB4 Syiirough eAtrGs1018 60Mhjectn AcddE0S t§uipmbRs.

A 4308185, 15 DE A 4308187, WO A 96/ 07685, and WO A

96/ Prepwalsiiave Rememads inmsaphewlomspy giEstarflgniinsicad of
ARGy 5 SEAEHRL AR D AafBim

ex@hpRGIERI A D3 8493 ER @ 0384940, EIKe0408990) IS A 4308184, DE A 4308185,
di cyandi anmi de, sul fanil am de or__some ot her nitrogen

DB AR 8 SN O A6 637 card W Ork 6 L7636 o FriPgserfrmaakons a phosphorus

R R S Ser IR o S 8 4 e il cpony

resii? 200k 4 ek Swith 38 amind ¢raselitles sedhadstdicyaadiamide, sulfanilamide,
conposition of a polyester resin, a styrene resin
orfsgmeekprplteogerelemeniRentainie:aresslEkar toform amstwerke Hnvesver, these

oRRORL 3,070, SR SN D

r esi JpDo01-406%6 Ais€16888 @Sidneosis@piREinTofifposition of a polyester resin, a
thernopl astic resin and_a phosphorus-contai ni ng o
styronprsaing for sxzmpisi HERS, and wiftemeaetsniaph fo1 erampds, phewharyscontaining

epoxy tesin.. |l.n "Studi n. th h .
e e T h B B R el PP 220 54p isloses  flame
reSi¥taht fefid @Bilposifies Ridat thePeoplastie $ésin A4 plicdphor@t-containing

is
Pol ymer 43(2002) 2249-2253, ABS conpositions, w )
copapromiad i egmbivatidowith epekipriais onsromatis epexy resin. In “Studies on the

e oo Cunrgons 8 RO bR T hEbHEE Hosphate and

 epoRY PR Mgl oMb Ak MePiAN0025\2oUs-2053  £BS tbiBodieas)containing

groups which react during polymer processing, causing
vaploas Rpexyaesing with dplicnylphhsphatsravdilame regpdamte pigfdiscassed. However,

there remai .need .to provide a hal ogen.fre .
thp RBOST S P E7hdrebove BivgBes o Fonian GiEhfED of reactive epoxy

bpEFhich RedtPhslintOp ARREL 5:BbdsOiRg, cal ik BhcBABSEs i fie!firdshed product.
gﬂpggi st gnc% and d%%a re@?stsange?a V\h:gchcovgértgcl)rre t he P

di safhaefoag dsreofentdies pndedrto gravide a halogen free thermoplastic polymer
composition useful for injection molding applications, having good ignition resistance and

heat resistance, which overcome the disadvantages of the prior art.
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-1 WO 2004/072170 PCT/ US2004/ 003499 The present
invention relates to a halogen-free ignition resistant
W0 b@snotprasti ¢ pol ymer conposition conpri si ngPCHYUSE04/003499
t her nopl astic polynmer or polynmer blend; and B) a
nodi Theegkesont irnvehtiiCiel 88%ab aARBYEN RS SnifiONFRistnd thebth OPhstic
0-20 wt. 5 percent residual epoxy groups, based on the
pqlmlaqcomogmon@pnmﬁemgpoxy resin; and C) a phosphorus

cont ai ni n und. .Anot her enhodi nent . of the present

i nvent i ong? %qggﬁ_%quaﬁgﬁpgﬁg’g P"gﬂn;?qWSﬂﬁF’é@’i ant

pol ymer cByrRasddifien naiRihcHonsl epbRy Msid st 6-20 wi.

wei ght percent, based on the total weight of ghe

conposi ti m9en©fesuiuahmwm|@rwj msed oy thertptabpreighhaf thy epoxy resin;
bl ended w t,h 10-35 weight percent, based on the total

wei ght ofantdhe conposi tion, of a polyphenylene ether

pol yner sgrh passpghelurbanifdeomyhde. (PPO, B) from1

to 30 wei ght percent, based on the total weight of the

c onpdsdthérembodirbendfof therprdieht Bxrembidnt is afhatogen-drealigreiaxesistant

esin conté’ﬁipni nI%Pf.r.om 0-20 wt. percent, based on the

POt COWROGHO™ SPPHEMEpoxy resin, residual epoxy
groups; am : r
The Fot al iy ni 0 G4 e fRntfl BllodRRl 6 Mol ASELIA0
co gp ? u ng ®mm>| si?i@namf Eaiﬂlyilmcm’lati‘i"oip Ipatymer,‘rdsxgioﬁs@y bl%nc?ed with 10-35
nmodi fied nultifunction epoxy comnpoun avi ng_ from
0-20 wei g‘ﬁ‘?lgﬁ%f‘i?ék @éﬁ-‘t% %@P sl wagkhay the enprosition, of a

enhances he Y, n%@ St
pol yner; = and %ggﬁel ﬁg&r@g}g@ﬂ %ﬁrhsg 91{‘:% aﬁ%ﬂﬁ'@g l)%?ﬂ% t%o)’
epoxy r esBnframtlitoB0evdigiapermehindbded opahy o4l wdight@fehe composition,

t he use of, the_. @i fied functionalitjes, w.thout

causi ng Hf Odslgg raly-fonchanglicpaxy resing@ntaining fropy@-20 wt. percent,
been addi '&p&} ' ; T .

mul ti-f unﬂcath [ ona*hgég%%g%g{s&#g %ﬁx};}gﬁé’oﬂeggﬁ%lrep REX &ore and

i mpr oved @etdransito 30 weighnekideas basedlon the walvadightafthe composition
processability. 25 Conponent (A) of the hal ogen-free
i gni ti on ¥EPLesRhFuSFIMRaERd é%q(hpa@memmhp@tate-

t her j . i cal .

| hor A5t R BB SO S0t po YR g 00 et
petoent peidyaiepexpgodps; edhincentheifitle refedaaty 6f e MRFRIopladiiéipolymer,
ang)lc/idr &%enat %g versions thereof, including both diene

cRYRPARIE=RTdhe croxyirevis with e thesmeplpstismelymer
' p PEOT oJo] IAVASY ne. (inch udi .
O SRE P ARPTRL R P GRAAI i o
pravucadit BaebezhwdeitiendiABS s coveRadl thamhsdifiédsulti-functional epoxy resins can

als%tc)(/){lt%rl])%{eqc% rirsgp?oryea rnilelcﬁanciga% %lrgpré?triei, 1(n§ﬁ\ '}?o;w 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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pol ycar bonate (PC), ABS/ PC conpositions, polyethylene
terepht hal ate, epoxy resins, hydroxy phenoxy ether

w@eiogor130 (PHE) such as those taught in U S. PatBEN$2004/003499
Nos. 5, 275,853; -2 WD 2004/072170 PCT/ US2004/ 003499

5,496, é?@ A%, 573, 3@?16:%3 SinyP4loyhd? REpoliythgts, éth?l@h@hcryhc acid copolymers,

copol’yrers, et hyl ene acrylic acid copoly

POlpoilet}n cabpn meapkida mms,unﬂs@ﬂi{mswwhg Oleé& cppPlymer(COC’s),

Othe%‘g)lsfc oI %g‘ﬁggﬁ% gﬁ"%%x %ﬂg 9po eﬂ‘n& ngllrﬁhg)frrﬁ(gf)o Lymers (for

alillgﬂ@ RROLTRIR Usin@ conPRibRhEetdrd Qﬁﬁoﬁ%@lyﬁis)ngolyphenylene ether
convent i onal heter ogeneous catal ysts), pol yphenyl ene

polgiess (PBOY ehy rmy @r(l‘tﬁmormrdﬂ@lwh@r@ﬁﬁl nation or bl end
t her eof . hernD ast I
t hod BeIGH arsga pp&n{eﬁseérgr e?l %}g %y%ﬁgsem%&gtdﬁg g%n%lp ¥%s well as

dudidk. one enbodi rrent the thernoplastic
nmﬁﬁ?@?&ﬁﬂ?gugﬂ%ubber nmodi fi ed nmonovi nylidene aromatic

pol ym'eme @nbxdinment the theimopiastie pelymer is ampbberraedifipd monovinylidene
aro%?a%%%%er} p%ﬁt] gd gs pols eglfz%ﬁo\f]irg)flgr?srﬁ%cl\jtﬁgnc?rgiﬁm%rgﬁresence ofa
dlsg&%%% élg%tE}EQIA&@J}Eﬂ%i 5 aﬁ?%xh@t‘?cdmbﬁoﬁa’e@ ind¥@deS Bhiare not limited to

4,585, 825. Pref er abl t
thd¥® desteibed & 0FS. phents dr66H, 87, 4R572,813amd46:&ﬁ825 ﬁﬁ&r@hﬂﬁ, the
is hydrogen or nmethyl, Ar is an aronmatic ring
MANOMPE L %@W’H&lfroml to 3 aromatic rings with or
wi t hout al kyl, hal o, or hal oal kyl substitution,
wherein any al kyl group 20 contains 1 to 6 carbon
atons and hal oal kyl ref® s to a halo substituted al kyl
group. Preferably, Ar ils phenyl or al kyl phenyl,
wher ei n al kyl phenyl rgfeegro an al kyl substituted
phenyl group, wth phenyl being nost preferred.
Typi cal vinyl aromatic nononers which can be used

wheéih lu.lvlﬁ Praltogéle 8emethly|) Ha-isrei hyohsiti nimgesfruaiite haszax@ﬁr@mdf to 3
Vi n

ar¢mmmm@gsd;1$]:2§myﬁ]§c§§;Lkérlhlél%l% l%g L] ]g{l}ppg%gtg ri]s;‘q erem any alkyl group
coflBREY 6 cafbiViof? JNRROLARYERRrs 1 N0 SUSRIAGRARY 6D,
s P The

ereo vinyl aronmati c nDnoners my

Pr@fe%blyb Q\ﬁ@?ﬁén@'ﬁdr Ak ylphatyhevheseip (allgyft;élenyla'bfees mmmmlﬂe_,rl substituted

Exanpl es o uch nononers | ncl ude,

phienyli greep, mthanhewh eingymnestareleded thgcag(y}rW amartliqnéc?nomers which
th tril t t .
caﬁE)F F}lg%i %’Fﬁ@é Snclggl%y |a|1PCrH'?16{%I g{}l}*{%}%e %ﬁyll’n@fgcdri‘%ngl toluene, especially

paBiSIElEkRe, alPRERYsBRletiyibigfene Ardpyiatyete, mmlyybﬁphdell 3yl
The Tubber used to produce the rubber npdifi

ed
napbﬂmlgnn,yvmyi@néu@qegmlﬁén%mrﬁf@@reof The vinyl aromatlc monomers may

also be combined with other copolymerizable 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 such as linear, branched, star branched, and

homo- and copolymer diene rubbers, block rubbers, functionalized rubbers, low cis, high cis

3.
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can be any rubber which wll enhance the inpact
properties of the nonovinylidene aromatic pol yner,
wo patiing any nol ecul ar architecture such as PCTES2004/003499
branched, star branched, and honp- and copol yner
rubb&rsend Hihares thdtbeR: KThe lisfmser of Wikbht HRAIrARAG @rn%) &5 those
lLow cis, hi qh cis -3 WD 2004/072170 PCT/ US2004/ 003499
Palymaere rad sepplymsisyhieh exhibiea secoms erder sranwitien temperatisevhich is not

. f o | - by (o]
B Y B o BT et TR
aswletegfined or@pproRirgdied vdih@Borentidag te@hAighys, ﬁﬁtexmng[(%? ASTM test

as

than_20C, and nore preferably not higher than 4
mefiedPhiéd or approxi mated using conventiona

t for. | . ASTM t 5 thod D 52 T.
The. Tlioigpes s Sy e Mo imseaitrs i e G ebsn teoroidpplymer
pro@p esnthidk Mo $.85teRAIYFROmM 4 hRAY ??fé‘r%l&?fo?@S faﬁ&%@?t preferably

preferably from4, nore preferab from5 and
frm &fte 2Qbpipferablp ta B8 pocat, mpregfrefiesdblyytot 16 ah8 mext peaferably to 14

e R N L
cobiiRdn¥its Yex pfisSeiBsi ribbER B Fitbe AR VA1 € :Th& %rﬁlom?? Er>n15‘*rubber

expressed as rubber or rubber”equivalent. The te
equivialep&t as wed henglibie intemtpdity aleent for 4 ashbes heimbpolginer, issch as

ol T By (s SHEbBRotA bR iR aPoLyENH thepmepnt of the
co?bl%’fﬁlér SRRE Y TRIm moREmAFRHh V&Heflth%ﬁlo_ Sgrg&%%?@ ngorgﬁ %emﬂlpery

rom nonomer whi ch when honopol ynerrz
polymdresuch as dbyyarertadienmesty@ae bluck aopolyae, eieearséiyt efithe butadiene
bl ock .cqpol r, the amount of the butadiene 15
co W&%&h%‘%ﬁg{;}ﬁ%@&&%@{ copol yner. The rubber is
Pr eSEM e égﬁaﬁéﬁ Gs BORES ruBBLrafl B WhihiRk {rj;gﬁovin lidene
nonovi nyl I den aromatic polymer matrix, and can MEVES
aremytic pelgmer metrixg amdjcamimeandpatype bincindilg naonontadat, ibi@eéd] or
rticle size distribution and particle size, as well . i
m@@%f RPBY PR 8 g itonand garticl §i%s. af Well ¢ angmermhologydncluding
ceila RoRKinRl, A% HEdd-sids, a@Well‘éé%'mg%%'b%ﬁo LRQE- 20
Pol ymeri zati1 on processes and process conditions for
t he Rodyrpenizatinn prawesses and prpkess@oaditibhlofttaidtyerization of vinyl

roducti on of rubber é)rgmdi fied polyners thereof and the,
ar@eﬁm PPRorEers radeciion s rifhsymodHipdinedyrpes thesepf apd thegonditions

hy . ' [ the, o 4.
negfctrd. ﬂo{;*)?ﬁgiglgﬁ %%n%sggw&cgaéég)gmlé ot | iq?o%&]) qrie cf’kllled in the

r I 'on process can ~us
art, yltlwaigh pnp pelysesization protss BatObisuselWylicell pro&dsbidsi 8¢ continuous

&cs)(l)y rizations, as described in US-A-2,6727,884 and
buflorsoltiongobymerizefiansas destrihedin Fist Aok B8 and FHyA-3,639,372. The

i ' . Nt sgnce of .
poAPaLon PRV hbn BRI 0 cd DR B BPRAS rBl ot pycisotved
elagtoafidreol prepbieampacithédified)@r pafdd Ghisber @éﬁﬂﬁﬁl%spr@ﬁuct%k&hples of

are described in US-A-3,123, 655, US-A-3, 346,520,
whigh g_egi,egg@,eg grgpsaz,\di,123,655, US-A-3,346,520, US-A-3,639,522, 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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US- A-4, 409, 369. The rubber is typically a butadi ene or
i soprene rubber, preferably pol ybutadiene.

woe@heram y, the rubber nodified vinyl aromatiBCPUE200%003499
i's high inpact 30 polystyrene (H PS) or

acr ylienhedohdpRashio or pblyhRPBlchdBS) is ddl iR hi Hdn-free
nost pref erpriaed tp@ WO 2004/ 072170@§)CT/ Ugﬂ 04/ 003499@

1gniien rofistans pkyERar @ompgmems rthppregens invightiom i #pounds of at least 40

e T

prefeeibiy & 16dst 6@ hr@disy wéight, RAd bidst gQﬂ ¥astb5 lp§ﬁ§5y #Right based
east 5 parts

parts b preferably at
onAJé}Ogmrts eeght@f diedradgen-{eae igrition r& Gty polynisy compgshnon of the

oo 9t T G g P sk o e sa? i rigipyed in

anf Rt Sle@thaP e} I oSS bl ivRlReR] prbRBablPIRS BfAh 10 80 parts b
i nvention. Inéqglgneral thg th%:rm)p a%tfc ng Ol‘equa o 80 parts by

weighipbased on (189 pass byrpzlelgjnédf tha halagentfice ignétion Itehlataﬁ’opolymer
t t ht referably, less than or
coggjt?ﬁ]luoflgfgﬁ igar Pﬁlnﬁgn }/\(l%le?ght IObased on 100 parts by
vei ghtone bribB&inktak, 488 BorhpSfidrdsY thd sérﬁ%b\%?uﬁgﬁ cORbAIR"

conposition of the present |nvent
th@mwbhshe biepd ok enc thepoeplasticrpobfmdriaad pn adélltlbnall’thﬁ‘ﬁiolphiﬁtlc polymer,
| end of one thernop|astic

Suﬁ%ﬁ o %@HQ ST h’sfwﬁwt %ﬁ%‘pﬂr%@rteu%aq@dqwety afisetplytic and
no%écg@al%ﬁ:l PEBORHN R tl?et cg)g{e alfd:ﬁg r?%gnﬁgéfls o ?ea%ﬁ?ée{ié}\aﬁses thereof. By

y a variety o yti non-ca
wayr ddHss@siofraenainhe th@paslypimyléna gthpfa;em@ﬂ&elosed]ﬁ&ﬂ? Si P4 Nos.

SR Sl S SR I
g A R M rocion

coqumnigqa,asdnlr@arpmiygeh&byﬂaﬂmeg gishikrongh b ecaption aslatodyf &phenol and a
action conprising passing an

oxj dative coupling r
mﬁ%’éﬁ‘e eawvijﬁwﬁwsgaét heR Aiselgpurgs redating to Rrosssses fprefariag

e
%@%Zﬁ@%&ﬁ% 1S, ?llrl%?d%é‘ gr gtgt'ggblgﬁl ?sgéfaﬂé)\r(}a%g rfl)élli]e dthers with styrene
typnﬁquqiwngiﬂ arefoehd ar Fée $J.8sPati M6 3431‘561’0519 Safrﬁtomp@l K BdtSNo.

I th th st
12 R BRI Gl o bt a3 370408 Bhaehardis! g B8 P6Yo.
3 za@gezt@ggaksk’lo&gﬁ%;a{\g&o 3342%?@@%@ %fé %U‘i\g) 3 144,166; Hori et
al. I\U S. Pat. 2\1](935336 ,61bpPdseieet alglU.S\UPH. NBag,440\017; %n&ﬂ%cﬁ)@&es relating

q% Pat. No. 3, 344,166; Hori et al.
to mﬁa Resd 0@‘%@@ whigh deagh wekde andines, argkgowpgtom ments such as

Wi%dé ‘9 b 4175.5 304 I\% %CAWSE‘@?@? -%}mc? g%sgtﬁglgagfnlgl e(g\%ﬁ 5(?]%0}#’( No.

ysts whi ¢ch do’not i amn

3 mtﬁﬁt(MesalslbolﬁﬂaTB or Wirdehted K bayashilefal., #ad U SPat. No. 3,455,880
per - am di nes); Nakashio et al., U'S

(cqglt Chrlgtes). @P§t%¢0ffmwsaﬂ@m%}’lﬁlﬁeyleme etpmm z'aroéuced by
rez{éﬁggﬂ?es&hegﬁon%%ng' phen(()jla%é 101 wﬁ% an 1N?1ator sucf? as peroxy acid salt, an acid

peroxide, and a hypohalite, 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.
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(cobalt chelates). In the Stamatoff patents, the

pol yphenyl ene ethers are produced by reacting the
w@ororespondi ng phenolate ion with an initiatorPCHUSIN0EE03499

peroxy acid salt, an acid peroxide, and a hypohalite,

in fhe &5}?]%2 e@fheﬁre%ﬁﬁﬁk@?ﬂﬂef&alﬂgsﬂihe t{pedmvinpithe sepeating

relatlﬁ O non-catal ytic processes, such as
summmﬂhbnnnMMAth | ead di oxi de, silver oxide, etc., are

described in Price et al., US. Pat. No. 3,382, 212.

G zek, U S Pat. No. 3,383,435 discloses

pol yphenyl ene et her-styrene resin conpositions. -5 WO

2004/ 072170 PCT/ 004/ 003499 The pOollyphenyl ene et her

resins are preferjably oﬂ) he type havilng the repeating

structural fornulja: Q _ 09! Q 5 wherfein the oxygen

nucl eus of the j Oi /ﬁ nis a positive
integer and is T Jis a

nono-val ent subs}ituent se ect ed fro the group

consi sting of hydyogen, arbon radicals
free of a tertiar al ohydr ocar bon
radi cal s having a {0 carbon afons between the

hal ogen atom and | nucl eus, hydrocar bonoxy

radi cal s and 10 hplohydrocarbonoxy radi cals having at

| east two carbon atons. The preferred polyphenyl ene

ether resin is poly(2,6-dinmethyl-I,4-phenyl ene) ether

e nucleus of the

wi{efh e LB HRECHbR JHORE HE%%“}%E%&@“@%S"&%%RH s
nekSadjsiafrgral i ienpdsityeintaget el ihat logt 305 ansleeacky Q) isiagnono-valent

resi stant polynmer conpositions of thelfﬁesew@{ b dical
subseant SRCtPd: AR EEOUFICORTISIERh hygigpesn,Ha dgpgarbon radicals

€ I o carbon

i G AR 1 Ble bR, flloRRlhStbh MEHGAR haviEBleast tw
atRhebahab thedhlogegamim 4@l haphsnyhyuvieny hydmparbgmssf 1pdicals and

b ght f bly, 30 ts b

ot o e iy T
L h t of

o e RS i ftrmeat

co ”'F’W?mbﬁ |u§Hd 1ﬁfcoin|bﬁ1anbﬁ Sth anothey dimtmopiastiﬂ';mlymer the polyphenylene -

(prrpan brals ey SRS BHIOBE e BT S e
ethergpsn - o
co&xgﬁ) gl‘z)lng Bﬁ{ix&%%%st ne %Iﬁ gl:’ibl g{gﬁﬂgto'fg e%%gggﬁﬁ@g%1mreferably at

lehdia2hatiose 'Wefghe endng Iib!réfbﬂblyra‘t?beast Bmpamdjyymght and most preferably at
conposi tion t he bgr esent invention.is.a no

ed
lenst|1Bipaftahy wetﬁhaup EpBXPartely yeiglh PIpiSEROLY FYPFH Y Welght more
preferably to 28 parts by weight, more preferably to 25 parts by weight, based on 100 parts

by weight of the halogen-free ignition resistant polymer composition of the present
invention. The thermoplastic 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 a modified multi-functional epoxy resin. The modified multi-

functional epoxy resin is an epoxy resin, initially having at least two epoxy groups, which

-6-
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functional epoxy resin is an epoxy resin, initially.
havi ng at | east two epoxy groups, which -6 WD

wQeMo@A2070 PCT/ US2004/ 003499 has been r eactBCI/vb1004/003499
at | east one conmpound capable of reacting with an

ha ety regtted Ryith(d1 @dal shel DhRyotfd cApabRSofTRsbtihk Sfilh arSdffoRy y group

that the nunber of initial epoxy groups iS reduced

(berei redesepdiip ep modifier); sech hatthe nymbﬁr eftisitisbeticxiyeroups is reduced and

re?fr%géﬁdgéggg t ﬂgctgcpr?%g{y ch tﬁq P}gnger E(ﬁ@{%%@f ?JII' bgg‘rtlg 1fiers n?ay also be
sel8etddi sofal b6 fniciagd the REeMpatisifitybf the Moﬁfﬁeﬁhﬁulﬁ%ﬁ&ﬁﬁhﬁ%ﬁdx? resin

pol yner or blend. The nodified rmulti-functional
W’fﬂé Hierthersapéastic palymeo oy blend rT Heahodj&edtnewti-functional epoxy resin is

f t [ ti-f t
O D Ao oS R W Bt s
remlsﬁlﬁbtérﬁml@ B8 bﬁﬁilbgéﬂ YA {4 sﬁ?wﬁfchq@‘éﬁg%ntu?ﬁf’f% oftﬂag}gen” means

he resin is co free of hal ogen,
th?ieth@ tasin iy abmgémly fee bﬁh&logdmethaés; 0 percont tal open s@rtkat the resin

nor anount of h% t hat  does no]§f af fect the
cogtaggeﬁomeetgmgf ey cﬂ%ﬁ]ﬁﬁ)&gﬂ %@t gesoha ggltl}g propertipsoparformance
ofdBd feshie Qﬁdiis n%@détﬂﬁleﬁﬁis tdthe dsid. STt mﬁs &(adthgtllﬂgofng multi-

some nulti- functional epoxy resins there may
fun@t()]lahfbmb(bf resimsuthere afiaytisd ogpen sinal amothies’ Haﬁfgten ﬁmpﬂmuéshéft from

roduction roc ner al the nulti-functiaonal
the B ULPRC S epﬁaﬁéh‘b’i"é‘béﬁ{ netipRa) ERPF Yo Fesitsusgd in the present
1n{3@ﬁ1%f1'1§"211 niMErﬁhwthhtlhﬁla 1%§>8é%§§s8§ T aQ(PfeaQtﬁo \g{tég%ﬁ‘c%dlﬁ@r

a nodifier conpoun on a
coprpeﬁml)abh gvatgd, emst thhn8, andprefepbif ﬁﬂ@%@t y. S,ahofeQﬁSfera%ly at least 2

anflop S BreBeTaly Pee E50  SPRUT EETD pot eleowaice ?hgirsmmmf the
m(‘Mlﬁgr (fﬁ?]lh rvhfhftgé] frfdlt? %ctlgﬂﬁ Cfisésﬂl her}glet%ﬁ %3t (the

pro nul t ona epoxy

math]led: mmlt&ﬁme&snail @poas r&m}ﬁh@htonlafm aeloby 50 ﬁvei:‘g'hﬂpl@fhent of residual
but .can contain fromO to 20, general

PPy ROUDS. bsAs caBfajn fipBYd t 20, .ganwasefro@rlepquaw fromo  @1d more

pr%i‘rére ?gﬁﬁ%rfx qIBelésg ’tl%aﬁlglgvf ?%&%Ml\xé%%%l% ok 8%(%%110%3 gﬁegeg%tﬁy less than 10

waglhpgragno msduabep'tﬁ@ g@cﬁuﬂshlﬁasé@bﬂ khewoiaQ Weight of the modified multi-
nmodi fied nulti-_ functiognal epoxy resin. In the

fupgt w&ale@PX%f‘ﬁébtln the,kroadgst pspegh i I@warfuéml Oy nresgymay be any

Satglgactgdc; rHt@d ﬁg)h%c ;JG S’c § r15 Iﬁétu? gcy ¢ eg%rﬂ%%’ﬁ §ompound which

is dérived frdns aﬁi epax\yadslﬁ hevina Mo Gy dh@&lzﬁeﬂtﬁg‘yl ghgypTor e t han
one 1, 2-epoxy_group. Typical nmulti- funct i onal epoxy
resins whiYPEN I bEmeEanslicpexyt svsinsswhicl cathie mpdified for use in the

co g> Pgﬁ Ef %n gﬁésg%tqgv tﬁ%?%}lﬂ Veepptc;x%rrllglv g#l,égglggsnﬁg% 438 or

D.ENe™ A f
B¢ mﬁ%ggﬁh@%fﬁ%%k§gfﬁ£ﬁcc§hﬁ%%gﬁ?a Aeﬂ%g ep ﬁérﬁ%-ﬁb%v Chemical

Coapxy; admybh)pﬁntadlem)phﬂndl gmotybosplagnal epoxidived &@phenaP—A novolac,
OXIdléed creso novo or others found in

angBapalzed Segfiovplapo b Rupdin & 5. SH0BR 1285, G 65 AND USS
6,483/0942k 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:

A
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15

30 Epoxy novol ac resins (sonetinmes referred to as
epoxi di zed novol ac resins, a term which is intended
wao 00eitiace bot h epoxy phenol novol ac resins apdI/ERmRY 003499
cresol novolac resins) have the foll ow ng general
chem cal structural fornula: -7 WO 2004/072170
PCT/ US2004/ 003499 OO O-CH2 - CHCH2 0 -CHz CH CH2
OCH2 - CHCH2 H2CCH2/ I V1 \' RRR n wherein
"R' is hydrogen0Cl- 3 al kyl hydr9@§< or g C1-C3 al kylo\
for exapplap, ot by, Bnd O A cri-eHQ @, ar | nbegem, -faOATH,

1to 10 preferably hps an averade (alug¢ of fromoO
to 5 '-fu%géioa SROXY resins arje adi |y
conmg |y avaiPabl exanpl e-itride trade
names E/N. TM ( Tr adejra The Dow Che

and Quat rex{TM 2 tris epoxy Qs

Tacti XxTM ?‘42 (Tradenaf ks of RGiba). The rateri & s of

commerce generally conprise m xtures of “vari ous

species of the above fornula and a conveni ent way of

t” e . €6 .9

SRR bt T RIS o X CERES T pfhpld ety and “n
is Spean égegdPifiwhel ted0.nmi " tgrefetabbt hagnalavepex yalue sf fismf 0o 5.

use jin accordance with the present invention are

th o%ugbﬁw‘m EPREY Tegns s reasdilycomuncaeiglly Availsble farsgample under

i . . 0 Whi N
RO SRS PR PR} 16T SRR SRl e and
trit Opdxy st aePaetixhzad (Diadpieme bf &itd)y Thaafitdrdtd Md@mmerce

t hose polynmers having the followng 15 structure,

genpratE pempise mixtareg pf earipys sprcinsof e @ioye Gr@uja and a canvepient way
of Ichéraéteri%ng %1(% m%tlgreg is b@ r%fe%en%g'fc_\(l)\lfheepa%)e(%ge, n’, of the 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

O-Gly | O-Gly
Fig.1 BPAN-epoxy

-8-
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-8 WD 2004/072170 PCT/ US2004/ 003499 Trisepoxy resins
i ncl ude pol yners having the structure : OCGdy OQy
w7 XiGE y OGdy In Fig.2 tris phenol type BPEDK$2084/003499
Typical ly, the weight average nol ecul ar wei ght (M) of
the nulti-functional epoxy resin is dependent upon
the thernoplastic polyner used in the conposition of
t he bisspeRy resing yrshndediplaners havigs e wiuciprs r om 150,
preferably from 250, nore 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 prefefrably to' ;5,000 atogic nass units {anu). 10

The nodifi g o nmodid.y) Itl-fuan3@n9I epoxy
resins are contjai g reactiv r pups,
which w | wJfunctional i3 s, such as a
phenolic g A ounds such
as 2-pheny| | 4- phenyl ghen I, phenol ,
tertial bu hi sptienol Q] nol 1f;

pol yi socyaphat es suc nmet hyl e

di i socyanat ‘ gdi i socy an acid group,
aci di ¢ conmpounds s chyas 15 salfi ¢ an am no
group such {ni gghydrlﬂe group
such as slccinic acid hydride enyl suiccinic

anhydri de; [ or _any non- phosphof Bus contalnlng group

whi ch can r X roups of the

non- hal ogen @gg% ﬁ%&ﬂv§ﬂﬁﬁ@$ 8%8?yepoxy resin

compound. Qher nodifiers include conpound containing

fun S gﬂ

or Og’f ?(irﬁgé/ tlhk a%}a ﬁo}egﬁﬂp@’gf\gg’f éﬂ%&%ﬁ{ﬁﬁlﬁ%ﬂ({twnal epoxy

retihés Apehdeni ﬁp@i aﬁtthfﬁnfop&lsﬁc pélgiet hedn® ﬂ{e&ﬁiﬁrﬁ)sft@ﬁloﬁ $he present
such as _nonovi nylidene aronmatlcs and conj ugated

inygnsiqe #nd & gemeralfy droms A adsipreferbly; fem 25 f.anogereablnem3§0 and
m&ét @éfgxgla Grork Y560 F0500, &§%£1W§e§6§}@k§ﬁﬁﬁy W 551680, preforably to

8, @DO a@@:mﬁﬁpxefeamﬂ?z td ©00e aReiit SRSy IR (Emu).
polybutad|ene mal ei ¢ anhydri de copol ynmers, carboxylic
aci drh egnmﬁg@owbmmfxv@mtmom@ GBAGIresing pYe qeatpekinds

£ functd ona
cog&ﬁ@@% yren esﬁ ng]y %{:hc?)c n a f‘%ﬁma]o?p Ot Ctlé’ P%lztlteghsuﬁg as a phenolic
growgs dorl exan®ib, biiérdtdictcbmpaihds suth AE2-pREBHPIRAGK W-pHRAVIPBeno], dimethyl
The nodifier conpound nmay contain on average, one or

pheseletertid huthﬁbvhf:@mmsphmo ‘ﬁyblsnbﬁp@lbﬁ polyisopyeaetes sechwistrhethylene
dlf)ﬂl:%yleﬁ?s)&fya%%%lﬁ%a tghelcranercrﬂsoec%fgna es, grlf acrzlld rgr)c%pf, Iacelzhccc%%omlgs such as

salicylic acid, an amino group such as sulfanilamide; an acid anhydride group 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 compound. Other modifiers include compound containing functionalities 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

-9-
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5 preferably contains on average 0.8 to 5, nore
preferably 0.9 to 4, and nost preferably 1 to 3
wo eovediamal groups per nol ecul e, capabl e of reRCT/USIP04/003499
with epoxy resin. The nodified nulti-functional epoxy
tefgigihtod aRdRAcy aR@ tabbyy il RILRA6 dHA1 AW pol Ak, AWM} conSbination
ypi.cal |y obtai ned by heating the nulti-Tunctional

typl ) f L |
of apeslifiers ean beuseddn mnsiifyingdhe malti-fincibeal epegy Esins. t he

pre C catal yst.s (am ne, acid hosphoni um or 1 .
o BTl uh ol o R PAE Brigois (oS pygunctionaliy
capaBle!Bf re@étidBOfith tREPERY Blouby PéithelRakle £ BRNYmbEFieR cofipblif
al ogen-free ignition Tresistant polyner conposition

preferabhecosiainseon avemgsil.8 tnd,widre prefprahly U tmnd.tamd most preferably 1 to 3

t her | astic ol yner ed.in . the .conposition and is
b RRAD RO et mleRolE bl o sefettoi I SRS Fy o

I . .

o othe oL i AR ABhal bRy RSB bR ch@ Ry bRl iny

~ metheld, fhubis tppiedlbr etiséinediby hesing tROmwbi-finttiped eporty rasids and the

| ess than 3 L ght percent referably less than 28
mogififi MHRTCEhC Th PR CaBl B on A B R or
anﬁﬁérﬁﬁﬁtca%ts)@%twmﬁﬁc%@ﬂ{tlﬁe'aﬁ.s’s than 20 wei ght

percent, baséed on the total weight of the hal ogen-free

i gnikheamauas bEmadified ehytiEfine mmplapioky essin # thé bslppar-fise ignition

el errenﬁ cont ai ni.ng c?@ound is also included in the 20 )
TP QORGP OBPOPHED OF BgieseRhpxeRtiBYeased wramndbe Higsmoplastic

W s i B8 o SR 5}13@' ' Qt]':% t

pocontraisni 1r?g cgnpgﬁ%%p UISF%[;g?%ly%E geép or g%]sf%%gn%@lﬁ]eggmuy at least

5 weightoyeecknt, iprefetublyhatllegend et pgroért) morerpeefesdbiynit least 15 weight
jon_of the present invention as

ol ynmer conposi i
el G RRDS e Sl %A NEEBHRATERRS 2E P UNE SO gh percent,
préf@ﬁbﬁgig?]sgg%ﬁﬂ@ %@P BaL&R: mo o@g%?#@gl?e%@ﬂh 583veight percent and

or ga onat or gahop
mast geefierpbly deksithrint 205weight mergmndababghihe astebweighteffthe halogen-free
. phosphorus el enent - cont ai ni ng conpounds such as 9, 10-

h
1g1§flﬂgge§{§iwg¢ BRYMEH CHRBAHAIbhenant hr ene- 10- oxi de ( DOP) ;

10-(2',5 xdj &g%ﬁ&/ =9 10- . . .
dihydro-§§g§§¥%gﬁéﬁosp a%%g%gﬁgﬁPglSPT6FH§%ﬁ%th¥dlnﬂm
cofnpQEtibpf theips¢sénhividémionp ey Jomppiadpioild teXxidiespoxy containing
tri s(2-hydroxyphenyl) phosphi ne oxi de;
phaspheTRAlcmenicRpialiRgiF mBaIany Pyitable phosphorous compounds employed in

B | aet - .. . .

o P ORI B byt sovppfisn S bR arseniavion

cofifpohst (O yte legunop dsPEPIoLE eorpddels which include organophosphates,
bis(2-hédnoxyphenyl)phenylphosphine oxi de, bis(Z?

orgf;}aapléqg,? PrteS] OrBRRIPIPHNOBHES, wagasophosphites, organophosphinites,

' - - I |).ph hi ne oxi de; or
R i e R
dihylieb-Nax2 0048 HdEgHapBeialtrelis2 004k {46 3dSSP); Wé@ 29l @hydroxyphenyl)-9,10-

.or ganophosphor ous_conpounds are di sclosed, for
dilgidearBtoxa-10rphgsshaphenastiirendré0-ogisle (BOP-BQB s @45drenyghenyl)-
pthp%ﬁ'?e’ oqgge'; tr'i“s(Brh%zlreo&gfpekgengf{)gﬁgsggﬂl%% p eE #n%etﬁﬁmgi%&qh;rcﬁoxayphenyl)-
1-phenylmethylphonate; 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.

-10-
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nmonophosphor ous conpound represented by Formula I: O

511 RI-(Om-P-(O M-R3 (I) I (0) M | 10 R2
waberein17Rl, R2, and R3, each represent an ar yPCDUSZING/003499

al karyl group chosen independently of each other and

m Sxﬂtabarwgaaﬁpewphomnd emapeiaids e dfcleqdfReRanpR! @ 10.S. Patents
referred nonop hosPhorous conpounds are
(S

Rerréﬁééﬁo%é??ag‘b% A SO 7. fgpre md@ﬁgﬁnﬁeh%pﬁorauf campgnd is a
hyl ,
mopnBonoffil fthoBhis [ BASRELEEIERMIEL Y o Sneny

trinmet hyl phosphat e, tri p‘henyl phosphate, -all isoners
of tricresyl phosphat e emnd m xt ures thereof,

especial ly tri(4 ﬁ, osphate, all isoners
of trixylyl phosphate and n!xtﬁ?%s t her eof M

especially tri(2,6-di met I g henyl ) phosphat e,
tricresyl phosphate, aII rs of tricunyl phosphate

and m xtures thereof, ang trinaphthyl 20 phosphat e,
or m xtures thereof. Anof‘her preferred
or ganophosphor ous conpound is an nultiphosphorous

Cormpy, R B o B o
ind8pendently oBQadRotise: antien e, 48K m{XeachRddepandentl¢ of8&dh other are 0 or 1.

represent an aryl or an alkaryl group chosen
i nddylesiaeeferrgd H@ﬂommwowmmugdawean%@hesr@ﬂm here m;, my,

onfl Hor ¥ R B R R SRRy Py oo e, oyt
nap]!ith?l\/ ﬁfr%&@m)blﬂ uﬁn@hﬁq;hegpﬂat@&lﬂheﬁypb&%prﬁa% QltifRRerd Of tricresyl

when n is equal to or great er hese

phﬁmhatqﬁndgpmﬂgp@emﬁw@mmwélyam@-mﬁwmenﬂé phespbatesall isomers of
trif Slylophogghm%é l"ug:d 1%%{%1% re?e%% espe glyy tn?Z 6- dl tmethylphenyl) phosphate,
tricresyl phosphate, all isomers of tricumyl phosphate and mixtures thereof, and trinaphthyl
phosphate, or mixtures thereof.

Another preferred organophosphorous compound is an multiphosphorous compound

represented by Formula II:

O O
R1-(O)m1 -|II3-O-(-X-O—|Fl’-(O) m4 -)n-Ré4
W (é) m2 (Cl)) m3
R

wherein Ry, Ry, 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.

-11-
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WO 2004/ 072170 PCT/ US2004/ 003499 Preferred

mul t i phosphor ous conpounds are nul ti phosphat es where
workgo4n217mB, and md are 1, R, R2, R3, and R4 BCEUS2004/003499

i ndependently nethyl, phenyl, cresyl, xylyl, cunyl,

nappditted mfultiph hafquls eﬁﬁapg\mls mdmmltmdsﬁhatamvdlere m;j, my, ms, and
o di h{drl C conpoun for exanp r esaqr Ci

m4tay6d dﬁum&@eanm O e e IR e

th
i a 1s\;13?1n %‘altléeg&f‘lﬁ Ihao?n c]ﬁ/ é ggﬁﬁgﬁk&é &t e&@ﬁlpfénresorcmol

hy&zsqﬁab& Msgh@don ed an@hlhg@meamagelmmeasr than D |agd mss than 5,
value bétween 1 and 2 are m phenyl e
prefieralyindine ny|ap¢rggqmz§p@ preater than 1 and less than 5. For example preferred

oli E(?Igh g n%ll} gg tbI S h S n¥a18<|9 8&9}3&5 ?)and Q}ap@ﬁnﬁ(ﬂeﬁ?l%ne-
bidldi Bﬁ‘&EfYﬂh% alﬁé)sﬁ gh&fy@ewlm&(amampﬁospmteﬁ henyhaykne-

bi s(di’xyl yl phosp

blqodlpﬂmeyiphcmpbatb) pfmxenylbm -plstshiprrathospintelp Feplsnyl&ng o

bishdh §~1§;¥;§péﬁé§5f§§ ieib i BB i Sphatc), bisphenol-A-

blégg gﬁ Sﬁ@@&e%bl AHis(Hicxdsyh SSﬁHﬁ%D esfphefibleA-
ous conpound conmponent (C) is enployed in the
bldqaky@hjhoﬁpmn grmmtlcrns therof.st ant pol yner conpositions

R CT M T N —
reﬂﬁﬁrﬁ?&? fa o ngmmn@@istﬁg pRBenk §eRAbA $n Moﬁlﬂs ghat 1edst 3,preferably

ee Ignition resistant pol
at baspbaid more méfetably pressth® pémerdbyivegightal e<i1 an 18¢rpert ky weight of

th@lg,alggqyﬁ eeﬁgé%&%%%%}ggépog%gezé&npgﬁr 5 p? ge‘?)&gsfeg 1&%&&0?1 and in
n#](?ﬁn?so f : égre?&%?l X ﬁ) 10 Q?Sﬁgre‘iﬂeﬂefh%l}’i & & 25/\/ﬁicﬂé1bre$éral§19 @p to 23,

ogen- ignftron resistant pol ﬁner conposi ti on.
andin@d gdferably uphe 20alaigiemefaerie basgdionitbatata syeighired the balogen-free
pol ymer conposi ti ons al so 20 optionally contain
lg@ﬁﬁné@ﬁ‘iﬂi@og’&éﬁrf’PW‘BESl{l%&t are comonly used in
p0|  fre@ b orlifldSrebi¥agt pdlyBELEI@sbsitions may also
addi dg@ﬂ%?ﬂ@%&%%@iag %%ﬁ udg butpa?S not Timted Y
o;i:t@nalai;ﬂctomaqn daabsmord additites thod afe eonenomy gbedaie polymer Composltlons

o b e AT BRSNS ADEh oo s amoidas
p € S t 1 0il;
o850 e LD B oA gt mivr o
artidtats; flawhsniaeoers enol dreedersss; lplgﬂngmis ovatiiieg ageatse ﬂumiea;ant aglitives;
m ca, wollastonite, hoIIow eads, t.itani,um. le. cl
filbses.chach 8 faleiHm caghamals, SAlGER gr%%% e macsaﬁsmﬂﬂa@%?e fie clay
mic%a% %(g%s%mtse' AGS 31/ %ﬁxseﬁéadgfmﬁuﬁﬁt% XPdE, @ﬂl"ég %ﬂio‘ﬁg)lz!tc%y Sh&dfiber,

e nateri or m xt'ures er éof

pa&dsfdndl Gfalcksingle inyegmfe:r @itian exgiahying rlasye(eslmlhna&matenal or mixtures

pol ytetrafl uoroethyl ene) for jnproyed dri
thoesof, aindwarfluorepliane OEZOMEIS G POFISES éﬁﬁ]% p%gcﬁyfgﬁaﬂuoroethylene) for

RRIPTHETD ROBORL gl et O SERAR St cibloning agents

iRl EEariRth GORIES FhitidScodgiiunds wilithrseabilidedpnitan sesibtany polymer
but not limted to heat, |ight, and, oxy

en, or. a
cmummmstag@nyoiegradytlmcm@bby, Rt midgwt |heaty lightnand ejpygen, or a
mqgtlug IRCreSP rrrlltafrl be Iug]e% %?t%&tléhvserﬁal £&Hounts of halogen containing additives can

be used, it is preferred that the composition be halogen free, wherein the composition does
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be used, it is preferred that the conposition be

hal ogen free, wherein the conposition does -12 WO
wQeMo@A2070 PCT/ US2004/ 003499 not cont ai n angCTiabmgeo03499

at | evels above 0.1 wei ght percent, based on the total

not ‘éﬁhﬁﬂlt ar9ThalddBn aCIRMEIO GbéVetd] welght padent] besed o tiret total weight of the
such additives will vary and _need to be control

comwém Afusegothe ﬂﬁﬁupfe@ﬁsuélm peditryrsatillomryang Resh to hecootied
depgﬁ&pg caLy 8‘831:’2‘%%12 aL ng‘% ?f a%l'vgéf m?cﬂgse a}?HE@ﬁﬁh%ﬁhycan easily and

app%ﬁ%i%@élﬁ@i’érms& RBPaSIlEd Pnthehrtt he present invention
can be utilized in the preparation of a foam The

hal bere- eﬁn‘t@élmgm the sampesitien gfthe W59%PV%%&§? Pf Biilized in the

preg%(rtaﬁ#rg % I nt q“lhg ?lflag}gf:# gre? b%ﬂ@r o%%?ﬂéxé otnlﬁﬂ 1t1on is extruded

int¢ flafh HPRAER ?%&eﬁ@nﬁé HAtH Dbty @génﬁﬁétfbﬂﬁ laCﬂfiardalﬂe hﬁxiare extruding
regl on of educed pressure and allowi ng the foanmable
saidrfoamabie moxtene p]amdglaani exgtm,sllon dip ity & regiemel redepgdpressure and allowing

L t
thegrraible A DR Xae SRl GoriraTan fod SRR eaitfhbbe, such as
scr?@ réx{}ﬁ%lé@ &fhin s<§é&>>r teﬁt%(feréjﬁlﬂﬁﬁ%ﬁﬁﬁlafuﬁg kiRl ADarpatdiidiet be used.

rémre bl owm ng agent m xtures are described
SuitablépBcedied for Nakingedfided f@msAr@n Sesgblowingamnymixtures are

dossiibebinge Pat. Bos, IR g6 S780; 2400 L8l 48428 2,928,130
3,12 i‘éﬁ %2%1 gﬁ}d%ﬁﬁ i 5%%@%24%260 4043 0686R1; 4,08887224146,563;

OMAng a ent IS

4, 299696[@50%9]1) h!aﬁszM : /488, Zﬁhydgﬂéﬁb%&_)and;% 1,8%)- bl owi ng

agent and may be ingorporated or. mixed in

pol Jiheblaringiet lwefﬂiﬁ b o BRrofet piiie! O QhsbfiSal blowing agent
ana}(r& %%lnll ? i@dd fﬁ’ﬁk@i‘ﬂ% T)glr?fi&%)?( Aatdrial b9 eny BéiRfenient means.

pre sure arre truder “where it

M&8t Xgpcallly} zi‘lp]ﬁﬁﬁ:ahblohmng @gdny ivefed ubievpuessyre sujo thavbarieh gf an extruder
may be acco Ilshed b |egg]6%.other nes lished bv a
whenq:lt gikefgvElpthe %Hﬁ?fc e TS SR TN IRE AL PR fccomP y

f
Va%egrtry o@&(ﬁ)ﬁeg %ﬁ%&l@@@y&%ﬂ aéégl@% gt%’uég glgrxéi%éfe:ﬁ%'téggal@ha% F‘%ﬁcﬁ generators

suGgUrs deaiBed & Ui Pdt. Wdsh3,7 ﬁ133’pbhr;d'r3381b6693 Chigavichl bl%wmg agents
fed into the extruder to ththe ol .__The
cap bk ysed with \Fhlwlﬁlgéfrﬁef?ﬁeg%fﬁf 1&‘%31’? %3@&@%@ Wil the
enperat u ( b h
T
boRing(if tHetageod  a HysishIigloaiig gent) erperoatpositionf(int the case of a chemical

bl ow ng agent, under sufficient prgssul:fe that the 1t
blowing| acgpmt@;tezranerafawwélﬂee PloWiRE 28°Hb #89H %ﬁﬁ&esﬁ}ﬁF {fjat the resulting

fo?%g‘tﬁg%r?g tg e%ﬁ%?eyg&%ggﬁhfﬂﬂ e‘a'tﬁ‘rougﬂ e%%'tljuﬁ’lon'd'fhe Typically, the

e ext ot her

folnXbIB Snidé B oblediin tik S@fdenbthehmiting dmbamgmra deparate heat
foam ng tenperature that pern1ts t he fornag ? L d d

exfchaxgehm fognmgtea@@rat@a the grupits the Aermagien o& 4 foasp paipg the desire

t o, an n
oL AT LT S Yo o
theh ph RV ERGL N tRS 8iér1ﬁt03di\1%r§£@ﬂ€d@ded fpResERB @nieigerdthee zone where the

foam expands and cools to form a cellular structure.

The foam 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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30 foam expands and cools to forma cellular

structure. The foam can be extruded into any variety
w@booghzpes, but will nost commonly be extrudeRCT/US$004/003499

sheet (nom nal thickness of 13 mmor |ess) or plank
oveNIBInng) produceX r8iest prodit:ts/fde 208NN fhhde using a circular die,

PCT/ USZOO4/ 003499 over 13 nm_ products. Sheet
Profusig b B‘ia’éfQ%hthéﬂiS éh&uo;fomaélaaghqqg Rlagk prodneip agti eonveniently
m qu#)(‘glag? t@ﬁé&i aﬁ?%ggﬁg,,tcﬁgt is slit to forma flat

are conveniently nade using a

r ectSamgblephysical bﬁﬁﬁn@ aféits Rickide Juiboa ki) nittozsh, lower alkanols,
bl owi ng agents include carbon di oxi de, ni trogen | ower

aligyl Regis) water,mng{og iydreearbens, espgeiatly aﬁqaavbsdravmwrpot@awbmbon atoms.

SR PR SR e B s o SRR poputan, -
petafg)dstHentind) Hedpitares GRIHARRe ald cPEBpRMe. AR RBRide
neopent ane, cycl obutane and cycl opentane. Al cohols

métianol,gghangh niprapdnol endigepropanelp nghi@ hlkgihathers include dimethyl
i sopr.opanol . Sui t.abl | Kyl ‘et hers cl ude t hyl .
ot e BT gt Mt R et s pl P diigere dithestpbsical
bl&¥inkWRer§ cdibeeysell. t hese physical 10 bl owi ng agents can
be uséed. Suitable chem cal bl ow ng agents include

az odhuatable shenvicdeblowimgtige s butlydeariodicatbenamide, azodiisobutyronitrile,

bR GE T BARdS P ey rene s PN e Grho sy Eppapg sulfony semi-

call%ﬁl'dé' rBa%ﬁﬁﬁéz%ﬁchﬂ?éX&l%ﬁeeN N'- dlmethg -N, N' d1n1tro oterephthalam1de
di met hyl - N, N -di ni t fosot er épht’hal am

tnhydrdwnb tiszime and sadiimevieartorsdeli um bi car bonat e. 15

hai oitieh 8 Resert Mymmuoie bip = hebiapeties igition fesistant
coﬁ?@ﬂhgn tl?sﬂ?)‘al(ﬂsje idad thﬁ%ﬁ?%ﬁgﬁeg%lmﬁyag&&é%ﬂfdsa#%rﬂ)m

so perform adequate er to produce a
adWyem oqderdb grahicy 2 feamoHokelag predidreldyd nui-hgogagedtblowing

i S in"_g In one enbodi nent, a bl owi ng agent
agEHtIg a non- hal ogenat ed bl owi ng agent 20 mi xture
co r
o gﬁﬁsbﬁé Qx%bﬁdl b@(gvlg@gﬁketggl;ﬁgﬁﬁe f %’g%%]é%lgg b lﬁ@\gmg agent
mikipe ccﬁnﬁtﬁ)sm@a h:e;vﬁr)alc@hdl h:ﬁrlﬂgjﬂnordl ld:derarbcm disres]. aqu(& Ethmgsdkyl
auxi l.iary materials ¢ be used in the fqQam ng
estgh Soioearbopngierdiie b0 Pemthand GRERrdigide FSPdde cel |

contyDiouegeali (lﬂ#gljlﬁggé}{ 5o usefGh | ee}P rtﬁ{/n% r?g%c ?9 e@&sﬁman such

stability con agents ( per neabi

aumihibiyshatetials agdntescell@ontsl dgekis (Syclg@itasy sl agagitiSadeatsctability
25 as slip agen stabilizers, flame retardants,

copfrelagents @ngﬂgé}yﬁgg}@ﬁe@b@&hgt@t&@% grosslmkggepr@p@ﬁqmg aids (such
s B0 4090 B AP 0t ORIy e

dls@emcfrmldsagﬁtmﬁsiorﬂﬁids,rahﬁ'éﬁﬁmﬁd,.colorants and 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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Preferred cell control agents include finely divided
i norgani ¢ substances such as cal cium carbonat e,
w@aloghoarresi | i cate, indigo, talc, clay, titani urCT/US2004/003499
di oxi de, silica, calcium 30 stearate or di atomaceous
paftby Qrelgﬁgpé%hhdﬁa pRAEbY W@?ﬁ vt $pelmehaRinG afte gréfetred range is from
redct er extrusion conditions to forma gas, such
0.1ate 3aparisioyweeghsf citric acid or sodiumcitrate and

cp b et A e oo bRuleREE A8 B §Opas e

inffirdd RS %‘tﬁ o&@t%ﬂcﬂ%h tRefdath QMicHRE B bPRKOIPIRMER Dgtest its

y welg t a polymer resin. The preferred range is
insfutation perfdnnmce, qyan tvwhen yha/ngmg ageeinclufes gnoapylpting grspExamples
used as ther d|t| es t.hat at
of {R attenpiaranireae S bR e i tominmm

paﬁ%ﬂ;{sb WhACR eﬁfé'hﬁétgfi atr@u@dgg%céd ﬁroﬁoﬂu@ﬁ@f@ﬁ if@lating blowing

pertormance, even when the bl owm ng agent includes an
agémisdh dt negl. gas. Exanples of IR attenuators include

Coben Bk o5 ARk AL B .
offén rd%%i’é%etg glrecwsg fJakxpgh?Rfls qg%lh&stﬂé Bldwise Q%éh‘f\'hf‘ﬁle c8liERtth air).

can be use e subjected To various
Pr6¢das slepeintendedrasdideghs tenis tithe dedudegurforationsas dLe@cnbed inU. S.
often desired to cure the foam (that

Palting Wion §,434,0h6, liepting e dagm st Wg_hﬂygleﬁ’jltelds(w({jg& §‘§ gelngﬁgatures fora

peﬁgﬁ 102 agygs té ﬁvere sg%g g%rtgp%%ﬁ(g{s tﬂ&ﬁf)f rsfﬁ ah@ﬁﬁoﬂ dfe {%am may be crushed in

oréeﬁg %E%@ells herbdshakihpeteho iy alsoYeipgtfotyed| evat ed
30F nEeratures for a period of days to
vvee k&ep@atlwfd e halogensfreqignidion remﬁalat(ﬂglyrpgrpon%p@éltlpg Sfhe present

be crushed i.n rder t I
mg? {00 cApbe ﬁ‘fcé)glpéléh?)é)w YPne aﬁg %ﬂix-’ﬁ%p%%g Fion o#ﬁ ﬂlﬁ sincluding
dl?%hé?ﬁﬁ% the ARIViAM] tbRPohid$d SldvubsqRbiEemel mmmg; ¢ithen divéctly in the
resent invention can be acconpl.i shed

exmidenipke tonmkmglerfemh@d [RFESWNOY metml@slrwm a Sleh%rﬁfécﬁ?%derd Ry blends

endln t he indjv d
otar PR cah eig e die iR AR IS B ER e
mkeTﬁebﬁ‘al&% Lﬁ&eignﬁbh 'r@dlsﬁarﬁ fpoBfnfer RbipBgitibis &f tﬁepmsait énvention,
ext ruder y blends of the conpositions_can als

awdi podyrhérg CDMpHs‘rtd thereimp breebienmapiastie pplyaese| YWhen ﬁqu@ed o0 melted by
thgggglg%lﬁgg Bﬁg a{s,s:ﬁ? hgggc%r}egg%{g% iﬂ?lter%%gtgﬁ o}io\ffgﬁ%r con}posmon of this

Qx?ﬁ)d SR DelfhiShRl P mALS] tdi8E BRVeARGIaL teoBhiYIEY Shch \Mediml)ressmn
iy eneg ce)r nel teénby thlggappl i cation of heat, the .

mloading émjeétionemolgiig; gmsslewdsmjaﬁwm@bkdm C@éﬁéﬁé@gt Yaspugrforming,

this, invention ca or ,nol ded }

th@gﬁggﬁp}n(gn% rqsg)@mgg/dﬁ géovg Hﬁ(ﬂﬁg a&%r},?pq,r ! §1%l Bmgtlorf dThe halogen-free
Oql 5iQ8n &Q}Oﬂ%%ltl%ﬁ%hﬁ hRE bk PbrEfddl §Funed el into films, fibers,
erin cuumformng, 25 t her mof or m ng,

nﬁlXti-IIath kamlm'aek/ arexiruded shebidj organ bk eompownnded with one or more organic or

conbi nati on. The hal o%?n fr ,te)
inorganic substances, 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) athermoplastic polymer or polymer blend, and
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ignition resistant polynmer conposition can al so be
formed, spun, or drawn into filns, fibers,

woredoso7diayer | am nates or extruded sheets, or PENUR®04/003499
conpounded wi th one or nore organic or inorganic
subst ance®) dmodificdraaltiififctimnal ok résdi cEigiRingFRRDE0 wt. percent
I n one_enbodi ment, the present inventionis a
hal o#&sifluel eroxygreunsobased e shedntal weighp ef thewpoxy resin, and,

conposi ti consistin ssentjal | f: A a

t her nopl ag{ji%%ngé%?g%ﬁawgycﬁg}p%i@ndf and -15 WO

2004 (0ot} RBAATAI0AE B3R InNtian MOAhA1b85h-free ignition resistant
mul ti-functional epoxy resin containing fromO-20 w.
pPplymes pempesiidomienusistipg rssenialynf; based on the total

cont ai ni nderEn I R BAE ot S SRR i Be compositon, ofa

present i pembpREtd SolfmbBA S cahlBBohdR) éo‘nlﬂiililsg?@%; Wékht percent,

5 pol ynmer conposition consisting essenti al

40- 94 wei Yhsedpartbetatal vxigigdf dre coneposisioal ofwepgjphenfient ether

conposition, of a. the pl astic .po r, which can

opti onal | POMW%beaS]R?E}%e@?@ﬂ%@%m ,  based on

the total gyaigWeight hddEert WHRQSH 8 %tapfvei fit of the composition, of an

pol yphenyl éne et her pol yner such as pol yphenyl ene

oxi de ( PP@odifi®l dpltitfudotioweil ghixypesio eontainipsomdn2@ e percent

total weight.of the conposition, of an  nodified i

ol £ - an T BRL PP SR RcaiRA BB TP M1 ShiTe epoxykesin, and,

per cent L : r : o

el oht - of COne opa Rt Lerk tadRon 0354 BBieh Gt hetahposition, of a

percent, phesptionn cohpotnd sichweiaghtyl phodphateconposi ti on,

of a hosphor us. conpound_such as an aryl phosphate. .

15 TH® Bﬁ‘faé% &OnYghing ?%ﬂgggéﬁ?ané Ithay th listechprmpangnts are essential,

[ j : RO

Bt SRR b A g caply aler

thei yopdriiesantguypak bé the grisenpecapersitions Poeefefbiyp dsecopipdsiidn of the
resent conposition. Preferably, the conposition of
Piasent iyentiap, fogsRAL FONIAH tHeBOSHHNE PEIISTH t her noset ti ng
ool y , PRSIt : . '
D ortZé rche el G980 L Sr! A RS E0L R mnion

ateaiséfubtd fbtieaternumeus ussfelf atticlag andopes. SotheprthsartiSe®hich are
of. t]gg articles, which are particularly well suited .
Paieviars ved seife&ing Hide delpvision cakinets OB UK ARQUtOsS, Telated printer

0y LU0 AR AR RSO0

irwhpleianfin@ive and 8elalldppkaticenot i ve and snal | appl i ances.
The foll ow ng exanples are provided to illustrate the
pres d B¢ 9lloyang pxpnplgsare 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.

Flammability 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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present invention and they should not be so

WO pdoaopied ed. Anmounts are in weight parts or wethng2004/003499
per cent ages unl ess otherwi se indicated. Flanmability

flafrflt RS e é&hq%sjﬁbﬂ,egowirﬁ@mar g $¢00RT ighltioddanewhéthed the bar
(V) or UL-94 orizontal (HB) flammbility test. For

dripk 8améng partitlebibahignijed dgcotton.ve t est specimens, of a
30 i ed thickness measuri . kARt er (nm by
1253&%I§8?ﬁ@ﬁ3€5 % e ngngggﬁgﬁggg?ggzggotton ver e

| gNih &AwhY d@erkfndPaBRoRIMSRMETNIBLSE | ame;  two

ignitions of 10 seconds each were applied to the
sanleasile Whedstatiined aacprding @ AREMUAe t he sum of

fter- -16 WO 2004/ 072170 PCT/ US2004/ |

£ masrespt Elonater VeSO GRS A TR SECong

O A HSLBE o, BEASTMIDISS! | am ng part ol es
gnite

that | he cotton. It flow rate was determ ned
Pradwotiod ipperetiore ASTio8if288pox vy olgksesiat er mi ned accor di ng

to ASTM 65T il det i ned i t )
AgT M k@asgél%éﬁi E%??%e}’n%"{?ﬁ?&z\f?;’a W%a,ﬁie?ageﬁép %ﬁﬁﬁgﬁ'g% %garcgﬁ’rh %qulpped
w%igﬁ%-g% tict Stirrd § ﬁEatYi%ﬁaéi&teﬁt@d%% AROQhKE A 4 oniSAdd. DEN 438

ction procedure for nodified egoxy novol ak
(DossEpoxiiidovatal) (52 ot pevoept)nuasaloatacted sith eyt ppencd 43 Wt- percent)

e S SO TRUPRe 4D B BBl
ch%reé?eggﬁ ?r%sx%&cto% ﬂﬁ:&e@g&ﬁt JEROxE Miawalta) 0 687 AMproximately 1000

was cont act 2- phenyl phenol (43 wt.
piie bf efphknylethyphbeyhoaiuat avetatbedtalgsirbajboratothl sglitcomponents was
proxi mately 20-30 percent t he enol .was charged
adda oo e BeaetRA el ey IOl A R L P e s added
in%orlfﬁre) %%ar? y1 g %‘rﬁﬁxg%%cﬁjn n %9 ggrtioﬂ%mtﬂsft the temIperature of the reaction mixture

sphoni um acet at e catalyst based on ‘
cudd BE catdlidd belspol8sMG Wder 4B of thebedodifiet ¢renpavsidrwagiadded, the

oRPErRgE 60 55 TRHOPTRIER B B IPSARBrRURBIEY ShBy 115 *C and the
p é(tftl Wi BRel P%E B(SIEHE Tt ﬁgﬁgﬁ 124d dn o%f 86tk Rbf 2.83 percent, a

ure “cou e contro ow 18 After all "of
meli&/iEBsyf 40, 2CPAP oUED Camdadden Tgtdfd5/488@per at ur e of

the reaction m xture was held for r OXi mn

at  17scompasdionies high igmact poltyreney Bl T@%ﬁ‘#’% .matﬁo"ﬁé content 10.5

final roduct . 0 4 ﬁﬂﬁf ofal -1’
P BT A A gRgg pf oy ARt
p@fgfﬂé{yfe%@.oxﬂemﬂmiﬁé@epm nbigibk {prppered poivesDFRNEOEP) was melt

(H'PS, Mwv 185, 000, rubber content 10.5 rce .

iinjegti derer 30

blendehenibinjegtion miokad; dhepredisisorers cprpPwiiss ong. Wegper-Fhieiderer
spercent i nerale: Qi zone temperatures of 125, 180, 245, 250 and 260 degrees C.

Samples were injection molded 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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pol yphenyl ene oxi de and nodi fi ed epoxy novol ak
(prepared above, DEN OPP) was nelt bl ended and
WO pjoeota1ion nol ded. The products were conmpoundeRCDOSH04/003499
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\Wér ner - Phl ei der er

30 25 mMmtwi n screw extruder,

W th

zone tenperatures @
degrees C. Sanpl es
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one emn

SUixamfiple I <
nj ection nol
ber at ures we
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U Comp.
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Wi3peraerdt FIBS degr ees
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npesat ur
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et o
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eEx?rpIeE

X a e
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W percent FEP-500

.~ pggcent
18 Epoxy
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E§ofy wEperognt - DEN
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| haoll
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Eﬁatc o 0—"rm)—3:
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[ el A 1
J. U &,
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nSerdaky

38 40 H

eldE&OXY
er Q&olak

N R D 18 m

4 glca
0/1

(O 5% 93
L Rat'l%gq 2.

103,93
S n%EMLZ

HFla 4390

V-0

I26d0  DEN=DGintEfinoh)

No\be ak

438 CAP was

Hll PN 2N £

PN

2- pAeny

N

haclh
TTAAU

I pherlcﬁ

FP-500 was a diéw;gs

Chem cal . Nov

nhat-a—an
wad 13 B

/ o "
art agil. C 1T 1T Y

akel i 08 pr od

n
LIRS

15

uct /2 pro

duct 65

TerIReYields 0790KBd)
mul ti functional ™ ep

EROXY

Xy novol

Nov 0l4ag5was
ac _having

a 5560

5790

functiaonality

average of 5.5MBad

ardpo)

y eq@bPval en

t wi8ght

of H97.

—Pgl%lemijﬁibp%bﬁ ilégut,i t7ot

gener a cordin

S UCLdIl Sl
to%the

ntarfy be

procé s d¢g

Scribed.

above4t 0

Vi yi@le conposi tion

s témt

Ar e sypMari Z

ed @nd e

val uated

ac _chown in the
S—SAOWR A—thne

Flaming Drips

5/5

0/10

0/10

0/10

V-2

UL Rating 2.5 mm

V-0

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 (HDT) is determined according to ISO 75 under

conditions of 1.8 Mpa and 120 °C per hour.
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Tabl e using the follow ng test nmethods: 10 Melt flow
rate (MFR) is determ ned according to |1SO 1183. |zod

w0 200d@tarom ned according to | SO 180. Tensil e yPEr/tiS2004/003499
(Ty), tensile Mdulus and percent Elongation are

. det efmniheetleartiaictisnbe PPO coffpobenf usddadiBadhi N-3245 bR resin that is
Temperature, (HDT) is determ ned according to | SO 75

a bl rof appyoxsraielyi 9rpsresnt nolpphopslenn axide polymees (PRLand about 30

N it TR S

HIPB06np&fendir tha tabilSbelawd! ERAHIHS Pdas0dk RBSiS ket to in the table
per cent pol yphenyl ene oxi de pol yner (PPO and about 30

5 belewdafie high Enprick pelysiyrepe gt gesenkedand used bethe ehate Experiment. In

' tQ b t of .t.h [1, H I .
SRS R e BBt RS TBRAS sl
s R P L S

modified epoxpesin is emsodified pnxyplovolod sestoprepamd agdescribed in the above
e%?e%@%%ﬁstd aéx)da%l ﬁe@%%gp(\ml}l%%f :os hg@g%{]yi gﬁ%}o'i“wiﬁ-ll ]gc(w(sj/ IE%%%I] i(}ovolak (DEN
10 48)s (dhoRenw ﬁh%ﬁh@ﬁﬁipleﬁb%}?o@%hé b%gd Ry ax%ﬁiagleéi Gh @
modi fi ed epoxy novolac resin prepared as described In
cerhpositiapabandpuopertyrmotislirgntdclinéques &ndwnamo thoselsidtledin the art.
ortho phenyl phenol w th Dow Epoxy Novol ak (DEN 10
438). The results shown for Sanple Conpositions 7 and
@arpﬂe% Sitigs ed cnI pconpogit Lorkgl a_r1|d$ propeéfx ) 3

"Jel rclel . T gteS—KHowt + \ W B o
SR 5|t|on2&456
- Keedstock - o 39 4 frwgg

ITCCUSTUCN ™o, O

Lal'd
L=

7 W peégcent HI Pé

3 1 3 hod Toh| {333 19.3

|_pEetabWWit percemtAIRSE ¢ 4896 7.8534 WATR 34. 34 W 433 | 343
3

pwit perdentdsaihi N$22245337. 3.9 B 42.5 838|686 | 486

|
g%ﬁem%a%ﬁ%%nf’ 2B (o0 PP BC e 0 S T I 340

T T O

. CI UGTIT INAYS L= SA=FA & ™
5 VWt percgnt-Viogifie phogphat e RD$|P BAPP. BAPP BARP BAPP| BAPP
oxyRovelachesin phocAhate A7 121 519 b1 »1 3 7 | 5 5

TRelyphosphat per cenf BDP OBAPB.|1BOPP DBAPB. [1BAPR | BAPP | BAPP
Seitperell Bidephite s 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 b

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 (MPa) 2271 | 2500 | 2450 2520 | 2580 2550 | 2650
HDT (&) 59.7 61.5 62 61.5 64.2 62 67
Sp. Dens (kg/l) 1 1.112 | 1.112 | 1.114 | 1.113 | 1.115 | 1.124 | 1.132
UL V-94 Flammability

Rating (3.0 mm) V1 Vi V1 VO VO V0 V0

* Total HIPS component including the blend of polystyrene and rubber contained in the
Asahi N-2245,
15
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MFR /10 min 9.3 11.2 10 9.9 9.0 9 5.0 lzod J/m 103 81

80 80 70 65 50 Ty a 38.5 43.8 40 45.1 48.7 46 50
wEb@agziron (percent) 55 49 50 42 32 25 15 VDRILI/US2004/003499

(MPa) 2271 2500 2450 2520 2580 2550 2650 HDT C 59.7

16@r AbvViBTP&: 2 62 67 Sp. Dens (kg/1) 1.112 1.112
T114 1.113 1.115 1.124 1.132 UL V-94 Flammability
Rating (3.0 nm V1 V1 V1 VO VO VO VO * Total H PS

B A S LU
2004/ 07210 o AECHBSRIAAAREDS: poid: tibncladl MED | S: 1

A hal ogen-free ignition resistant polymer conpositiaon
conpri si rig) a mydified ertinfpiciionaleppsy ey costainag jies 0-20 wi.
blend, and 5 B modi fied nul.ti-fungctional :
resin corRSEGH E?ﬁ?dfl?]o?ﬂoéyﬁf?“\?f’.bas%%?%@%’?tmﬁag F%ﬁgf’%g%g?&xy rest,
gr oups, bﬁﬁled on the total weight of the epoxy resin,

P

and C) a phosphorus containing conpound. 2. The
hal ogen- f€ea phgsphoiusrtontasiisg eermnp@uidymer conposi tion of

Caiml, wherein A) .10 is selected from.%.he gg Ll herein A)
const-sFhmbplegen-i5es FRUOR e #8d S SRPROVIRY P faélﬁ'alt’ e
g&?&g& f‘rg%{] tg? ﬁ@%ﬁg?gﬁ% ¥ polysts bRRIE&S from a vinyl aromatic

lspo ycar rilFe-"but adi ene- styrene

meaRakyoTyiRgkyaed tasishethemufgeicatosateaatylonijrilgHuitasigne-styrene
et her pol ynmers, pol yphenyl

) n et her polyners
cqpelyyrarpplsabone é@tﬁpﬂsailgqseﬁycﬁ%&gﬁqnggﬁ ﬁ@r%r Belinets, polyphenylene
LN 9 | drfé A1 dicohol copolymers,
o e B R Sheobal copolymrs
etﬁﬁhﬂ?écﬁilliimid g@t;ﬂytﬁéfs,l(pc@jlcﬂéﬁmcar})qﬂoiﬁmnﬁidﬁ ingérpblymers, polyolefins,
copol yners an omoppol yners, pol.yphenyl ene oxide and .
cxely OISREORBISTSHS. OB GEPO TR T GOIIB YR pide and
r esi st.ant r conposition of Claim2, wherein A
ASEoL l%arc{foélgﬁér?\%fn the group consisting of: . .
st yr enghbuslagienee ntiidn resiplehtypotymer qoaipesitipnex €laimhi, gyherein A)
I npact pol ystyrene, acrylonitrile-b taqti, eq{e- st yrene
iscelseted foms thegreupseapsistiag of: styrene-butadiene block copolymers, polystyrene,

high impact polystyrene, acrylonitrile-butadiene-styrene copolymers, and styrene-

acrylonitrile copolymers. |
4. The halogen-free ignition resistant polymer composition of Claim 1, wherein A)
is from 40 to 94 weight percent; B) is from 1 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) 18
a modified multi-functional epoxy resin derived from a multi-functional epoxy resin

selected from the following structures:

N /N ] 2\
O_CHZ “CI’I—CHZ O —CHZ_CH—CHZ O— CHZ—CH_CHZ
H2C ] CHZ -
R R R
L —n
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20 acrylonitrile copol yners.

WaL@re721704)
from1l to 30 wei ght percent;

4. The hal ogen-free
ignition resistant polynmer conposition of Claiml,

is from40 to 94 wei ght percent; B)T/IUS2004/003499
and C)

is from5 to 30

wheieiih IR piryerigenf Ct-Opalkohgtronsiog hic, af, amg;ﬂ, ﬂ%ﬁgﬁgﬁﬁlﬁ th€@yl; and “n”

.ignition resistant pol
15 {heirgenteepeEomdg ot 0o Aoy
Caim1l wherein B) is

ymer conposition 5.
expferpbliithapen grasegecohadiftinf tof;

25 a nodified nmulti-functi onal

epoxy resin derived froma nulti-functional epoxy

resin selected 0O / QO

OCHGC-CH2 dFfE n R -20 4/ 07217

PCT/ US2004/ 003499 [ V@g%gl S hydrger|1¥ ¢1- C3

al kyl hydroxy or Ja O /C3 : for Rl e, nethyl;

and "n" is 0 or| gnfint "n"

preferably has dn ayerage tol5; OGdy

oOdy \ 1\ HIJ . 1 BRAN- epoxy

5 Wierein Ay igq alglycid and|0dy|Ody

OCdy Ody Ody ype epoxy 6.

The hal ogen-freq ignition [esistant polymer

conposition of { ai i | ed

mul ti-functionall ep§xy prloduced

from an epoxy rgsin \Wwhi bn gver age,

nore than 1 epoXy grqup pe . The

hal ogen-free ignition resi &&npcsition of

Claim1l wherein =2 407 217F0—PEH532604/ 003499
Fig:h BPAN-Epoxy

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

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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the nodified multi-functional epoxy resin is
functionally nodified with nore than one nodifier. 8.
wab@4hziogen-free ignition resistant polymer PCT/US2004/003499
conposi tion of Gaim1l wherein the nodified
mul e f0A%H HNati-BRANYal @Dk r66A iafunstidrally nidifled Hith more than
wei ght percent residual epoxy 5 groups, based on the
ont otoglifiexei ght of the epoxy resin. 9. The hal ogen-free

ignitiqgn.resistant. | yrer i ti » ' .
S BB B S R o Bl fh o il 1 wheron e
m&RAL I Ri-FiBRBodd) @?o@re&ﬁ'c@ﬁiaiﬂ_@%s@@hﬁn Ieweighapereg xasidual epoxy
groups, based on thé total weight of the epoxy resin.
gréufps, H’eks_e?_bnltlmqfetaé fuetght phiietepoxy ¥e8i9i st ant pol yner
conposi.tion o aim.9 wherein the 1 ifi . .
i & Pifelerdin Bl oaRplREbi hEitaip 8 wherein the
REFfeBbndi®pb infJeRans 164sAHES 12 WeRBtp&ter hesidual
‘“@%?%F_&efgﬁ?_d? tﬁéggpogy resfn.éll. The %%1%gen-fré;m oy
et 30 16 S yhug
.ally of: om to. j .
per C]é)ntThegagg&qn Fpetlgléltlggfeéfst% P8 ef FORasiy F Calth o wherein the
.- of o 1 | . 1
e3P Sy R SRACHBA LTS o pcelig s oy
grg??ﬁiseafogtmftm@?mg gn:,eppk}rf] espol yphenyl ene et her
r; rom 0. wei ght percent, based th -
t ot all LwShg helogfa-fine I UiARIERE FBrROUABFT CRUigGI PR 94 Cleimm T consisting
fynctional epoxy resin containing fromO0-20 w.
cent,” 20 based on the total weight of the egoxfy
e e e et o Lhe
. . bas on eto wei ght the. . .
composi {1 GMRPOiorOhhUSHER A Sl BPRRAY SUmgRsigg J-35 weight
phosphat e 1 L Ot sac
pol ymer c%e%_%%lstﬁ [ gc%&g*ﬁ%%ﬁ%l %%%t b%léFg@goilﬁﬁ%ﬁﬁ@%lyphenylene
t her nopl asghecpddphyer of A) is selected fromthe group
aromat i ¢ HoRGEF D0 HyBPOBBHA I VLPS 5 GiA HEEby the composition
pol ycar bon . . : . . "
acrylonit ?ﬁ‘ gf-ogbf%eéidrln lélﬁlef}lg%tilorng%%tfog g Irflsé%?%rg%lg%neg from 0-20 wi. percent,
cgnposn ti @%@d omllnynﬁﬂmelignef dichupoxy esim residuatiemry groups; and
enoxy et her polyners, | yet hyl .
gpoxy ¥es paﬁongﬁ F@yﬁgﬁ/zlgh? gvggntagqg%gql Ecl%&é@?%fg%lhgglg the composition,
et hyl ene agrylij ' heCcar bon
ronoxi de. Of RPU BB SoEBBNY SRR 3y pREY BhSipbleCEe PoT

copoh YR8 halek&l-free ooRnyesisanardyhanmpglogitiensf Cigmahld wherein
any conbination thereof. 13. The hal ogen-free ignition

thedbérstaphastip pplymer of dopossiaciedrirasn the SPHR $sISHRG Ok dpolymers
ptbq'kgﬁ%l“ r@éﬁoﬁp ‘lélﬁﬁ?lég%%% stif)ngtﬁrg%% qr@%ytd{ao etzzﬁé@ ¢LSind FRIBOEWolycarbonate,

acrylonitrile-butadiene-styrene/polycarbonate compositions, polyphenylene ether resin,

Ul iy
espar el

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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copol yners, polystyrene, high inpact polystyrene,
wa@eonglozira ri | e- but adi ene-styrene (ABS) copol yPET/ES20841003499

styrene-acrylonitrile copolynmers. 14. The hal ogen-free

T et SR DL T PRSIk S e s
(ABSYRbSSl@AbrsparRickipesk-hdrolonittileappalynteessi n which 5
possesses, on average nore than 1 epoxy group

er. .
mol ddulThe habgerriiee hgnibeperesistaabrelymet FIHPARGTLR i 11 wherein
I AR . . . . .
AR ARSI ka8 LR B Ssd i Bdpbl e e
pobRFids] @tlavtirdde nide ehdnlagpoRrgroupastr imadéculel 6. The
hal ogen-free ignition resistant polynmer conposition of

a ai ke fHhevialagen-iree ignitiorerasistant PRlMSLFARPsiHen oidrlgim 11 wherein
o BB 0 B ek L BT P ROER o e o

mbédife€poxy resin. 17. The hal ogen-free ignition

resi stant polynmer conposition of Claim16 wherein the .
nodi ¥6. ekherhalagenfiendgnitomtesisank polymst porapegitiomef ¢lais 11 wherein

t han. l.ght percent residual. 0 QU S .
they Woglﬁ@%t%\ﬁgr &gfodxﬁ epgf(ylr??én ‘é?)“%?(‘i}s feggﬁ‘éanéveggﬁ p%ﬁcéaﬁfj residual
epbRY gﬂﬁ?s faS& drthb tdiaNwéieRi HttBOEpdRgIrysir conposi tion of
Carm 17 wherein the nodified multi-functional epoxy )
r esi ¥. ctwetlmiagenife dgnitiam rebGtant pglymep epropesitioreef dlaan 16 wherein

RO SRS B R D e 15t B 2y SR
eﬁ&gg Ig?nc%u%ﬁs‘?.ﬁag%i <§{2 t%@%t@loxbé’igﬁtr of tROBRASIrkdign of Caim1 or
18. The halogen-free ignition resistant polymer composition of Claim 17 wherein
the modified multi-functional epoxy resin contains less than 10 weight percent residual
epoxy groups, based on the total weight of the epoxy resin.
| 19. An article produced from the halogen-free ignition resistant polymer

composition of Claim 1 or Claim 18.
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