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Proposals have been made to use phosphorus-based flame retardants instead of
halogenated fire retardants in epoxy resin formulations as described in, for example,
20 EP A 0384939, EP A 0384940, EP A 0408990, DE A 4308184, DE A 4308185,
DE A 4308187, WO A 96/07685, and WO A 96/07686. In these formulations a phosphorus
flame retardant is pre-reacted with an epoxy resin to form a di- or multifunctional epoxy
resin which is then cured with an amino cross-linker such as dicyandiamide, sulfanilamide,
or some other nitrogen element-containing cross-linker to form a network. However, these
25  compositions are again thermosets which cannot be used in injection molding applications.
WO 99/00451 discloses halogen free flame retardant epoxy resin compositions
which utilize phosphonic acid esters. WO 99/00451 discloses the reaction of a phosphonic
acid ester with an epoxy resin in the presence of a catalyst and a nitrogen-containing
crosslinking agent. The epoxy resins described in WO 99/00451 have improved flame
30  retardant properties at low levels of phosphonic acid ester flame retardant.
JP2001-49096 discloses a flame resistant resin composition of a polyester resin, a

styrene resin, for example HIPS, and a flame retardant, for example phosphorus containing
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A) athermoplastic polymer, and

B) a phosphorus element-containing epoxy resin.

Another embodiment of the present invention is a halogen-free ignition resistant

polymer composition comprising:
20 A) 50-99 percent of a thermoplastic polymer,
B) 1-50 percent of a phosphorus element-containing epoxy resin, optionally
C) 0-20 percent of a phosphorus compound such as an aryl phosphafe; and
optionally
D) 0-30 percent of a polyphenylene ether polymer, such as polyphenylene
25 oxide (PPO).

It has been discovered that certain phosphorus containing compounds can be reacted
with epoxy oligomers to bond phosphorus to the epoxy backbone, allowing increased
phosphorus content in a thermoplastic ignition resistant composition, without lowering the
heat resistance of the composition.

30 DETAILED DESCRIPTION OF INVENTION

Component (A) of the halogen-free ignition resistant polymer composition is a

thermoplastic polymer. Typical thermoplastic polymers include, but are not limited to,
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Component (A) of the halogen-free ignition resistant polynmer conposition is
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20  wherein R is hydrogen or methyl, Ar is an aromatic ring structure having from 1 to 3
aromatic rings with or without alkyl, halo, or haloalkyl substitution, wherein any alkyl group
contains 1 to 6 carbon atoms and haloalkyl refers to a halo substituted alkyl group.
Preferably, Ar is phenyl or alkylphenyl, wherein alkylphenyl refers to an alkyl substituted
phenyl group, with phenyl being most preferred. Typical vinyl aromatic monomers which

25  can be used include: styrene, alpha-methylstyrene, all isomers of vinyl toluene, especially
paravinyltoluene, all isomers of ethyl styrene, propyl styrene, vinyl biphenyl, vinyl
naphthalene, vinyl anthracene and the like, and mixtures thereof. The vinyl aromatic
monomers may also be combined with other copolymerizable monomers. Examples of such

monomers include, but are not limited to acrylic monomers such as acrylonitrile,



nmononers may al so be conbined with other copol ynerizable nononmers. Exanpl es
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desired average particle sizes, are well known to one skilled in the
copolymer made up from monomer which when homopolymerized forms a rubbery
20 polymer, such as for a butadiene-styrene block copolymer, the amount of the butadiene
component of the block copolymer.

The rubber is present as discrete rubber particles within the monovinylidene
aromatic polymer matrix, and can have any type, including monomodal, bimodal or
multimodal particle size distribution and particle size, as well as any morphology including

25  cellular, core shell, onion-skin, and the like, as well as any combinations thereof.

Polymerization processes and process conditions for the polymerization of vinyl
aromatic monomers, production of rubber modified polymers thereof and the conditions
needed for producing the desired average particle sizes, are well known to one skilled in the
art. Although any polymerization process can be used, typical processes are continuous

30  bulk or solution polymerizations as described in US-A-2,727,884 and US-A-3,639,372,
which are incorporated herein by reference. The polymerization of the vinyl aromatic

monomer is conducted in the presence of predissolved elastomer to prepare impact
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art. Although any polynerization process can be used, typical processes are
continuous 30 bul k or solution polynerizations as described in
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T R T
resin;, Pbqed &RV 95 phAgbRweles Biked Us 100 pakby GeithabNiheGalkpaPfiund, such as
a diol. The phosphorus el'enent containi ng-epoxy resin is a non-hal ogenat ed
epoxy rigsiion resistant polymer composition of the present invention.
20 Component (B) in the halogen-free ignition resistant polymer composition of the
present invention is a phosphorus element-containing epoxy resin, wherein phosphorus is
bonded to the epoxy polymer backbone. The phosphorus element-containing epoxy resin
can be produced by any method, but is typically obtained by either: reacting an epoxy resin
with a phosphorus element-containing compound capable of reacting with an epoxy resin; or
25  epoxidizing a phosphorus element-containing compound, such as a diol.
The phosphorus element containing-epoxy resin is a non-halogenated epoxy resin, or
epoxy resin substantially free of halogen with some specific amount of phosphorus element
contained therein. A resin which is “substantially free of halogen” means that the resin is
completely free of halogen, that is 0 percent halogen, or that the resin contains some minor
30  amount of halogen that does not affect the properties or performance of the resin, and is not

detrimental to the resin. It is understood that in some epoxy resins there may be a very

small amount of halogen impurities left from the production process. Typically, the amount
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epoxy resin substantially free of halogen with sone specific amunt of

phosphorus el enment contained therein. A resin which is "substantially free
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containing saturated or unsaturated aliphatic, cycloaliphatic, aromatic or

het er ocspataining sxwptadrd URkdtetatadalighatioy exrlealiphriin 2epesltic ardwieroctiali¢ ng nor e
than one 1, 2- Xy .gr,oup.. 45 I n one enbqdi rent he phosphor us
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US-1A- 5, 376, 4aFne RrbOdndfxhd glospBitds bﬁnﬁnﬁc&ﬁd&n@%@p@x}}msﬁﬂ ib sé@lfctodfrem are

i ncorporated herein by reference, and WO 99/ 004 i ncludi ng for exanple

met hy| thelieglogeriteglin BiSodphataf3: Us-Ayl, 4.9 b endiS-pHoaPhei b allof sgyeh
di gl yci dyl phosphopat e,, butyl di i sphonat vi nyl di.gl.yci dyl
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n-propyl dig gm dyl phosphate, n-butyl diglycidyl phosphate, isobutyl
di gl yci diglycigibelssphanate, siny) digtiiciflyy shepphopstto Dhral slislpeidylybosnbgnste iaag |
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di gl yci gytopph@isRortye phddpBity) 4-Bht9Tdighyy kiytihosphas Abetuyl digly@iy heyphate,
allyl diglycidyl phosphate, phenyl diglycidyl phosphate, p-methoxyphenyl diglycidyl
phosphate, p-ethoxyphenyl diglycidyl phosphate, p-propyloxyphenyl diglycidyl phosphate,
p-isopropyloxypheny! diglycidyl phosphate, phenylthiodiglycidyl phosphate, triglycidyl
25  phosphate, tris(glycidylethyl) phosphate, p-glycidyl-phenyl ethyl glycidyl phosphate, benzyl
diglycidyl thiophosphate, and combinations thereof. '
Examples of a phosphorus element-containing epoxy resin useful in the present
invention which is obtained by reacting an epoxy resin with a phosphorus element-
containing compound capable of reacting with an epoxy resin include:
30 (a) The reaction product of: (i) an epoxy novolac, such as D.E.N.™ 438

or D.E.N.™ 439 which are trademarks of and commercially available from The Dow

Chemical Company; a trisepoxy such as Tactix™ 742 (Trademark of Ciba Geigy); a
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25 phosphate, tris(glycidylethyl) phosphate, p-glycidyl-phenyl ethyl
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Conpounﬁnkéaégqp@é, A tSFrukWéP@l[yg;g;@ 34 wehyjely1spommercially available from

9,10-d%g%ﬁLgaﬁ&ﬁg?Bfg%&g%ﬁggga- phenant hr ene- | 0-.oxi de (DOP), such as
Ich i's cor [

" Sanko- YcCially available from Sanko of Japan, or

"Struktol Polydi sppPD 3fhéPcachbh ffddhst STORYET okl npvalugishabieD BN 438 or
Schill -Seilacher of Germany; or (b) the reaction product of: (i) an epoxy
novi® ad) EsNJH 438; DirSepoxpivudidds BactixT) 743 ; EnNpTaidired bisphenol depoywlacsach as
Tacti xTM 742; an. epoxi di.zed bi sphenol. A novol ac, a . di cycl ogent.adi ene
phenol LPEIPHBNSR P! Spy Y PGt PaPbar e be Rl Da STt her
of bi Smﬁk%‘llé&lf;ro(rﬁ §g§£%21 Ner o?ﬁaﬁ%ﬁclsrﬂﬁ-l*‘?ﬁ%@}b@ﬂﬁ!eﬂﬁi ofthiryfiistle sglher of

hydr oqui norie an osphorus el enent -cont™ai ni ng conpound sel ect ed
f r om 1Qiij 2 phédphdiusethnoenyshenipnine compound selected from 10-(2°,5°-dihydroxyphenyl)-

9, 10-di r Q- 9- oxa- | Q- phosphaphenant hr ene-.10- oxj de_(suc ' Sanko. HCA- HQ'
b on 1461 e giendrand0RPO P B BriPol - S 5k 25 gy HCA-HQ whien's

bi si(s4- - i il i_S¢Rahy. helneRRARPNI ne
ox?’e; .?%g%%?P?%?%¢sg4-%@3&%@?%§E§§P}E%?!gﬁegnggﬁﬁ?Pphongfe; o?_

tri 3( Zithﬁ(;iﬂgbr(]iyee}gipﬁemm{pﬂlymhhmm Ensepjﬁylnbbxsﬁé-ﬂmrsmypr}]n@nyl)-ﬂh?_ reacti gn o
pr oduc OXy resin. gn ite:  or ne reaction product o

an epo@eﬁw%hﬁl’@n&t%Hb%?%‘%‘ﬁo’g’dg%?m?)ti]yrp%ny(l)é?gosﬁai‘é“er% % °bn pPoduct of an
epoxy resin and p{é?’Sph@lE‘r'@acﬁ%Exéoggét_lgg(gﬁ)ega-ﬁﬁr_eﬁﬁ%ﬁ'a obpegugt of an epoxy

resin and phospho I reacti on product of an epoxy resin

c acid; or
and a mixture of (@i)ff ethemaction product of an epoxy resin and a phosphinic acid; or

20 (e) The reaction product of an epoxy resin and phosphorus acid; or
§3) The reaction product of an epoxy resin and phosphoric acid; or
(2) The reaction product of an epoxy resin and a mixture of different
phosphorus element containing compounds.
Examples of a phosphorus element-containing epoxy resin useful in the present
25  invention which is obtained by epoxidizing a phosphorus element-containing compound
include: the epoxidized product of a phosphorus element-containing compound such as
9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOP); 10-(2°,5’-dihydroxyphenyl)-
9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOP-HQ); bis(4-hydroxyphenyl)-
phosphine oxide; tris(2-hydroxyphenyl)phosphine oxide; dimethyl-1-bis(4-hydroxyphenyl)-
30  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

7



phosphorus el enent contai ni ng conpounds. Exanpl es of a phosphorus
el enent - cont ai ni ng epoxy resin useful in the present 25 invention which is
obt ai ned W9 tepmos@i zi ng a phosphorus el ement - cont ai ni ng cmn‘fmalsnﬁllsiz:ncl ude:

e i L

10- (2", uallh MHE@&MM&H%} pihofRirHi fxH we}%cmﬁmyhngw@n%%ﬁ@@a{b@@t hrene- |
0- oxi de ( -HQ) ; bis(4- hydroxyphenyl - phosphi ne oxid

tris(2-skithdoryihahy| ) phosphi ne oxi de; di net hyI -1 - b| s(4- hydr oxyphenyl) 30 1
- phenyl net hy. ate tr| drox -4/ 5- met hos ne oxide
tris(4- hydr%B QA Flepisak f(j i37hing ¢ Omﬁﬂsso(r?lqvw 13/@[5%\g‘?ﬂﬂoag‘lﬁ81:’]9/’%hosphi ne
oxi de, Bkiaf fre &3 in&sp&ﬁﬂfb}{ﬁ)l hapd 4

tris(2- hyldr orfy }ﬂiﬁet hyl phenly phosp%gﬁe (%%Iﬁfggaphenohc\%)%)garism&gaoup, an

PCT/ USO@nino @RRip, amxd;ldraahydrfder&@fp a“}ihespeh[te}grcmpzDmagplmfsphlhete@nmqp\hbnchsan

el enent - contﬁﬂgi ﬁ ound h ‘H\‘,\ﬁ] aI I carri eg H h an epi hal ohydrin
such ase@ive GROHF FRUREPY the RevRalPge FF@SQOH-g FIPRYYS n“tel‘?éc%ﬁt?uuq@hosphorus
elenentéﬁgggaﬁ@& Gpounds or monomers used to nodify epoxy 5 resins are
conpounds tontal ning reactive groups such as a phenolic group, an acid

gr oup, an dbhaywhogploarps clamente¢athtamihy domgeurgtl map comaiphasphiape oeoumoreor a
h t he epoxy groups of_ the

hi pat whi ch t
o thal B4 vt B LoRH RS IR OF HSCORE MO BRPRER Y. SBORYSPRTR compound

The phoeqaﬂgﬁt% k 5%@3}1@ .,y ®Nne or
nore 10 than gﬁlerﬁ?%nct?onal |r§%ﬁng e o&rea ﬂ%ﬁ)‘ﬁ{ﬁ e%}éa%e%o y0'§g)roups.
Such phodgphed st perbferabby 1 cod faictibmng gm@@mlmﬁfewtmglmtmwwrmn.on aver age
0.8 to 5, nore preferably 0.9 tq 4, and nost preferably to 3 functlonal

groups capabl e HospaerEs eisgeni-¢niaipiag gompands ingluds, ferpp@plesone or more of
| h
Fol T oni 55 TRl B BORRHPEE DS CombHinde ST pP RGN FI0S1aro b7

fol | owi ng  conpo unction

9, 11G- di dxyditepibsphdpherathénphosptieDOPIN dineahgiphsphitt, dkpHeIBhosphite,
di met hyl phosphi te, diphenyl phosphite, ethyl hosghonlc aci d,

di et hy §¥kdRhsPheRC aeidgdicthyinhosphinia oeidrmsihnl ¢yl %ﬁpaml‘b%‘é‘i#mhenﬂhosphom c

G hyr S Hlon R B L Gk shion b, viRDEHRARNG REL o TR GE O b °
( DOP- H@mmdxypﬂeaylwm dihydre(MexayTh- pmsph@mhamhm@h DreideXDOR-HQ) and

bi s(2-h ox heny henyl phosphi ne 20 oxi
bi SE 2- Hbg 1B%y1§§{é;}wd§p A% gsgﬁ;q@é{x@e b1s(2—hydroxyphenyl)phenylphosphme

trig(2- &X&’eﬁ BiY2 ﬁy&%&?ﬁﬂ&?ﬁ&%@ﬁﬂ&%ﬂh@ tris(2-hydroxy-5-methylphenyl)phosphine

oxide; acid anhydride compounds such as M-acid-AH and the like; and amino functional

compounds such for example bis(4-aminophenyl)phenylphosphate, and mixtures thereof.

The chemical structure of some of the compounds described above are as follows:

5 o NH,

C NS
\

\O/ Rl7 RIB N‘/<

NH

2

bis(4-aminophenyl)phenyl phosphate



oxi de; acid anhydride conpounds such as Macid-AH and the |ike; and am no
functional conpounds such for exanpl e bis(4-am nophenyl) phenyl phosphat e,
and m xt uwestimseof . The chem cal structure of sonme of wPrhe/usospBENdSs

gﬁggzigﬁ%ﬁ%@%ﬁ%§ﬁ§§%2§§hg§%g@%ﬁ%@gﬁ%éms&@ééyfagggg1ﬁ@%REég§%?¥§¥;g wher ei n

Xis : I i.dene, nis O or 1 and R1-R8 may be
%oﬁ@ﬁe@ﬁﬁd%ﬁ% 9, @qg*a?@figé, e

rent

the sane or
O O=P
phosph

, or CH5; 9.9 9 9 g q OCP OGP

5

havi ng
t hose havi
phenyl di(b?ﬂzl’c'r'dyl Ophosphat@=P 6—H+HRC-0 0 O 8= l

H CH, o

HO OH tio—c”
DOP - o
HC—CC
DOP—HQ ,
(M~ Acid— AH)

The phosphorus element-containing compounds may also include those compounds
5  having epoxy groups such as those compounds described above for example those having

the following structures:

O
2 il
HC—P—Ct,
CH
2 ; and
R



H2C-P-CH2 i 1 CH2 and / - b R/, OR R1 CH2 O9 WO 03/102060

PCT/ US03/ 11822 O= P-O/ ,CH2-O\ /OCH 2 -U wherein Ris independently a
hydr ogen wo tanozabkyl group from Cl - C o such as nethyl, PeThgsoy/iser. 5 In
one enbodi nment of the present invention, the phosphorus el enent-containing

conpound is for exanple, hyd/o- % oxa- 10- phosphaphenant hr ene- | 0- oxi de
4

( DOP) ;
10-(2', 5" -di hydr oxyphenyl) - di hydro/ 9- oxa- | 0- phosphaphenant hr ene-

0- oxi de; bis(4- hydroxyphenyl )yYhosphi ne oxi de;

tris(2-hydroxyphenyl) phosphigre=pxt@ge; di nethyl -1-bi s(4-

hydr oxyphenyl ) - 1- phenyl net hyl phpnat e;

tris(2-hydroxy-4/50met hyl phenyl yphgsphi ne oxi d2; 10

{ 3 Q%;@@%DQ§30xyphenyl)phenylphosphine
osphi nate,

tris(2-hydroxy-5-nethyl phenyl)p hi ne oxide; or mxtures thereof. O her
phosphorus el enent - cont ai ni ng conpounds, such as isomer mxtures of tris(2-
hydr oxyphenyl ) phosphi ne oxi des, are described in US- A-6, 403,220 and

co- pendjng..UnS.. : i j PN t inb
ot o oMl s i bR o B9RlREALE AlakY dedp St/ NEFRRAT Alfeet oL 0 oY

el enentetlgo¥t@i ni ng conpounds are epoxy novol ac resins (sonetines referred
to as epoxidi zed novolac resins, a., term which is i ntended to .enbrace both

epoRy phenollneaeemhedimest pistha REPseFdRYEIEPRSBE PROFBYOTIE SIS AR ASREch epoxy
novol ag f2Rhils KIBPAARTTe, 3PahEo Lk 216 BloREARNAERRE 08xiaA DR, uct ur al

fornul a:
10-(2',5"-dihydroxyphenyl)-9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide; bis(4-

hydroxyphenyl)phosphine oxide; tris(2-hydroxyphenyl)phosphine oxide; dimethyl-1-bis(4-
hydroxyphenyl)-1-phenylmethylphonate; tris(2-hydroxy-4/5-methylphenyl)phosphine oxide;
10  tris(4-hydroxyphenyl)phosphine oxide, bis(2-hydroxyphenyl)phenylphosphine oxide, bis(2-
hydroxyphenyl)phenylphosphinate, tris(2-hydroxy-5-methylphenyl)phosphine oxide; or
mixtures thereof.
Other phosphorus element-containing compounds, such as isomer mixtures of tris(2-
hydroxyphenyl)phosphine oxides, are described in US-A-6,403,220 and co-pending U.S.
15  Patent Application 10/122,158, incorporated herein by reference.
The most preferred epoxy resins used to react with phosphorus element-containing
compounds are 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). Such epoxy novolac resin compounds have the following general chemical

20  structural formula:

10



WO 03/ 102060 PCT/US03/11822 /o\ /O O-CH2 - CH- CH2 O-CH2 CH CH2 O
CH2- CH CH2 H2C CH2 RR n R wherein "R is hydr ogen, C1-C3 al kyl hydr oxy
or a Cl- G8oaBugdogo f or exanple, methyl; and "n" is 0 or amcirniseyyers2irom 1
to 10. "n" preferably has an average val ue of fromO to 5. Epry novol ac
resins (including epoxy crefd ndvol ac resifis) arg readily 5 commercially
avai l abl e, for examileCidnd@i—CHe |t r adeGran@s—CEE. N. T FHadélate of The
Dow Cheni cal Conpany), and QuatrgxTMand tris epo y such as TactixTM 742
(Trademar ks of G he rpiEeLila

m xtures of vari ou pci es of tH
characterizing such g¥xtures is L
values of n for the vagi ous speciies. olac resins for 10
use in accordance with the presen i nvéhtion are fhose Tn which n' has a
val ue of fromabout 2.05 to about 10, nore preferably fromabout 2.5 to
about 5. The epoxi di zed bi sphenol A novol acs include those pol yners havi ng
t he fol wiskingR”4$ hyptirbghre C \Gialleily by drs @-04 y&i/LlYor examiphe, ntHlyand @y

Ody OGdy 15 Trisepoxy resins |nclude polymers having the structure : 11
WO 03/ 1@9@6@@@%@@@3} 11850 "nSpepiorablychay a@ﬁ@ryg@a@ of ﬁm@ @Yy Fig. 2tris

phenol type i esi ns include
functional | ygﬁogﬁ@ EQqumﬁosgﬁﬂgjﬁ g{ﬁeg}eegrfezﬁltIﬁ)g’gfna'? eruéyrll a?eg‘%%‘%)’ resins,
whersei nednitfiercREly dvalabl GxexaiPléntdef the fiade BRAYDIENI™ (BabeBit Jf TR with an
additional functionality. The additional functionality can be any

f unct i dRewiGhemigal Clempiahy), anh@nateex’h endrigis mamcsnch s Gpetit ek 2d T radamarks

1 ti bl th t th F
P o el Mebaie T BR st gbmer oIS APk AR G shictghibed
di enes, a34€ PorbdiedddoN@nlvEhist WayIbK chaRelcHER e B mP@hred & by Bdr8tbett®the

average, n°, of the values of n for the various species. Preferred epoxy novolac resins for

conveni ent way of

verage, n', of the

10 use in accordance with the present invention are those in which n’ has a value of from about
2.05 to about 10, more preferably from about 2.5 to about 5.
The epoxidized bisphenol A novolacs include those polymers having the following

structure, wherein GLY is a glycidyl group:

O—Gly O—Gly

S\ C

O0—Gly O0—Gly
15 Trisepoxy resins include polymers having the structure :

11



10 but adi enes, styrene-nal ei ¢ anhydri des, nethyl ene di phenyl diisocyanate,

pol ybut adi ene- mal ei ¢ anhydri de copol yners, carboxylic acid term nated

but adi enewQ oanokos@r boxylic acid functionalized pol ystyreme3/usoypiseal |y,

t he wei ght average nol ecul ar wei ght (Mv) of the phosphorus el enent -

cont ai ni ng epoxy resin is dependent upon the thernoplastic polyner used in

the 15 conposition of the present invention and is generally from 300,

preferably from50Q, nore ly from 7Q0 g&d nost preferably from 800
re i 000, preferably to 8, 000,

hosphorus el enent - cont ai ni ng

epoxy resin i
the present imvenfjiionf W]
in the conposinN i
| east 5 wt. percent, {prefe

wt. percent, generally at
10 wt. percent, nore preferably at
| east 15 wt. percent {and at least 20 wt. percent and | ess
than 50 wt. percent, aQ 45 w. percent, nore preferably
| ess than 40 wt. perc 12IWO 03/ 102060 PCT/ US03/ 11822
preferably | ess than , /[ Based on the total weight of the

hal ogen-free ignition 5 conposi tion. In one enbodi ment, no
addi ti onal phosphorus conpon 80t yn t he hal ogen- free ignition
resi st ant paﬁéqﬁéicgﬁgiﬁltlon of the present invention. In other words, the
5 only phospHerutS& WHYPE8mpound i n the hal ogen-free ignition

resi stant polynmer conposition of the present invention is the

phosphor us-cont ai ni ng epoxy resin. Optionally, additional phosphorus
el enment cont@ihai plpsphorpeletentamtbieingcgexly fesms iradigtet functainally miodifed

resista The e conpounds would be n nta|n|n hosphor us

el oriontPOSTHOIIS ISR BHAS PR B IR rIeoaue oL EouEs ShBF oved in 10
the hal ORY P 1dsiefe hilifid ORith 88 b&diRBhal H@ﬁdﬂ%ﬁz{htfé OTRO A diliomk1 %&ﬂasa ggent
inventi on as conponent (C) are organophosphorous conpounds whi ch i ncl ude

or ganoﬂimlglfam%wnahtg rvgmcfowﬂbsqﬂanm thesnechmgwi (ppcbmasqndsmf aheeenmposmon and is
or ganophos anop hlnit , n hi nat othe hosphorus
ol emonecuptaledtity P SHBORRSTC Tl o g ToO0 AR B: Bikdse honoviniabn

10- pho%&%%%ﬁtcbﬁ%gﬁe&&e%é d8cH RBionatifled 1%1gh$ 1ncﬂ5%9ﬁﬂi&‘{ BO&MMled 1), 10 15
di hydr o- 9- oxa- 10- phosphaphenanthrene 10- oxi de” ( DOP

bi sl04- Hyntachonesatyryih mammﬂminéesomedaderierduﬂﬂ(eﬁymﬂowmwemlwmmml ne

oxi de; malgﬁtart]lgydn]aebclolsa lym sd rcgr)k()gg}bl 3’013 terminated butadienes, and carboxylic acid

functionalized polystyrenes.
Typically, the weight average molecular weight (Mw) of the phosphorus element-
containing epoxy resin is dependent upon the thermoplastic polymer used in the
15  composition of the present invention and is generally from 300, preferably from 500, more
preferably from 700 and most preferably from 800 to 100,000, generally to 50,000, typically
to 25,000, preferably to 8,000, and more preferably to 5,000.
The amount of phosphorus element-containing epoxy resin in the halogen-free
ignition resistant polymer composition of the present invention will depend upon the
20  thermoplastic polymer used in the composition and is typically at least 1 wt. percent,
generally at least 5 wt. percent, preferably at least 10 wt. percent, more preferably at least 15
wt. percent and most preferably at least 20 wt. percent and less than 50 wt. percent,
preferably less than 45 wt. percent, more preferably less than 40 wt. percent and most

12



1- phenyl et hyl phonat e; tris(2-hydroxy-4/5-methyl phenyl)phosphi ne oxide
tris(4- hydroxyphenyl)phosphi ne oxi de, bis(2-hydroxyphenyl)phenyl phosphi ne
oxi de, biw(Q23/1mpcr oxyphenyl ) phenyl phosphi nat e, PCT/US03/11822

tris(2-hydr - 5- et enyl osphi ne oxide; .or .20 m xtures .thereof, as
furt éler P %%%@5‘?6%58 r@é‘% ﬁp 15’8%8%}&? gﬁ?ﬁtoﬁgﬁ‘eetoﬁﬁl &5&%’3 ﬁgﬁ’ﬁﬁ’g‘}‘)&?‘?ﬁ@ﬁ AFBERIs are
di scl osegistdn@pol§¥RIBbBpodiflort). S. Patent Re. 36,188; US-A-5,672,645; and
US- A-5, 276, 077, the teachings of which are incorporated by reference
herein. A pr érf@Irer@deﬂlglan‘roph@é@ihomaimho&pbnpglwnmpbﬁ?m 1szm;e?;3mhs£hdnlal;og%) R
‘ nt.ed Formula 1:.0 LI om .- - - :
(Z:Emigu v eé%@%@ﬁs Wansy Crapesitionpd the l?feﬁf,g “%?ﬁr,ltl%{h 8“@1?“8‘5’6‘%% Mepr esent
an agyl r iRH B o d ¥n@ibn 688 nd m, ng,
B B R R i n SRR g
nmonophosphpesitsoncalithe predentanention ythe phdsphesiswostaming epm@,resiﬁl and InBI are all
1 and Rl, R2 nd . i ndependent nmet hyl , . phenyl, cresyl, Xxy ,
cunyl, nap h%@???lgﬁgéﬁﬁ?ﬁ@ ng,gs P{‘ﬁﬁk%‘%ﬁlm ﬁnglﬁmﬁCé’,mﬂoPp%“éﬁﬁ‘ﬁe aéﬁ%fvﬂﬁat e,
all i sop&diforl iduitid R8Mtancd hﬁ%@@@f)lﬁ{)ﬁﬂﬂs R @ﬁoﬁ-%{x@%‘hnﬁﬁﬁ%ﬁc' ally
tri(4-nmethyl phenyl) phosphate, al SOonmers o tri yl "phosphat e and
m xt ur epheshkoms tlemespewmitaihing coniponds: duiteblephpiphoydus cpipspidtetplojediiar esy|

hosphate,. all isoners of tricunyl phosphate and m xtures thereof, and
e i O pnitiyrloeser iR GEpnat Esishint RSt SEmpHGh ARGEHRATSREPBEY o

For mil &1 PO &R A S B R R R bRy e o

organophosphonites, organophosphonates, organophosphites, organophosphinites,

organophosphinates, other phosphorus element-containing compounds such as 9,10-
dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOP); 10-(2’,5’-dihydroxyphenyl)-9,10-
15 dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOP-HQ); bis(4-hydroxyphenyl)-
phosphine oxide; tris(2-hydroxyphenyl)phosphine oxide; dimethyl-1-bis(4-hydroxyphenyl)-
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
20  mixtures thereof, as further described herein below.
Suitable organophosphorous compounds are disclosed, for example, in U.S. Patent
Re. 36,188; US-A-5,672,645; and US-A-5,276,077, the teachings of which are incorporated
by reference herein. A preferred organophosphorous compound is a monophosphorous

compound represented by Formula I:

O
[
Ri— (O)ml—ll’——(O)mz,-— R3 )
((’))mz
Ry
25

13



R2 R3 15 wherein Rl, R2, R3, and R4 each represent an aryl or an al karyl

group chosen independently of each other, X is an arylene group derived

froma diwgdasiitezoéonmpound, m, nR2, nB, and nd each i ndepemrdenishy18L2 each

other are 0 or, _1.and veraq%e val u ter than O and | ess than
i

h B
10, when n i S0SHR 11122’8336‘?’2‘33'? TePTSREH 28 aryppE é% L RSLPHBr ous conpounds

are sompid hey 6f ERY dierand /lll 8RNEd has Preferred
mul ti phosg or(()eugilcorrpoundsr are nmul i ph%g%hgtgg%ﬁg%%@%%%%egnd nd

are 1, Rl. R2, R3, and R4 are independently methyl, phenyl, cresyl, xylyl,
cunyl, naph I is, an aryl ene group derived from a di hydric conmpound,
for exanpl e, E\JI[]%%B’PC IR rflon?ﬂ}%f’igﬁmsrf’(?ﬁg’,ouﬁ&%ﬁé‘IRS‘PPI!eSpg‘?’IES Wﬁﬁﬁén]aﬂ‘?aver age
val ug geRehSraré MM 8d R IR) @88 Rt BN r n verage
val ue great erart han aab%i %’ andgl ess hgﬁea ﬁh f%%&ﬁgieé%ﬁeﬁﬁﬁﬁéygrred
ol i gonenihtinHofop keamgsle hainatinyl phosphete] wiphtetl whesphatepail isbmarschf athaesyl2 ar e

h I - bi i ph | ph hat e - ph I - bi s(di ph |.ph hat e) ,
 bheny PERELYS S0eBamtdrsBagespe b oty Bheud) e RSPyt
Toh | L . | N Y o hat e) |
B- Bhgzzl ene-l%hgérg]:axgyl yl pﬁos pﬁ%t@]tg)g?’ eséé%%ﬁgg%dz%&&%ﬁgy?éﬁ%ﬁéﬁ%kﬁgﬁhgt 3 ,
Bi sphenuicresybplsqsghate callisphespli i@yl Bheypheteahd Aixhiray(tHersyl, yhdltpapinaye) , or

m xtures. t hereof. 5 The phosphorous conpound conponent (C) is optionally
errpﬁ@yeah‘?sﬁg?tﬁeorﬁﬁllxﬁﬂéﬁthe?ero e ignition resistant polymer conpositions of

th toi | | \he] 100
par 5 by wei (ot ot PRt FERRh e Bl S Pt SR L B o CREBE o

of the mpesemtdbp¥enhuladl: typically fromabout 3 to about 30 wei ght
percent, and nore preferably 5 to about 20 wei ght percent, based on the
total weight of the halogen-free 10 ignition resistant polyner
conposition. Optionaldy, in one enbodi nent the hal ogen-free ignition

resi st ant goly L C OZ)IH n of the present invention additionally
conpri ses IW@B’W&T en& et herk—Eomy We'nﬁ@MD)TnPb‘rgﬁphenylgme ethers are
made by a variety of(%al ytic and noptcatal ytic processes fromthe
correspondi ng phenol sj’'or reactive der&?&?i ves thereof. By way of 15
Y.

illustration, certai Rof the pol yphenylene ethers are disclosed in
US- A- 3, 306, 874 and Rs

15 wherein Ry, Ry, R3, and R4 each represent an aryl or an alkaryl group chosen
independently of each other, X is an arylene group derived from a dihydric compound, m1,
m2, m3, and m4 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

20  compounds.

Preferred multiphosphorous compounds are multiphosphates where m1, m2, m3, and
m4 are 1, Ry, Ry, Rs, and R4 are independently methyl, phenyl, cresyl, xylyl, cumyl,
naphthyl, X is an arylene group derived from a dihydric compound, for example, resorcinol,
hydroquinone, bisphenol A, and n has an average value greater than 0 and less than about 5,

25 preferably n has an average value greater than about 1 and less than about 5. For example
preferred oligomeric phosphates having an n value between about 1 and about 2 are

m-phenylene-bis(diphenylphosphate), p-phenylene-bis(diphenylphosphate), m-phenylene-
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US- A- 3, 306, 875, and in Stamatoff, US-A-3,257,357 and US- A-3, 257, 358,
incorporated herein by reference. In the Hay patents, the pol yphenylene
et hers arwopsamased by an oxidative coupling reaction coRpTiGSORYISPASSI NQY

< h t] ution of a phenol and a
?rgt STYE%&?\@@@%%HQ Elg%ag%g?'%g’%n%%@hbgﬁ(aﬁ fa e‘ég{pﬁé‘%ﬁ% f‘é]pg?r?ygﬁwf 0 20 processes
for prepaisdiylyiphysphes) pestengbiebis(@s)iphosphste) Hiheasiakt copol ymers of

ol yphenyl ene ethers wi th styrene type conpounds, are found in Fox,
US A 3, %B@ﬁg@?ym@eﬁﬁh@*@}v&wﬂb@ml fphis(dipgssylphosphate) BispBassdisk et al .,

- A- ; I - A- 3,219, 626; Laakso et al,
Bg-ﬁ-g:g%%@é@%{lp@éﬁﬂn%tgg%g@?’k?‘%?%ﬁ?#gs; Hori et al., US-A 3,384, 619;
Faurdte et al The Msphctodd@nibbhind 3pspeiehe [OSiY bsﬁoﬂa@l&%ﬁﬂ;ﬂ%reh% Eﬁ%tlﬁ(hﬁg%g-sed 25

catal ysts which do not include am nes, are known ffompatents su S
W eden efecigntion gesisiarg polymeg 8empesppes ofdhd piicses nvehidmmhinsowats & from 0

- A- . -, | ate); Kobayashi et al.
Us A 3, 4525330 (B BB ERAPABAE Y Bl o AuBbénfok R oauramsteamlynerent s,
t he .pol yohenyitienef @idiResfntm@eiddHpRAND Yrone Mduk 8% Bl%ﬁ']t §?r\x;e?g}? Bgl%&gtgand
phenol ate ion with an initiator, such as peroxy acid salt, An-aci _
per oxi deénorg Pgipiskb § taeaboahdl) eighteertéritdhasechon the tpnbweinhieoftihe Balogsrphexi ng

agent,. Dpse s.relating to.non-catalytic processes, such as oxidation
vvigt Ebl egﬁlglhlg%ﬁ ga}ntgf)iy\%é’lrc POt ¢ are described in Price et al.,

US- A- 3, 382, 210ptidBaligkin obSeMbadidRa: tha Baoss bRs Sshitds 18 Sther-styrene
resin 15 V\D]%%}%Z%Gg OPC% / BSOI.3/ 1?18'2.2&1}% orrposﬁlllon.s. g&% ﬁy‘%ﬁﬁﬁﬁe
above- meRTIPOREEN Of the nyeseatipyerdion ad?monzpbify «an%qﬂ;sﬁea ?"l'ygmﬁg’\l,?ﬁfeﬂ{eﬁﬂ CrGép-el-gtei 9
| yphenyl t her si.ns are prefera 0 he typ ] De:
SRR S G Rt Sk T
t i - . n
oS L ve st aor and poeg g ghels SOt thr S AR Rl 1o
subdfi t ddptrageneertain of therpalymhegyloupethen siesdiseigsedfin NISIA AYe06, 8 adm@gen,

' ' b hal ohyd b
Lai ool DA A A reddt SEBloh LShS B 1ad BefuSth e R bemmotaim and 1 ho
phenyl mu@ﬁ@Wref&E%&(Iﬁrtmq%xﬂatérﬁgi}_@%@gwfgﬁgﬁ@%%eoﬁr@ﬁg%@%Xnr adi cal s

having at | east two carbon dtons. _ N _
oxidative coupling reaction comprising passing an oxygen-containing gas through a reaction

solution of a phenol and a metal-amine complex catalyst. Other disclosures relating to

20  processes for preparing polyphenylene ether resins, including graft copolymers of
polyphenylene ethers with styrene type compounds, are found in F 0X, US—A—3,35 6,761;
Sumitomo, U.K. Pat. No. 1,291,609; Bussink et al., US-A-3,337,499; Blanchard et al.,
US-A-3,219,626; Laakso et al, US-A-3,342,892; Borman, US-A-3,344,166; Hori et al.,
US-A-3,384,619; Faurote et al., US-A-3,440,217; and disclosures relating to metal based

25  catalysts which do not include amines, are known from patents such as Wieden et al.,
US-A-3,442,885 (copper-amidines); Nakashio et al., US-A-3,573,257 (Metalalcoholate or -
phenolate); Kobayashi et al., US-A-3,455,880 (cobalt chelates); and the like. In the
Stamatoff patents, the polyphenylene ethers are produced by reacting the corresponding
phenolate ion with an initiator, such as peroxy acid salt, an acid peroxide, a hypohalite, and

30 the like, 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., US-A-3,382,212. Cizek, US-A-3,383,435 discloses polyphenylene ether-styrene resin
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pol yphenyl ene ether resin is poly(2,6-dinethyl-1,4-phenylene) ether resin.
15 The pol yphenyl ene ether resin, when included, is enployed in the

hal ogen- fwe®3/109n0 t i on resi stant pol yner conpositions of P/ ysesssal
invention in.anounts 0 t least. about 1 part by weighf, preferably at

| east a%’ﬁﬁosgmﬁ‘ﬁ"r?‘ilQfﬁ‘?/\g?odﬁf?e%%‘?ﬁr%ﬁ’é?eaﬁwe gicogpa ?‘{%HS%BE’YS parts by
wei ght, anghdgost preferably at | east about 8 parts by weight to about 35
parts by weight, preferably to about 30 parts by weight, nore preferably
t o about 25 The padyphenyieinghbther 26inanact preferaby ef the afpeyhatingaldorepehgpart s by
wei ght based on 100 parts by weight of the halogen-free ignition resistant
pol yners%ﬂ'ﬁé)lsf?”fm%lﬁ: of the present invention. In addition, the hal ogen-free
i gnistion resistant polyner conposition nmay also optionally contain one or
nore additives that are commonly used in polynmers of this type. Preferred
additives of this type include, but are not limted to: antioxidants;

i mpact 25 nodifiers, such gs stQxene-butadi ene rubbers; plasticizers, such
as mneral oil; antistats; |flow ; nmold rel eases; pignents;

wetting agents; fluorescent| additi ; | ers, such as 16 WD 03/102060
PCT/ US03/ 11822 cal ci um n-hydr oxi de, magnesi um hydr oxi de,
talc, clay, mca, wollastonite, I 1 oy gllass beads, titanium oxide,

silica, carbon black, glas
cation exchangi ng | ayered

fiber, /po ijumtitanate, single |layers of a
ilicat idl or mxtures thereof, and

perfl uoroal kane oligonmers and polyners (chh as polytetrafl uoroethyl ene)
for inproved drip 5 perfor ce in UL 94 _lhal ogen-free physical and

chem cal bl ow ng agents including carbon dioxide. Further, conpounds which
stabilize ignition resistant polymer conpositions against degradation
caused by, but not limted to heat, light, and oxygen, or a m xture

thereof may be used. Although small anmpbunts of hal ogen containing additives
can be Wbedin the oxygepredfes pioguiof dngtunitie comreptsdite therbepzenkaluolgenof thee, wher ei n
t he conipogi(iii on doe,rs’| not 19 contain F4, Paltn; n (?t h el s above 0.1 weight
per cent X AYRFIYR R & 1P BPSTUVERIHCT 87¢ 15196 Ao ith 82T $aC8R 1813 masyalefth e anpunt
of 19uchsubsidtubht\eRctot ony ik or@pbonSBing 6f IBRIrGAAL KAbdRdhARBERFdNGdiddRON the
particul ar need of a given end-use application, whi ch can easily and

appr oprireg @i ajtertiaxealphs eatberyatomo balobkdrotaston radidals having at kaprtepasattionon of t he

vent 1 BeivEh eBuatR bt B RS SRS Do Sty TS RRB RS n ¢ e
art, i ngieidietarbbngxP rRMAlHvindet 16l troliatborCANRE TER Srefidgsubsequent |y

melt mxing, either directly in the
polyphenylene ether resin is poly(2,6-dimethyl-1,4-phenylene) ether resin.

15 The polyphenylene ether resin, when included, is employed in the halogen-free
ignition resistant polymer compositions of the present invention in amounts of at least about
1 part by weight, preferably at least about 3 parts by weight, more preferably at least about 5
parts by weight, and most preferably at least about 8 parts by weight to about 35 parts by
weight, preferably to about 30 parts by weight, more preferébly to about 25 parts by weight,

20 and most preferably to about 20 parts by weight based on 100 parts by weight of the
halogen-free ignition resistant polymer composition of the present invention.

In addition, the halogen-free ignition resistant polymer composition may also
optionally contain one or more additives that are commonly used in polymers of this type.
Preferred additives of this type include, but are not limited to: antioxidants; impact

25  modifiers, such as styrene-butadiene rubbers; plasticizers, such as mineral oil; antistats; flow

enhancers; mold releases; pigments; wetting agents; fluorescent additives; fillers, such as
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extruder used to make the finished article or pre-mxing in a separate
extruder. Dry blends of the conpositions can also be directly injection
nol ded wiwbaatiopse- melt m xi ng. 20 The hal ogen-free ignitiPper/useyiseant

ol yner conrnasi b .t h resent invention, ..and polyners copprised
Ito he)r/ei n,&arl e t% hlté’ro gr%%’l cg% “?’E%ﬁ{gi"ff S PSR Z‘&flff’élﬁlgﬂt_agr iR PR ‘B?ﬁrapsf%te>
appl i catliodlowodladsehds, tit@ida bR kilidag Barb8AblacP k148 $ibet, BtasA@Bate,
conposition of this invention can be formed or nolded using conventional
t echni quigle layprs8 acaien esbpeging ybedsdicalenhaetialon mintudisiberegfasndissi st ed,

i ni i i deri f i 25 t form ng, extrusion
andror BTSSR R SRR i af PO SRR ElsER. B Beborehies on
resi §t anferfoehyielin TR Hhlobeil 168 Phidisd a&&cﬁ&ﬁieﬁ@aoﬁﬁgggeéﬁ in‘éfuﬂ‘(% ébagﬁ&l

films, fibers, nulti-layer |am nates or extruded sh or ca
conpoundberidg-t Rurdhes, compevnds whighsiabilize igiition reaisiant selpstacmesositionsany

i i - di , th iti f
the. pr et efdefin SIS BE WS et s et NeoMal g gmBiTa f oam  The
hal ogen-thérest thepbé 1@A. NEHLESRThalP HndHRs o@ﬁzﬂegaifédn%hg a&a&hwfgdc%ﬂ_be'u@é& foam

by nelt processing it wwth a blow ng agent t orma foanmable mXxtureé,
ext r udi Als psefeded hahthbcempbsition be hilpgrmfiee mwhedin ﬂsioomp?isiﬁ'oh(zioas IF]Cﬁg:c on 01;) I
d owi ng 17 03/102060, PCT/ US03/ 11822 the foamabl e
i it o CPRAREHi heRin 2GS B et porgainb et PRSI ASBHENES Such ac
screw exbripdsitisn. tW n screw extruders and accumul ating extrusion apparatus
can be used. Suitable processes for making extruded foans from
resi n/ bl owi ngdf uspdnthe ainonut efsuel edditessovilledy hml 1dSd Ao Be é@gr(glggﬂi%%nding
- A- - - A- : - A- 428; 5 US-A-2, , ;
03 A 3, 155 B8 ertiSifrgd gt §pen insCirglionisnonbich e Aoyt sgmeprisicly
Us- A- 3, i + US- A-4,085,073; US-A-4,146, 563;
US- A- 4, %ggcég%by H%E@zﬁlﬂfl&g%zﬁg%% US- A- 4, 421, 866; US- A- 4, 438, 224;
US- AS 4, 454, og’semmjionwihk—hbld@ﬁ;fﬁﬁﬁgniltinnmeqimairﬁbeljfnmbeﬂnpoﬁﬁor[ ef 1;9& l[’é‘s@r_-lt The
i ng . t i ref er apl hal ogen-free physical or chem cal bl ow ng

agent | TOSEeR Fly B PHEBHBORA B SCrebly Fetn eans FovpurHeMiatiadinal by any
conveni @p bIRRARS the iNBFIdubY BiHrledts aAd RINRL Gy haBGn A IGRL: dit hE S, mader
pressure into the barrel of an extruder eré 1t mx WEh the en
pol ymer extepdesweed tognakie the Knishedajicleer aocmixihg iihﬁﬁbpbtﬁtﬁﬁextﬁﬁl?i‘. €Dy Blkndat her

i i - i 1 interfacial surface generators
Such a5 OGS (GBI Ao ) Gl PRI g e y Cal
bl opg ng agentrge %510%_@{51{]1@? %\ggﬁt)f(ﬁpre%{aﬁt ﬁ&?m@xoééfﬁ@sitﬁ)ﬁg 8F %@%@&eﬁtr in@gncéioln,n to the,

extruder together wt
and polymers comprised therein, are thermoplastic polymers. When softened or melted by
the application of heat, the halogen-free ignition resistant polymer composition of this
invention can be formed or molded using conventional techniques such as compression
molding, injection molding, gas assisted injection molding, calendering, vacuum forming,
25  thermoforming, extrusion and/or blow molding, alone or in combination. The halogen-free
ignition resistant polymer composition can also be formed, spun, or drawn into films, fibers,
multi-layer laminates or extruded sheets, or can be compounded with one or more organic or
inorganic substances, on any machine suitable for such purpose.
In one embodiment, the composition of the present invention can be utilized in the
30  preparation of a foam. The halogen-free ignition resistant polymer composition is extruded
into foam by melt processing it with a blowing agent to form a foamable mixture, extruding

said foamable mixture through an extrusion die to a region of reduced pressure and allowing
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pol yner. The pol ymer/ bl om ng agent m xture is then heated to a tenperature
above the boiling (in the case of a physical blow ng agent) or
deconposiwpD®n/1¢2000 t he case of a chem cal blow ng agent) wrempsoaiser of the

bl owi n nt nder sufficient pressure that the resultin f oamabl e
i wt ur o o RerkBlE RRBER P theend hd B3 PohEatiot oug - FhdonsaparBn ghas
Typi cal Is¥rewt $@rudBrsf 9aNBRER Rtrilidts 8nd SochRM ARl leRirhdi6n %a?éiﬁlseéa:n wbfies. m xing

device or in a separate heat exchanger to a foam ng tenperature that
per m t s Sufieble provasses forahalang exdmdadfoangs frére reksblosdng elgems mixtumsdredesi r ed

passea Chrogn it R8-amatiil LR areiolt: Hith et Lo IRAZ S Wb acure

zoneswhereAtherg i an A0 .QFdNAR aFq St . 25 The
f oam can be e’g%é’udédm$ﬁ‘ll?%mg§3l/?®gﬁ§%t%’qg%gls{ig%gené 3’28{)’%\?\%’WS ang{g?%’g?ﬁ%onl y be

ext r uded/3-8-3,800 7 ¥hAE-AL3066,881; UhiAck 085071 TUILA-MIN6,563;635 1 -0,229 386K

(nom nal i r qduct s, Sheet products are conveniently

made usi%p\ég’gaﬁéﬁ];ﬁ gl‘%%glp%%Jﬁ“ﬁgﬁj’éé%a%l%'&gé%@%@ﬁms slit to forma

flat sheeia_ i |y made using a rectangul ar or
&8-A-Ph ks P ERAN: e@hﬁ;@f%ﬁ%mg

"dog- bone" di'e. '30 Suitable p ow ng agents include carbon dioxide,
nitrogen, | ot bidvkiagegent is prefeydblet helogen-fvas pliysicanof elentiyid busdns agst
ially al kanes having up to six carbon atons. Hydrocarbon bl ow ng

esp \ ) !
ageﬁ{is PRE M eﬁ%ctoﬁ?;fﬁ%t?g 8F AuFRe InfoytBp RRlmeR 3terigh By AR eyERAR, MpANSS WD

03/ 1020 : ' I ne and
ycl opentan TP AT oRRaL bR 1 TP RRUCE Bitse F ARG Gl cibd
i sopr opaviete it Giikdsatitietha nioltengiohenc. Howbved esudh i kidgImayeidwcompligicipl aet her

and nethyl, ethyl ether. Mxtures of two or nore of these physical bl ow ng
agent s ¢anctye! ghetmeansdneludme sowcpled Hafic mixet orgnistfasieksuriaes gensrators

azodi caghgnam L u i L S - razide
4, 4- oxygenze%éjgelﬁ:?ony: [Z%%'?%?g?%?’z %lléAeeSpA{%@ﬁgér@ gh% %ﬁwg\é"gﬂrﬁ A0S, hazi de,
bar I Sim azwbé mixddoxisH thi@olyhhd¥ betbiretmintiyk £4, ibko-tHe Bkirides elperephitahan de,

trihydr azi no trjazine and sodi um bi carbonate. Al though the present
i nvent i 8RSl BePelymsr/hlovdpsagent maxtnigp thepheried tap ampergugahpysibei on, it

Shou S, SRR Bk oL 0SS DL URE RSB By A0 Al
non- hal blysviag egenb) tembagturagihie blsviagpbayachdet suffitienirbadie@atthe festltiawi ng
agent mfgz}nlljarb(lae r%gxtt?re r(]iggs- Q&le?(ggrpda&nch itbils ?ggcerllgth?o%egﬂtthe extrusion die. Typically, the

20  foamable mixture is cooled in the extruder, other mixing device or in a separate heat
exchanger to a foaming temperature that permits the formation of a foam having the desired
density and desired cell size to an optimum foaming temperature. The foamable mixture is
then passed through the die into an area of reduced pressure and temperature zone where the
foam expands and cools to form a cellular structure.

25 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
over 13 mm) products. Sheet products are conveniently made using a circular die,
producing a tubular foam that is slit to form a flat sheet. Plank products are conveniently
made using a rectangular or “dog-bone” die.

30 Suitable physical blowing agents include carbon dioxide, nitrogen, lower alkanols,

alkyl ethers, water, and/or hydrocarbons, especially alkanes having up to six carbon atoms.

Hydrocarbon blowing agents include methane, ethane, propane, n-butane, isobutane, n-
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m xture conprising a |l ower al cohol having from1 to 4 carbon atons, alkyl
ether, alkyl 15 ester, hydrocarbons, water (up to 50 percent) and carbon
di oxi de iwouwsaeoed/ari ous auxiliary materials can be used iPaTtUsSe3/fB32211 Ng

r ocess. n.such auxiliar terials include cell cqntrol. agents
(pnucl eat %@gﬁggg%eﬁgagﬁ’l %PS?%&neaéﬁﬂ&uﬁa@ta& iCV&PQGHt%r&?ntélﬁPhcgﬁ@ﬁﬁ’ge )
( per meabinkthbyol revkiol, &1 Sropaitf) bhe ts@p}dfoaﬁclge Bh3ablé mgféth&%%aude%ﬁe@g?i ng aids

(such as_slip ag;nts), stabilizers, flame retardants, ultravio
absor ber@hera@ipthykeiberangenehylzthydietesr Miomeaofisyo exmpresifahesaipgsical

ant i oxi , l.orants. inorganic fillers and the like. Cell control

agent s gﬁg‘;\'gﬁgﬁgﬁtff?f‘n%%meéol agents are preferred. Preferred cel! control

agentss i ncl uditabR&h¥metay bednd ﬁgkh&qﬁélﬁdé%%m{%%émﬁ& on%ﬁiaobg@rgfgﬂ%i ica
I OXI . Sili ,

carbonate, calciumsilicate, indigo, talc, clay, titanium
cal ci um beseengsufoe hpdradidss dhmegbeuzerasifonylasmiehtbaaise grailhena Rulfortys sehi-

chem cal s .t hat react under, 25 extrusi.on c jfi.ons to forma gas, such as a
mi xt ure cgfba(zj%g Tlfagugt?@%bqargoga}a?ﬁﬂ&\@ﬁfél gayg-ggi\l -dipdrasaicasnbslialridee. The
amount  afih{dt6iferi2the39RARbIRAPHIENBGhABY range from about 0.01 to about 5
parts by weight per hundred parts by weight of a polyner resin. The

preferred radfwuih tepesddt inventiabelates3o panlogebyreatdigtion re¥beant t he foamis
to used as. .t he | - jnsul ation, additiyes that attenuate the 30 infrared
tr aﬁ?rri fscgfr@ﬁsqlﬂ?’dt%uﬁﬁe ‘?Qfﬁ‘ir’?hé{ b‘ﬂ%"ﬁ‘f“@dg’gﬁ“’lﬁé pFbeBldalEpEEugnent its

I nsul at | QABqRedY H SFABCH préfRE MBSH, m%epérf’%‘fe alﬁgesi"ﬁor{zﬂﬁl)g&%&d%?m{/iﬁ ul ating
gas. Exanples “of IR attenuators i1 nclude’ tarbon’black nmaterials, gfaphite,

tit ani urageitoxémployed.umi num 19 WO 03/ 102060 PCT/ US03/ 11822 particles, and
the like. V\hﬁn | R aftenuators are used, a reduced proportion of an

i nsul ating bFG%F FGPagaknt copesdeed milee elmpenrhglogmataddleringdges vari ous
subsequeRknPE ARSI ' | bt i t j to.cure the
foam (that is, replug%ae t‘ﬁag%f)‘%"ié\?mﬁﬁ“‘gmégg’ﬁ? 1itt(r)l 4t% ﬁgb%%eﬁ?ﬁg%ﬁbﬁlggfnr’ )alky Process
st epd i restendwdrocarboeg wedert(ne tach percent) andl darwinudiexipetshigedt i on, as descri bed
in US A-5,424,6016, hﬁat ggpg( U]e foamat . slightly el evated (100-130F)

t enper at ur es ‘FHPUHAHE Braly s3rsbe Yedibibs Toping presiepnt ¢ ommon segheof . | n

2011 o SRS 11ohe o AR SOPTIERLSeSSTRRS, 0,
hal ogen-cbnied aggnis (peomeatebiyshadifiep)laytiwatic dfdnspomedinke@Nproodsing bidsYsuch
essenti %ls llep é)ge:ntsﬁ)sta%iﬁz%(rasr, rﬁgge%gttaird%ng? élﬁge\;ii)let gl'r)]s%rbers, acid scavengers,
20  dispersion aids, extrusion aids, antioxidants, colorants, inorganic fillers and the like. 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

25  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 about 0.01
to about 5 parts by weight per hundred parts by weight of a polymer resin. Tﬁe preferred
range is from 0.1 to about 3 parts by weight.

When the foam is to be used as thermal insulation, additives that attenuate the

30 infrared transmission through the foam structure can be incorporated to augment its

insulation performance, even when the blowing agent includes an insulating gas. Examples

of IR attenuators include carbon black materials, graphite, titanium dioxide, aluminum
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B) a phosphorus el enent-contai ning epoxy resin. |In another enbodi nent, the
present invention is a halogen-free ignition resistant polynmer conposition
consi sti rngoagdexso al |y of : 15 A) 50-99 percent, of a ther ®oplssy/is2pol yner;

B) 1-50 rcent .of phosphor el ement - cont ai ni oxy resin. .C 0:25

per cent P gﬁcés’;ﬂﬁ’g%%@f% S‘R@Sﬂﬁg ﬁﬁﬁfl“’?{?&%arﬁélsﬁ‘ﬁ ad F‘i}?ceg E&%ﬁ%‘iﬂe‘?fna@)m agmener cent
of a pobyRALNYEENEaEbdI®eqPol yrer, such as pol yphenyl ene oxide (PPO. 20
The phrase "consisting essentially of' neans that the |isted conponents are

essential, ahethoughaybkenbjeeiteéd erpus swbsbguent peedsingrstepsibdesaaduittiss whi ch
do not sjgnificantl | ter he. properties or purpose of the present
conposi Pftg‘hflesfrﬁgéo 83/‘8%1}%@@ @??Béfdf%&‘f? :‘heolfslﬁ‘é(f‘ng %B&r‘ﬁéh‘? eellgatidy gin) s will not
be ps es efcedsbiROMEE GdiBir&dhoen &ragg%f@mfuaé DB, o G@ng&ggfr“ es of

t he hal ogen-free 1 gnition resistant ymer conposition. |y, other

25 pol yuSFAS 4l @G, héaingithd foaad atbEgiby detdian(100-180Fittmpatfuedstior Hr ef er abl y
not nore than 8 weight percent, nore preferably not nore than 5 weight
per cent P& Qfslays iy wedkis oyl GprpyRations therqoha ninaddisioghibe fegue any beerushed inot al

hal ogen- Lani ti i.Sk I 0 sitizon. The hal ogen-free
igniti oﬂjc{eg{s%i Aé)t%gr?ylsgg?{?gr%pﬁ%@%ggi %/}g%éog ﬁoémﬁtri'esent invention are

useful to fabt oadrebdiieritie preehtihvéitionG € Balopeh-Raé ighiticraeBsight foManer
articles which are 30 particularly well suited include television

cabihet SOMResHEM @nsivBng eweriiallyafat ed printer housings which typically
requires to have %cae{ Lens l%én%w ri % ratings. Qther applications
(I.l1 shen o plXi-a

i ncl ude autonotive’an ntes. The foll ow ng exanples are

provided to ill ungaq,gos@ﬁrl\élaw}ﬁérﬁi&aﬂﬁﬁﬁw&§%ﬁé1822 t he present

invention. The exanples are not intended to Iimt the scope of the present
i nventi on ank aneder shbgrimenst thppresent imeatipn istacthlogamdftgstignision rasistansi ght

parts o i.ght Fcent ages unl ess. ot.herwi se indicated. Flamuability
ratingsﬁcgp%egg?%?c%eép%gonfggwﬁsﬁelﬁ}?@grothL- 94 vertical (V) or UL-94 5

horigontal (HB) fA3m0EIY derdant bEStherdméiladtid®okehdrl cal burning test, five test
specinens, of a desired thickness neasuring 12.5 mllineter (M) by 125mm
suspended verti caBl y-\nercens of phosphorapelemaniagantdiging epexybigsia. 18. 75nm Bunsen

burner 1 ame: noch B0 B M AREAO SRR e FRRL) St ol o=
ignition, glow timyoafsircdnder §p619pkknlylnt kiRPpoldhdr, Wit Asfolygheniishe dr i ps
flamng oxide (PPO).
20 The phrase “consisting essentially of”* means that the listed components are essential,
although other materials can be present in minor amounts which do not significantly alter
the properties or purpose of the present composition. In a preferred embodiment, other
polymeric materials will not be present in amounts which would substantially alter the
properties of the halogen-free ignition resistant polymer composition. Typically, other
25  polymeric materials will not be more than 10 weight percent, preferably not more than 8
weight percent, more preferably not more than 5 weight percent and most preferably not
more than 3 weight percent of the total halogen-free ignition resistant polymer composition.
The halogen-free ignition resistant polymer compositions of the present invention
are useful to fabricate numerous useful articles and parts. Some of the articles which are
30  particularly well suited include television cabinets, computer monitors, related printer
housings which typically requires to have excellent flammability ratings. Other applications

include automotive and small appliances. The following examples are provided to illustrate

20



10 particles that ignite the cotton. Production procedure for phosphorus
cont ai ni ng epoxy resins (P-Epoxy) The phosphorus contai ning epoxy resins
are generwbopﬁlmaﬂ ed in a 1L glass reactor or 10 liter stairniseysisst eel

react or ed with mechani cal stirr eating jacket, fltted with
R+ s R PG o e oo AlEs R AR SINC R Ee BN BFSEDh G
appr oxi fReRfidh A %@@ﬁ&%tso%teltp‘?&e& Oh#HouRRNdin \Qélg arts @ERENHL Ng on the

total anount of DC]%’to be added to the reaction m xtdtr g are c%;ﬁrged to
t he r eaptroentages undzas emenmsdﬂ:ﬂlc@tedlooo ppm of tri phenyl et hyl phosphoni um

acetate catalyst hased qn tot sol ' d canponen I.s added resin and
heated up to %@Hn%’ EW ajipgs alr%% i) é??f}gg ‘E"r‘gﬁr QEEW?H\BQHEQE?%W 185 C.
The 51 egbiRintdPeR ﬂﬁ‘x?&? <P F&eché @%Eél%nﬁh%&éé{ %w@?és%h sggfe%' on so

that the terrper at e reaction mxturé can be c el ow 185
C. Aft edesaeld tlmf:krldsenﬁ@mng lacﬁdadhmbtme (mhg iy d2amm:, euspfendié‘cbvarﬁ@d:ltyioﬁrﬂr m xture
is held for proxi mately 30 m.n at_ 185 and t he product fl aked as a
sol i d. @%&?ﬁf& ﬁon&ﬁ?jlg@&ﬁ%ay at W&@&Hﬁ@%ﬂﬂ}ﬁré@mﬁom iggHiogs Ofﬂgﬁpwﬁ%ct

pol ystypem 0; dal
distri bgt [ gdﬁé %‘ﬁ&i t%ﬁe(]ssﬁﬁn]pgergo r%l ? ?Q%%rcéﬁ %g%\l?)@fr%dgéhr% uﬁrsoﬁ%?{e??l r%]’eﬁgllrl\égf

ph os phatfer(chBi)gnitiory glywEfime )aftéﬂ)ha/sﬁmﬂygmlﬁmglaﬁa viDetteMhé 33 Gﬂﬁs ﬂdrmn@er cent)

+ 10- dl.hlydro 9- gxa- | 0- Phosphaphenanthrene- | 0-oxide (DOP), 54 wt
peryént partigleghat 18511@%%%!’ %8nd inj ection nol ded. 21 VO 03/ 102060
PCT/ USO3 J&lﬁ%%n percent HI PS

v AN0 A . y
PP 7t Frow Rate (g/1 0

mn) 39. 0 16TBe phlbspﬁamsWn&nihg’&p@xy&’s1rM%ré\§éhdral(}jﬂepafeanElpl(I)(gla@I ré&Sor or
unexpect edly %ﬂh nelt flowrate, and also produces a V- 2 flanmability
rating. 1&hterst %ﬁsmehtﬁaﬁtop-eaw@md Pithe meshepisaloytiziep adwatingiapkat, fideded 5

(NR). EW ) Hletaa'ﬂq a%%%@r{s%t. IMfe c%%%%EEPan%lAg‘ amount of DEN 438 and approximately

15 20-30 percent of the total amount of DOP (depending on the total amount of DOP to be
added to the reaction mixture) are charged to the reactor and heated to 110 °C. 1000 ppm of
triphenylethylphosphonium acetate catalyst based on total solid components is added to the
resin and heated up to 130 °C and the reaction temperature is controlled below 185 °C. The
rest of DOP is added into the reaction mixture portion by portion so that the temperature of

20  the reaction mixture can be controlled below 185 °C. After all of the DOP is added, the
temperature of the reaction mixture is held for approximately 30 min at 185 °C and the
product is flaked as a solid.

Example 1 and Comparative Example I

A composition of high impact polystyrene (HIPS, Mw 142,000, rubber content 8.5
25  percent, bimodal distribution (0.8 and 6 microns), 1 percent mineral oil), triphenyl
phosphate (TPP), and P-Epoxy ( Dow Epoxy Novolak DEN™ 438 (46 wt. percent) + 9,10-
dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOP), 54 wt. percent) is melt blended

and injection molded.
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HI PS/ P- Epoxy/ H gh MWV Epoxy Bl ends of HI PS (Mv 142,000, rubber content 8.5
percent, binodal distribution (0.8 and 6 mcrons), 1 percent mneral oil)
wi t h P- Epeoyw3(1me Epoxy Novol ak DENTM 438 (46 10 wt. per ®EMIYS03/11822

9, 10- di hydr o- 9- oxa- 10- phosphaphenant hrene- | 0-oxide (DOP) 54 percent ) and
addi tional thernoplastic polymer, h lphenoxyet her poI ymer (PHE) are

melt Blended and 1 njection m)’Eg&&LQ [ABLET] C%Eﬁb& E;(arhﬁg@drai I ve Exanpl e

I 1 Pen ou vemen PP 16—Percent b 6—-Her cent PHE
30 30 1 te (a3 mn\ QR QL I:VfIJClﬂI|Shin

Vertical W1‘ leﬁ |:vf| agui-sh in ri;:?mf | RllrﬂL Yes No 15 Addition of
P- Epox | Wi Pﬁ@elﬂﬁﬁ:ﬁﬁ@%ﬁ ed| an h nel40flow rate. hBs a good heat
r esi st andet FlamdRate €g/1@xtinngui Ehes i A90erti cal andikdri zontal burjni ng. The
bl end WUIhRating2.5paxy burns o thevcianp apd is et rated (NR).| Exanpl e
1l and Conparative Exanple TTT H PS PPO P-Epoxy/ Phosphate 20 Bl ends of
H PS (Mv of 150, 000, 9 percent rubber, binodal distribution of 1 and 5

m crons, 1.5 Aslitaerf BMEperyagives une):pecR}E@( highasgihfidve r{td,PRY atsachréucpox W-( Dow

E 3 02060 CT Novol ak DENTM 438 (46 wt. percent) +
Qp%ydl éﬁf‘ﬁ}“&g d2ie-p [B#Bg YJIFQHEZ}%F@%Y %Bmsé‘ﬂhﬂél%mi)d isaopystedent ) are
mel t5bl ggded and injection nolded. TABLE Il Exanple II1 Conparative

Exanpl e 1| Percent HIPS 75 80 Percent TPP 10 10 Percent P-Epoxy 5 0O
Example IT and Comparative Example I1:

HIPS/P-Epexy/High MW Epoxy
Blends of HIPS (Mw 142,000, rubber content 8.5 percent, bimodal distribution (0.8
and 6 microns), 1 percent mineral oil) with P-Epoxy (Dow Epoxy Novolak DEN™ 438 (46
10 wt. percent) + 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOP) 54 percent )

and additional thermoplastic polymer, hydroxy-phenoxyether polymer (PHE) are melt

blended and injection molded.

TABLE I
Example II Comparative Example IT

Percent HIPS 50 60

Percent TPP 0 10

Percent P-Epoxy 20 0

Percent PHE 30 30

Vicat (°C) 98 79

Melt Flow Rate (g/10 min) 46 31

Extinguish in Vertical Burn Yes No

Extinguish in Horizontal Burn Yes No

15 Addition of P-Epoxy gives unexpectedly high melt flow rate, has a good heat

resistance, and also extinguishes in vertical and horizontal burning. The blend without P-
Epoxy burns to the clamp and is not rated (NR).
Example 11T and Comparative Example 111
HIPS/PPO/P-Epoxy/Phosphate
20 Blends of HIPS (Mw of 150,000, 9 percent rubber, bimodal distribution of 1 and 5

microns, 1.5 percent mineral oil.), PPO, Phosphate (TPP) and P-Epoxy (Dow Epoxy
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Percent PPO 10 10 Melt Flow Rate (/10 min) 15 13 UL Rating 2.5 nun V-2
V-2 Extinguish in Horizontal Burn Yes No 5 Addition of P-Epoxy gives
hi gher nmeWwo oBhaasso at e, and exti ngui shes in horizontal buPgirnge3/Tise2 bl end

i - in hori |l b ing. Ex I | V and
Ry S T e B i S 25
percent Jxsily FoP)YKx ﬁgr&‘ﬁf ?lire%élt bl@%gzdg?él%%gﬁbn%&h&?l e size);, P- Epoxy

(produced by reacting 22 percent percent” DEN 438); resorcinol
di phenyl di phosphate (RDP) and pol yphenyl ene oxide (PPO) are nelt blended
and injection nolded. TABLE |V Exanple |V Conparative Exanple IV Percent
H PS 53 52 Percent PPO 24 30 Percent ¥l 7 0 Percent RDP 16 18 Melt

Fl ow Rgte (g7 10 m n) 16. 6 3.5 UL Rat 'mﬁ"'pf?m'i@? Vdgiﬁ,ﬁ‘fegﬂaf\zﬁj%ﬂ, of of

- ot tt w—-ate;—git—a o— — The
E’l Eﬁgx FLYesH her—ett—f+owrate i ﬁégn‘ﬁ Al RAE DR ol
Exanpl g R9$SPb4ER  on” of (P-Epaxy) with PhospRorys aci dODENTM
438/ DOp/MerwsapRdipesyacid 20 (51.2/47.3/1.5))5 The phosghorus cont ai ning
epoxy résiqest BP@ general prepared in a 10 |ilper [stainligss steel regctor,
equi ppgdVik FlovaRaRHa0ea) stirrer, alhealing Jdcker, jyitted with a N2
I nl et aqgggigﬁ%/gﬁ%mz%w PCT/US03/ 11822 3 AL UENSeR; S The corresp ndi ng

U U
|

amount gf "P[gri&ﬁfll ol oximatety26=362 the- *;46{ al—areunrt—df DOP
are ghargea=to Che—teactor and—heatedlt f

q

U=9O C
o 110% 110
O—x+——130 B

8

Addition of P-Epoxy gives higher melt flow rate, and extinguishes in horizontal
burning. The blend without P-Epoxy burns to the clamp in horizontal burning.
Examples IV and Comparative Example IV
HIPS/PPO/P-Epoxy/Phosphate

10 Blends of HIPS (10 percent rubber, no mineral oil, and 2 micron particle size); P-
Epoxy (produced by reacting 22 percent DOP and 78 percent DEN 438); resorcinol diphenyl
diphosphate (RDP) and polyphenylene oxide (PPO) are melt blended and injection moided.

TABLE IV
Example IV Comparative Example IV

Percent HIPS 53 52

Percent PPO 24 30

Percent P-Epoxy 7 0

Percent RDP 16 18

Melt Flow Rate (g/10 min) 16.6 3.5

UL Rating 2.5 mm V-0 V-2

15
Addition of P-Epoxy gives higher melt flow rate, and a V-0 flammability rating.
The blend without P-Epoxy has only V-2 rating.
Examples V and VI and Control Example V

Production of (P-Epoxy) with Phosphorus acid (DEN™ 438/DOP/Phosphorus acid
20 (51.2/47.3/1.5))

The phosphorus containing epoxy resins are general prepared in a 10 liter stainless
steel reactor, equipped with a mechanical stirrer, a heating jacket, fitted with a N2 inlet and
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tri phenyl et hyl phosphoni um acetate / acetic acid catal yst based on total
solid conponents is added to the resin and heated up to 130 C and the
reacti on woerpaeamture is controlled below 5 185 C. The re®CTafS08821 s added

into the reaction_m xture rtion by .portihon . so . that the fe t of the
Feact i orf HICEEFE DB RULTHRCER LN 1o Sand APPER IR F G A b Btk i s
added, 1@ hRTRRIAIHOP Ak chBGeh SRtk HEfed & NG €.10D0 BpRIJrxi mately 30

mn at 185 C and sanple is taken for epoxy content measurenent. The
cor r es panighenyleingpinspbénivphesipiorasstiaadid damlygtessd bo tothkesolidaotiponens vduct

and the t rature increased t C., 10 After 30 mn, .the fjnal product
is flak g@ %é@‘F ??f.mg‘ }%F@{Fz]turpotﬁ.ciégj %é&ngélﬁl?ﬁﬁ@ﬂg’lﬁﬁm@f‘“}rﬁ&%Qh?‘@i’eglg‘f’yr ene
foamsst r sty @9 odst B}“EQ@E ig %&&rg% ihfViRe Féa@ﬂo&ﬁl%(tﬁﬁ%rfé\ﬂg%’ By g&t'ﬁﬁ REGRL HR

conprised of a 1.0 inc si ngl e-screw extru m xer, a cooler,

and a ditem'pnratusreqﬁéacr@ctimmipmkq/eml;heeumetrbﬂmblmimIi8aﬁ6i adlftett dlvef thoPOINt r at es
dry .bl d fed i 15 t.h trud t t ot.al t f 2.3

K0 1 ogr ariS AGHS, M5 Fpese et AcGe BEte b 1) rTh B U TRECHGBA > 35BIS “Gar bon

di oxi de) 1dSalal I ngc{n% i ] a foamabl e

gel . Theat#dzsgiél%eﬁgkag(g?Tﬁe%goglegﬁ&gn (:Sonvé%/nég’H ? %?Iga%yﬁﬁgirh%% gxoﬁlﬁ{: wi de slit

di e i nt oplesplegiuoarid sfaddedverthp restom prodactfantd nhd tempeesure Stdreastdite]l 92TR

pol ystyrepe feedstoc npl oyed is a granular polystyrene with a wei ght

aver@ge X‘%@F W%Q}eﬁnaﬁémﬁﬁﬁt léiﬂag%%ﬁso 18, 000 according to size exclusion

chr omat Lib ) te utilized in the preparation of

Exanpl ec%rog(%?bsi?gggﬁ(gy&?g%%ég%&%%ﬁggﬁdr&?. 5% tri phenyl phosphate (TPP). Two

addi ti ve concRuiystatesfoanesttichdrezeftthe preséie ipreapad adeirgade with bxagfakgudvl @ 1)

25.5 % PPQO 8, 5% TPP, .and 2) 25% P-epoxy. The pol ystyrene resin of the

pr epar atGogPrised phe L Qdesh (29an@ piaglerscapi extiulen agnixgiiagoolssl apdeydiee with a

wei ght i I P

oxci Usi oy TLARE, THe Bl ARHheLolBig B b b A onc R NP ANl R hE PR
Dow 1Epoxtite biavindeakt Dbl baté D23 kMlogbmstped hdr (5 pounds per hour). The blowing agent
di hydr o- 9- oxa- 10- phgsphaphenant hr ene- 10- oxi de (47. 3) .(DOP). + phosphor us
aci d (1.8 prhperhog deride)ds yectahmte themolaner mepleia the mixgita famefpemeblene

Laoc, ik hyRasAR R EaBlel B odr R houdla 1B R w2 S Pl FoRRN -

t enper atafrlescigmassdieo Hbiog khetfoamatratiurees are adj usted so that the gel can

be cooled to uni form tengerat ure for, optimum foam expansi on, 24 WO
03/ 102060 PCTﬁI%E&YSMS@fee stock employed is a granular polystyrene with a weight average

20 molecular weight of about 168,000 according to size exclusion chromatography. The

additive concentrate utilized in the preparation of Example V consists of 15% P-epoxy and
7.5% triphenylphosphate (TPP). Two additive concentrates are utilized in the preparation
of Example VI: 1) 25.5 % PPO/8.5% TPP, and 2) 25% P-epoxy. The polystyrene resin of
the preparation of the additive concentrates is a granular polystyrene with a weight average
25  molecular weight of about 180,000 according to size exclusion chromatography. The P-
epoxy in Examples V and VI consists of: Dow Epoxy Novolak DEN™ (51.2 wt.%) + 9,10-
dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (47.3) (DOP) + phosphorus acid (1.5%)
as taught above.
The extruder zones are maintained at the following set point temperatures: feeding
30  zone = 105°C, melting zone = 140°C, metering zone = 175°C, and mixing zone = 180°C.
The cooling zone temperatures and die block temperatures are adjusted so that the gel can

be cooled to a uniform temperature for optimum foam expansion.
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Flammability Testing of Polystyrene Foam Structures The foam sanples are
aged for two weeks prior to flammability testing. The flammuability
properti e80®B/102060 f oam st ruct ures of t he present inventi olCarisosietser m ned

by: a i fi . orat or er si on .0 STM E-84 tunnel test, the
limiti ngﬁ)% %%h#yaggqugeogﬁob (’Lrﬁnf dé]téi" 8¢ cal orineter. The nodified
E-84 test is desfoaftdniposded @ge@mﬁtw&@ea@tp@m@to flAHmMAbINGy REind. MafRR of sanpl e,

as well as the total extinguish tine. In this test a natural gas or
propane flaramebility propérticopbilic tﬁwﬂﬂ@strmweeﬁﬂtheﬁomeﬁrtonvmnn ald @etmetduhyned

sanpl e of f oam f.or 5 nmeasur es hes (15.2
by omolHER g S oS AR ES i BB Firdfi e Akt S wnen a
burney f (L7008 and aWohdd18MMeRRIThORIORLTR Ew?est R déglg%&ﬂerué&naﬁ{e thdWals b

recorded, as well as the total burn tinme when the flane extinguishes. The

aver age Pwsingpenmch bf Sargplmyrsewell as the tadal. exﬁng11$h winei hgthisdggfernaturdlegas b0 )  of
the foam sa es |1 S neas accor to. ASTM D 2863-97 cal ori neter
Lest | ng PePERAIFaRGS JENTORELKT R 715 LSRN EO TSR POS IOl LIS kW )
an averaﬂ,@m%riis%eémidgs'rhé séth @'ﬁleas&@%g ShcKed 41'5%&)21&&%&@%@@%}*%& ¢ foam

conpositions together with t foam f ity 15 resu abl e
shows t hath Ex&hphpsAVinaerds thlatrdewl&:nsal ey fhamb is Immﬂmwrbmr&ﬂmgunm thiee in

relatjve to ntro hi her \Y; Iues . The, cone
cal met PP RCL L é%recg‘%ﬁgwsa "F@tsas\lgﬁ 3& ﬁéiV}\‘?P gHtineuishek heat

ol ot ve Tor g ot B eﬁ@ésq?,%ﬁﬁ? B Yy ??‘3@3’@"%E@f el
C02- Bl owanfphess mEastrediccobdiagiol AS“VMEISD@BﬁB-@7VCEna pplbam¥ter tddtingisadarried out

Pol ystyrene 100 85 70 9% P-e 10 10 %TZPP 055 %PPOO O 15
Vol T 1 SR oS TG a3 Bheh K e S(SKop ) A orage R B BDRRYS Given 6 3 2

inch (5. gaidn iltgstQidd tHe polymBAB féatn CofiPdsittons fo et with the foam flammability

15  results. The table shows that Examples V and VI have a slower and shorter burning time
relative to Control Example V, as well as higher LOI values. The cone calorimetry data also
shows that Examples V and VI have lower peak heat release rates, increased ignition times,

and a greater percentage of char relative to Control Example V.
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4 inch (10.2 cnm) 28.0 0 0 5 inch (12.7 cnm 35.0 0 O Total

tinme until

extingui shnment 37.0 11 10 Limting Oxygen I ndex 20 22 24 Cone cal orineter
dat a peakwbeatio2oel ease rate (kWnR) 429 362 241

76 101

% char remaining after
PCT/ US03/ 11822 WHAT | S CLAI ME

A E PG

time to ipgmiuSOIMSEsec) 72
13 5 26 WD 03/102060

AP¥ ee ignition resistant

pol ymer conpostTron conprising: Al a ﬂeg&gfylas T p0|y T, and B) a
phosphorus ¢l enent - cont ai ni ng epoxy resi n-fre ghition
resi st ant p;]_*@ conposition of Clai ﬁ}arﬂi’ rn| XE{IIP%?QJEF lmg@ fromthe
group consi 6i Tl Folyseirgiter s produced fromi® vinyl &omalic 9ronofrer or
hydr ogenat efo\Pegmixgns t her eof , pol ycar pbonat@ (PG , ABS/ PC coihfositions,
hydr oxy phepgxyppet her pol yners, poI yphenyl epe ether pol yfrers,s poljet hyl ene
t er epht hal afe; FPoxy” TESI TS, EIﬂyl Ene vimy}—atcphotcoppt ymEEs, et hyl ene
acrylic aci MPP 2? 5oty ot-ef-Arearbor—o UNr(\),lc Hrter-potyaer s,
pol yol ef i ns Bgﬁepé@@fﬁﬁ Efgb@ mers (COC's), plefin coppol yners|and
homopol yrrer PBanRdinmpeddibi nati on therepf. 3. Thel hal ogenifree ignftion
resi stant ppl yhiich¢pspanition of Cainl2, wierei h A6 is|selactedl fromthe
group consi $tingcRis.1 Wy ene- but adi ene) bl ogkpcoppl yngrs, jpol ystyrene,  high
i npact ponPtygﬁjlﬁ cr lonitrile- butadlefl-gtyrene ABS) copboly prs, and
styrene- 15 éi) copol yners ( pAN) he h8\| og¢=n-f ree ipnition
resi stant pe )ATé]IC tion of C ai %\%%reln A) from50 fo 99 w.
percent and B)51n§h1(1f2) m)to 50 wt. per cent3539 t he to@al phei gt of | t he
hal ogen- f r egldtgrtirhé omilrexsingiighiherpol ynef codposi tj on.115. The h@l ogen-free
ignition re iRfi8%% ORPENAMAeCOMPOST T1 onf of Qloal m whereip B)o4s PO
pr oduced by Cnd EFGLL I EpOXy restwttTa ph bpiIUl usTerenemt=tont ai ni ng
compound c4 éb %a&t wi th an epoxy_resip gr 2) {epoxi di z{ ng a
phosphorus ¢l d??éﬁthe%tdﬁ]teéﬁierfﬁ? kW/m2) 429 62 241

time to ignition (sec) 72 76 101

% char remaining after extinguishme 0 2 13
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compound. 6. The hal ogen-free ignition resistant polyner conposition of
Claim1l wherein the anount of phosphorus elenent in the phosphorus el enent
cont ai ni yoapamwer esin is from 25 0.2 w. percent to 30 ®WCI/Uyses/csat, based

on the t W epoxy resin. 7. The hal ogen-free ignition

resi st amt—porym ion of daim1l wherein the phosphorus _

el ement - cont aj.I\ RgogRrEYe Ig8RioR redstantPalEhdrabmpbsitiug efmpfidAgan epoxy resin
whi ch possesses, on average nore than 1 epoxy group per nolecule. 8. The

hal ogen-free igni tAbri thasioplasie Pesmgrerdconposi tion of Claim 1 wherein 30

t he phosphorus el nt-cont ai nin poxy.resin_is selected fromthe group
corrpr: sid_ngI n?w}i” iad)rh?%ﬁrhgws e%%%@igﬁégﬂtﬁﬂggaogiges&igl&dé pho.sp?ﬂonate,
propyl di gl yci dyhe hdb@mPieighi@ion Rekistdnt PoBinks cBimbosiios BhoRah e, whbiR A

di gl yci dyl phosphonat e, phe%il/l di gl yci %yl 27 WO 03/ 102060 PCT/ US03/ 1)1822

phos phoriasdecied fibinphe gydupdiogdistzienyt pohiyshpreduesd fnem aywinyd atpngasicdy |
hosphate, ethyl . diglycidyl .phosphate, . n-propyl.di glycidyl phosphate,

e T R R LS S S e S R A S

di gl yci diglarddyseiatyeethdiMthers i@l pphieAybn XIBSH gtxﬁers,riyoly@aiﬁ%xgﬂagmblate,

di gl yci dyl phosphat'e, p-et’hoxyphenyl *diglycidyl” phosphate, p

p L opy LOW’QNE rﬁiﬁiﬂsdﬁb}r’llynz Mm}yl qimjl@lb mnhOéym@rSj fgb)rlcwﬂith}emolmqgs,y ci dyl
osphat e eny] t hi odi [ osphat triglyci 0S .

e SBgr yOreREt Fbo prBuiHs fleeRER Bk el roltpaPas OSs phat e,

benzyl gy 6dpdimérs bﬁ@ﬁ&;ﬁg;%‘tﬂﬁﬁersaaﬁg an{ eSRbMakbPkeroper eof . 9. The

hal ogen-free ignition resistant polyner conposition of Cdaimb5 wherein 10
t he phosphor us Ehelmdngencies ighition geseghant polysaer compositien ofEkimEnwhedud) of :

i) an epo noyol ac, a trisepoxy,. a dicyclopentadien henol, epox
Covol ac D iKeDR N e iEs eftubio R rae PGB e Bl OBy Ra s pion
novol ac,n;am; i, ch r OV s ARG = di I Qs O = 10-
phosph aphﬁlgfﬂfanig h}(gﬂgé?%-n g’xai%ég{)mgir}é[ (%g%(abe)ﬂg ? %éﬂre)e(g%tsi% o ﬁp (g%,%gfl}é %cpéﬁ‘t%?? ) an
epoXy noeollawirila copalgmpeX$ANAn epoxi di zed bi sphenol A novol ac, a

di cycl opent adj ene enol . epoxy. novol ac, | yci dyl. .of t raphenol et hane, a
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10- (2' , HalaPehyftheogyiphe nesistand pdlaar hgmpaosi®eroxa- 10- phosphaphenant hr ene- 10- oxi
de,

5. The halogen-free ignition resistant polymer composition of Claim 1 wherein B) is
20 produced by 1) reacting an epoxy resin with a phosphorus element-containing compound
capable of reacting with an epoxy resin; or 2) epoxidizing a phosphorus element-containing
compound.

6. The halogen-free ignition resistant polymer composition of Claim 1 wherein the

amount of phosphorus element in the phosphorus element containing epoxy resin is from
25 0.2 wt. percent to 30 wt. percent, based on the total weight of the epoxy resin.

7. The halogen-free ignition resistant polymer composition of Claim 1 wherein the
phosphorus element-containing epoxy resin is a material produced from an epoxy resin
which possesses, on average more than 1 epoxy group per molecule.

8. The halogen-free ignition resistant polymer composition of Claim 1 wherein

30  the phosphorus element-containing epoxy resin is selected from the group comprising
methyl diglycidyl phosphonate, ethyl diglycidyl phosphonate, propyl diglycidyl
phosphonate, butyl diglycidyl phosphonate, vinyl diglycidyl phosphonate, phenyl diglycidyl
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20 bi s(4- hydr oxy-phenyl ) phosphi ne oxide; tris(2-hydroxyphenyl -phosphi ne
oxi de; dinethyl-I- bis(4-hydroxyphenyl)-1 -phenyl nethyl phonate; or
tris(2- hywowsse2066- et hyl phenyl ) phosphi ne oxi de; or (c) Pﬂ@ﬂﬁﬂﬁtﬁhbn

pr oduct rQsS| ' h n duct of
P epoxyPlosBibrERAUN viSRhD ARG R PARIBRILE plm} ey pERGATBEECCT O
epoxy r Qﬁgl?cﬂ@ﬁpﬁﬂ%gﬁﬂﬂ@impymhglycﬁm pl((fsﬁ)hzttélQx-lﬁlﬁﬁQilgIQﬂdpnﬂdﬂﬁﬁatQﬁso@ﬁtyﬂ?pOXy
resin and phosphoric acid; or the reacti on product of an epoxy resin

gl A e s LS DAL U e B A oo pounds. 10,
The h | t c 5 wh

3oet hg p osp%?éorusgrlgﬁ%kéwlﬂ(’:hg?#hzaﬁeg etl?o%a%ﬁgn %m?®1%b§% b?(l 3: ;ned prg(r:lﬁl:'?
of 9510 pib%lyl ﬁyl(ﬂigiydiﬂglﬂhﬁslﬂﬁ@d) EQ@@%&M&W&{@I Al Edyl phosphate

10- (2", roxyphen -9, 10- dr o- 9- oxa-
10- phos pﬂélna@gwéiyép Gpbate.deglysidy] phaspbatextspsbeidyletibpimphate.axi de,
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tris(2- hastitxations thea®ithyl phenyl ) phosphi ne oxi de
tris(4-hydro %phenyl ) pbhosphi ne oxi de, bis(2-hydroxyphenyl)phenyl phosphi ne

oxi de, bis(2- ﬂmedwmmﬁyp )gh‘@mtqgﬁ@gpmlmmeecomposmon of Claim 5 wherein

tri 31&2- drB %’ r“i/ g Q{g} hos h| ne oxide, or mxtures thereof. 5 11.
The "Hal é B¢ ggruisg FHROTE, bgol ymer conposition of Caim1l wherein
the phosphorus el eggnt mrhteacbtwn o@mw (gﬁﬁ'e?ok}sn&%h&cﬁ%eﬁf)@“é hose havi ng
the followng structures: O CO0O 1° H2C P:CH2

phenyl di g¢ydonpptadisne phérd gp(@}{movleﬂz@, elycOypfjetraphetdlethane, an epoxidized
bisphenol —A novolac, an epoxidized cresol novolac and (ii) 9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide, or
15 (b)  the reaction product of: (i) an epoxy novolac, a trisepoxy, an
epoxidized bisphenol A novolac, a dicyclopentadiene phenol epoxy novolac, a glycidyl of
tetraphenolethane, a diglycidyl ether of bisphenol-A, diglycidy! ether of hydroquinone ,or a
diglycidyl ether of bisphenol-F and (ii) a phosphorus element-containing compound selected
from 10-(2’,5’-dihydroxyphenyl)-9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide,
20 bis(4-hydroxy-phenyl)phosphine oxide; tris(2-hydroxyphenyl-phosphine oxide; dimethyl-1-
bis(4-hydroxyphenyi)-1-phenylmethylphonate; or tris(2-hydroxy-4/5-
methylphenyl)phosphine oxide; or
(c) the reaction product of an epoxy resin and a phosphite; or
(d)  the reaction product of an epoxy resin and a phosphinic acid; or
25 (e) the reaction product of an epoxy resin and phosphorus acid; or
) the reaction product of an epoxy resin and phosphoric acid; or
(g)  the reaction product of an epoxy resin and a mixture of different
phosphorus element containing compounds.
10. The halogen-free ignition resistant polymer composition of Claim 5 wherein
30  the phosphorus element-containing epoxy resin is the epoxidized product of 9,10-dihydro-
9-oxa-10-phosphaphenanthrene-10-oxide, 10-(2°,5’-dihydroxypheny})-9,10-dihydro-9-oxa-
10-phosphaphenanthrene-10-oxide, bis(4-hydroxyphenyl)-phosphine oxide, tris(2-
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H2C - P- CH2 CH 2 ; and RORRCH 10 OP_P_0=P-0 / O\ CH2-O0OCH
2 wherein Ris independently a hydrogen or an al kyl group from Cl- Cl10. 12.
The hal ogwo%,ﬂmai gni tion resi stant pol yner conposition offCTushIB2nher ei n

phos phor e HBNP EBpa PRy BBy B e o P S bty
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styrene- nalelc anhydri des yl ene di phenyl dllsocganate polybutadlene-

mal ei ¢ évmslﬁ%lhyd@aypi@pwll)myb)hommﬂ@, dséhpdroeyphensipiwnplphespbatsés, and

car boxyl i. ci.d functionali yLenes. 13. The hal ogen-free ignition
resi st ant 521 y@ﬁ%@!@?@?ﬂﬁ@?&@% Yilg, or nukiuzen thergply | y conprising a
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conposition of Caim additionally conprising a non-epoxy phosphorus

el enent thopha@phomgelemepemiainih§ epTiperesial io gaectéd wemithosethavingrtes fodloanng

pol ymer conﬁgm tion of Claiml consisting essentially of: 10 A) 50-99
per cent sgpe elsherm)pl astic polyner, B) 1-50 percent of a phosphorus

el enent - cont ai ni ng gpoxy resin, C) 0-25 per cerm of a phosphorus conpound,
and D) 0-35 per cenm_f Iyphen | ene ethe rrer 16. A foam produced

fromthe hal ogen-free |gn| |on reﬁlstant poI r conposition 15 of Claim
1. \)\/\

phenyldiglycidyl phosphate
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CH
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wherein R is independently a hydrogen or an alkyl group from Cy - Cyg.
12. The halogen-free ignition resistant polymer composition of Claim 1 wherein
15 the phosphorus element-containing epoxy resin is a functionally modified phosphorus

element-containing epoxy resin, modified with an additional functionality selected from
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17. An article produced fromthe hal ogen-free ignition resistant polyner
conposition of Caim1l1. 30
WO 03/102060 PCT/US03/11822

butadienes, styrene-maleic anhydrides, methylene diphenyl diisocyanate, polybutadiene-
maleic anhydride copolymers, carboxylic acid terminated butadienes, and carboxylic acid
functionalized polystyrenes.
13. The halogen-free ignition resistant polymer composition of Claim 1,
5  additionally comprising a polyphenylene ether.
14. The halogen-free ignition resistant polymer composition of Claim 1,
additionally comprising a non-epoxy phosphorus element containing compound.
15. The halogen-free ignition resistant polymer composition of Claim 1 consisting
essentially of:
10 A) 50-99 percent of a thermoplastic polymer,
B) 1-50 percent of a phosphorus element-containing epoxy resin,
C) 0-25 percent of a phosphorus compound, and
D) 0-35 percent of a polyphenylene ether polymer.
16. A foam produced from the halogen-free ignition resistant polymer composition
15  of Claim 1.
17. An article produced from the halogen-free ignition resistant polymer

composition of Claim 1.
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