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WO 2005/118604 PCT/US2005/017954 5 PHOSPHORUS-CONTAINING
COMPOUNDS USEFUL FOR MAKING HALOGEN-FREE,
IGNITION-RESISTANT POLYMERS The present invention is in the field

Vigf Phogptaofus contai sung compounds; their use as Nameretardantsofiops4

polymers, especially for epoxy, polyurethane, thermosetting resins and 10
thermoPHiSGE BEIMers QAR AL NS STEEN AT FSFFHANT B AEIRA G
polymers to maRe- Brotetale Eo NG Forhnaatons ald ighitonFEsistant
fabricated articles, such as electrical laminates, polyurethane foams, and
varigus =molded and/or foamed ther, lastic products. Ignition-resistant
oy HE R TEA A R B R B TS Grcfpose o
figniti esrresistaioc@oHoweyespthiely hasbeen prl incréasin grelemagidhforesins and
alogen-free it inAgnition-resis olym .
fgum O%a Ei%g?/ilgs%%QngPc?‘ {HONS: O Q%%gﬁg%&g%&ﬂ@&ﬁ?ﬁ%@%m%m to make

roposals een made to use ased me retardants
iingtesideofohsloyenada e rethitines irthsrhbssicalseytiptsirpuch as clectrical
formuations as descrbed innfor.examalea &M R384930nmER by lastic products.
0384940, EP A 0408990, DL A 4308184, DE A 4308185,12E A 4308187,
WO Ai96/0#68mmndiWMErAh 86/0 630y 20iHewrMep-futthes improvements to

in flame resistance ate desired. There.is also a desire to i@ rovg%he1
; . JEV as 1 An.Ier ; logen-f
s
compsasitionn Ehereforsj theredemainsalmseditoprenide e ratogeadfréeuse

;R}%gp@ﬁt{l QMeesition haying good.igniianrresistanee.aad neat resisiantcss: epoxy

and which overcomes the disadvantages of prior art compositions which

exRibtpBbE prope Afes Sirerasop st rrbistire rasiéatics and 25 ol F§.4

neaspeet olithe presentinventien, iswlikescted to7awoeess/fosgIakiagrao A
hosphorus- containing compound comprising reacting: (A) at least one

%/Q& %{bhosphorus compound having a. group selected from the group

H-P= 0 ; the graup P-H and the areup P-OH with . least one .
conBOUR Ut (S oW PO () oA (1) R 9 g 679
to Ritymo verbeaimRIfis @re orgamic grouse vige netonaligiolpapabresposition.
reacting with an epoxy group, an ethoxy group 35 or a propoxy group, .
saidl Y SERRIBE T GRTAYUrbRY- LA BERY e 2BHOERHSERARET S gy ostion having
200548604 REhid 920060 1E8de; and which overcomes the disadvantages of

prior art compositions which exhibit poor properties such as poor moisture resistance and
low Tg.
One aspect of the present invention is directed to a process for making a phosphorus-
containing compound comprising reacting:
(A) at least one organophosphorus compound having a group selected from the group
H-P= O ; the group P-H and the group P-OH with
(B) at least one compound having the following Formula (I):
Formula (I) R (MwlnX -0 ~-R")y
wherein
R’ is an organic group,

Y is a functional group capable of reacting with an epoxy group, an ethoxy group

or a propoxy group, said Y selected from hydroxy, carboxylic acid, carboxylate,
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5 acid anhydride, amine, -Stl, -503I1, -M Hz, -NHCOOR, phosphite and
phosphinate groups; X is a hydrocarbylene group; R" is hydrogen or a
hydrocarbyl group having from | to 8 carbon atoms; R is alkyl or a-yd

WEYSH HaWing from | to 12 carbon atoms: and 10 m'. m and K@r&js2005/017954

independently, numbers equal to orjéqgeater than 1, Another aspect of this

inventioA i ainedids kospRoriS:contaitng: comsdints PRBEREARS

accordpg;@ﬁggtgggy@@rocess (herein referred to as "Compound (1)"),
particularly phosphorus-containing compounds comprising the reaction

productiof {Ayatileastiene grganophosphoreis compound having a group
selected from the group 15 H-P=0 . the group P-H and the group P-OH;
and (B)Ratikdastorm: compoinerRalitg th S F6IRWIRG Fomiuna (2): 2Bkula
(1) [R'(Y)r,)r(é)(-O-R,)o wherein R' is an organic roupé 20 Y is a functional
group Selé@Ed RoMhFErBRIAEHIHORT¢ Boid, HAPEBANHE, Beid
anhydride, amina, -SH-I, -SOsH, -CONH-2, -NHCOOR, phosphipate and
phospHate;’ %f&;na‘l e ?%déghn}é“ lélﬁio%llﬂjs;rﬁﬂ}}sﬂm% rj‘oﬁiééf‘lg %ir{% y[:jlro_carbyl
growp having fromy 1,108 £arhon A0m s, RJ$ Al 2F AYh GIRHR BaMING nds

from 1to 12 carbon atoms; and 25 m', in and n are, independently,
ohtnbeis eEiaite Griatearsiethiancts MTrdtTAfEGIl the PHESPHGHIS:
FSANANKGCOPRUNdsAe thossnhaving ableasiibyendhenalicatamatic

rings preferably linked by a hydrocarbylene group or hydroearbylene

ethex groupsand-sophasphoniiscenientofrat heasizd wtoppreénteOthen the group
aspects of the present invention.include for.example compounds,
compozfg%ﬁgs) ’ eéﬁeﬁ%%fgfr}%]u akf?o%%%eﬁtg{%?ai(b?g%y reacting, blending or

mixigg &%&m&&e%&%&m&mﬁ DROBeANS SUGRAS @the_*7nosetting

resin ‘or a thermoplastic material or a mixture of a thermosetting resin and

a thermpplasticymaterial to ffornmygrious-ignition,resistant -2 5 compounds,
compositions or formulations useful in various applications such as

JWHeprggs, laminates, coatings, molding articles and composite products.
For example, one aspect of the present invention is directed to
phosphRriusseantaiiingoepoxy compounds obtainable by reacting at least

one of the above phosphorus-containing o ,
Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SO3H, -CONHz, -NHCOOR, phosphinate and phosphate;
X is a hydrocarbylene group;
R’ is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is alkyl
or aryl group having from 1 to 12 carbon atoms; and

m’, m and n are, independently, numbers equal to or greater than 1.

More particularly, the phosphorus containing compounds are those having at least two
phenolic aromatic rings preferably linked by a hydrocarbylene group or hydrocarbylene

ether group and a phosphorus content of at least 4 wt-percent.

Other aspects of the present invention include for example compounds, compositions
and/or formulations obtainable by reacting, blending or mixing Compound (I) with other
components such as a thermosetting resin or a thermoplastic material or a mixture of 2

thermosetting resin and a thermoplastic material to form various ignition resistant
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compounds (Compound (1)) with at least one compound having one epoxy
group per 10 molecule, for example, epiehlorohydrin, glycidylether of
polyphenols (such as bisphenol A, Bisphenol F, phenol novolac, cresol
phenol novolac ), glycidylether of methacrylate, glycidylether of acrylate
and other similar compounds. Such phosphorus- contalnmg epoxy

COBAPRRS B KIS 96 TarBRtCa it At Xt Sl g&éﬁfha%%dﬂfepregs

19Rtionally akieasthanengrasslinkaklepgoitd esidiier than the
phosphorus-containing epoxy compound, to obtain 15 curable

ignMmeesiptangcteﬁhhmmoisiﬂmi@dsﬂimgtnd]ﬂveﬁinsebmmum@niﬂg
and hos 3?}?9 R gin %&%PI&@PHHQ&%%%H ﬁg‘;{:@lmgemammg

€
Br regs e use o make laminates and CII’CUI'[ boards useful

qwmp@:@rédﬁ@ﬁmgun@@wlﬂmélwb@e EOMIPSBUANS YRS CaFBPBEYUEEER T
Horbmerlliciall gﬁ%ﬁkﬁ&;{?&%ﬁﬁ QiisdRymake @ww @Qﬂ@ﬁ%& falishenol A,

for a so call build up technolgﬁy 20 Another aspect of the presen

Binpbanehtis b adr tdepriossnotraiantaiing eyeiy ‘?B‘?W&&?%%C‘ ylate,

g@ﬂ'ﬂyiaﬂ@ﬁamayzmsm Gﬁlﬁmmmwmdxﬁj)h:zﬁgsamﬁcﬂquasphtmmﬂ@mmxim?epoxy
resin tionally rosslinker. option a catal
BRI oA CAL B R T b DR Gy st cne

ctitstenitl Wmmmmm@&wﬁmn@ dBoBbtegatsiengyto obtain
;xgompgn@% 1 leashng, 6 she.Abovs.BhasRhossRaIning, companadsd

(1)) having'a phenollc functlonallty or an amine functionality

PRPheTep (RPEL RS PREYYAIROURE B0 PRARTSH)deke pippsees. which may be

u@%&l Eexr?{h@ﬁ}ﬁiﬂmg Q&!{%ﬂ%ﬁ%@?@% @s&ﬂﬂn@l@l@lawillad@lé@ﬁﬁuamy The epoxy
phosphorus-containing henzoxazine compound. Also use

HFRRHRENTENOH QFe BEn AL m&%&%&?ﬁ ﬁ%ﬂtﬁﬁa‘%%?ﬁﬁ faf? 1% ke resn coated

cophdenizoxazine ¢ heating>lvet another aspect of the present

invention is directed to curable flame-resistant epoxy resin compositions
comprighngaiyatieofibioveestisspiatiede Atitg bR DRarif e B ATEIHISHOXY

£QmRQund f&%ﬁ}%&%ﬁé'&%@ SEPEXYE8SInuAE Arblen a0l iwie, 0EdMQes mixture of

epoxy resins having more than one epoxy group per molecule, (iii)

epptit reaiysa iy At %lﬁ%rczﬁys&&ﬁ%éw @ﬁ%@%ﬁﬁg%%{&w% Ghegonally.
A ewabladlame resistant epoxy resin composition. Such curable flame
resistant epoxy resin compositions may be used to make prepregs, which

maw erthee dsitecnodiided amvimaitesiantlecieduit bomasaise frbirpthentaining

cgelonies S The.aRR SO AOANIGALRGTILIS0N,

f6Pt 7654 composition may also be used to coat metallic foils such as
cooppenfsi(§ enpmare (B3 W‘@%ﬁdﬁl@éﬁﬁﬁéﬂl’é@ffé‘ﬁ& YoPBABRAIErppionality with

SBENAYA0Y imary amine and a formaldehyde or (iif) a hydroxyl-containing compound and
a formaldehyde to form a phosphorus-containing benzoxazine compound. Also useful in
the present invention are benzoxazine compounds that form a polybenzoxazine upon

heating.

Yet another aspect of the present invention is directed to curable flame-resistant epoxy
resin compositions comprising (i) the above phosphorus-containing benzoxazine-containing
compound, (ii) a crosslinkable epoxy resin or a blend of two or more epoxy resins having
more than one epoxy group per molecule, (iii) optionally a curing agent and, (ii) optionally,
a curing catalyst to obtain a curable flame resistant epoxy resin composition. Such curable
flame resistant epoxy resin compositions may be used to make prepregs, which may be used
to make laminates and circuit boards useful in the electronics industry. The epoxy resin

e
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Another aspect of the present invention is directed to the thermolabile
group-containing phosphorus-containing compounds obtainable by
reacting (i) at least one of the above phosphorus-containing compounds,

WOoHpaUrd4(l), having a phenolic functionality with (ii) 10 a th€fiekatyile: 7954
group- contalnldg compound such as a. compound having

CHRYIGIYCEBONSP 865 00" FaF it A6 A oS THERTS oM taImALS Tesm

CRBPesnd: The med;spied phasphasdsndeniaining compounds are stable
at ambient temperature and its thertmelah.ile groups degrade at elevated

tempea&&twegteadhfgrt@;ga@genwaﬁmnmﬁhes‘edmdiﬁeucpmk{bkbmupwcomaining
gontaining co E”B% %‘Mf%b dad.with different ermESeNing,e above

% stems to genera te ga 15 eadlng to encapsulation of gas in the

@mﬂﬁk&d%témschmﬁ@fbm@fﬂ%&rﬁ@ constartBnaabssupdteradicy with (i)
@M&%ﬁ%&év&%@%EMM%%ﬁn@%{ %%ﬁ%&@ﬁ@%{ﬁﬁg%@mwmww
[

controlled. Yet another aspect of this invention is directed to palyols

BREAMALIRBY FBaG BY S IeRS SR BILES ABRE PhospRSHiSedaaig s

&ﬁmmu@&ﬁn&@maw &iﬁkx\&ttﬁxxwag(u)raﬂpet’am andiotiapropoy gmqp

CE ols are useful interm dlattes fogr ma '%E&'Q%ug? J&é o hgmﬁm
Fﬁ ?‘éﬁw Rete siﬁ@p?ﬁg‘fﬁwosp Bristcon %?ﬁ?na compounds é)

(@)acegrdingdonthisinverition]cdnutidéricatives direredfimaysalse be;enm atc gas

bt%nlgsqggdwnh a I@;%E%@%&Q?régpﬁlﬁﬁtl&égﬁm}g&lm@ﬁ@%wm@ lower dielectric

Ignition-resi Stant th mop astic cornposidon. 2

phesphordseeoiamingreerps i adss Coripbtiaas () atEordirg to trgnperature
;inventions. ang derivatives thereof, may also be combined with at least

one thermoplastic resin and then alosetting systems (epoxy and coring
agefl&)lﬁ@tﬁ&aki@p%t ighitionresisiant dhecmodplasticocantainihge by reacting (i) at

thermosettjn itions, Othem.. asp ects of h rese ention ar
E%‘\lﬁd%l?‘net ?? Lh?gﬁl? egg\ gccr?n i cf) aElmegpw c qurqg) ekl (%
cDefigitionsr Thetern gm:gaﬁwamdy&ﬁsfgmms@&é Ui fefarddng ignition-

£0mpo gﬂg}i%ﬁg}%gpg& comprising carbon atoms and hydrogen atoms,
and optionally hetero atoms (that is, atoms which are not carbon or

hydrag %ﬂ&%@@*@é@i@ﬁi@@@bﬁﬁﬂm@ﬂﬂ%}ﬂpm 0. onrecanatheriB3Sinvention,

Preferred op %]L;etero S chud atoms and nitr

AORTS Vﬂ‘u‘é@?ﬁﬁ’ﬁﬁ S?a}ﬁ e‘r%’%? svfn% he q%l?{; g%%%a o%gtéc jgain to make
mmﬁﬁm@smdimm@aaxkes@mbamibm number of carbon atoms, and is
preferably less than half the number of carbon atoms. The terms

"hydidearhyinmes “pytrdeaytanen refet tehemiicd) sAEfcHgEas Brthis invention,

MPIRLRS ives thereof, may also be combined with at least one thermoplastic resin and
thermosetting systems (epoxy and curing agents) to make an ignition-resistant thermoplastic
containing thermosetting corpositions.

Other aspects of the present invention are evident from the detailed description and
claims which follow.
Definitions

The terms “organo’ and “organic” as used herein refer to compounds or moieties
comprising carbon atoms and hydrogen atoms, and optionally hetero atoms (that is, atoms

which are not carbon or hydrogen), which are primarily covalently bonded to one another.

Preferred optional hetero atoms include oxygen atoms and nitrogen atoms. The number of
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comprising carbon atoms and hydrogen atoms covalently bonded to each

other. Such structures or moieties may contain atoms other than, and in
addition to, carbon and 10 hydrogen (referred to herein as "hetero" atoms)
insofar that the hetero atoms do not add significant reactive functionality

to such moieties. An example of such acceptable hetero atoms are ether
xygeriatomshsichyanoisties predeirdlsigraenoiscont ainiahss hclerotzap ng number
Jhe Sspressionsubstartialy frieshasihrtOmiassion isusedbarein

when used with reference to a particular substance, means that a starting
matergtQrRregucs Genaralha ayeeriamg dessHiand chueightpertent or moieties

preferably less than 5 wejght percent, more preferably, less than | weight
PRI B AP N DEFD (IR DTG o Ry e Such
suhstanoce:. rﬂibi@t&xpmgsimnziiwmmsmnﬁ tneansdiveighit-pencenttbon and
ﬁ)hcg'cs) %IO{I%%;%(;%QB rf]i!{%ltcl: 8@%&%&9’ (%8%18 QH%%.Q }h%g)tﬂ:'ﬁetero atoms do not add

osphorus-containing compound the’present invention, herein referred
tigaisic@vmpoird {icticowbiaitaplenfrovetise réaciompetwcasipeceptable hetero

QrganopRAsPOMS CampoUss hereinfefered 1o @S {ermRAnERt{AdidReioms.

the compound of Formula (D. herein referred to as Component (B). One

of theadyaetapes aftciempnyndLl histbadibeentains aqahosphorusn used with

element in its chemical structure malgén it %Jseful as a.raw mat g lL%ral )

AR Ao HE o TR A B S A AL T Co s

(@) tisih kit thas BvadtivepbydnogeafegroypassakimgSivesgfupascatieautieeferably
tarting material for r i ' ; syartie

B R B iy

gpltsewhich makes it reactive with epoxy resins. In this embodiment,

Compound () can be considered. as a crosslinking agent, curing agent or

hardeRErPBrSivE pBkPFESH: FBFEmBBSRGRE  Ghnerally has a

hosphorus, content %‘ at Ieas& it t and preferably at least 6

eSStk 0SS aftame retardant material. Compound

(1) igrpre %f%ﬁm%?éﬁn%%gﬁ&% REQspine AHQBAS i AR IDRI BRI RLARIN (o as

substantially free of halogen atoms, Compound (I) may also be used as a

Ronremdild Bodithestls SvadinmrrIrionda W AthemAbpasbsrstFErpound .

thesmesstingsystenohai ¢ xarniantampound dreamndb (g kisem ferred to as

charring agent to provide an insulatHiF I%e;‘)r oéntiﬁar %;[%eleyate;d . . shosoh

CERBERERGFES: ST oI S RSO I HSHEIS Khd 15 B FheS iR g Prosphorus

fommulationsshémtve) 2006/t 18604 RGE4ISS 2008 104F9BFobpreparing flame

Conruound Correspandine to. For f1i..C'.omnoy, C

R AT (o ot e e A DE f TAR Wirogen

group making it useful as a reactive starting material for reacting with other polymers. For

D
>

example, Compound (I) may contain active hydrogen groups such as hydroxyl groups
which makes it reactive with epoxy resins. In this embodiment, Compound (I) can be

considered as a crosslinking agent, curing agent or hardener for an epoxy resin.

Compound (I) generally has a phosphorus content of at least 4 wt-percent and
preferably at least 6 weight-percent make it useful as a flame retardant material. Compound
(I) is preferably substantially free of bromine atoms, and more preferably substantially free
of halogen atorns. Compound (I) may also be used as a non-reactive additive, such as when
used with a thermoplastic or other thermosetting systems. For example, Compound (I) can
be used a charring agent to provide an insulating layer of char at elevated temperatures for

thermoplastic formulations and for thermosetting formulations.

5
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referred herein as Component (B). In Formula (1), each (- X - C, - R")
group may be bonded to the same or different atom in "W ". Preferably,
each (- X - 0 - R") group is bonded to a different atom in "R"". 10 "X"

WiteferalyHas from | to 8, and more preferably from | to 4, GArHOR2466/SI54
in a preferred embodiment, "X" is an alkylene group having from 1 to 8,

imww@%a%%é@ Ve ore or 2, carbon atoms,
such as met ro Ien_ opr, len
|SO§W%%E“§?\/I %H?I'efne T %osSp bre erreé’gg(t F@rou‘&i e d%of)@ ye uls

rejpdratendatom@mapbyelrogarbyl group having 'l, preferably at least 2, 15

and more preferably at least 3, carbon atoms; and preferably tip to 20,

more Drefaralhy: apto - 12-&hd B 0 BPaRtY dGcipPiBid peTeraIIPT AR ! atom
igagbon atersyFheydrocarbyl groupiis, Rreferably, aniaikylene GroupR’ .

such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, phenyl, hexyl,

heptyt; angkectyhMoshptefesieddandheiicgroydrare hitethylrbutyland n a

isghutyl referabl rises at least or reialr I

%ﬁf‘rgﬁ& gf} ii%lgﬁ Onté% hy rocag e roupm y rgc%r%ﬁie%zpeg}ﬁmm tos
agrowen e ¢ Ricfgrolpimore c@rét@raﬂgmqmmms@stbyir@@sﬁtm&amménﬁ ene,
iR Inkagia sach AhsIRY AlERTREMIA A ear vdrogRiyene

roup. The aromatic grog ps are preferably phenyl groups and the

hydrecarbyleneg igraupds Mﬁieﬁa@}wé&c@@ﬁea‘mgdmbméez IPASErably at least 2,

referably a. methylene 25 group and the h Ien ther IS
AR A SIS A OB (A GRNE e ba XA epably up t
ma&ﬂng with aniepexyngre g}mfaraiéthxgo groupar aa:»pm ﬁ&xy@@uwm; oup is
ctlon roups are (
e R AT R, v
mnwmmte éaqmman}d omaiséé@maﬁpﬁ@ﬁuﬁé (ERR2 =NHRre gretNH butyl and
1%@9 in "=" refers to two covalent bond. 30 to the same or different atoms
of "R'™), SII,, -SC)sH,-CONIla-NHCOOR, and phosphinates

(HO-R{R'I2mQhay cﬁﬂi@@@ﬂﬁ@z@ lﬁdsﬂ[&%ﬂyﬂﬁﬂ@)gl oy’ ancmqylbﬁaﬁp all@ﬁ t one
tal, hasbado or a arb
hﬁé?&?&%ﬁ'feﬂb Y04 &h Iéy% o%ﬁﬁlﬁeeéra ‘1% ?@::‘% tor]i'ugﬁ %ﬁéﬁ ofgrably
mmwhﬂh&h@mmwmﬂmpwbhw@ml@@@l olEVPO DOOBILEGEMpe group or
5{5 %%jx]%@&%y% Fme ﬂ%axﬁ{%g&w@ hvsrogayly] &5@%9@@%%& the

as an a group, an group, or an alkaryl group Whlgéfgreferab
Mool on, Frovelp @?@%ﬁw tes19EiaAg a%‘?i@r)%?@fﬁ taBIpepYsne
Ao GRHRAMROMS carbylene ether is preferably a methylene oxy group.

“Y” is a functional group capable of reacting with an epoxy group, an ethoxy group or
a propoxy group. The “Y” functional groups are preferably selected from hydroxyl (-OH),
carboxylic acid (-C(O)OH), carboxylate (-C(O)OR™), carboxylic acid anhydride, a primary
or a secondary amine (-NH, , -NHR™” or =NH, wherein “=” refers to two covalent bonds
to the same or different atoms of “R’ ), -SH;,-SOsH,-CONH,-NHCOOR, and phosphinates
(HO-P[R”],=0), or phosphites (H-P[OR"] »=0) .

“R’”* may be an alkali metal, such as Na* or K*, or a hydrocarbyl group having up to
8, preferably up to 4, and more preferably up to 2, carbon atoms, such as methyl, ethyl,

propyl, isopropyl, butyl, isobutyl.
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T ii~ a carboxylic acid anhydride is preferably selected f rorn s+nbstituuted

or unsubstituted succinic anhydride, nraleic anhydride and phthalic

anhydride. Each substituent, when 10 present is one or more hydrogen
Vdtams/ bistiydrocarbyl group, such as an alkyl group preferatslf/havingoupys+

to 12, and more preferably, up to 4, carbon atoms. The hydroxyl,

carbBXylic it ARt CArbBKIREHRI SHRHYAHIS RirEHSHaRIES dFealky! group, or an

Apeefarsedsanditieiydraxyl Hunctienalityrs-mestaprefemech for, thelRven more
grgug. Thu Prqferr%com ounds of Formula (I) are those compounds that
eE ]ﬂlﬁé ofmufa” aSO '(Y)m']In (X -- O - R")n, and at least one (X - O

) R?}%@&%BJME‘JQ&&Q%%&%‘i@%r%%e%@&‘ﬁ&%ﬁﬂ&%%&@%%aﬁﬁﬁum

example, preferred compounds include those that contain at least two (
sueriniR Yy lijss GRA feadt BracoPthahsiie RIpHE "§reh SEDIH UsaitiGAD
dhe-compaupds thatane usefulin thepresentinventioninclude afeyi group

exansgle those that meet the following criteria: 20 (a%n is preferably

PEEARBIAR R BT o wHEHI TS BT tH8rH %S MU bY GPeater than 3
andiat ieaet one o Pldiaraues i the udle Al heppakhona ol
chemlcaYS ructure; or (ICSW en mis equal to ,%ﬁe n mustcbe greater

rtiednrid om(ohwhehax s sgoadtel 2y themsiisasrohofithd [ Xeom R")
groups must be in the 25 middle of the backbone of the chemical
strctai i ES AORRY (N hPliE Pravkt AbI eS8 thenT G U PHS & BT Sferatlly Tosamia
(thar 1300, 1and n ds- preferablvlesstban200CPrefersed:semporngsdafe of the
Formula (I) may be represented by the following Formula (Il): Formula (1)

bRcBER AN 1o St AN IREINT T, EXIORRORe IETNCESEr ORPORHEBAEER P that

BR:aromatic: group; preferably.a.pheny araupnoptignallysubstifutedowith m

one or more groups, preferably selected from alkyl., slkoxy, and alkano],
ViR e A G AHSHE (o7 SxRmIB Y RISty ethBHgPLe: tose
tethyleeethoxyl @thaneldprapyl, propoxy, propanol, isopropyl, isopropanol,
butyl, butoxy, butanol) -7 WO 20051118604 PCTI11S20051017954 5

sudh)asisforcéxanhiplecactoliyterie: and/or xylene group; at least one of the
(X-0-R") groups is on at least one of the Ar groups; "n", "m™,"X", "Y", and
"p €0) iiFe his S mAREGAY iR BB R aXap e prfcifenddnty)
MayrBeXs K- %i @ XoOm¥é-Ea Mo d@nek Biemical structure; or

(c) when m is equal to 1, then n must be greater than 1; or

(d) when n is equal to 2, then at least one of the (X — O —R”) groups must be in the

middle of the backbone of the chemical structure.

In Formula (I), m’ is preferably less than 10, m is preferably less than 100, and n is

preferably less than 200.

Preferred compounds of Formula (I) may be represented by the following Formula (II):
Formula (IT)

[AT(Y) Xy [AI(Y)ar-X]s (X-O-R7),

wherein each “Ar” independently is an aromatic group, preferably a phenyl group,
optionally substituted with one or more groups, preferably selected from alkyl, alkoxy, and
alkanol, having 1 to 4 carbon atoms (for example, methyl, methoxy, methanol, ethyl,

ethoxy, ethanol, propyl, propoxy, propanol, isopropyl, isopropanol, butyl, butoxy, butanol)

-
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each independently represent a number equal to or greater than zero, but

both cannot be zero. 10 In Formula (ll), "a" is preferably up to 100, "b" is

up to 100 and, "if* is preferably up to 200. A more preferred compound of
WEothtiladd)“may be represented by the following Formula (ROTFEGAMGIG 7954

(1) 15 (R"-0-X)c[Ar(Y)m'-X-0-X]elAr(Y),a.-X1b[Ar(Y),,]]h'(X-0-12")d _ . .
S}i@“rﬁﬁuFé’f(ﬁf)aWﬁ’@ré‘i%’?'}ﬂ?mF"?ﬂ@mﬁ'ﬁoW%F’%‘%@;" "4 d’uﬁeﬁf'tﬂﬁ “t‘%i"eRs&%%“W ®
omeariRg@s dnitormutau(); subselipts ™Y cirain®R"d" leaehhe same meaning as
.independently. represent a nu r equal reater. Zero. ko, wp
EERUIR T, "5 1 CHULLB) G o 306 S e prafbrabhy op o 2082
cTHel ¥ rgroopsyaresreférablyborrded! direcdyetocai Aragroup ExEnsplias ofe
,oreferred "Ar(Y)" include phenol, cresol, and xylenol, and the

corresponding divalent counterparts thereof. T be ('s". - f.) - R") group in

each unit with.thesybscriptseerandudichavingaVajue 1geaierhan geferably
is bonded directly to a member of an "Ar" group of another unit In 25
ForfRURA471), which has the same or different unit formula. The units with

the subscripts s Bz, and 1 Maw.be Se8 R AILAIder vl FARFOM:
orb Ozgﬁrgﬁ %ﬁrﬁﬁi‘f?ﬁ? ' g%ﬁ %tf s%réc%@ts%ﬁay"g' "@%\éﬁe" anjcy "d" .

Howlepgendéntly are preferably at least 1. Each of subscripts "a" "b" "b’5 "¢"
and "d" independently are preferably zero, more preferably at least 1, and

evéiPiitre Greferably at 30 least 5; yet more preferably at least 10 and

preferaly ngt greater than 1000, a¢ % 9 g&%& ol Al tha,

100. In‘6né 8m “the s a",™p",

| clependerrtiy are preferably nat greater,.than 50,.more, preferably not o e
féf&ﬁ?&?&%&gﬁ@gnéﬂeﬁ/eﬁ' moF‘e’pr{‘efer%lb’I%taa?ea er than i%: %%ferﬁee fng a8
icGmpounds) of Fecmutd§lY riay furtlié berepieseniadbyethestoll owingb83:qual

Formul @\g: SedQ ({gﬁ%ﬁﬁg*?‘}%o%%%g% 14988 and- PRI
t aregiey tvn 7Zero, 0 f S & 80 a _ bly u
‘(F%-tﬁ‘-’?%ec( ré\g?x,'-xﬁé% m-X [A(Y)m1b (X-O- "?d B ?
to 200.

The “Y” groups are preferably bonded directly to an Ar group. Examples of preferred
“Ar(Y)” include phenol, cresol, and xylenol, and the corresponding divalent counterparts
thereof.

The (X — O — R”) group in each unit with the subscripts “c” and “d” having a value
greater than zero is bonded directly to a member of an “Ar” group of another unit in

Formula (IT1), which has the same or different unit formula.

The units with the subscripts “a”, “b’”, and “b” may be present in any order in a
random or block configuration. Each of subscripts “a”, “b”, “b’, “c” and “d”
independently are preferably at least 1. Each of subscripts “a”,“b”, “b’”, “¢” and “d”
independently are preferably zero, more preferably at least 1, and even more preferably at
least 5; yet more preferably at least 10 and preferably not greater than 1000, and more
preferably not greater than 100. In one embodiment, the subscripts “a”, “b”, “Brr, e and
“d” independently are preferably not greater than 50, more preferably not greater‘ than 30,

and even more preferably not greater than 10.

Preferred compounds of Formula (I) may further be represented by the following

Formula (IV):
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(X_'O-R'% f wherein "e" is an integer from O to 4; '1" is 1. or greater and
preferably less than 50; and m', R", Ar, Y, X, "a", "b", "c" and "d" are as
defined above with reference to Formula (HI). 10 Preferred compounds of
ESANGH T may be represented by the following formuld; "ESHHUIATAA
and Formula (VI); Y YY Y (X-O-X)p X-O-X X X Rl RIRIR t (X-O-R")p |
(X-O-R))pp ab Formula (V) YY RIRI (R"-O-X)p X-O-X (X-0-)p Y RIRI
Rl (k-O-X) pa (X-aR)p Y RI RITRMBYB Rl (R"-O X~p Y 15 Formula
(VI) -9 WO 2005/3.18604 PCT/ t7 5200 5/471 7954 5 wherein "R.I" each
independeniy-isgwysnoaeryQi-ad alvgreup 'm,ﬂomu@mﬁrbon
atoms, "p" each independently represents a beriitom zero to 4; "a"
and "1r" each independently repr a pumber equal to or greater than
zero: and "X% "Y" and "11" have{the same ganing as in Formula (IT1).
10 In a. preferred embodiment, the compounds of Formula (11), that is

Gomperent(d3hdnaybe prsnareds by fissideasting d@)phenqls: £/ 65054

xylenols, biphenol--A, and/or other _ .
n¥ ,R”, Ar, YF,)X, “a” “p” “c” and 9&” are as defined above with reference to Formula (1I).

Preferred compounds of Formula (III) may be represeﬂted by the following formulas,

Formula (V) and Formula (VI);

Y - Y - r Y Y%
@030, TH—x—0-x 3 X ) .

R1 R1 R1 ANy
(—0—Ry| | T GO-RY, | GO
b ] i b
Formula (V)
Y Y
Rl Rl -
®R—0-X), L X~0—X
(X-O-RY), .
R1 R1 _ R -
R—0-X), R-O-X), X
Y Y - a (X'()'I{")p Y
R1 RI
X
(R“”O"}{)p
_ORY,
L Y —p Rl
R-O-X ¥

Formula (VI)



5

1

o

oy
Lh

20

30

alkyl phenols and (b) formaldehyde, to form one or more trionomeric,

dimeric or higher condensation products. Subsequently, the condensation

products resulting from reacting (a) and (b) above are modified by
WEREIfidEtion, either partially or fully etherified, with at least RETR&005/617954

monomeric alcohol. The monomeric alcohol is ROH wherein R_is the
Whatrdiad de el MBBV O ST I §1) . ERBRIBIES G e eRaftant | o 10 carbon

£therified products which can be used as Component (B), are for

example etherified resole resins such as those described in U.S. Patent

‘NG o 41 57 324 danidly Ue BreRate nttNob5; 1167, 080. (Cémponent (B) made by

the above reaction of (a) and (b) preferably contains low 20 amounts of
“ghenstablirg Pam dretedid suerrpre A BREE 69 Hiso RE AGRKERR Zero:

formaldehyde as_residuat moncnrcrs in the reactio duct (that is

Ebmponent (&) %rfﬁyﬁﬁ%ﬁlﬁa@%%&ﬁl@dW?@&ﬁﬁ% ferably less than

2 wi percent and more preferably less than. t. Jtis pref I

oo L e b B %)

ithe presertrinvienfion tsecasdaetisrifisdresolos dra trioPePSadge. stalie other

AR MR alY FerRadafRul 230 whereasBansethenifiedisesoles nigher

have a tendency to undergo self condensation; and at elevated )
EHpErAtRE R Grederiha N o5 BlepraterBI) Greater 6t & dngeactiog (@)
MOre) prefer ably:greaterLadne anedevermere:praferatiy greaterthan 7 Qt least
C, and generally ' ess than 250 C and prefe / less than.220 C., .
R ERTHTE LS 16 URBCHEG B BohenCaiaIcI ey ae (7 v
avithethe Wmﬁfpu&mmpmmﬁds m@mmhemf@ymm@, BOiforetivebe used as
IERenL ?é%?%ﬁ%i ‘%(g% ?J‘%ﬁ%%%@é foseleg athenfied Xesoles 884 i U.s.

omponent ve a lower tendency to undergo self condensation
Rarreh thi. tend 6 FaveritheSmiziisrEbiRdensattn reaction with Component

(A) for example via the alkyl group R". An example of the preferred
corfdBHEAHIGH ERoaue e By FASAERE! (&) ARG o pAs CHESEABRAIms Iov

abavesisilustiatet-as aecardig she foltlowinggenetalichemical efjuatibithyde as
;0 0 2005111.8604 PCT'/T52005/017954 OH O ~ht-j’| L
S T OROM T (GO DR 0 O O R A Or e then

O lHe@HNC PET=CRY RisEhanaavt OFqul agfi Ryore preferably less than 1 wt percent.

It is preferable to use etherified resoles over non-etherified resoles as Component (B) in
the present invention because etherified resoles are more storage stable at room temperature
(about 25 °C) whereas non-etherified resoles have a tendency to undergo self condensation;
and at elevated temperature, typically greater than 25 °C , preferably greater 100 °C and
more preferably greater 150 °C and even more preferably greater than 170 °C, and generally
less than 250 °C and preferably less than 220 °C resoles have tendency to undergo self
condensation rather than to react with the phosporous compounds of Component (A). Thus,
for the present invention, it is advantageous to select etherified resoles as Component (B)
that have a lower tendency to undergo self condensation and that tend to favor the main

condensation reaction with Component (A) for example via the alkyl group R".

An example of the preferred condensation product prepared by reacting (a) and (b) as

described above is illustrated as according the following general chemical equation:

10~



17G CH R a-l,al}p OH + OH MPH ~Ct-Ti-O R Rt O3~QEi 5 wherein "p"

is an integer from 1 to 4 independently; and "Ri" is hydrogen or an alkyl

group having from I to 10 carbon atoms independently. The above
reaction'PrVIti&$ 4 mixture of different isomer condensation proffcéle2005/017954
having methylene linkage or a dimethylene ether linkage sugh as (1)

having two CHZOH 10 (one on each benzene ring; or (2) having one

CH2OFI group on one benzene ring, The CH2OH gyoups i R
condensation productgillustrated in the above general al eq Do N
are partially or fully etherifs it @l alcohol to provide Comp CF‘f’(@FﬁP(B) ’
useful in the prese ntion. IMttSsgmbodiment & mixturerof different  on

isomers of thg, densation produgtgan be formed. 15T numbgg
O » . o g o0 ,
erage molecular weight of the compounds gt'Formulas ﬂ )is R
fqra&% at leasb 50,1700 i laly 00, |and Q58
ferably at least 500; an\is 10,000, mayg

ter than 8,00Q, and ev ore preferably not'greater
ight avgfage molecular weightis |prefer ]

K

CCELOH ) p

preferably 20 not &% 4% 000, more preferably not greater than
3,000, and even mor rably not greater than 1,500. C&fhponent (B)

is preferably substantiallydftee of bromine atoms, and mor erably;
substantially free of halogen atoms. 25 IT_ WO 2005/11 )
PCT§]1382005/017954 5 An example of Component (B¥is shown in th CHOH D

foIIongNgQ@migahg: éﬂ'ﬂl@é@r(ﬁ\ﬂlﬂ: 1 QH QR Bid @1 Gk G fentdebh alkyl group
CH21CH20-R' IX5 R1RIR2R RI‘(P Fgrmlula (vin
ot ependently.

aving from 1 fo arbon atoms in

The above reaction provides a mixture of different isomer condensation products
having methylene linkage or a dimethylene ether linkage such as (1) having two CH,OH

10 (one on each benzene ring; or (2) having one CH,OH group on one benzene ring.

The CH,OH groups in the above condensation products illustrated in the above general
chemical equation are partially or fully etherified with an alcohol to provide Component (B)
useful in the present invention. In this embodiment a mixture of different isomers of the

condensation product can be formed.

15 The number average molecular weight of the compounds of Formulas (I) to (IV) is
preferably at least 50, more preferably at least 200, and even more preferably at least 500;
and is preferably not greater than 10,000, more preferably not greater than 8,000, and even
more preferably not greater than 5000. The weight average molecular weight is preferably
at least 100, more preferably at least 400, and even more preferably 1000; and is preferably

20  not greater than 15,000, more preferably not greater than 3,000, and even more preferably

not greater than 1,500.

Component (B) is preferably substantially free of bromine atoms, and more preferably

substantially free of halogen atoms.

25



10 wherein "R2" each independently is hydrogen, an alkyl group having

from Ito 10 carbon atoms, CH20H, or CH20R"; "RI" each independently
is hydrogen or an alkyl group having from 1 to 10 carbon atoms, "R™ is a
hydrogen or a hydrocarhyl group having from | to 8 carbon atoms; and "b"
represeQ‘I;%a number equal o or greater than zero. 15 Other examples_of

2 118604 . . . PCT/US2005/017954
Component ?E%if are shown in the following chemical formulas, Formula

(Vi I)Sand FOE\'}? Bl@:(zﬂ:l %}:@Qn@ﬁlagt]{ﬂ-) Ql'ih% Q %Q@Mdv@ﬁgc@eﬁ;ﬂu okdila (VID:
CH,-O-R" RIRIRIRCR1 R1a Formula (VIIl) 01-1 OH OH R"-O-CH2
CH2-O-CHy CH2-0-CHr_ CH ©-R - > X~ RI RI RI 25 Forpula (Vlila)
wherein "R2" each indeggnde

group having from 1 torS TS
equal to or greater than zero. &till other examples of Component (B) are
shown in the following chemical formula%g rm {1X) and Formula
(TXa): OH OH W--0--CpUp CH2 (CS-T2- r%“AI;tl@ J

10 wherein “R2” each independently is hydrogen, an alkyl group having from 1 to 10 carbon

atoms, CH,OH, or CH,OR”;

“R1” each independently is hydrogen or an alkyl group having from 1 to 10 carbon atoms;
“R™ is a hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms; and

“b” represents a number equal to or greater than zero.
15

Other examples of Component (B) are shown in the following chemical formulas,
Formula (VIII) and Formula (VIIIa):

20 ‘
OH OH O OH OH
N cr—o0-R
1t Y 4 T ,} 'CI-:{ i o Wl "
R'—O—CHy CHy CHy—O0~—CHy - CHy 9 P
RI RI RI R T R1 R1
a

Formula (VIIL)
OH OH OH
X .
R0O—CHy CHy O-—CHjy CHy—0—CH;, CHy—0O—R"
P o
R1 R1 R1
25 2
Formula (VIIIa)

wherein “R2” each independently is hydrogen, an alkyl group having from 1 to 10 carbon

atoms, CH,OH, or CH,OR™;

30  “R1” each independently is hydrogen or an alkyl group having from 1 to 10 carbon atoms;

-12-



P-9-9 OFIOH b 10 OH Formula (IX) G OFT (R=Cb CF I, P CH2,-0
-CR2 {C} -OIt)P OH OHOH h | ~t1l, W-O-CH) Y OH Formula (IXai -3
WO 2005/11.8604 Pf T/i7S2005/017954 5 wherein "R™ is a hydrogen or a
hydrocarbyl group having from 1 to 8 carbon atoms; "b" represents a
nuioesr agisal to or greater than zero; and "p" represents aaumberseoual
to or greater than zero. Examples of commercially available products
stitéblefoydiseras@omiporent (1o8) inchude@ANT O LA PNIE;RIB60,

which is a butyl etherit"edphenol formaldehyde 10 condensation product
arfd &WW@%WW&I PrESSHeURIRAIY a butoxymethylated phenol

novolac which;the mapufagterercharaeterizesAmanighibutyk stherified

resole based on a cresol mixture with a weight average molecular weight
ORI Y 8006 A8 PBR/aIpétsity from | to 3, Both of these
products, are availabl
Brussels, Belgium, an
incorporated in Germa
includefon-exanplé

BAKE!{II%_Q@QQ/}L B
BAKELITE 0747'L

BAKELITE 9098LB, BAKELITE
0715 ,x, BAKELITE 7616 LB, and BAKELITE?576 LB.

/O

R-0-CH,);
10 B OH
Formula (IX)
®R" (CH-O-R),
R'—0—CH,); CH; -0~ CHp~
R-O-CHy)y
B OH

Formula (IXa)

1%

(CH,-O-RY),
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Oraananhasphorus-colntair ntr Compounds, Com meat (Aj 25 The

0_ganophosphorus-containing compound, Component (A), may be
_selected from compounds having z, group selected. from H-P=0O, P-H,
WERdPIBIH éach single "-" of the groups or each " " of "=" réfelrigUy/aL 7954

bond between the phosphorus atom " P" and an_organic maiety, The s
SPIRERBIGH e AQHPAEE T BAUBE Y B ARE ST B G Enisg BPms:
repaybeshondedtepne orgasticnialelyzaMhend bonded to one organic

moiety, the bonds may 30 connect with the same atom of the organic
‘moietyetorformardeubledondiaepiafériblgromay be single bonds

connecting the phosphorus atom with different atoms in the same organic

mofetyITTee OreamBpHaaPharad eI SEHIBGUINY Brefélapiyponert (B)
iﬁgggﬁpgg?&z@ﬁm\m Szgfghtsw@ag Wieemidlas (%) derauah GEXH! FaAWIRIZA05A

> ' 4 | 0=P-RaQP-0, 1i5H .

PO (KT EB ARG ) e e kLB 7 170 2R s LR s e
phennuleyOxikd)v@ R Farmulan@d)eF dradaxdV)-RARMY Forhelfea(Xiv) (Ralc

ONP(O)H_10.Formula (XVI) R1:P(Q)({ (Y- .
RorrlA (R R B0 DR Faehia D5 (R OO Formaia® 2
HPOG(RY)2pO)H I3 Formota (KX RIPOROM) av Fesia DR Riroup, a
CE%%%@ EDrwhereing RA-20disRRIMay b the.same: ordiffereptandarec,

d from substituted or
company incorporated in Germany. Other resole compounds available from UCB include

for example PHENODUR PR 401, PHENODUR PR 411, PHENODUR PR 515,
PHENODUR PR 711, PHENODUR PR 612, PHENODUR PR 722, PHENODUR PR 733,
PHENODUR PR 565, and PHENODUR VPR 1775.

Other resole cémpouﬂds available from Bakelite include for example BAKELITE PF
0751 LA , BAKELITE PF 9075 DF, BAKELITE 9900LB, BAKELITE 9435 LA,
BAKFELITE 0746 LA, BAKELITE 0747 LA, BAKELITE 9858 LG, BAKELITE 9640 LG,
BAKELITE 9098LB, BAKELITE 9241 LG, BAKELITE 9989 LB, BAKELITE 0715 LG,
BAKELITE 7616 LB, and BAKELITE 7576 LB.

Organophosphorus-containing Compounds, Component (A

The organophosphorus-containing compound, Component (A), may be selected from
compounds having a group selected from H-P=0, P-H, and P-OH each single “~~ of the
groups or each “~” of “=" referring to a bond between the phosphorus atom “P” and an
organic moiety. The phosphorus atom may be bonded to two separate organic moieties or
may be bonded to one organic moiety. When bonded to one organic moicty, the bonds may
connect with the same atom of the organic moiety to form a double bond or, preferably,
may be single bonds connecting the phosphorus atom with different atoms in the same

organic moiety.

The organophosphorus-containing compound preferably corresponds to the following

Formulas (X) through (XXII):

14
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unaubatituted aryl or aryloxy groups and hydroxyl groups provided that not
more than one 01 RA and RD is a hydroxyl group, and "R- and "R may be
the sauce or different and are 20 selected from h, drocarbylene and
Widiseddsehylene. RC and RD are preferably each indepeRaéfth0tRbres+
preferably both, an arylene group. Phenyiphosphine is an example of
Formuld’é(XIV), diphenyl or diethyl pho %nt% or dimethylphosphite is an
exa@@qf}giﬁbrmula (XV), phenylphg m@ acid (C6HI)P(O)(OH)H is it
an example of Formula (XVI), phenylphosphonic acid 25
(C.IS)P{O)(OH)2ris1amsexample of Fofmula (XMihurnotr)
dimethylphosphinic acid (CH3)2P(0.) OH is an example of Formula
(XVII), In apseferred embodiment, the organogliogphorus-containing
compound, Component (3), corresponds to on¢ ofithe following chemical
Formulaé BEXTIff to (XXVIII) -15 WO 20051918804PC11US200910179M
R R43rJ@iR FC1 r\P" {311 RZ\ P. HO® Formula ‘
Fonuula (XXrV) Rj”c ﬁm@h@‘g}R 0lo -{1 Is oil PA(%IOB?%)%%! R7 13
10 Formula (XXV) ilormula (XXVI) 7R; RsRIts RR o0l 3BORt~f!} R’
F-OH R

Formula (XTV) RA PH,
Formula (XV) (RA O)P(OH
Formula (XVI) RA P(OYOH)H
Formula (XVII) RA P(O)(OH),
Formula GCVIITD) RA RB P(O) OH
Formula (XIX) (R"OyRPOH
Formula (XX) (R71P(OH
Formula (XXI) R"P(OYOH)H
Formula (XXII) R” P(OYOH),

wherein “RA” and “RB” may be the same or different and are selected from substituted or
unsubstituted aryl or aryloxy groups and hydroxyl groups provided that not more than one
of RA and RB is a hydroxyl group, and “RC” and “RP” may be the same or different and are
selected from hydrocarbylene and hydrocarbenylene. RC and RP are preferably each

independently, more preferably both, an arylene group.

Phenylphosphine is an example of Formula (XIV), diphenyl or diethyl phosphite or
dimethylphosphite is an example of Formula (XV), phenylphosphinic acid
(CsHs5)P(O)(OH)H is a an example of Formula (XVI), phenylphosphonic acid
(CsHs)P(O)(OH), is an example of Formula (XVII), and dimethylphosphinic acid
(CH;3):P(O) OH is an example of  Formula (XVIII).

In a preferred embodiment, the organophosphorus-containing compound, Component

(A), corresponds to one of the following chemical Formulae (XXIII) to (XX VIII) :
-15-



RI RR RI Foivaula (XXVI) Formula (XXVIU) 15 wherein each Rl to R8 is,
independently, a hydrogen atom or a hydroearbyl group that optionally
may contain one or more heteroatoms such as O, Al, S, P, or Si, provided
VAPt ibre '=Iran 3 of RI to p4 are hydroge atoms and twWeé BUR6E 7954
RI to Rs may be joined to one another to form one or more cyclic groups.
The total number of carbon atoms in Rl to Rs is preferably in the range
from 6 t0,100. 20 In a more preferred enibodirnent, the
organoghosphorus-containing ompound, Component (A), corresponds
the fallowing FormulazXXTK); w(D 20t)51118604
PCT/#1S2006i017954 R1 0/R1§( 101'0 10)..R~p\-R I R10 R10
Rlo 5\Forpﬁj%}§XXD() wherein Rgrepresents H and each R10
idependently representsa hy ogertatom or a hydrocarbyl group that
optionafly may contain one or mére heteroatnms such as 0, N, S, 1', or Si.
‘;I;\:!V%Iggﬁ%e of 1D may be joingd to one another to form one or more
cyclic groups. 10 The above preferred embodiment organop zospho; s
ontaining,compounds are dﬁcriged in more detail in EP-A-806429. The
okgas ospl 0 4 containing €gmpound, Component (A), is preferably
Nydyp-9-oxa-:10-phesptiaptienanthrene-l0-oxide (also 1cm-wn as
"DOH"), such@s "Sanko- HGA", Wﬁich is commercially available fromr

Sa JBpdntlor "Stryktel RolydiSTM P 15 3710", which is
é%r?n?gﬁgciéﬂy available from chiII & Seilacher of Germany;
dim ‘hyI%hosphite, diphenylg;ogphite, ethylphosphonic acid,
et pREEphinic adidmraéthyl’ethylphosphinic acid, phenyl phosphonic
acid, ernyI phosphinic acid, dimethylphosphinic acid, phenyrlphosphine,
vinyk phogphoric acid; or mixtBieszthereof. The
gég%i '

6

opliosphorus-containing compound, Component (A), is preferably

OH 3 O
R 0 Rs IO
Rr? pﬁl OH R2 Pf
k) \
R” R! R R
Formula (XXVII} Formula (XXVID)

wherein each R! to R8 is, independently, a hydrogen atom or a hydrocarby! group that
optionally may contain one or more heteroatoms such as O, N, S, P, or Si, provided that not
more than 3 of R1 to R4 are hydrogen atoms and two or more of R to R8 may be joined to
one another to form one or more cyclic groups. The total number of carbon atoms in R! to

R8 is preferably in the range from 6 to 100.

In a more preferred embodiment, the organophosphorus-containing compound,

Component (A), corresponds to the following Formula (XXIX):
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20 substantially free of bromine atoms, more preferably substantially free
of halogen atoms. Reaction of Component LAlwith Component B to
Form Compound (D To prepare Compound (1), Component (A) and

WeaotipatEft (B) are first blended or mixed together to form 2 reBEtpe/017954
composition. Then a sufficient temperature is applied to the reactive

decomposition temperaturerdt-the st aterials. Generally, the
reaction temperature is -17 ! J egrees Celsius, preferably
greater than 150 degrees Celsiltg; arhmore rpreferably greater than 170

sufficient to a react the H-Pg®; 6r P4OH moieties of Component (A)
with the OR" moieties of Component;(B). The time of reaction is typically
from 30 minutes to 20 hours, preferably from 1 hour to 10 hours, and
more preferably from 2 hours to 6 10 hours. The reaction of the present
invention is preferably carried oﬁ%ﬁﬂ@d{}{tﬁ@ﬁresence of water

(generally the water is prese '&rd less th niw} e[qept, ore referable
TOSERE SRR AL ARE TnBod PHARATR LSO TRAAT GO SreERA o1 o &
hecausewatermay denchtoiyeact witiviCamponent (A)Remavaldfas O, N, 5, P,
T o oS ot 88 e S B0IS 3 9URA B roups.

S drive the reaction to

CO”}%'%H%@T%‘&@%%S: s invdhe reactionvesselis shereiore prefsrablyre

reduced to a pressure below atmospheric pressure, such as a pressure of

Bstiedon less; t6thélp Brive-8fcté alcohol or byproducts at a

temperature below the above-mentioned | st decomposition . o

temie AEGFECP R PR B HER BB oAy B Bl Wi B

Aplatitecosganic-figuichto fenther26-dssistiin (emcvingbypfodict{syudhe “Sanko-
or valatile organic. liquid is, pref inert. 1q, n f TM DT -

o e B B S s aghiam ™

Anell kmdveiosthosenskilidd wyathéladtosuerhds RuteifshsiyteRersrbowanol

c@(&ﬁﬁ@ﬂ%&oﬁi@&ﬁ%@ﬂﬁ@L@%*E;%@&BQ@HMEC%}dii@ﬁfﬂ%@@ﬁiﬁ@b@cﬂ&,

can be removed either by heat or applying vacuum to the 25 spluti(?n
m@f@ﬂeeth@ﬁ@aﬁﬁtvﬁ%%mﬁaﬁmmﬂ?ﬁﬁé%é’%?@% gt
dGampopentificand Gaspanest By iniaythaeegetionmixturerisnot:s thereof.

important. Components (A) and (B) are preferably combined at a weight
ratig’ia thearanyesfiemis-containing compound, Component (A), is preferably

substantially free of bromine atoms, more preferably substantially free of halogen atoms.

Reaction of Component (A) with Component (B) to Form Compound (D)

To prepare Compound (I), Component (A) and Component (B) are first blended or
mixed together to form a reactive composition. Then a sufficient temperature is applied to
the reactive composition of Components (A) and (B) to initiate the reaction between the two

components to form Compound (I).

Component (A) is mixed with Component (B) in a reaction vessel and the mixture is
heated at an elevated temperature which is a temperature that is preferably below the

decomposition temperature of the starting materials. Generally, the reaction temperature is
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10:1 to 1:10, preferably from 5:1 to 1:5, more preferably from 2:1 to 1:2,

most preferably in the range from 1.1:1 to 1:1.1 based on total solids

content of the composition. 30 If desired, other materials such as catalysts

or solvents may be added to the reaction mixture of Component (A) and

(B). The phosphorus-containing product of the present invention,
S n sy e e e
feaepanent48) has plespbotisaantend efaqiefesablyeatdBastded out for a
weight-percent,.and more prefer least 6 weight-percent, The 35

B HOTTE STt COR it el B b Gofaohent (4
pitrckat) Rreferabby friobvnto@iafd. Moreipreferablyifoim BricB8lweight30 minutes

8 %ffﬁ@&isché%gﬁ %r()]fﬁ SHIGTR 2ol ,\%% %Q)Q?{J]réf%%f’y from 2 hours to 6

PCT1US2 17954 5 substantially free of bromine atoms, and more
Isrsferably substantially free of halogen atoms. Compound (1) has a

' Mettler softening point generally greater than 100C and preferaply
et TREHOT0 A LTS ek B D SE A PO FSapaBigence of
dess thaier2001G: WhefrduehisprefetablySasglit-attoosreteriperadtures than 3
bout 25"C) for better tori hipping and handling.. Generally, the _ . .
B AR T i R e A R R et vt
Gnap st blendRefona of sorelsindifiérenoblidomersdngiitiorhresighgnsol vents

fﬁWaBE%%BﬁH&P%{H%J&iQ&g&ﬁ@%&?fﬁ%%@hﬂfx&hﬁe%%éﬁ% iRVERN9Bion. The
the phosphorus-containing compound, 15 orr;gound (1), obtainable by

HEERHAG RS HERT CAYItHEBISOHEN TR, KEeddrBadeabt R fivay
HBIHHELH @gronasomponenraba-corablefemsstinkable) drive off the alcohol or
phosphorus-containin i}l me resistant epoxy resin ,imposition. In this

BT EhE CREPELTAT SRR AT BERATR I e et R gegerecor.
Tesincampasiio map mpiisel (i dperpbibspihargsscontdmikgprgemypbaind,to further
Compound (1), accordi invention.. (i _
SIS IRIGIe Y, B DI L USEH 0B APT oe
qehissphdriis-feaetiopoxiess!- brominat epoxies, and phosphorus-containing
epoxies and mixtures thereof, including, but not limited to DEN 438, DER
33(-UERPAR DR S ARk ST TR BI6 P FiRimited s pa e skilled in
tRPOxysiienctionalno)yexazoidone aan Pt eamipo uNtse Cysloaliphatic

B B S 5 AR P o e
saintidhéeBactionadridductcd T DEN 488 Ghd The Prdesiishamihgpticiratiyctignt (A)
Ah BRI NG P HENS AR JRG FHIRRIR Hamereiardant epoxy

Components (A) and (B) are preferably combined at a weight ratio in the range from
10:1 to 1:10, preferably from 5:1 to 1:5, more preferably from 2:1 to 1:2, most preferably in

the range from 1.1:1 to 1:1.1 based on total solids content of the composition.

If desired, other materials such as catalysts or solvents may be added to the reaction

mixture of Component (A) and (B).

The phosphorus-containing product of the present invention, Compound (I), resulting
from the reaction between Component (A) and Component (B) has a phosphorus content of
preferably at least 4 weight-percent, and more preferably at least 6 weight-percent. The
phosphorus content of Compound (I) generally ranges from 4 to 12 percent, preferably from

5 to 9 and more preferably from 6 to 8 weight percent. Component (J) is preferably
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resin composition optionally may contain at least one additional

erosshinkable epoxy resin or a blend of two or more epoxy resins other

than and different from component (ii) above. The curable flame resistant
WELGRY YEEIH composition may also optionally contain at least@0GREPEUHG*

o aly %éx?”%%t i ?&%{?ﬁ] Inhibiear, Aol t?%e%%’&‘!ﬁsu i NENR NP8 gen
ended or mixed together in any orderto form the curable
aphosphorus-containing “tarn retardant epoxy resin composition. In

another embodiment, Compound (I) may be first reacted with an epoxy
corhpEtegRe (Forat a MRBEPHRETGELI e MaHiIB§ eHORy R SHOtiAd @ﬁe&“fﬂd
_p&ﬁf@fé@@ %ie%%ﬁ& 5@99&@,2@%1 %&;Q%mpqmgﬁ&;)zmﬁ ihemsubseaueRtlyiess than
the epoxidized Compound (I) may, be combined with at least.one curin
et AfTLHS CORSE ARG A ST JEORS POk LB poS o e
SO 2 605/1ild 04PETdEIS20051017954 5 The curable flame-retardant
epoxy resin composition of this embodiment optionally may contain at
leaSteone&d ditional srosShnkaite edokpresin sedl pled-ornaarimoreand (B)
Y Tgsins,ptherfhan.and different fromdhe epoxidia_ed Compound (1).

This curable fla e resistant epoxy resin composition may also optionally

Icen@inatleastane, euingtatalystioand at least one inhibitor. This

embodiment of the present invention directed to forming the 10 epoxidized

CO@1%%%%%Johﬂﬁ%%t*@%ﬁ%’bl%gééﬁ%%%i%T%E‘#i\%ﬁﬂ&%ﬂ@&ﬁ%ﬂlﬁg weighting,

epoxy compound that can be advanced to a higher molecular weight =
Copraxyrin Alsuibste LS GRDIHIEE Wit/ othéh SpBRy RESirS Thedescribed
Bpaxidized Cempaund d)may.de ebiainable by.Jaacting (Db RbOVR ontaining
hosphorus-containing compqund,n]glo Jpound (1) Wiﬂl}%i) at | as_iti%%g

f@ﬁ&éﬁ?*&ﬁ?ﬁ%ﬁw RethoP AtPIedsto é@%&%‘?éﬁ‘ﬁ%? {BIBRWB R OIS
coxample famepaxydb ¢psty havingoneiepoxy:grous fermolecylethatcontaining
can be used in the present invention may be. epichlorohydrin. With
A Lo T e e B e i gpong s
sb@xabt@imd@a@h@‘?sdmﬂmpfeea resitehavinglesssthian cP00idh bisotwted
Smbadiment. bigBel-moleskiRr Welght SROXYxieRIng,skeh thaseinavIRgnot limited

~molecular weights of greaser than 700 may be obtained b reaptin%(i) the
aBEVE BiiosBHoAS-CoRtATAG B8 e6niisotmarke shipsuier(fy With ) Grirany).
cleasteneeRIYLEARBRUAERavingah leastpnedans craferablystweaies,

more, epoxy groups per molecule. Faor example, the crosslinéa]p%% -
VBB BB ARG E PO ATEA ompta Ay
bobtainable-by! redChnythe sabo VSR ES6ribetl phosphiorusedontainiigN 438 and

RO ARG Oy T2 dEBSLANE RN RORAHDS AYING. B opox

than %115’5 Sre?egra%}y téegét 1.8, more prgfg%%fy at least 2, epoxy groupsﬁy Y
esék proleetiieonhigreiflitheay contain at least one additional crosslinkable epoxy resin
or a blend of two or more epoxy resins other than and different from component (ii) above.
The curable flame resistant epoxy resin composition may also optionally contain at least
one curing catalyst and at least one inhibitor. All of the above components may be blended
or mixed together in any order to form the curable phosphorus-containing flame-retardant

epoxy resin composition.

In another embodiment, Compound (I) may be first reacted with an epoxy compound to
form a phosphorus-containing epoxy compound (herein referred to as an “epoxidized
Compound (I)”), and then subsequently the epoxidized Compound (I) may be combined

with at least one curing agent to form the curable flame-retardant epoxy resin composition.
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epoxy groups are 1,2-epoxy groups. In general, such polyepoxide
compounds are a saturated or unsaturated aliphatic, ey eloaliphaiac,
aromatic or heterocyclic compound which possess snore than one

WP 208p6%9group. The polyepoxide compound can be substitGTeE Stk e+
or more substituents such as lower alkyls. Such olyepOX|de compounds

Threcsit' SO RREWH AT HAECARSY IRISHERVEBBIPB o Xe CoIBRbSRI St A2y

dhrpracticeiothepresent cioveniianargdeseshed inbtbedkandbopk ofe epoxy
Epo Resins b Lee.and K. Nevil e Ilshed 9

TR PAIEIT A VLA A L1 S Patune . F OG0 ThS epeshle L

r@@mpmmd;(l)emh|mmamwphbsmmm@mﬁnwﬂeb@ wedlmmg@rm yst
emH rc%l:ile %%c)%g‘f ‘ﬂrﬂ8 QS% Q0= éﬁm&?&d&@ rgge%tq(“g%ﬁﬁgg%rﬁggd to forming the

op tona cata yst to proauce the cura le flame resistant ;{)OX y resin
e@cm@esﬁlﬁn@pami\ﬂmmweéwmw 92005 109 798d s peweight epoxy

Suiahle flame fesistant eRaxy resinsompasitionspierarsd @o‘@%m@q@m step or
the resent invention whether made either by reacting a mixture
ﬁrﬁ)?ﬁdiiﬁ*u' &W

T SROBGRS et s AR ety SRRAE b PE LetR édg}%’ﬁﬁeby
f@*m"@' (2o GompOMG )it ARG AgeDtnMaY bR disEd [{o:MakS at least one

DIRIESEANC AL TIRYRe JRed fo Maks laminatesand SIS bR
Hhe er&ctionics mdus%r)}mlxl}{ Urabie composmon may BL Y

1we&¢un@anmtadycgfoﬂ§ 19 sudives ﬁ@pper foilstd mikepresin dogedon may be
Jofcg&i FRHEPd rﬁél Ruld R fechnaloay: ANY: of e RPBHIEINS mpound

e used inthe above compositions to practice of the present

(MWWWIB%%@WWWHW@%H@#&IW@t@@hé‘?ﬁi Boie
BMthﬂ&%%-"%H%%E 5@0}6@%@1@%%)}@1%%1&8@1&@ ghts of

substituted or unsubstituted aromatic, a ﬂohatlc c cloaiiphat:ic or

EREHSFESR IO BTSN S A PR T g ey araRaBi Feifng airioe

c@ﬁﬁf@gﬁ @hﬁ;@fmfi(@f‘ﬁ%tﬁﬁ(ﬂb&ﬁﬂd&ﬁnm@uﬁ@ chxampleseofithet least one, and
(Ty ide compounds useful in the s s(;ent invention include the
yC|

"ethers of the Tollowin Sggrmmﬁoun S: resorcinol, catechol, 20
hydroqumone bisphenol, blsphenoIA bisphenol AP

(L, F5 ARy SH SRRV PSR, ISP ERGTE BSpHEReridized
detrpbramahisphenabhie phepoliormaldelwde aeivalaeoresings-alkyhining

substitu L{: %é)henol -f malt ert] deirgselrésa hggol Q dé%x benég{g%?cyde
s RYRT SRy SR A EHR S FESiG dmc?/ clop en Adiene-phenof
pregingid Wekmpeﬁtadmmemémrbbtytmécmﬁe nmwsnszpe@m}wlﬁqs herotin the
e%)eet{ me(ﬂyl tetrﬁ?r%&%b&?p@go'h general, such polyepoxide compounds are a
saturated or unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic compound which
possess more than one 1,2-epoxy group. The polyepoxide compound can be substituted
with one or more substituents such as lower alkyls. Such polyepoxide compounds are well
known in the art. Hlustrative polyepoxide compounds useful in the practice of the present
invention are described in the Handbook of Epoxy Resins by H.E. Lee and K. Neville

published in 1967 by McGraw-Hill, New York and U.S. Patent No. 4,066,628.

The epoxidized Compound (1) which contains a phosphorus element can be used to
form curable epoxy compositions with the addition of a crosslinker and, optionally, a

catalyst to produce the curable flame resistant epoxy resin compositions.
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25 tetramethyltribromobiphenol, tetrachlorobisphenol A. and any

combination thereof. Exam..les of particular polyepoxide compounds

useful in the present invention include a diglycidyl ether of bisphenol A
WG 8% poxy equivalent weight (EEW) between 177 anBiCISPBItiophips4

The, Dow Chemical Company under the trademark D.E.P. 330; the

haloge ﬁ“f‘?é’éﬁé}%‘%iﬂféﬁiﬁﬁ‘ét%%S‘Tyiﬂ&‘a%ﬁa%%%%’i?%m&?%ﬁ?&é%‘?ﬁ {g.§e present

iRatetinNG 35,142, 932 mosmtnmrgjs 1&&@%@%(}% ompepndsresin and a

dlsclosed in S P tent No 6 oxies; and,
20; 2o Jeioalphatic epoxies; ar be used
%%BI 1étfsoo yC| Gaﬂtﬁ)acry <fe et%e}t?s ‘and styre “”1 1rnéfeﬁ éf 1y e s

tpolyeppxite Tompebndsirclode epasey mm‘a@éﬂm@%@@ ENi4Bgrep useful

iPrl Meéﬁ&z@@ggﬁgﬂk%@ TheRowGhemicalGOMPARY )iseHa8QleERMNIic foils
novolacs such as -21 WO 20051118604 PCT/US2005/017954 5 QL

SPRESCBEL 40 B 0aHE @?wavaﬁam@?féﬁ#&fehﬁ@% Gy rekpERPehnology.

compounds, such as TACTI fClba Geigy Corporation
of @é@’e‘i’ §W?Q8F|§ﬁ‘fﬂn%§’g§ﬁ%f§§§ Sj‘ éjlhl %8%%%% oms to practice of the

@d@&@@p@ﬁt&ﬂj&ﬂ&a@ﬁ@@@@p@p&ﬁﬂ%@dﬁp@@%ﬁ@@ww abfFormula (XXX):
tetraphenolethane; diglycidyl ethers of bisphenol-A; diglycidyl ethers of

bispirerxrl-F; and diglycidyi ethgrs of hydroguinone. 10 In one
embodiment, the most preferrgd ®poxy compounds are epoxy novolac
resins (sometimes referrétfe-as-epoxidizet Asvoide resins, a term which
is intended to embrace both epoxy phenol novolac resins and epoxy
cresol novolac resins). Such epoxyaovdlaC{resin compounds have the
general chemical structural formula illustrated by Formula (XXXI) as
follows: 1 5 Formula (XXXI) t11\ /o<, loy -cFI2 C1-CF1~-2_ cx~ocx~1
c13t 1120 CH" R4 R4 R4 r wherein "R4" is hydrogen or a Ct-C; alkyl, for

exam eth I; and "r"is O integer froml "n bly has
S Sat R S S R e e
hathenyR4"do préferalgly aakydrogen ’ht@nHth@Eébbv@mmalw@@@)l% from
{5ROXY BoYa 'Q&u'z%s'%mg Holing,enaxy. Gresel noval G resing)areeaditen:

commercia y available, for example ‘under the trade names D.E.N.
Iftrerdam HRleterhe @@W@M@élﬁf the following compounds: resorcinol, catechol,

hydroquinone, bisphenol, bisphenol A, bisphenol AP (1.1-bis(4-hydroxylphenyl)-1-phenyl
ethane), bisphenol F, bisphenol K, tetrabromobisphenol A, phenol-formaldehyde novolac
resins, alkyl substituted phenol-formaldehyde resins, phenol-hydroxybenzaldehyde resins,
cresol-hydroxybenzaldehyde resins, dicyclopentadiene-phenol resins, dicyclopentadiene-
substituted phenol resins tetramethylbiphenol, tetramethyl-tetrabromobiphenol,

tetramethyltribromobiphenol, tetrachlorobisphenol A, and any combination thereof.

Examples of particular polyepoxide compounds useful in the present invention include
a diglycidyl ether of bisphenol A having an epoxy equivalent weight (EEW) between 177
and 189 sold by The Dow Chemical Company under the trademark D.E.R. 330; the
halogen-free epoxy-terminated polyoxazolidone resins disclosed in U.S. Patent No.
5,112,932, phosphorus element containing compounds disclosed in U.S. Patent No.
6,645,631; cycloaliphatic epoxies; and copolymers of glycidyl methacrylate ethers and
styrene.

Preferred polyepoxide compounds include epoxy novolacs, such as D.E.N. 438 or

D.E.N. 439 (trademarks of The Dow Chemical Company); cresole epoxy novolacs such as
27
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Company), and QUATREX and TACTIC 742 (trademarks of Ciba Geigy).
The materials of commerce generally comprise mixtures of various

species of the above Formula (XXXI) and a convenient way of
Wehdfactefizing such mixtures is by reference to the average? ¥ T/EF251HE7954
values of r for the yarious species. Preferred epaxy novolac resins for use .
QR e R S e e B R R e
Tofdrom 0ito(d0demoere pf Elerably: fronmdtetBnAdditioriab examiplel;epoxidized
epoxy-cantaining.c ds i . ipyention: are.the. ¢
b}se%a et%(o?% noa%ﬁ%,o ?fgfc‘?eégé%&héﬁ%ﬂ&qlg%ﬁéﬁ?ﬁ@%ﬁ‘ (.%l YRR ARG Gs of

ction pro UCIS A OoXYy cqmpoun ‘ contqlnlng at least tWQ epoxy .
tegrapiss @ridicas; chalirr sienier aShiedenped i WIroY/oBas1 oThgphenol-F; and

anrRtemedreaction arogustescribed in 30 W O 99/00451 useful in the
présent invention is an epoxy-polyisocyanate adduct or an

epoxy-erninateekpolyexazoidone ascdesgribetinddSaRatentyNovolac resins
5,112,932, The -22 W'O 2005/118604 PCT/US200S/017954
{ e et el = ) ba-m
R R EO U RO AR DB i P S e toembrace
bdiphenyjrnethane dilsocysanated t8i); tolaeriadiisbeyariate (TBI) ensey novolac
-isgmers thereaf, Thepalyepexide usefulit ing RIBSEALINNERIANG ISFormula
prefcerggly substantially free of bromine atoms, and more preferably
(Babstarttiallfrée of halog=en atoms. An example of polyepoxides that are
useful in the present invention apg-that axecid)substantially free of
halogen atoms are the phosphorus-containing epoxy resins described in
U.S. Patent No. 6,645,631. The polyepoxides disclosed i) L.S. Patent No.
6,645, ﬁl_%lg?_}&? reactign 79 %C%f; an epqugggm@é g containing at
least twd' epoxy groups and a reactive’ phosphorus-containing compound

suelas 3,4,5,6-dibenzo-4,2-oxaphosphane ide (DOP),
gric ',5'-din§é(|;ox enylz 4,10-dihydro-9 -phosphaphenanthrene-
b5 40-oxide (OOP Iﬁ)g)\ described abo rable flame resistant
epoxygesin composjtion m 4be formed by blenting (i) the
phosphorus-containirg product., Compouhd (t), obtainable by reacting
Component (A) with Component (E), (ii) at least one erosslinkah,'e
vphosphBrisicoptaiaimgrepoxy copoane:preparatr@otoreing & 0 9 an integer
sRAtenENg: 6,645,631 3ndoptianally (H)at2-Rleastone TuindRgentRky
tﬂe curable flame retardant epoxy resin composition may be formed b% .
TR (R i BPbTdlZ SUPEHTOUA ST ST IR Bhderbe¥finkaples (XKD
phosphorus- containing epoxy compound prepared accarding tq.U.S. .
P AP NGB EHE: A At et SL LG AGay e AR mmercilly
28 pOXyEsirncompositizns:may] coptiorsalhy 8oritaideatark of The Dow Chemical

Company), and QUATREX and TACTIX 742 (trademarks of Ciba Geigy). The materials

of commerce generally comprise mixtures of various species of the above Formula (XXXIT)
and a convenient way of characterizing such mixtures is by reference to the average, r°, of
the values of r for the various species. Preferred epoxy novolac resins for use in accordance
with the present invention are those in which 1’ has a value of from O to 10, more preferably

from 1 to 5.

Additional examples of epoxy-containing compounds useful in the present invention
are the reaction products of an epoxy compound containing at least two epoxy groups and a
chain extender as described in WO 99/00451. The preferred reaction product described in
WO 99/00451 useful in the present invention is an epoxy-polyisocyanate adduct or an

epoxy-terminated polyoxazolidone as described in U.S. Patent No. 5,112,932, The

Lol
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least one crosshntatble epoxy resin other than the cro.sslinkable
phosphorus-Containing 25 epoxy compounds in (ii) above. Although it is
preferred that the polyepoxide useful in the present invention be
WeLBStArBEIy free of bromine atoms, and more preferably sUBStAGaIRrEes
of halogen atom |n some ap %}%tiio S alo ELe}rrg ﬁl ta nelg epox resin
EoHpLEitEh pr(ﬁ”lany%) esllir]‘e6 h such cases Yolyepoxide usedx Al the
dpmswmwmﬁﬁntnmbéimemwm} aﬁﬁbmmﬂnatb@%ﬁoxy compound
such as a brominated epoxy resin having an EEW of 400 to 450 sold by

Thé oW CheRifsal Coip by Uirdat tHetiaddraator DEP BSEo Wi sayT

o8 ih8-CoMPOsitinns ahpve Where RREROXYFESH isiRiesentnany number
of crosslinking agents or ¢ o-crosslinking agents may be used. Suitable

co ﬁﬁ@@ﬁdﬂﬂb&rsﬂbalya}mymﬁimnaﬂymmmsém Iiremﬁmbimm withtitheare
fsg “}*«; ?lruﬁ* r}tg? gne 0 f: &l%ngp()%ﬁ ﬁu Q 888 ait é[g[{%%%%%gﬁgsmﬂbed in

Invention |nc examp e aret nctlona v
mso%ms‘e@zﬁ,@mm sib%abm%?ﬂ@ codrssslinkers basaribedtns.631 are

B

f%@%%@éﬁﬁﬂ%&%‘ﬁ@‘&é’é@%%ﬁ% Y& 817507 THEEErbS: Stimkerghanc-2-

Jneludeofor exampls: copelymersofystyrenaiand-maleic-anhydeigie:fiayinghrene-
a molecular g@ﬁht (M,) in the range of from 1500 to 50,000 and an

BHRyERER o of more than 15 10 percent. Commercial examples of
these materials include SMA.1000, SMA 2000, and SMA 3000 and SMA
4000 ﬁamﬁgeétmﬁ@-w&%ﬁw@ At GE O 1981 cpmIqsHigy gy be formed
HiEsRestely, ARg ?ﬂ@ﬂﬁ@!ﬁz@ﬁllﬁﬁwm& rapgipg.fron 60061014 5PRBcting

which are avallable rom EIf Atochem S.A. Other preferred

Comerosslifkers HdefTATHE (tedEntiiAshtinmeRids TypaRgRR Bt containing
c@@mwﬁm@ﬁm@m&s suchiag those. repsesshtedddy tie fallowirgnally (iii) at

Formula AXXII&H [ CFlI R5th5 Formula (XXX l%
SIRGTETT ARy 7 20 S GFB05 i o 150, wstomnt

fdinmad]b;dviﬁﬁﬁpghﬁaum@@emmmwwﬂfmwhmmﬁﬁhﬂkabb@hos}i‘hom’%*
g}&&%@%ﬁg& Q406 Preferally. 2l ol tosl@.and more ereterablyg (i) ac

ommercially available products having the above Formula
If(%j(%@)qmﬂgd@e%f The curable epoxy resin compositions may, optionally, contain at

least one crosslinkable epoxy resin other than the crosslinkable phosphorus-containing

epoxy compounds in (ii) above.

Although it is preferred that the polyepoxide useful in the present invention be
substantially free of bromine atoms, and more preferably substantially free of halogen
atoms, in some applications a halogen containing epoxy resin composition may be desired.
In such cases, the polyepoxide used in the present invention may be for example a
brominated epoxy compound such as a brominated epoxy resin having an EEW of 400 to

450 sold by The Dow Chemical Company under the trademark of DER 530.

With any of the compositions above where an epoxy resin is present, any number of

* crosslinking agents or co-crosslinking agents may be used. Suitable co-crosslinkers that

may optionally be present in combination with the phosphorus-containing epoxy

compounds according to the present invention include, for example, are the multifunctional
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example, PERS | ORP 85.36.28, which is a phenolic resin obtained from

phenol and formaldehyde having an average | settler softening point of

103C, melt viscosity at 150C = 1.2 Pas and a functionality of 6 to 7.
WAStHERELample includes DURTI'E SD 1731 from 25 Bord&iT CReMHE4]954

of US .,#theﬁ%)hencgic functional materials‘ingluﬂdg, co oun{is ‘Qéhic?p,g Sei

%W%@b ShoNt Crossihking agent iaving & furictionality 6f &t feast 8/ 79 =

dipgon heating. ISome’ examipe' sJoWthese Eompstiids are henzoxazine

groups-containing compounds. Examples of compounds -24 WO 2005/I

MO PO Tl BaDOGIs AU Hhishdora & phendiié crdssiifrme-aigantikers
ypanheatingincluds,phenolic species Abtained frapaheatingng a molecular

benzoxazine, for example as illustrated in the following chemical equation,
VN RED DR3P LIRS RPRYP 04 BeiL Bk AN B oI e 20X aziE an 15
whereinCnhiseatesthapitand preteraklyiapiteiabouniQ0@00 sand vebereinl

"R6" 10 "R7" e, independently and.s ately, the same or .

ST e O a8 TG RURR 58 A a0 41

1@26carainaticigroupesuclr@saphenglitoras®s @20, Witlodlighaticvgidupe
%Q%%j&éﬁ%lglﬁeé%ﬁm@@mples. of the above compounds also include

enzoxazine of phenolphthalein, henzoxazine of bisplhenol-A,

benzgxazine.pt disphenakiehanzexazing pl-phenelaevelaciulbd datoxyl-
mixtures thereof. Other compounds useful in the present invention are
GBS o705 1 AEr S PEIGH ot 4 A8 BAT A oY
these compounds and Formula (XXXII) may also be used in the present
invention, The multi-functional phenolic crosslinker is preferably used in
the epoxy resin composition in an amount of from 50 percent to 150
percent of the st:oiehiometric amount 20 needed to| cure the epoxy resins
and more préf8rably from 75 percéii to 125 percen | of thélstoichiometric
amount needed to cure the epoxy resins, even more preferably from $5
percent togf] i i
epoxy resi
co-crosslinkeffs present in ana
the stoichiometri® amount needed to &ire the

Formula (3CXXIT)

wherein “R5” is hydrogen or an alkyl group having from 1 to 20, preferably from 1 to 10,
and more preferably 2 to 5, carbon atoms and “t” is an integer of from O to 20, preferably

from 1 to 10 and more preferably from 2 to 5.

Commercially available products having the above Formula (XXXII) include, for
example, PERSTORP 85.36.28, which is a phenolic resin obtained from phenol and
formaldehyde having an average Mettler softening point of 103°C, melt viscosity at 150°C
= 1.2 Pa's and a functionality of 6 to 7. Another example includes DURITE SD 1731 from
Borden Chemical of USA.

Other phenolic functional materials include compounds which form a phenolic
crosslinking agent having a functionality of at least 2 upon heating. Some examples of

these compounds are benzoxazine groups-containing compounds. Examples of compounds
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25 epoxy resin. Any of the curable compositions of the present invention
descried above may comprise a catalyst. Examples of suitable catalyst
materials useful in the present invention include compounds containing
WAMBHE! ifAtsphine, arrinioniuta, phosphonium, arsonium or BUFG /017954
moieties or mixtures thereof. Particularly preferred catalysts are . .
Hetdr 6 PRISGer 36 CoTAINTAG CoREIHES 155 e} Fo0BnPedE0gbines
fRGHE1520004600795415r Thengataly sis (asdistinguishiedifronhemical equation:
co-crosslinkers) preferably contain on average no more than about 1
active hydrogen moiety per molecule. Active hydrogen moieties incltde
hydrogen atomsbon EpHan amine group, a phe?olic(bﬂ;ldroxyl group, or
group. For instance, the amine and phosphine moieties
in catalysts arg-preferably tertiary—amirte or phosphing-mpieties;ard the
ammonium and phpsphonium mo@es arepreferabl guaternary
ammonium and-phosphonium moigties. Among preferree tertiary amihes
that may be used as catalysts are those mono- or p?#rnines having an
open-chain or cyclic structure which have all of thelamine hydrogen _|
replaced by suitable substituents, such as hydrocarbyl radicals, and
preferably &fpFafiE cycloaliphatic or aromatic radicals” X5 EXAfAHES of
these amines include, among others, 1,8-diazabicyclo(5.4,01 urrdec-7-en
(DBf.) , methyl diethanol amine, triethylarnine, tributylammne, dimethyl
Wenzyldrifecreriph@ny A ceitione s PeRine O piianne aﬁsfa’@iﬁgﬁﬁé@
Rreferred,.amings, arethen drialkyh tricyeloalivl anekitiarylramines, skeh@group
triethyiamine, triphenylaanine, trite (2,3- dimethylcycloh Xég?rnip , and
frRen Slky I CdisiEns! %ﬁ%%ét Stich AR AR ARG %ﬁﬁ?}? $L) &?fd e
Jrialiainplan Fessuch asdyiethanalamine, Weak tertiary amines, for
example, amines that in aqueous solutions ,give a pl-I less than 10 it,,
aquecuspsslufidnsiof e Mbropnoentrktionslade partivulany prefendphthalein,
= g{gggﬁ%ﬁ{?@ﬁ-ﬂ!?3%%9&%%&%@1}@%%9?9%}%%% Rylgreine @diac,

Irs- 0 10methyl) phenol. Examples of suitable heterocyclic =~
amilroger ebiRhd Lata kAT Nade i de HeSersatsioy B° fatdticd
We. 826,901, Preferable: hetesoryclici secandany anddertianyatmiesal Mormula

rogen-containin catagy,st which can be employed herein include, for

( B2 i Hﬂ?gz B %r?ﬁ%?gg_&gg?l%cfaaz.olidines, itnidazclittes,
oxazples, pyHoles, thiazoles, %EEJHE& iPYIRZINES, MOIRROIINES v resin
pyridazines, pyrlmlélngs, pyrrolidines, pyrazoles, quinoxalincs, .
aguinazblines 2phthaloy irfdso Ui olirrest putifercivahoblas singblegetric amount

needed to cure the epoxy resins and more preferably from 75 percent to 125 percent of the

a carboxylic acid

stoichiometric amount needed to cure the epoxy resins, even more preferably from 85

percent to 110 percent of the stoichiometric amount needed to cure the epoxy resins.

When a co-crosslinker is used in the present invention, the co-crosslinker is present in
an amount to crosslink less than 40 percent of the stoichiometric amount needed to cure the
epoxy resin.

Any of the curable compositions of the present invention descried above may comprise
a catalyst. Examples of suitable catalyst materials useful in the present invention include
compounds containing amine, phosphine, ammonium, phosphonium, arsonium or sulfonium
moieties or mixtures thereof. Particularly preferred catalysts are heterocyclic nitrogen-

containing compounds.
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30 indolazinas, phenazires, pnenarsazines, phenothiazines, pyrrolines,
indolines, piperidines, piperazines and combinations thereof. Especially
preferred are the alkyl-substituted irnidazoles; 2,5-ehloro-4-ethyl
Vithidazolestand phenyl-substituted imidazoles, and mixturesethereof)#Everss
more preferred are N-methylimidazole; 2-methylimidazole; 2-ethyl-4-
methytiFtias eSS el O O S S StV taZIIE Ari 2verage no
durRes tbereoh.aobspesiallyprefezeethdsaphenythnridazogen 26iWE include
20115/118604 PUT S200,51017954 5 Prefelr.g ly, a L?WiS acid is algo

IR T BRSO e EUPABIE EbKky TESTH EomMpositishs ot pratant i 2
druention describeticaboie, espécialhnwhenctive catalystis apaptidalably grtiary
aril %tr?er %?%%%ﬁ?%g %@éﬁg{] tz?ﬂﬁ'@x% &%@B&Hﬂ% &?ﬂﬁ;}’g %S{&%% preferably
nitrogen-containing catalysts, which are preferably used in combination
withbewisrawids are tHase geSeHe H1incER A 526488, EP A 0453502. and

GP 10 A 9421405, 31, The Lewis acids useful in the present invention

inclOdRP TSI EXAFDIS THE oM BRI S BRYBF A aiiias GRigdaono- or
Ryckoxides anchalkoxides ohzincytin sitaniumyeabalyymangahesejironydrogen
silicon, aluminum, and boron, for e le Lewis acids of boron, and,. .

PR RS U DS BT el oY B BSHE At R ot
@eidabptionalty:tbrstibstifited boroxines (such as trimethoxyboroxine),
optionally substituted oxides of boron, alkyl borates, boron halides, zinc
haliBessisevHssmechirigdydantomeriewid ety teha e naeca’ o
dstativel:weaksoniygate.base Riefarablyinhe Lewis, acictisya dewis.acid,

of boron; or an anhydride of a Lewis, acid of boron, for example boric @Cig;
RGBT i S OIS B GBS LB e
tharexine timaiylhorexine oritriethyt20: horoxine)nanoptionédlyine, tri-(2,3-

3 ub .tlt%tec o%élyg o %%[%nﬁ%gﬁazﬁkallkgilaﬁc%%%ﬁeérgiﬁgs; r@g&{ Rl %Sfﬂgpdxlc%ﬁ’ﬁ%l amines
aBiE 1 BOre actd. These Lewis acids are very effective in curing epoxy

aesihs thidnncdombinedavith thelhetdrotyelidittogersontaniinger example,

aﬁ%@%%ﬁqﬁ’a';ﬁif&ﬁgg@tﬁtﬁpﬁ\é‘?vg Derkpuds-acids and AMINes Gamber 1 M

mbined before mixing into the formulation or by mixing with the catalyst
PISRANAHS Pn AP & CHAG CAFARER COPBTRAHST 28 hd AHIBLAT G rgalysts are
Heawisiasidhemplayedds-prefenrably ableast .l pplecof Lewis acid per
mole of heterocyclic nitrogen compound, more preferably at least 03 mole

of Lewispasi dfmeﬁab@:heﬂirhﬂa{émm&gmif@@ehﬁﬂgﬂm% @mmt}mﬁe described
Recyable £8 %%%',I%k%‘ﬂ? ofthe Rresent invaption may, aptionaly, havsies or

oric acid and/or' maleic acid present as a cure inhibitor as described in
Sz PatentNGeS:308 86 WAE can be employed herein include, for example,

imidazoles, benzimidazoles, imidazolidines, imidazolines, oxazoles, pyrroles, thiazoles,
pyridines, pyrazines, morpholines, pyridazines, pyrimidines, pyrrolidines, pyrazoles,
quinoxalines, quinazolines, phthalozines, quinolines, purines, indazoles, indoles,
indolazines, phenazines, phenarsazines, phenothiazines, pyrrolines, indolines, piperidines,
piperazines and combinations thereof. Especially preferred are the alkyl-substituted
imidazoles; 2,5-chloro-4-ethyl imidazole; and phenyl-substituted imidazoles, and mixtures
thereof. Even more preferred are N-methylimidazole, 2-methylimidazole; 2-ethyl-4-
methylimidazole; 1,2-dimethylimidazole; and 2-methylimidazole and mixtures thereof.

Especially preferred is 2-phenylimidazole.
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30 U.S. Patent No. 5,314,720. In that case, the curing agent is preferablya
polyanrine or polyamide, such as described in US. Patent -No. 4,925,901.
The curable compositions of the present invention may also optionally
Ve 16 or more additional flame retardant additives inEltaingyfo017954
example, red phosphorus, encapsulated red phosphorus or liquid or solid
phdSpHErls-CohEAIRAG OISO THILOYE! S5 BXAMBeC™ BXCEA CEP 930 "
coEXQLTOR 810 frem: Glasiant Gaibibanebammeniunllpelyphosphalest is

such as "EXOLIT 700"from Ciariant Gmbkl, a phosphite, or
FBHESpHAZABST 57 Wy Z0051L B4 e 2005t017954 5
nitr 9?1%'%9@@ -%90@55}{ce[’ﬁlﬁ%%&%m‘mfn%y&%ﬁgé%%:swgﬁEhemﬂerrabl used in

melanunes, melern, cyanuric acid, isocyanuric acid and derivatives o
ctioBia i gel-Eentaiting E6ripeT At oy ERatet fidth e e trdhritalangnd GB
Aalegepated epoxy resins (especially brominated epoxy resins);

synergistic phosphorus-halogen containing chemicals or compounds
containing.isalislof @fganichagigssinarganicrmetalbydratesisiichnasr a mixture of
S6503, Sh3C?5, aluminum 10. trinydroxide.and magnesium hydroxide, .
B B A0 BN o e e e
maogerpref@rablyi/iappahiemimum. il deoxidée sechmmée MAR PINALOTS @1 end

%ﬁgﬂ&é@{%@ swetke G0 it Qf Germany; RoreRcontaINing, GAMROUNGSionally

mony- containing compounds; silica and combinations thereof, .

SERAITIHNE S oPSineaie Aduitionall e Yetarb ARt srrlitiveBsHBtgheTdes g1 boron.
a&?@@%ﬂﬁ@é&j&%@l atiiRamesetargantschlQbBasicctbiDynamies 1 Pastacids that
efforts create future op%g‘r{'gunjtigs’," Fire et%rgjaxgltéc emiqal.sd. ) i« acid of
NSt A B oS AP HBE RSP Ga ol 10t BANIthAHE Midryfang 2<id ©
bivtarchy24- 2ih 1906 dMithieenadditibnah flam éaetardaint d whichi¢ontash@ic acid, an
h%lor%%g .S%I;H zxgelg Et)h?e}gzonren{%%ﬁ'&:%?&1@%8@@%%%6@}" Qﬁymgmx'm or triethyl
OI%’af?)ger-con}alnlng flame retardants are present in amounts’such that the

hotalihalogerrtomaritibihie eposkidrediicompositidhisiesicthihe roogipreferred

1Rercent 1 200nere preferably less than 2W-Rergenty@nd-aMan $POKe resins when

preferably less than 1 wt, percent. When additional flame retardants
RSO RESERBITY A8 srasent firthe ce&m&%sﬁwﬂ resént

invention, the phosphorus-contahung flame retardants are, preferably ..

oro BRI SR Pt B AT B Eomar e £ Elcion or oy
mesing stmpesitielyis from0@nwvipercant toBly, perbenti@5 The curable

compositions of the present invention may also optionally contain other

additivesienat gEHerhAy EoRvEATBINIPR & TRHERBING EREampRie of Lewis acid
petabilizess, Qthererganis o erganie addilivese.pigmentsswettinglagentsyis

flow modifiers, LTV light blockers, and. fluor scent additives. These
A5y 2T B PRSEENt IHKHSLTRE B PSR 88'S Weight-

The curable compositions of the present invention may optionally have boric acid

and/or maleic acid present as a cure inhibitor as described in U.S. Patent No. 5,308,895 and
U.S. Patent No. 5,314,720. In that case, the curing agent is preferably a polyamine or

polyamide, such as described in U.S. Patent No. 4,925,901

The curable compositions of the present invention may also optionally contain one or
more additional flame retardant additives including, for example, red phosphorus,
encapsulated red phosphorus or liquid or solid phosphorus-containing compounds, for
example, “ EXOLIT OP 930 “, EXOLIT OP 910 from Clariant GmbH and ammoninm
polyphosphate such as “EXOLIT 700” from Clariant GmbH, a phosphite, or phosphazenes;
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percent and is preferably present in amounts less than 3 weight percent.
Examples of 30 suitable additives are also described in U.S. Patent No.
5,066,735 and in C.A. Epoxy Resins - Second Rd, at pages 5+06-512
WvReredilByékker, Inc. 1988). The curable compositions of th&Erasents/e17954
invention can be produced by mixing all the components together in ny
AT OB oS GFHHETSTE8ENT ﬁiﬂ?&?ﬁi&‘ﬁ%@éﬁ’%ﬁ@&%&%?&ﬁﬂ%&l% ,
chreparing @ fitstyeaniposition Comptsing aniepexyresincandiaisecongdmds;
composition comprising a curing agent. The first.epoxy resin composition
5 BB GBORA 1 4RI A B Podias B F ey e Chemly e cooxy
repoxidized Compountois Al cgthercoptiondl detésiee cormponentsseehn g
as a euring. catalyst or inhibjtor hepresent23,We 2005 4
h%%?ﬁ%%%%lggfg% %%f ésgﬁl”}rﬁp ﬁ%&is@r?% Qc%mposi%o%g,%ﬁ ’s%%%%g ’rnéa'(;ﬁ]’t%%pDL |
nppEdertde e ﬁ%ﬁ}%ﬁ@%b}fﬁ@m%@%%h%ﬁ?ﬁl@ﬁ%%%’bﬁmér{%ﬁ%%ﬁ GmbH
JMiXed, ¥yl Mﬁ%%%@?,%t%ﬁ%@ﬁfﬁﬂ@mg%ﬁﬂ@mENAL TS-
resistant epoxy resin. The flame resistant epoxy resin is preferaply .
Ol Stamity e K bFSHiRe AtaTHE 2 Bhd B prarR AR RS A Y-
freeiofhalogenuatomsjasithieexpressian fsubstabtialylfree! isitdfdefifiechal
bove, The compositions of the present inventi be use m .
R DLy Fr e RS o G TR i
Thultrusion Pbidings enespstlatiornolBoating i FheprésenChvaiidn/igsociation,
raricuiary, uaeful fonmalking:Bistagsd REepiegs feminates: pondings,

sheets, and resin coated copper foils by well known techniques in the 15

indysity, asideserineddn:theibackaroynd saetions eEBR-AET 16d@nthosition of
U.S. Patent No. 5,314,720. Benznxazize King£??é8ntainin-- Compounds In

G AP O BBAENE O b SUENE oL N PRoSRIBRIE LabCg - >

nis-containing

trodectta2Conagaundh(t) obtainglteybysie acting Gampdnentha ) With. percent,
Compone
Teier

SRTBEEI LT 126010, 00 YIS L) I DO

more
IS em ent, t enzoxazine comp S obtalnable

by feactindMitheaboye phespbonEcs:coRtANING GBI U B¢ -Lampouad
(1), having a phenolic functionality with (||% a primary amine and (i) a
Ayt eTRESE DRGSO COMEAMG R 0% A% né in g Eo Rt
eompedseaneithen?bsa) bedmedep thoepand selferasslink atoxy resin

elevated temperatures, such as from 100 C to 250 C, to form a highly
SRR M D ARG

asflame resistant

The curable compositions of the present invention may also optionally contain other
additives of a generally conventional type including for example, stabilizers, other organic
or inorganic additives, pigments, wetting agents, flow modifiers, UV light blockers, and
fluorescent additives. These additives can be present in amounts of from 0 to 5 weight-
percent and is preferably present in amounts less than 3 weight percent. Examples of
suitable additives are also described in U.S. Patent No. 5,066,735 and in C.A. Epoxy Resins
- Second Ed. at pages 506-512 (Mercel Dekker, Inc. 1983).

The curable compositions of the present invention can be produced by mixing all the
components together in any order. Compositions of the present invention may also be
produced by preparing a first composition comprising an epoxy resin, and a second
composition comprising a curing agent. The first epoxy resin composition may contain
Compound (I) and an epoxy resin; or it may be simply an epoxidized Compound (I). All
other-optional or desired components, such as a curing catalyst or inhibitor, may be present
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15

properties; or (b) be blended with epoxy resins or other thermosetting
compositions and cured at the above elevated temperatures to form a
flame resistant hybrid crosslink network; or 30 (c) be blended with
Whermoptastics systems (for example, polystyrene, polyethybsi@ys2005/017954
polypropylene” poiyphen ylenoxides (PPO)) to form a flame resistant
P it e GEEIIE HEEH CFROBIE (AT HBDIEH AR it tHET ASISRHC TR saRY The
as PRhandaithpsmeseilingiiebis(sueh casepoiynand curiig @gent)ctoa flame
form a hybrid system. -29 WO 2005/118604 PcT/1JS2005/017954 5 As
f%%"fﬁf]éﬁg o%%he above embodiment, a benzoxazine may be formed in

aceidanss. e égﬂgwg@nq9;%&9&1@%%@%9%%@k%c%}a R$E, ana

Phenolic compound amine
Eﬁ@fﬁ@l@t@ﬁ%}é%éﬁ%&@lﬁnﬁéﬁﬁdﬁfﬁl@l%ﬁﬁ@?%%éﬁé‘%&é%w tpigbstantially free” is
Jhenvlisseentaining Compound (1) of the present. invention is reacted.
with an amine and a formaldehyde to form a benzoxazine ring- ccrntaining
co ”Iﬂ@kiﬂiﬂxpl”mﬁﬁﬁihﬁﬁi&j‘@m&mamnﬁ@@mpmmﬁaﬂd halssanmapoiie materials by

Qtlonallt— hen a | enollc co dcanb ed wi . .
t%?ﬁ?h%“%%‘ﬁv’ a‘qmng ompglﬁ%{%ﬁ% nd %ﬁ}éﬁeﬁl 520%8%%&% (t; {éﬁbfﬁ%n, o
chenzoXxazine syt corieinng am@wﬁﬁu%@l ﬁqeraﬂlfmﬁro% g gae BwRELs,
z&%ﬂl@@@ %‘i%«zﬂfge%w &8&%%&{}5&5\;\4@%%9?3%@1}&%&%131 KARQIe t@&ﬂh@ﬁ‘&' I8 the

R groups, | mole of amine groups and 2 moles of formaldeh ups.
B AT AU PSRRI AUOH O CHAEh TS Db B No
sbove gomponents maybe used, A mixture of different amine compounds
may be used. 20 The amines useful in Lite present invention include for
exampleraniine (vduiyvirarinepofipdisamino phenol, other primary amines,

and mixtures thereof. The phenolics usefirl in the present invention include

for Bxamibler bisphénsiac e jeSREROE ML HStRYts Ao sIpieaInBtagroduct,
PRe.RheRo s andwolyphenals. @ndinixtuies thereef2adhennglapie used to

Grou -Containing Corn ounds
make a ‘benmxamn@ ring-containing compound.

In this embodiment, the benzoxazine compound is obtainable by reacting (i)the above
phosphorus-containing compound, Compound (I), having a phenolic functionality with (ii) a
primary amine and (iii) a formaldehyde. These phosphorus containing benzoxazine ring-
containing compounds can either:

(a) be used per se and self crosslink at elevated temperatures, such as from 100 °C to

250 °C, to form a highly crosslinkable network which has flame resistant
properties; or

(b) be blended with epoxy resins or other thermosetting compositions and cured at the

above elevated temperatures to form a flame resistant hybrid crosslink network; or

(¢) be blended with thermoplastics systems (for example, polystyrene, polyethylene,
polypropylene, polyphenylenoxides (PPO)) to form a flame resistant hybrid
crosslink network; or

(d) be blended with thermoplastic resin (such as PPO) and a thermosetting resin (such

as epoxy and curing agent) to form a hybrid system.
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In another embodiment of the present invention, the
phosphorus-containing product, Compound (I), obtainable by reacting
Component (A) with Component (B) may be used' to malce a
WiHiépidlebile group-containing compound. In this embodimeht, Tig2005/017954
-phospherus-containing compound with athermolabile grou B%may be
ot I PSR 1 D e BT BREZ-SORRAAY BB,
AQmpatngitilhbaying a pbensliccbeanAmingifunctionality with (i) a
thermolabile group containing compound, such as a compound having
t-butyloxycarbonyl groups. These modified -30 5 phosphorus compounds
are stable at ambient temperature and its thermolabile groups degrade at
elevated tempegature such as from 100.C to 250 C, leading to gas

generatf rese madified phosphorus com ds can beXlen
différe osetf'lng%%yg%%s *tdrzggjﬁateé)a%‘%gubm@ le
encapsulation of gas in the crosslinked systems having low. ethic
constant for example 10 percent lower than its initial value without the 1
mogﬁgggmgﬁmgrus compound; and Igss.fagiarthat is 10 pergent.lower

or products having lower weight for example 10 weight lower when the
progessing!temperaturedswe lhcpmroliec astdesyibedinuwdS DRdtéatpresent
ARRUGAONREURLNG A ARG def Mty 2A070 A Nampparus
Laminates". The thermolabile group containing compounds useful. in the
qoresiertIRvERIBANS include for example a dicarbonate and its derivatives,
a carbazate and its derivatives, and, other compounds containin )

tert BRI RS GBHANL e ol 6P BB BTt KB AL A lg o
[Groupaexrutimotdimitedao; dixidrtibutylidicashonate, Citentzadny) and a
earnonale, el pyipcarbonale. distixl puiocarhanals, dimethy!

dics 8}1% %,%lgénzy djlcar}f)onate, rt-buty garbazate and mixtures

thergof, The tertbuml.cathanate 20dhermolabig.groumisAdvaniageausy 1

stable to many nucleophiles and'is not hydrolyzed under basic conditions,
ThRieie hTay e CaSIyreave N aHddr MBI THI AL e iy rmaldehyde groups
Abgrmelysisy thesmelapsatias-ofdhenwoigemporents usetdniibe: presetents

invention are usually I male of active hydrogen group to | mole of

THE M &%GAQ%@B‘% %ghi%‘?ﬁeél MeIs ﬁén%qgfgsc%ﬁ]agﬁ iir’isge,@hermolabile

groyp _containin f 1k inventiop, Istante T amine
B e e e e R oo anne,
Iphespho rhstedreEiA TIPS BEEDCRpBUREEY, tetitainable by reacting
Component (A) with Component (B) is used tQ make o , .
o GH B G B WhIEH BT HE ggfe%?wmwhalﬂ%&a”ﬂ

pesistant’ -methylene diphenol, other mono phenols, and polyphenols, and mixtures

thereof.

Thermolabile Group-Containing Compounds

In another embodiment of the present invention, the phosphorus-containing product,
Compound (I), obtainable by reacting Component (A) with Component (B) may be used to
make a thermolabile group-containing compound.

In this embodiment, the phosphorus-containing compound with a thermolabile group
may be obtainable by reacting (i) the above phosphorus-containing compound, Compound
(I) having a phenolic or an amine functionality with (i) a thermolabile group containing

compound, such as a compound having t-butyloxycarbonyl groups. These modified
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30 polyurethane. The phosphorus-containing polyols of the present

invention are preferably prepared by reacting (i) an alkylene oxide, such

as ethylene oxide, propylene oxide, butylene oxide or a combination

thereof, with (ii) the phosphorus-containing compound, Compound (1),
according to the present invention. The resultant phosphorus-containing
DERIBTE ORIPSHBSS (e TP EROERE STpretars) hiss hamolahl s expvas
dmeerRIPre el 2aBract/achyd fegan GIomse 3 SA leatalyst mayebeeration.

sed in t bqve reaction to form the sphorus-containi olyals.
e D e e B R Cr S s I B Lo Lo
oatalysts ol bdebkO Had I ¢ieponlififfnofides a doublsdydnitieycomplewing
I %%ﬁg%!@lm@e&ﬁ f5 &g Yz%%@&ﬁ%uﬂﬁa@@%ﬂ%@aﬂx%ﬁw the

escri In U.S. Patent No, 6,201,101. The phosphorus-containing polyol
B diicprasemipive ntsRraBY a8 arseicist s 10 resvabidation euikoghets

P moIstheLisnev Polyeisda daresahase-ReixakEO pIRasHIn whihaiaYs well
be reacted with a polyisocyanate to form a polyurethane. The properties o

f
HRTIES BOTENARS o etV ESEEHE SRAAC VNG B iRd VaHouge » 2003
palyalsNasehin dhelpolyeltadmposition. The phosphorus-containing polyol
or blend thereof employed to make polyurethane 15 resin depends upon
the erithaskeohtiebpolyurathareipiraduetporsd presfutiedhd heeseiolavgetion

welohtor hydroxyl prmber-f 1he haseipalval mayihusbe.seledied 38,88 and

to result in flexible, semi-flexible, integral-skin or rigid foams, elastomers
BRESAHGEIEP SoHAEESCIRBITHRE RIS Srduelsd IFeATHS BasEPpBIoNe
t&%ﬁgmsﬁggr@@z@@,rl]ﬁuf@%@ﬂ@x@m@t&thtbwwﬂmﬂfm ﬁndswyaﬂ@te,
and dependi n the end product in the presence of a ing 20 agent.
e B L RS SETOIGETA) WA e SO0 FE dibenzs!
&mployad canbuaiycadeandingl/mvarres wickeshnfe: fergangralrtheate
droxyl.number. of olyols, loye nge from 20 t N
S e e
ydiydtiree qoofiibandieribopolye sesiipslyated Hadsopel-gedisretiydiiaananr by
tgygﬁgggigynctionality ranging 25 from 2 to 5, preferably 2 to 4, and an
average hydroxyl number ranging from 20 to 100 mg KOI-l/g, preferably
fromrr20:t61 Q40 s O gwh s adpiber refinemaapthenspeeificdoamusually 1

application will Jikewise influence the.choice.of base polyal. As.an
RN S F TRy T MBS B e osppores
doetainithye theder b0 oo 60 avittisthy femep coxid ef(EO)resymp imy siatineh for
slabstock foams the hydroxyl number may be on the order of

Flame Resistant Polyurcthane

In another embodiment of the present invention, the phosphorus-containing product,
Compound (I), obtainable by reacting Component (A) with Component (B) is used to make
phosphorus-containing polyols which are, in turn, useful for making flame resistant

polyurethane.

The phosphorus-containing polyols of the present invention are preferably prepared by
reacting (i) an alkylene oxide, such as ethylene oxide, propylene oxide, butylene oxide or a
combination thereof, with (ii) the phosphorus-containing compound, Compound (I),
according to the present invention. The resultant phosphorus-containing polyol product of
the present invention preferably has from 1 to 8, and more preferably 2 to 6, active

hydrogen atoms.
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30 25 to 75 and is either mixed feed EO/PO (propylene oxide) or is only
slightly capped with EC) or is 100 percent PO based. For elastomer
applications, it will generally be desirable to utilize relatively high
molecular weight base polyols, from 2,000 to 8,000, having relatively low
hydroxyl numbers, for example, 20 to 50. Typically, polyols suitable for
prefaitgyHgrp Ry Hredaks PRIERAEHB. EHRVR o S® e aining
faglacutarveightefikd 40:10:006mand Rrefaiahiyi2fo & A080: Stighibie

polyols also advant ly have a functionality of at.least 2, pre o
B IS e o A CR T EgB A Beeomab ok (ONRC catays
st S200612% 790 & &) Aietivel/drogaiyato des pide diol €t €aFnelpolgai8], 101,

used for rigid foams generally have a hydroxyl number of 200 to 1,200

andTheareoppbferatsiyntedrn 8001680 01 pR provhicionayfsaiidigrpe or in
doamsdbispigtarced %&@Sﬁ#ﬁ%&i@ﬁéhmmmﬁ EB)SW@MIH%@M which

of 30 to 80. A. flame resistant polyurethane resin is obtainable by reacting
Tipdtisetshy DAL AORILE PP BBV Ao rd PO RAE B e it na!
JoNenipmealent @rwaptionallyoinhcambination withenpelyatergqolyals polyol
conventionally used to make polyurethanes other than the
SHBEEHSRs-containing polyol of the present invention, with (i) a ,
compound havi 2. '

QU6 RN MRS AN AP ALK RRIR S BHRIBALIUOIRE ol ethane

isocyanate Ich may with the polyols of the present invention
risbluttecaliphatia, ley ershiigheitias anjlaRphair A Sl aRsE R FsB o drnedecular

Aaghmixies heraah AGmRlicis 9eyRNAES tRaPeCa] I BIURNALIG result in
olyisoeyanates, are preferred. Examples of suitable aromatic )
ety atBs REaC MR 5 A 3 BETER ChSHERyAmatAdhEs s

wisogyanaiel (MbEhkdlendstiereqiand ipaymertialand pobnosietic Mituct by

blends toluene-2,4- and 2.6-diisocyanates (TDI nd, C
PO G B T St SR o st 8 e e of & lowing
agliphedyeingi gy idiisobyamate;deduldiissiyantt3ielydimamitdiphanydyed can
%fg;}%g%%%% eyl rz?%ﬁ@'?ﬁﬁéef‘ﬂ%%ﬁ%”ﬁﬁ&%?%xyl number of the polyols

diisocyanate and 2,4,6-triisocyanatotoluene and 2,4,4'-
eiRersARsotpERRgBHRaAI 2P mixtures thereof. The hydrogenated

products of these isgcyanate compounds can be used as well. 25 Mixture-

o 1D AR iy b U SR SIEAS (A S G R Ta 2T A Gpae er
poly2dardng 2 frisemesbbloliienpotisaeynsiés his erudepetyisoaye@ndts ranging
may.also be used in, the practice of this.inventi Ich.as, .
e B by T S e [V o0 e
Kidvinproicthed cfcete amhgﬁyng&ﬁ% d}ﬁ;@@ﬁh@t@ﬁmm@m, the specific foam

application will likewise influence the choice of base polyol. As an example, for molded

foam, the hydroxyl number of the base polyol may be on the order of 20 to 60 with ethylene
oxide (EO) capping, and for slabstock foams the hydroxyl number may be on the order of
25 to 75 and is either mixed feed EO/PO (propylene oxide) or is only slightly capped with
EO or is 100 percent PO based. For elastomer applications, it will generally be desirable to
utilize relatively high molecular weight base polyols, from 2,000 to 8,000, having relatively

low hydroxyl numbers, for example, 20 to 50.

Typically, polyols suitable for preparing rigid polyurethanes include those having an
average molecular weight of 100 to 10,000 and preferably 200 to 7,000. Such polyols also

advantageously have a functionality of at least 2, preferably 3, and up to 8, preferably up to

&
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obtained by the phosgenation of crude methylene diphenylamine.

TDIIMrJI blends may 30 also be used. MDT or TDI based prepolymers

can also be used, made either with different polyols.
Wdgeydhdtédterminated prepolyrners are prepared by reactiritf ai exee8s o+

oiyisocyanate with polyols, including aminated palyolrs or

AT BHATES THEr BT TS By aminBLYRRARBISS ikt senerally have a
rpelyisocyaitatestineiude etyledendiispeyanate fiy6 36thexamethylene

diisocyanate, isophorone diisocyanate, cyclohexane 1,4-diisocyanate,

4,45 «igyclotexylmethsmel diisbeyamateisgatiratattansioguésiofiehal polyol with
&armygx entioned-arpmatic isocyanatos and mixtures thereof. WO

20051118604 tCTIIS20051017954 5 The preferred polyisocyanates for

the production e rigid or-aemi-rigid foamsnare. pelymetylene least one
olyphenylene isocyanates, th 2,2 2.4 and 4,4' iso.merﬁ of conally. i
FOBHGRYIRTHENE ARGy RRAEL e RS B ol e r SRy 1
cof-flexible: foams;c thenprefecied polyisatyandyesat eothelto e pe-2dnandher
6-diisocyanates or MDI or mnations of T o e
e e b B Bl o e X D ounc
hphiosphorug-comaintirmy polyclrorispresanicinVBhion AR $6 58 tsedmised
406 pelyyreihane.iopmulation. s heughthat using Sueh el ols I@hatic and

polyol isoCyanate reaction mixture will reduce/eliminate the presence of
aFEHEISACEBR ARG THOHETH I c1hié 1S Be (K BA iritsrast With Vortife
pseeyRnatess suehas:Td. andlor aliphatic isocyanates in coating and
adhesive applications since it 15 improves handling conditions and
woikersysafetysiFobkigichfoam e orgeniccpolyisecianates and thesomers of

d;f%%xgﬁf%%ggsaﬁgfcgcg@&m@czm%,%snasag&%gé DSUERARQLDES Egéﬁéﬁ%m MDI

ocyanate index, defined as the number or equivalents of NCO groups
tdivitied!bynehd totarnumbéreTasaieyAnate readtive RydiToges Hierranate,

SARNASNS nultiplied hy1R0 aranges from: 80k than 200 Apreterabhbre-3 3+
from 00 to 100 in the case of 20 polyurethane foams, and from 100 to 300
di’ﬁ‘%"é‘ﬁﬁ%@ﬁf]céfﬁ%ﬁ%ﬁ&ﬁ%BWﬁ?@fﬂﬁﬁ?ﬁ‘oﬂﬁ%ﬁ%?ﬁ?foams. For
digxiblecfoams;cisniseeydnateintexisigeneratly:betiieen’50 and 120 and

referably be green 75 and 110. For elastomers, coating and I W
e R AN B, R AR Aot e
igetwesn 400 torid0:a2SForegradiieihng a polyurethane-based foam, a
blowing agent is generally required. In the ;roduction of flexible

politriaiel forriaiaterTsoraTehret Adsa I SUTHE EGRA AT HE &t es of
2of water isipreferaltlyindhediangenokitom:84940 parisiyaveighlsimeresed in
the practice of this invention, such as crude toluene diisocyanate obtained by the
phosgenation of a mixture of toluene diamine or the crude diphenylmethane diisocyanate
obtained by the phosgenation of crude methylene diphenylamine. TDI/MDI blends may
also be used. MDI or TDI based prepolymers can also be used, made either with different
polyols. Isocyanate-terminated prepolymers are prepared by reacting an excess of

polyisocyanate with polyols, including aminated polyols or imines/enamines thereof, or

polyamines.

Examples of aliphatic polyisocyanates include ethylene diisocyanate, 1,6-
hexamethylene diisocyanate, isophorone diisocyanate, cyclohexane 1,4-diisocyanate, 4,4~
dicyclohexylmethane diisocyanate, saturated analogues of the above mentioned aromatic

isocyanates and mixtures thereof.
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preferably from 2 to 7 parts by weight based on 100 parts, by weight of the

polyol. Carboxylic acids or salts are also used as blowing agents. 30 In

the production of rigid polyurethane foams, the blowing agent includes
WRaEE Hit'4mixtures of water with a hydrocarbon or carbonRfidRie)08 i954
fully or partially halogenated aliphatic hydrocarbon. The amount of water
ytevoain Minetmb st Sl teid ety
piem2-40:10 patisiby,weightbased0md Q0 parts efddeipolyatrs\With

excessive amount of water, the curing rate becol low cé&%l gn -
d%%@ggl?gﬁféaél%%%%%a}%ate an mmmx%% ﬁ"xefgg?m?é%etﬁe gl)%;edrd t{' f) WD e fo ms,

es narrower, the ensity becomes lower, or
tibemietdabiliyibecemes worse. tclivaarbamdcl. iyldrocsrbens thé DI or

hydrochlorof ﬁ;ﬁlgﬂ%on r m to be combined with
Cﬂ%){é% 66‘3%?‘?5"5%% y seTég?eég%%gé%ﬁl Eggoggﬁﬁggggéired density of the
foaﬁbcﬁéﬂa}{g @p%@@?%éﬁ@% Pledie® W&bﬁ%ﬁfké@m&&@ @E@@lﬁ’lﬁ@ﬁmgem
.more than 40 parts by weight, more preferably not more than B%QEarts bé){\&
VeI ASEF ORSTHE r?%WW%ﬁ@ﬁ%ﬁ HEBEIET Wi s i prades
pasalk iadditinnalblowing agentitisxgenerally:preselitiman dmounttron
0.5 to 10, preferably Troia 0.8 t0.6 and mare preferably, o,
O TS RO P A by o oA e i Rapte b
sodmpaditiond/ 40 afiFdditicnaothe foragoing eohmydbashtsiipisieas since it
1%%?&%%‘8'&5%1% Blﬂ%éﬁﬁﬁé%&’%}&rké&%ﬁéﬁms in preparing polyurethane
poly

mers. Among these additional ingredients are surfactants,
preseryatiyesinflane ietardanss coleranisnanmtioxicsais, setterangmpounds are

agents, stabilizers and fillers. in making polyurethane foam, it is generally.
BT BFIPHOY e oA BT 5 SOr AL 1 Ce e amg o

aming
Neactionmiktdredintitit coré suShehdusfagtants raduaniageosiyieonyavisalents

S PO ASRORle A0S MIGEIANOIIEL AN S the case of

0 e glycof ethers of song-ehau alcohols, tertiary amine or

ralkanctaninessaltendfiionyl8Aam3Elkin B6idasn At BsiBrE OB IRYIYSHHIFRE
SRR and alkyl andswifonis. aeids, Ul Susgetams Ak empleyad iBetween 50

amounts sufficient to stabilize the foaming reaction 20 mixture against
288 I T AR IHETSRTANET dP18Pge, Uneven cells. Typically, 0.2 to 3 parts

of the surfactant per 100 pairs by weight total polyol, (b). are sufficient for. ¢ .4
s BUFUGLOn B HRTE EALST S T e A1 e S 2t 80 an
aaterelifphéseaty with theqblPisocyanate can be used. Any suitable

urethane catalyst may be used, including tertiary am=ine compounds,

amiePWHASE YR HIEFRRRATVE B SOHS ACBrG8HGRTEIIREIEBIp BkGS - 10 the
peoaRshmbtees thereaf-Rraferably thekeactofdiscarriediowtin dbent. The
absence of an amine or an _ .
amount of water is preferably 1n the range of from 0.5 to 10 parts by weight, more
preferably from 2 to 7 parts by weight based on 100 parts by weight of the polyol.

Carboxylic acids or salts are also used as blowing agents.

In the production of rigid polyurethane foams, the blowing agent includes water, and
mixtures of water with a hydrocarbon or carbon dioxide, or a fully or partially halogenated
aliphatic hydrocarbon. The amount of water is preferably in the range of from 2 to 15 parts
by weight, more preferably from 2 to 10 parts by weight based on 100 parts of the polyol.
With excessive amount of water, the curing rate becomes lower, the blowing process range
becomes narrower, the foam density becomes lower, or the moldability becomes worse.
The amount of hydrocarbon, the hydrochlorofluorocarbon, or the hydrofluorocarbon to be

combined with the water is suitably selected depending on the desired density of the foam,
-34.-
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organometallic catalyst or a reduced amount as described above,

Exemplary tertiary amine compounds include triethylenediamine,

N-methylmcrpholine, N,N-dimethyicyclohexyl- amine,
V‘Mﬁ‘fh’%ldiethylenetriamiue tet’ aniethylethylenediamine"ﬁi@USMOS/"l7954

(dlmet noet )ether meth [-4-di Iamln erazine, ‘

L@%%Pﬁ Eﬁ{%ﬁﬁg{fﬂ rg%{/agammewi—qc hy are Pﬁﬁ efaﬂ}@ g@?more than 30 parts

tdi meitgt)tleﬂsaﬁmlmﬁmrm mpwrgmphﬂdmmiwﬁ\l Vdimewézf\ia Ntedsrhethyl

2R %Px'em Rmipge TN el HletvAng: PORRMNEcrably
imet é%nzgyﬁa Exe %

mine. mplary organometallic catalysts inclu

tmﬁmmﬂm@ma@y&@%bf@ﬁl@’éﬁﬁ"é’f@éﬁ@‘ﬁﬁ%eﬁa@s&éﬁ%@ﬁi“ by total

nofip, Calalyst %@%@g&ﬁgged among these. Suitable tin catalysts
|nc ude stannous chloride, tin salts of 35 carboxylic acids such as

dibugydtin; girlavrateioasviel wxmmaacgmmgtaihﬁ@bm potnd®ystichiasither
.are disclosed in U.S. P tenEhN 46 408, A cat?‘g/st f% het |merlﬁatl

IBF ORISRy AR PesYﬁ G & POlyiSGcyARUrates SULH BS A Afkah o &

as an a
xméetalaatk,qurmay@lﬁmsaSapmmwwmmmdmemnmrwmmm
S&b% e@? a%%tf}ygss can vary from 0.02 to 5 percent in the formulation or
organomctallic catalysts from 0.001 to 1 percent in the formulation can be

useg. Aucrosslinkingrager:of, & ¢hainextonsatmaybenadeedn kmount of
necessary. The crosslinking agent or the chain_extender ncludeéﬁji
NGB Ui e

SIS R AP R Ry N ARG S S B VI &6
@Wh@eﬁs@b@ﬂ@ﬁhm ;ah_ﬂlglyaceﬁmﬂ lowsmgileculasaminerpolyols suthtass

diet dir I d pol
el and e hang Brine: At BONRTIER SHEN SR UMb amine

|ne an e (o-c [oro and mixtures

sth@re‘bifvf@a@mg@%émﬁ s@i@é@ﬁﬁi@ﬁgﬁ&@’éﬁ@%ﬁ@?ﬁ@ﬁ%@&éﬁﬂé@@kﬁé@%
'&é@e&ﬁghaﬁlgﬁ%?ﬂﬁegé %drb%gg@ﬂ? BLIQRss 4863949 andith983 39%hiaRtkaction

EP 549,120. 15 Especiall en preparing rigid foams for use in
e AT sl HEE Rt EFdAE A 158 RiudEYPis R 0-2 1o 3 parts

AdelitivesAny: kaewm iguid-ersalidfiame setardanitcambees ised withihese.

polyols of the present invention. Generally such flame retardant agents
areChalogen:substitutethphosphatasdine ipdrganiodlame pfoofisrgagetitgie

mmon haloge st o ary
ARt S sl g et g

mdqemm(xﬂSem@métwwéfﬁw@ﬁ@wm@srga@éwrfﬁfb@ﬁwﬁﬁ ¢ compounds

Aetardantsipelude redmhaspheruse@luminumeexee hydratesRBMANYmine or an
trioxide, ammonium sulfaté, expandabl rﬁgra|1)]fr)1é|?t‘% urea or melamine

ERRRIPALE TRIBAGTE b A NG RS B RISY e gy amine
c@@ﬁjl’ﬁﬁﬂsHﬂﬂﬁﬂ&@léﬂ@ﬁﬁéﬂiﬁ?ﬁl@élﬁlﬁ@&@hﬁ@hﬁ}cﬁ@fmNaﬁmmminmtgjamjm

afilx%rxyfze ggeertttaf{;gle%%},ﬁcﬁ eﬁzfz)}r enc;etgﬁnme tetramethylethylenediamine, bis
(dimethylaminoethyl)ether, 1-methyl-4-dimethylaminoethyl-piperazine, 3-methoxy-N-
dimethylpropylamine, N-ethylmorpholine, dimethylethanolamine, N-cocomorpholine, N,N-
dimethyl-N’ N*-dimethy! isopropylpropylenediamine, N,N-diethyl-3-diethylamino-
propylamine and dimethylbenzylamine. Exemplary organometallic catalysts include
organomercury, organolead, organoferric and organotin catalysts, with organotin catalysts
being preferred among these. Suitable tin catalysts include stannous chloride, tin salts of
carboxylic acids such as dibutyltin di-laurate, as well as other organometallic compounds
such as are disclosed in U.S. Patent No. 2,846,408, A catalyst for the trimerization of

polyisocyanates, resulting in a polyisocyanurate, such as an alkali metal alkoxide may also
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25 The applications for polyurethane foams produced by the present
invention are those known in the industry. For example rigid foams are
used in the construction industry and for insulation for appliances and
refrigerators. Flexible foams and elastomers find use in applications such
as furniture, shge soles, automobile seats, sun visors, steering v‘vheels2 _
SPHRALLE baGBIRYTEIcH s IR SNAHBT hARE S URERGBAGS) Sgm 0-02 0 5
Prieeassing: fompuodicing pehnmathdane qaragketsareiwell khowesrdanthie ad.
jéw e %ral comﬁpon%nts of the polyurethane-forming reaction mixture may
OrmuLatiqn can ge used. h .

e mlxeantogeawer INn‘any convenient manner, for example by using any of
the RpdpgEAMDREAL deseibec i, pOAUIRENE RURGSS. MDA linking
described in Polyurethane Handbook, by G. Oertel, Hauser, publisher. 35

THea 5B eretrars sroguad wie tferpredateal dortifugaipissuch as ethylene
sliscantirunusly by dnieatianRAFINhSHFAKING, 168SHRG: e ARSI yols such
these are, made under free rise or molded -36 WO 2005/118604 PCT/UJ
%6@%%&65‘%6%%%%&1%%P%ﬁ?ilﬁ%‘réﬁé‘é‘%&éﬁi@?’%‘ﬁ‘lﬁ%ﬁﬁme’
cyating]atian yidsests Yeskinsputitotbeniinely ainl casenofStaxiblé. fdamse of such
1hase.Ga he mone-or duglnardness, ot Produeing faid OAmS Nuent Nos.
HOWN ore-§ho prepofymer or semi-prepolymer techniques may he used
{otySthe? withtcnvittionalERixig Zhedhods including impingement
mixing. The rigid foam may also be produced in the form of slabstock
oGS 2B VISP ORI S R S ol WO tRE@TIATRLBR AP R phifipxe
ethenmateyiak stighds papeidmelal, Aplasties eiwaed-hea exibiedant can be

foams are either free rise and molded while microcellular elast
A A o e TR IARE iy FEIRE oK MECorEHD s o
halrentientistpreferablpheubstahtiallyzfredlabbromifie ptgms;. afchmorehalogen-
Qrsteably %@%ﬁtﬁ@%}%’ t%&ﬁ‘g??{a %&ﬁd\%‘?&, i!rlxssﬁt%%?gh?&&@?o?ﬁ%&%%ﬁ?c, tris(2,3-

“substant ree" is de ( Ignhition-Resistant Th )
Resmsnrraridiier s samientos (helpreeshviiedentondipiosphate. Inorganic
RRASPho SIS OAIAING PraduUHertOMmRAHAEH bxigbtainakle Ry reastingxide,

Component (A) with Component (B) is used to make .

PABSBHER 8 TR G R P P A T BB RS SHETBE fo B res of at least
thal open-freadgnidionsresisiastithelmsoplastit iesis Cempositien iegen in the
%ptaipa%ble .blending_(i) the t%p(fgl%?horus-(%é)rnt%ining compound,

. on norgant eI S are prererr ! .
ompound (T), actording to the presentplnven%on with (ii) at least one

therRoRIASHG 6Tl &;%?MHQ{Q}QQ@SS&%MXW GGG BUAE DAk those

limited to, pplgmers roduced from _ o
known in the industry. For example rigid foams are used in the construction industry and

for insulation for appliances and refrigerators. Flexible foams and elastomers find use in
applications such as furniture, shoe soles, automobile seats, sun visors, steering wheels,

armrests, door panels, noise insulation parts and dashboards.

Processing for producing polyurethane products are well known in the art. In general
components of the polyurethane-forming reaction mixture may be mixed together in any
convenient manner, for example by using any of the mixing equipment described in the
prior art for the purpose such as described in Polyurethane Handbook, by G. Oertel, Hanser,

publisher.

The polyurethane products are either produced continuously or discontinuously, by

injection, pouring, spraying, casting, calendering; these are made under free rise or molded
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vinyl aromatic monomers and hydrogenated versions thereof, including
both therm and 25 aromatic hydrogenated versions, including aromatic
hydrogenation, such as styrene- butadiene block copolymers, polystyrene
Wih&ltidingptigh impact polystyrene), acrylorritrile- butadiene Fstyresz(s/eB38)4
copolymem and styrene-acrylonitrile copolymers (SA t); polycarbonate

o(RA) MBI HMPBLITOTEC JERAtNIER tei Rt afatBY EB6Ky Pesiig put in the
sidroxycphenaxathatpolymeds (RHEhsteh asdhosadaught in US.

Patent Nos. 5,275,853; 30 5,496,910; 3,305,528; ethylene vinyl alcohol

cofaly medscethyleddaoryl i@@_kiﬁbwu polyshetrepolyoiefinr sgrquepaiymer
2achignatedaeliRInBne: ROBIRREIRLs impingement

a0 &Oé'ds%é‘t%%‘)@éxmgé
exarﬁp e, --ethylene polymers and propylene polymers, such as

npolyethyheresip dyprepasyiém e BRAUCepolyhely BfdtHyRsHsapysfings, cavity
R y%ﬂ%ﬁﬁ%@%@@ FRRVth AR Brelefithauingatel8ast 4 K09er, metal,

preferably at least 6, and preferably up to 12, and more preferably up to 8,
s B TP ey i Ble ARPEBITOR BT iETE s B ialsieri e microceliular
ccopabners (especially«eopolymers of ethylene with another olefin

monomer, such as a Ct to Cpl alken-'1-yl group) -31 WO 20051115604

PCThd 820054047954 Hanit dwentopolymers ffor bxanmysietithoserpiedely

usin entior I lypbe 3
e BB e e T opiaaiaoeer
apolymerhars MERROWASHY HiHEETsKIIIe dsH TR Bt Yas well as methods

for making them. In one embodiment, the thermoplastic polymer is a
hber-medifiedranenavinybdeuss 10 aromatic polymer produced by

polymerizing a vinyl aromatic monomer in the presence of a dissolved

elastomehoraubb&matiny| Aeoprrstict iopoRer ehedE Bit-aratpdiited ct
%8%%?.&% 95386%%%1% %ﬁc&gﬁf@ é&lﬁ}%ﬂ%& Qﬁﬁggh S8 @E}jis used to make

,825, Preferably, the monomer is of the Formula (XXXIII): Formula
PORTIRTG-PALGHEHE IS, (RaEth RIPISHY & E8EN: or methyl, "Arr is
an aromatic ring structure having from I. to 3 aromatic rings with or
withiotitalkeyl;Thad oz 1ot dratesikyh sthibstitutliotic wiser e nranyi iyl grotgnable by
ontains. | . = it R~
oo b8 prsen
intleplptrenyibréferd teasaAraliBAPDRIAHAtITGEEEY phenyl group, with phenyl

being most preferred, Typical vinyl afomatic
Tﬁgfpical th%ﬁnop}astic p% ymers Q}yxiud’@, ut are not limited to, polymers produced from

vinyl aromatic monomers and hydrogenated versions thereof, including both diene and
aromatic hydrogenated versions, including aromatic hydrogenation, 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;
5,496,910: 3,305,528; ethylene vinyl alcohol copolymers, ethylene acrylic acid copolymers,
polyolefin carbon monoxide interpolymers, chlorinated polyethylene, polyolefins (for
example, ethylene polymers and propylene polymers, such as polyethylene, polypropylene,
and copolymers of ethylene and/or propylene with each other or with an ¢-olefin having at
least 4, more preferably at least 6, and preferably up to 12, and more preferably up to 8,
carbon atoms), cyclic olefin copolymers (COC’s), other olefin copolymers (especially

copolymers of ethylene with another olefin monomer, such as a C; to Cy, alken-1-yl group)
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monomers which can be used include, for example, styrene,
alpha-methylstyrene, all isomers of vinyl toluene, especially
pararinyltoluene, all isomers of ethyl styrene, propyl styrene, vinyl
WeiptEEsinyl naphthalene, vinyl anthracene, and mixturesPtHEREGHOTRE 954
vinyl aromatic monomers may also be combined with other
awbpolyaetizatie FRoABITENS. DS ERAHTISY SF STEH eI HEFSSHRIGHE St S
BFE ROt imitagHte AoRHicMEPOMETs suchasiagrvlonitiled thereof.

“rnethacrylonitrilc, methacrylic acid, methyl mnethacrylate, acrylic acid, and
methyk-ackylate; roslebnide, phehylsnaleimids; snderalic anhmpdridepandthods
mixtures thereof. The rubber used to produce the rubber modified

for making thetn. : . .
monowﬁ’yuaene aromatic polymer can be any rubber which will enhance

theﬂmﬁ@%ﬁzﬁ{&ﬁﬁ{&ﬁiﬁé themeneuinylidens aromas - 3bpelymebnovinylidene

including any rnolecuar architecture such as linear, branched, ‘st%r ‘ ¢
AESPRAEREALENT TROTHEHNPEEPBTER itHE HTOBEYY BRKIGRE presence of a
afunstionalizeshrdbbersudevnais; higheik: tibbersandimixtores:thereahikdeo
elastomer or rubber preferably e > se p apd . ’
ﬂ&% ﬂ%ﬂé?gd\%l ‘hﬁﬁe P &os“ £ f{8§ W%« %g& ang 0 %@gﬁ‘% Bl er ﬁbﬁy the

a Second order trafisition empeérature whic
nielohighesthanfoCygreferabliinot higher than 20C, and more preferably
not higher than 40C -38 WO 20051/118604 PCT/US2005/017954 5 as
FdetermideddHapproximated using conventional techniques, for example,
ASTNI test method D 52 T. The rubber is typically used in amounts such

that the rubber-reinforced polymer prod&é contains from 3, preferably
from 4, more preferably from 5 andArestpeeferably from 6 to 20,
preferably to 18 percent, more preferably to 16 and most preferably to 14

2 WeIght pefe ﬁ%l@ﬁgg%@ ﬁ@tﬁ‘?fj on.the total welghtiof hevdpylaramatiem 1 w© 3

monomer and rubber components, expressed as rubber or rubber o
aEgRIAIERES THE @ i 8 oRalemstdr el sttt b S iat & !
Atendadatameas.daparubhenhomopolymes-such asicpalyhiitaeieney! group.

simply the amount of rubber, r%d for azQOCkﬁ%? lymer, the amount of the
Pé%%b%}ﬁ’er%ad’é B‘%Yﬁm rla%rre]% which when homopolyinerized forms a
stisbherydHapriyraensudh abdoy! dbutadisnerstynede Tioskicopplymar ke
FPoNatal i buladiene semagnenLeakie gk eoRpRkTRE Fkben

is presen?’as discrete ru E)er particles within the monovinylidene aromatic
ipolymer viaislaper candiEly AR BAITHERT MY FRBREAOEAN bivsaRISPPY!
stimodal pasticle sizg1distibution, and particle sizanaswell:as@pgof. The

morphology including cellular. 20 core shell, onign-skin, as well as an

Ve EFEABRSNSREGE POHERE A IO i B CBSE B aHam e
Hoxthe-pelymearizationf wioylde, 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, and mixtures thereof.

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
rubbers and mixtures thereof. The elastomer or rubber preferably employed are those
polymers and copolymers which exhibit a second order transition temperature which is not

higher than 0°C, preferably not higher than 20°C, and more preferably not higher than 40°C
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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
Wir8tEsd®4h be used, typical processes are continuous 25 BGIK0F2861(itiH4

polymerizations as described in U.S. Patent Nos. 2,727,884 and §
B HTRT5 P FONRRIAHON PR HOH AT RS, ASTM est
neahelicied in the presence of predissolved e.lastomer to prepare impact
modified, or grafted rubber containing products, examnies of which are
describedrirviyrds PaiertNosd 3! 28685 53 3462500,180639 520 4p¢P0lymer
408,368 whichhate ingorpayates by Hsrein dRireN e@nl Nedbler iseferably
typically a butadiene 30 or isoprene rubber, referapt:%golybutadlene.
i

foFaferaBhy, RFETFabEEP o viRgTe F6HERLIoIy AECI L RiG R Fsaty © 14
vRelShreRe: (BS) BrsacadanittipibutgdientistyieneartABS) nwitlh RIPS.d rubber

being most preferred. The thermoplastic.pal or polymer, blend is

ORI Gh O GO en SR TEF R MAEENR Sunper

ethevpresgntsinvehtioniin anmoudts of atcleado 85 pakts bymBBolyeightsuch as
ferably at le A Y. Wej re, prafer t 4

IS R R OGNS TP SHRERE o Bk .

cppotsthy WelshiofraTe Ransgen hed ighridi FRePStaRtHeR S e ition

p@fj}?ﬁr%@&? nt {pvemtionidn-aeneralbthe: S6a Wer 260818604 the butadiene
1"CT/US2005t017954 5 thermoplastic polymer component is employed in

CaPRIINTS Fg§l§“tﬁ%ﬁ?}6i3‘é@ﬁi§féﬁ’f’6‘99 parts by weight, preferably less than or
oo D R el Y R e A SRR B IR RO matic

y Wel jh nd. most preferably less than or equal to abo

PPt rhyaieightbasetionat 0O parischy weighmot i halogenl freeuidiitior]
p'é?rﬁ?é L POIYMER: GOMAQSION Of theAIERERLNYEINIONILY HUBS cellular,

odiment, the halogen-free ignition resistant polymer composition of
ciie ShrdsePYERtiBNEOhipABE S BRI Rith a blend of two
thermoplastic polymers wherein at Ieasé.o.ne og tggﬁtho rmopla§tic
0

poly AR T A5 B RAPRBTE A PO pivary TeRE Sther erization. of vinyl

phényiéne ethers are
amadedyanvarietypofduetl dndwmbbeatalyticiad drignoatatytic! processeslitions

ARGl u’é‘{%{%%? NS QIIEACHYS deAlVES NS eRlR% WA AkdRd in the
ilftstra |oﬁ, certain of the p_olyp%eﬁy ene ethers useful in the present
aiyv énition grerdiselysediZiion SrPeteprING 1S3 BOPB7UPI3BHE BFS continuous

mi22f AR 3 2R4i3aBnt he Relyphenyiene siher fresins aressiefarabhno 372,

of the type having the repeating structural Formula (XXXIV)! D
The polymerization of the vinyl aromatic monomer is conducted in thie presence of

predissolved elastomer to prepare impact modified, or grafted rubber containing products,
examples of which are described in U.S. Patent Nos. 3,123,655; 3,346,520; 3,639,522; and
4,409,369, which are incorporated by herein reference. 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.

The thermoplastic polymer or polymer blend is employed in the halogen-free ignition
resistant polymer compositions of the present invention in amounts of at least 35 parts by
weight, preferably at least 40 parts by weight, more preferably at least 45 parts by weight,
and most preferably at least 50 parts by weight based on 100 parts by weight of the halogen-
free ignition resistant polymer composition of the present invention. In general, the

.30.
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20 Formula ,XXXIV) wherein the oxygen ether atom of one unit is
connected to the benzene nucleus of the next adjoining unit, "v" is a
positive integer and is at least 50 and preferably up to about 100,000, and
WEHHFDBGE a mono-talent substituent selected from the groBfpTeBRristitigo54
of hydrogen, halogen, hydrocarbon radicals free of a tertiary alpha carbon
HEEHRS HaRORY Ao AP A HIPHAING ATTEHREHRS LG RIS D Parts by
batnveerfbehalegenatomeand e phenylnuslgusmydrodarbidnaxys than or
Jadcaandhaenydiocaonay [adicale Naying atyisast Q. RN 85 pars
HEMS, “rRe preferied polyphienyiene ether resin is p0|y(3,é’-cﬁllme'thyf'-‘i,§3 baris
iphenyisrieyeterifssing WWhensugsditheoribiratiopevigthitmnothetant polymer
J@g_g;}]g@&%}cﬂ%o%@fg{t the palyphenylene 30 ether resin is preferably
emplo

yed in the halogen-free ignition resistant polymer compositions of

the pr%@gﬂé B@M@hﬂﬁ@i@ﬂﬂ Qq@lz?mgﬁl@ﬁa@i leastd @@ﬁﬁa%}/pﬁgjﬁﬁhﬂfﬁﬁﬁﬁﬁmﬁ of the
10 part by weight, more prefera t least rt weight, mare
BNy TS BArEBy WAL ShA R Yoy 40 G prmer
piasits by Weigbhitor 30 partsiyveight ypreferably ¢va2@ parts byplweidghte ether.

re preferably to 25 parts by weight, on. 100 s, 35 by wej ‘
e A B LT Sohymar Lt i MOtERI
WE20050i18604sP@TLS20081 01 854S kvehtions ThetheHriopastic
iand-pelyphenylene etherpalymer candbe piepared asadleRd RIS 18 disclosed

Incorporation into the composition of the present invention, or each

ipdlymBrieantss- nttiddrated individiially; i 6ite émblotiitent of the

present invention, the jgnition resistant thermoplastic polymer .
s Cey WS A
sh@epokkhized =COME6UNd (1), a benzoxazine ring-containing compound
or a thennolabile group-containi cgmpound according to the present
invention as described above. In anot ternative embodiment of the
present invention, the ignition resi Symoplastic polymer
composition of the present invention mey=lde a blend of (i) one or more
thermoplastic resins and (ii) an epoxidized Cognpound ), a
benzoxazine-ring 15 containing compound of a thermolabile
group-containing compound according te e Present invention as
escribed above. The compgsition of the present invention may include
AR B SR B ST AR et Tt T R e e
rfanictiorialitiesiwhich will enhiandeitae mechahicalt Propémies e to about

I%[B@@,SJHQ B30 d‘@’ﬂ eCompatible- withibe hermeplasic resin g}:ogfa consisting of

hydrogen, halogen, hydrocarbon radicals free of a tertiary alpha carbon atom,

w an

halohydrocarbon radicals having at least two carbon atoms between the halogen atom and
the phenyl nucleus, hydrocarbonoxy radicals and halohydrocarbonoxy radicals having at
least two carbon atoms, The preferred polyphenylene ether resin is poly(2,6-dimethyl-1,4-
phenylene) ether resin.

When used in combination with another thermoplastic polymer, the polyphenylene
ether resin is preferably employed in the halogen-free ignition resistant polymer
compositions of the present invention in amounts of at least 5 parts by weight, preferably
10 part by weight, more preferably at least 12 parts by weight, more preferably at least 15
parts by weight, and most preferably at least 18 parts by weight to 30 parts by weight,
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
-40-
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20 thermoplastic resins such as monovinylidene aromatics and
conjugated dienes, such functionalities might include, but are not limited
to, butadiene.s, styrene-maleic anhydrides, polybutadiene-maleic

. WahtatitieCopolyiners, carboxylic acid terminated butadiends, Taner005/017954

_carboxylic acid funetionalized polystyrenes. Any combination of modjfiers
T By Sa8 THETRURIRG SRS HBFSE LERRShRE R ARG BRIy = & Diend
SONRAUREso2% dheameushebioopaune{lysepoxidizec Compoyat {yr can be
.ben_‘zoygaz'ne&rin containing compound, or thermolabile group-containing
l%?ﬂf)@(’)ﬁtﬁ lasg%aﬁ%ﬂe ib ition resistant thermoplastic polymer
compdsitioreofiiepreseithnventiv s tyjicalhye atrldast leweighthparophstic
@t%pjaég!%ﬁ&!%d%&%aﬂsegﬁ RETRE B iR fRIARN LGRS MM Rrsferably

t 15, and most preferably at least 20, weight-percent and less than
RO isiete fapRpEs thar 191280 4Bre preTeribly I8 st U aAd RBsabile
Preferablydess hapodaa weldhtrpercentkasadarthe letalweightebibe
Ignition resistant polymer composition. Preparation of the ignition resistant
polyinen cempaesitian:cfthedinesenf thventiont darcrivieracoomplisheddnant
(BN SHIERIS R0 SOEARS koW BN RE. ATt IGHAINA NI NE one or
mdividual édmponents and s&bsequ ntly melt mixing, €ither directly in the
rextritlerustdito @5 Smakdithe fipshberaticraronpid Dniipky i sepsate
SHIaL- DRbBlends 9&3&%@4@@&5}9%\}3&% D AHSCHYEYREHOR, the
molded without pre-melt mixingr, a 7. WO 2005/118604
IPETUBLO05I0A 52 WiNE ¥6Ttened or melted by the application of heat,
the ignition reysistan}tgeermo Igstic onr{1er~00{n osition of.this invention ...
can'B& {PHREH S Rolde B tShg CShventional techniques stich as™
teampiessiammoldingpinjéctigrivumolding|igasassistécinjectidhd meitingsal
calendaring, vac forming, the i rysi r bl -
T LR Lo an eI o
thotyarstonyposition camarsy belida e maispand 6piiranad niersimgich

dibetsnmulti-layer laminates: arexdrudad shealsalaan Persempeundad drides,
with one or more organic or moig%anlc substances, on any mﬁghlne

O O S NS BRE B SOTRE e CPOS RO R iges. and
dqareseftdaventioneanibeditizegrimthe Apreparationiof affeartifidihedghitiosed in

RN ol composition s axiret o deamu 15 melt
Hﬁ? gg’s*inéﬁ’i with & b owing agen%ato form a foamable mixture, extruding

said-feamahle e thie tftg,@g&meumgma aregion.of fedused ontaining

pressure and allowing the foamable mixture to expand and cool.
coRYErtion A TERMMBKE HXIBP €a(ABHISITO BUER A SErdPEXERIbBRS St IA
HCHewBXIIvdeks RN Aes UM IRING ExtESIom ARpRIAlUS SRRl BaUsed. | weight-
percent, generally at least 5 weight-percent, preferably at least 10, more preferably at least
15, and most preferably at least 20, weight-percent and less than 50, preferably less than 45,
more preferably less than 40 and most preferably less than 35, weight-percent, based on the

total weight of the ignition resistant polymer composition.

Preparation of the ignition resistant polymer composition of the present invention can
be accomplished by any suitable mixing means known in the art, including dry blending the
individual components and subsequently melt mixing, either directly in the extruder used to
make the finished article or pre-mixing in a separate extruder. Dry blends of the

compositions can also be directly injection molded without pre-melt mixing.

41



5

10

15

e
[ ;1

30

Suitable processes for making extruded foams from resin/blowing agent
mixtures are 20 described in U,S. Patent Nos. 2,409,910; 2,515,250;
2,669,751; 2,848,428; 2,928,130; 3,121,130; 3,121,911, 3,770,688;

W8 8105/6'74943,960,792; 3,966,381; 4,085,073; 4,146;563; 4,220B9665/017954
4,302,910; 4,421,866; 4,438A%f2é4;g,45,4,08_ and 4,486,550. In another o
emBORThER B IS BraEdrDiiVermmir-tos Ralghh frad RItGH FeSistirpoptastc
Rolymeet copopesition tafsthe présentribventiosdmeay dgtio nathy krelucte;dnal
& dl} I tguzﬁr’ ag' NpoUn gﬁg )rt&%%%qg%ég(@r? E%%f&é?{lt NG, Lom ?19%%9)% molding,
8pﬁo aﬁy,f e composition of the present inventior ay also include
wihetfliame retard dnmraEdgithves Whiehcabeisphossherbly grmolding, alone or in

J&%{Bﬁ@ﬁé&h%g%m&%i@sﬁs%%%ﬁﬂgﬁgsap %%%Q%&Mﬂ%f&et&me formed,

p osphorus-confaining compounds, other than Compound (I), and/or the

Bpfoffai T E e fAFERNt AL ANES BEed IR ShPESIHen O tie fredeht
Shinveation mayRefromOdip.tec30 weight pereenticTeamoudine suitable for
optional phosphorus- containing component, other than Compound (1),,

"Bré€ent, is preferably at least i weight-percent and preferably tip to
30 weight-per d h _ lasticresing e
HERDLRSIRRLAA R «;891%@8{&85%1‘@’1‘?((4%?&%BIQ@%ﬁéﬁ‘@iﬂ Bl IB8n

The amount of component, Compoun is preferably at leas ‘
waightiperderfoand 35 prefEraBy o 20w igHpritent ssasederintyeloam by

1&%&%\%@&95&1 g‘i&%ﬁ*}%m%@%@%ﬂ a8iforft2 W00 148014 truding said
PCTIUS2005t019954 5 The ignition resistant thermoplastic resin is

foPETRR KoK Sttt AN Fret BF BRoTi R HeHS SHaMHSreratdaply alowing the
rsubstantialhufeee ofhalbgencatomsoasthenexpressionussubstaintialty, free! as
is_defirgedgabove. e hal%gggr-sf%eg lgnition fesistant OYMEL. rus can be used
COMpPOSionE SY & Prdséntinvention are useftl to a%rlca?g numerous
SUusehibartictescand paiitsi:Somelcdfitheafticleswhich wes BQeparticilasare

%@éhﬁ%%’tﬁéﬁ'%{%&?%@lxé.sQ@e@%@%1‘5%%%6}%1!5%4@49@%95@%;

ousings which typically requires to have excellent fIammabllitg ratings.
Othbl HpplitatiBht IncildsadidMdtive AR siiaPapsidices?s5.073; 4,146,563

Aisign-Resistant Thermosetsna Gemnositian, iy @uctionansodiment of the
present invention, the phosphorus-containing product, 15 Compound (1),

obtainablednereadtingnEomp dremt (Al withnGom forientdB) is:ugedkiton resistant
R e
Byhlendind, (i thephosphorerr et sigpebhdsothdioadmpbaaengrysition of
tﬁ‘&%?égéﬁ‘%%m%& Eﬁ%ﬁgﬁmﬂﬁm%ﬁxm flame retardant additives which can be
phosphorus or non-phosphorus materials as described above,

The amount of optional phosphorus-containing compounds, other than Compound (1),
and/or the optional flame retardant additives used in the composition of the present
invention may be from O up to 30 weight percent. The amount of optional phosphorus-
containing component, other than Compound (I),, when present, is preferably at least 1
weight-percent and preferably up to 30 weight-percent based on the total weight of the

thermoplastic resin.

The amount of component, Compound (I), is preferably at least 5 weight-percent and

preferably up to 20 weight-percent, based on the total weight of the thermoplastic resin.
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with (ii) at least one thermosetting system. Examples of thermosetting
systems are epoxy, 20 polyurethane, polyisocyanates, henzoxazine
ring-containing compounds, unsaturated resin systems containing double

Wér Wiplélonds, polycyanate ester, hismaleimide, triazine, bisialeirmida7954

and mixtures thereof. In another embodiment of the present invention, the
ignitieh akistait it hBEtaRGs Holfiter EoRpESIISH aEEoInG t5 theromime
Rresentdnventiormay,optionally gontaisr ani 2E-e paxidizedis empeuns (1),
.a benzoxazine ring-containing compound or a thermolabile

BB EB NG COTHBGRE e

ccording to the present invention as

desgribed above. In 8%8@%5@@!&%&%%@4%@?H&?&%E‘&%}ESOJ%% g{&%ﬁnmmgn

invention, the ignition resistant thermosetting polymer composition of th
uprédent itventionmragubese blanilef () aretor Smoreofiiberiidsiatimgich are
paystemsand:()ian eRaxidized Compound (1.4 ReN2MAZIAE NG BBrinter

containing compound or a thertnolabile group containing compound o
hae%géiwglf& {HBICAISEAL AR ABHE 4 GRERHDUIAREYS. Tt ftonHREs degHations
higBy temmsdvanathenemppdiment of the present invention, the

phosphorus-containing product, Compound (1), obtainable by reacting

Gompanent Awith Component (B)isysed to make .43_ WO

2005/118604 PCTI9JS2005/017954 5 phosphorus-containing ignition
resistami:hyhrighiesinesystam thaleontainsdaotheapithenmpaplasticant aroduct,

thermosetting system. The hybrid ignition-resistant thermoplastic and N
CHERAGLHin abéﬁﬁfﬁ&ﬁmé%% COURAEIE. %&%@W%ﬂ%ﬁg s used to malke
rhbaspherusrcantainingcompaund tGomperting (bjnaedosding to the

present invention with (ii) a thermoplastic resin and (iii) a thermosetting

SVSA%@%E%@%EA%@&Meleﬁﬂssa%&g%@ﬁ?pwmr@x@n@@mebmmg

(PPO), mixtures thereof, and others as described in the above paragraph.
BRSSP AGS e Sy Stes CRBTSBSy ) oATeAR e Preserit iveition
vaglyisoayanales, enzexazine vingn CoRtaipiag Camnpaunds, ynsaturaiedepoxy,
risin_ %ystem§ containigg %oable or tripge_gggdsﬁigoa/{g agagﬁéegtggmr ted resin
PRSI HHS S Bishrafeimide and mixturesthersot. 15 In another
sgsmbodimentoftheplresentinventionyche igmitiorstasigtamieimide, triazine,
ng%QﬁM@%H%%g&e&g}@@ybrid polymer composition according to the

present invention may optionallycontain an epoxidized Compound (1), a

benzoxazipgHnRgsontaiRing EoMPRUMNthahadhempehahie resistant thermosetting

group-containing compg,und aﬁcording to the,gresent inventjon as.
pagga?w@[i%ggg accor e preseiit mvention may optionally contain an

mgtot
epoxidized Compound (I), a benzoxazine ring-containing compound or a thermolabile

group-containing compound according to the present invention as described above.

In another alternative embodiment of the present invention, the ignition resistant
thermosetting polymer composition of the present invention may be a blend of (i) one or
more thermosetting systems and (ii) an epoxidized Compound (I}, a benzoxazine ring
containing compound or a thermolabile group containing compound according to the

present invention as described above.

Tenition-Resistant Thermonplastic/Thermosetting Hybrid Svsterns

In another embodiment of the present invention, the phosphorus-containing product,

Compound (I), obtainable by reacting Component (A) with Compoenent (B) is used to make
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20 In another alternative embodiment of the present invention, the ignition

resistant thermoplastic(thernosetting hybrid polymer composition of the

present invention may be a blend of (z) one or more thermoplastic resins,
WY ohe b*thore thermosetting systems and (iii) an epoxidiz%@fﬁﬁﬁff%ﬂﬁﬂ’-‘“‘

1), a benzoxazine ring-containin m ound ora t
PSP EOT NG GO ROtRE R AEHE o thE FYCCN g g
tﬂﬁﬁmﬂmm%ciad)&mnwhﬁmgm@smons descrlbed above are useful for

malting coating formulations, encapsulation, composites, adhegives,

moiging 99@@Hg@&t@&t@ﬁm&e@@mww&m@m@mnug

formulat on ma C d lid
i T T o o

t@&@!@s&l@ﬁﬂl lustratenhoih onpatiayrprpletice e prelsgiit mﬁmnnmiﬂhg)swam,
re skilled in hIS field of tech oI a p y I

R o e YBLC i 0 ot e e e adbE hna

adese abécbdaéie«h/m 44 WOy 20051186 04 PEINS2 00 N03TY54 S B ERHAEI6BOXY

pg%%ﬁg%%n%% 5&%&%@%%%%&@%e&ﬁ{m%g%m@@@ﬁ&%@gmw resin

S350 B S REG- L2 Bl BB HAE s RoM B S le SR S HfTP g riazine,

agilacheh Gmbh& &6 Heempany incorporated in Germany
StINTOLINK EP 560 Butyl etherified phenol and formaldehyde

co ndaﬁisaijﬂmm@ﬁuétmnaﬂﬁbie frenmtU@BBrouhcagcompamysiant
g gg/rtggﬁlr'l‘] SIT% ELEJIIE% éF #@%e%ql %si%t(g lﬁl‘%o}dggt@[ﬂ@?f@‘ez@%vuﬁ{wn

com any incor ermany PHENODUR VPR 1785150
zvaam@ﬁﬁemphemmm%@mgmma@ @bﬁd@ﬁéﬁ’ﬁ%‘ﬁ%&%ﬁﬁﬁ%ﬁ

Igﬂn@\éﬁ rage meleaulanweightfrom 4009 4e8Q00.andacRalyshsRer sifyention

2 to 3, available from UCB Group, a company headquartered in
?@Bﬂ%@”éﬁ%é é@l&ium and its affiliate, UCB GmbH & Co. KG, a incorporated
in %ﬂ gmgtp er alternative embodiment of the present invention, the ignition resistant
thermoplastic/thermosetting hybrid polymer composition of the present invention may be a
blend of (i) one or more thermoplastic resins, (ii) one or more thermosetting systems and
(iii) an epoxidized Compound (I), a benzoxazine ring-containing compound or a
thermolabile group-containing compound according to the present invention as described
above.

The compositions described above are useful for making coating formulations,
encapsulation, composites, adhesives, molding, bonding sheets, laminated plates. As an

illustration, a coating formulation may cempri.se (i) Compound (D), (ii) a solid epoxy resin,

.....

The following examples illustrate how one may practice the present invention. Those
who are skilled in this field of technology are capable of practicing the full scope of the

present invention via procedures analogous to those described below.



company y PHENODUR PR 411 Butyl etherified bisphenol A and
formaldehyde condensation product, available from UCB Group, a
company headquartered in Brussels, Belgium, and its affiliate, UCB
VGrHbFH1&@6. KG, a company incorporated in Germany i D.EINI4385/017954
Liquid epoxy novolac resin having an epoxide equivalent weight of about
Hemniailable from The } TDow Chemical Company, a U.S. corp f a'

-ona DICYD andiamid Ph I Cond ti duct
obta B HEH pHefol A I6PHAcehyde a‘ésﬁn%“la Lottening pointof

95-166-C—and-6=77hydroxyl-group-functionality SMA-Styrenemateic

anhydridHERME0 weight-percent_percent MATSIEPH#Y dride content
1EK Methylvetbivt Retgfied andotganitisalent)- @WO@M&W@OH@MM%E@
(a reactive solvent) DOWANGI PMAl Kethbxpprépyldddtate, avaitapley
from. The Dow Chemical. CompanaiGlassatotnyeinforcement Glass

clathrejnfeicemanh available fram hordher, dype 628 1extligaBadinieres
Bourgoin-Jallieu, France A @gﬁgﬁg@g&l@&{b(@a&agmtg szingcayailablea
from Porcher Textile, Il_~ Q{g%eﬁgugg@k@d\@lmﬁgbs%[a%mﬁ%wlﬁ its
2005/118604 PCTI1J52005/07.96415 & e test prosedurasusemio
measure the properties of thes@peusMmatesals.of the examples are

further dest rij? gy%to ert M f% Lér men}t Procedure
%%(%e@%_rg t?gnlcal a G 1?35?& mt wré:"; gwa avﬁa § 8 Tune
to delamination at 28S C m §fé€m t&Y 2 49 8 DO() and 2

WC-TM--650-.#2A24:1 Tg G $ %gggg @r&‘ﬁ%@%@%ﬁﬂi‘ﬁ@%&%@g
degrees Celsius according XX}Q A M gyzhéd%éuartered in Brussels,
Belgium, and its affiliate, UCB GmbH & Co. KG, a
company incorporated in Germany

PHENODUR PR 411 Butyl etherified bisphenol A and formaldehyde
condensation product, available from UCB Group, a
company headquartered in Brussels, Belgium, and its
affiliate, UCB GmbH & Co. KG, a company
incorporated in Germany

D.E.N. 438 Liquid epoxy novolac resin having an epoxide
equivalent weight of about 180, available from The
Dow Chemical Company, a U.S. corporation.

DICY Dicyandiamide

Phenol novolac resin Condensation products obtained from phenol and
formaldehyde having a softening point of 95-100° C
and 6-7 hydroxyl group functionality

SMA. Styrene maleic anhydride having 20 weight-percent
percent maleic anhydride content

MEK Methyl ethyl ketone (an organic solvent)

DMF Dimethyl formamide (a reactive solvent)

DOWANOL PMA Methoxypropylacetate, available from The Dow
Chemical Company.

Glass cloth reinforcement Glass cloth reinforcement, available from Porcher

Type 7628 Textile, Badinieres, Bourgoin-Jallieu, France

Amino silane finish 731 A glass sizing, available from Porcher Textile,

Badinieres, Bourgoin-Jallieu, France
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94 Flammability Flammability test according to IPC-TM-650-2.3.10 CTE ¢
Tg / > Tg Coefficient of thermal expansion below T a and after Tg ~HPCT
High pressure cooker test reporting weight percent water pick-up &
Wektent prddsed solder bath 41 260 C according to IPC-TM¥B50V3280161C134
peel, N/cm Copper peel strength measured using.the method describe
AT OSO R S8 PR R BEBE Ve L B e e
ctestpEhetPCriest dvretiieddaiesthe electrical laminate industry standards
developed by The Institute For interconnection And Packaging Electronic
Qirepitsiy3ddsGhudrch Street, 10 Evafstomeitinoi8B0208:dPreparation of
""" rus-containing, cCompou to. F tom-Is
ngherm_wgﬁg%?éﬁi%\%%cs 0. B ErERERLIyENUaR IS

AT
following-examples—Example-1-Prenatatiozi-A-15-24-69

Gzt (gm) of SANTOIINK PRASE RIS HREd Wits3oeiPsotres|
PolydisTM PD 3711070 tdra6 iHinttedahd heated to 190 Cin 5

minutes and the mixturgwasnkelishatdp8 Sufen20minLiescJiaesresulting
reaction product was plagechina Fecaumsavend for an additional 30

S K o e e e IR A el e

aroducT had Aamelt vistosityitn5G GaofebeRpessiandeioFGlaqus) 267 4 2C.

The-theoretical phospﬁgvlgg%@%%%ﬁ&% HEIWasARoPL 2L weight

percent. -46 WO 2005 %”ga@e*gf%@&@f £954n S OHecrding
Preparation B 480 gmofgalid £ Pelydis'™M PD 3710and 640 gm of
e meth

U
@ﬁ‘a@?@%d}%ﬁ‘. 1-liter ggg%pfé fi |§§ ’é@%ﬁﬁ agS gchanical stirrer and
a heating jacket, and fﬁ%ﬁ%uﬁf_}a nl ?ngﬁn é}ﬁQ I'Ar%lp ~a-condenser-and 10
& setvient collector. THearixiurel weabhBated fnt2g@lindst nitrogen
atmosphere-to-obtain—a-homogeneous mixtare. The homogeneous
reaction mixture was heated 1 degree Celsius per minute from 120 C to

2(?]51‘9: Haeisolvent/dram MPRL785) and hutanalwereachiiected StepwiseThe
hen th ised. ion mi
e e emperature was (Ao L NeERATHoN pkiure was held 8t 0.

10 Evanston, Hlinois 60203,

VA

Dhanad IDD.-4-ZQ6H
FTETTOUUl VR L7003

Preparation of phosphorus-containing compounds according to the present invention is

illustrated by the following examples.

Example 1
Preparation A
15 24.69 Grams (gm) of SANTOLINK EP 560 was mixed with 30 gm of Struktol Polydis™
PD 3710 at 170 °C for 10 minutes and heated to 190 °C in 5 minutes and the mixture was

held at 190 °C for 20 minutes. The resulting reaction product was placed in a vacuum oven

for an additional 30 minutes at 160 °C to complete the reaction by driving out butanol. The

weight of the resultant final solid was about 45.6 grams.

20 The resultant product had a melt viscosity @ 150 °C of 16 Pa's, and a Tg equal to 78

°C. The theoretical phosphorus content of the product was about 9.21 weight percent.

. o
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15

20

C for 30 minutes until no further volatiles were released from the reaction

mixture. The 15 resultant solid material was taken out from the reactor.

The total weight of the solid material was 757.8 grams, its Tg was 88C,
Wahtitsi thiedretical phosphorus content was about 8.87 weidhff Jerd8R 17954
Exam ales 3-5 The formulations in the table below were prepared with the

of Preparation A. 20 described in i x ample 1 above. -47 WO
2005/118604 PCT(US2005J017954 5 Curable Formulations Based on
Preparation A Component Example3,Example 4 Example 5 (Formulation
(Formulation (Formulation 2) 3) D.E.N. 438 (85 weight.pereent in MEK)
67 z}s%ﬁﬁﬁ(ﬁlﬂ[ﬁﬂﬁ%%ightﬁ&ﬁ@d’ﬁrﬁgwﬁls) magucbwwarm K6Q50

tin 33 3527 ME arts b
pwre gg]gaizin %ﬁ%y(% gﬁang rc% vrées\'% h’?f)ase na§o (%g%) %d%pegzx%th a
mo@lae (S0t Apércaaiting kLD OWANGLAPIA)(nares By iweightenser and
a ab%%% R &S)T§M%§Q%§@¥lﬁ%§ kg l@%e@ 95‘&%9!@@&13%}90%@& aGichtain

percent in methanol) (parts O .6 by weight based on SO|IdS)
a@@nwmmr@r@@‘m hsmm@ﬁ@m@?wm brote! {finsehy-clsius

pYysightbased o selids3-ethyhid-methylinigaote (20 ydnpereant inde

0.2 0 DOW ANOL PMA) (parts by weight based on solids). Properti
collected stepwise when the t)erg;%ex amu};/ was gmsed S“Fhe macﬁ?on antur DS Retd at 205

E

°C for 30 minutes until no further volatiles were released from the reaction mixture. The
resultant solid material was taken out from the reactor. The total weight of the solid
material was 757.8 grams, its Tg was 88°C, and its theoretical phosphorus content was

about 8.87 weight percent.

Examples 3-5

The formulations in the table below were prepared with the product of Preparation A

described in Example 1 above.

47-
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Gel time at 170 Celsius in seconds | S2 264 220 Glass transition

temperature ("pg) in degrees 170 166 171 Celsius For each Formulation

1, 2, and 3, the above components were combined and mixed at room
Weryerdtiare (- 25C) for about 60 minutes to foizn a varnish Suitabieofsrotiess

10 mea men me an Iass tran ition temperature of the cured

progﬁl‘ﬁi’ e’g i ‘g"?:%?ﬁ?ulg?lo R eS8 Bed in Example 3 above was

|mpregnated into a glass cloth reinforcement substrate havmg amino

sitane-finish-731-Theimpregnated-substrate |chlbb d lIIIUUJ T -
CARATSCH pifot ’%ﬁ'{%ﬁbunt by Carats c4 | Example 5
%fu?e 6%ormuigf;xon

Switzerland) having a 3 meter horizontal 5 g ?gﬁ’% ?ﬁ% 3
approximately 177C and a winding speed of 14’ meters per minute to form
a prepreg. The resulting prepreg had a resin content ¢of chant 34.5 wt,

Rereentandayresidual gel timgraf 145 secondgat 171C. -49WO0 55
(%QQ§Q,A g’{;g'ﬁ %99%0179 4 5 The prepreg formed above was cut

nto cngm samptles \ou cut-X-30cmsamptes)and-thenrataminate-was 77
g vt pﬁ%\%’g mplEA % follows: eight layers of prepreds -
I?g%}& Bt s %P?(% ‘ I)\I\IPI’P pressed together at 190 C' for 90

C&

Iﬁiﬁ\iﬁmt@togaﬂmmtaﬂma@m%mg a TMA thiékness|of abdut 1.48 Inm. O
Whehtaminatensad)TIM Tg of about 163C, a CTE<Tg/>Tg of 40.2/241.9,

g a [s088.9mealer than, 6, minutes. The 10 cgpper peel steength of the |g

IRSNRaR ADAhAG Y st hedainate passed the Ti 94
Slg,i‘;)d'ggmablllty V> ratmg ample 7 Preparatlon C 440 art of solid Stryktol

PolydisTM-PD o/ 1Oand-720-ginof Phenodur VPt 17?5‘(50‘3'5 percernt
@f%&ﬁbgg} &515% le?/%%é hampc his 1 ﬁ”tpr qldss re;;’ tor eq upppno

Byith acymenhampaicshrrﬁrmndaaome@mg jacketdand fitled withéa nitrogen 0.6
lgasdidet basedndensér)and a solvent collector, The ir.}i tore was heated

Jrom 190 d%%?(%%x@e@t%c in 155/min. ke solvent (fpm VPR 4
33':% % %\Q{@gg c@u%q{{agldg@gwlse when the temperature was

J&gggjﬂ The reaction mlxture was held at|201 C for 40 minutes until..no

further 4u~vu1oune; vvele eu—rabeu num thereaction-mixture - Theresuttant

the Tg was 184C. and the
et e (et e

]hpr ieved to be a blend of oligomers-wherein

Properties
Gel time at 170° Celsius in seconds 182 264 220
Glass transition temperature (Tg) in degrees 170 166 . 171

Celsius

For each Formulation 1, 2, and 3, the above components were combined and mixed at
room temperature (~25°C) for about 60 minutes to form a varnish suitable for the
measurement of gel time and glass transition temperature of the cured products.

Example 6

Formulation 1 described in Example 3 above was impregnated into a glass cloth
reinforcement substrate having amino silane finish 731. The impregnated substrate is
passed through a CARATSCH pilot treater (built by Caratsch AG, Bremgarten,
Switzerland) having a 3 meter horizontal oven at an air temperature of approximately 177°C
and 2 winding speed of 1.4 meters per minute to form a prepreg. The resulting prepreg had

a resin content of about 34.5 wt. percent and a residual gel time of 145 seconds at 171°C.
48
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one of the oligomers has the following structure: } P 25 Example 8

IA2paranrui D 558.3 gm of solid Stnuktol PolydisTM PD 371.0 and 391.6

gm of Phenodur PR 411 (75 percent solid in butanol) were charged in a
WILEEP/§184% reactor equipped with a 30 mechanical stirrer aR@Tath@etirg 7954

jacket, and fitted with a nitrogen gas inlet, a condenser and a solvent

colldSfoPrePRES ARG WAL REAEH FihT 66! deBiiE Clits 1o o9 exmpishand

1 2 FAD WO 20058604 PET $14520 0511 £0 241 B Butasighwerers of prepregs

collected. stepwise when the temperature, v as aised..The reagfion mixture . .

Ot e e Do R e B oo e sty oain

fromithe reaction TivikttirekTie vesubtant £dlicimaterikimisaaaken o theof

&ﬁ&ﬁt%e?@%&ﬁ*@&%ﬁ%do@{l%l}9/%3901-“12%9 z@&e&ﬂ&r&ﬂgﬂﬂﬁm The

product of this example is believed to be a blend of oligomers wherein 10
BREEPETE BIiGEH e s et Wiy Stidctréc O ThH@emioy#sed/ o p/L 94
a6 R oGurexample 9 15 Preparation E 405.5 gm of solid Struktol
Polydis m PD 3710 and 391.6 gm of Phenodur PR 411 (75 percent solid

1 l) were charged in a 1-liter glass reactor equipped with a

mechanical stirrer and a heating j%ke,ti eg.nd Elted with a nitrogen gas inlet,
) aLion .
a condenser and a solvent collector: ure was heated from 106

degieg Lelsivsite dondsiinfpimin p20-Butanehwete caliectedistepwisess (so

when the temperature was raised. The reaction mixture was held at 155C

e SH0 e (i iy TorRer Voratiessfreie T rdisedfornths rantsA with a
mechanical stirrer and a heating jacket, and fitted with a nitrogen gas inlet, a condenser and
a solvent collector. The mixture was heated from 100 degree Celsius to 201°C in 155 min.
The solvent (from VPR 1785) and butanol were collected stepwise when the temperature
was raised. The reaction mixture was held at 201 °C for 40 minutes until no further

volatiles were released from the reaction mixture. The resultant solid material was taken

out from the reactor. The Tg was 104°C, and the melt viscosity at 200 °C is 2.34 Pas.

The resulting product of this example is believed to be a blend of oligomers wherein

one of the oligomers has the following structure:

)
o
ealerae

Example 8

Preparation D
558.3 gm of solid Struktol Polydis™ PI> 3710 and 391.6 gm of Phenodur PR 411

(75 percent solid in butanol) were charged in a 1-liter glass reactor equipped with a
mechanical stirrer and a heating jacket, and fitted with a nitrogen gas inlet, a condenser and
a solvent collector. The mixture was heated from 96 degree Celsius to 199 °C in 180 min.
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mixture. The resultant solid material was taken from the reactor. The Tg
measured by DSC was about 138C. -50 MCSLLP 63432A CLAIMS 1. A

‘%p&&s’ﬁ{g&)making a phosphorus-containing compound ComBEi?i)@xgzmwo179§4
reacting: (A) at least one organophosphorus compound having a group i

S8lerecEam SNEcHA RS R NB SRRt 204 thegroum ErOE dNflix ture

(B) at least one compound having the following Formula (I): Formula (1) .
[REEAFHBhEROE faes fimareinmrl 1 ArT@sst R Ry e Geriss fioreihggeaction
eagbuRihenby-ene.f omen Ry cardylenerRiRengremes;. Yrissariunetianal by DSC
g{%u sele%atﬁigﬁom hydroxy, carboxylic acid, carboxylate, acid

)%ﬁ&re} ine’, -SH, -SO3H, -CONH2, -NHCOOR phosphinate and
phosphate: X.is a hydrocarbylene group; R" is a hydrogen or a .. !
e B el e 8 P ERARS Pabgpppers wherein
group revahigoimers hapthofoddyongatomsirand m', m and n are,
independently, numbers equal to or greater than 1. 2. The process of
Claim I, wherein R' of Formula (I) comprises at least two arylene groups

linked to each other by one or more hydrocarbylene ether groups and m is
at least 2. 3. The process of Claim wherein the arylene groups are

4, The process of Claim 1, wherein Y]is h)}fdroxy; and wh R" isa
hydrogen, methyl, ethyl, propyl, or gty gf5ap. 5. 8 of Claim 1,
wherein the compound of Formula, , Is répresented by
the following Formula (1) or Formu ArQm’-X']

[Ar(Y),11,-X]b (X-0-R")
[Ar(Y)m' -X]b [Ar(Y)m' ]

HO 0=

Example 9

Preparation E
405.5 gm of solid Struktol Polydis™ PD 3710 and 391.6 gm of Phenodur PR 411

(75 percent solid in butanol) were charged in a 1-liter glass reactor equipped with a
mechanical stirrer and a heating jacket, and fitted with a nitrogen gas inlet, a condenser and
a solvent collector. The mixture was heated from 106 degree Celsius to 155 °C in 95 min.
Butanol were collected stepwise when the temperature was raised. The reaction mixture
was held at 155°C for 300 minutes until no further volatiles were released from the reaction
mixture. The resultant solid material was taken from the reactor. The Tg measured by DSC
was about 138°C,
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wherein each "Ar" independently represents an aromatic group optionally
substituted with one or more alkyl groups having Ito 4 carbon atoms; -51
MCSLLP 63432AY is a functional group selected from hydroxy,

carboxylic acid, carboxylate; acid anhydride, amine, -SH, -SO3H, MCSLLP
-CONH2, -NHCOOR, phosphinate and phosphate; X is a hydrocarbylene
ggoupa X' each independently is X, X-O-X, or X-O-X-O-X; R" is hydrogen

or a hydrocarbyl group having from 1 to 8 carbon atoms, R is alkyl or aryl

group having from 1 to 12 carbon atoms; and each R" - O - X - is bonded

directly to an Ar group; subscript a i&k4lihber greater than zero, and

subscripts b, b, ¢ and Qﬁﬁ&ﬁﬁ@%ﬁ%&%ﬁ&% IEREESERLR AHPRRR B iR

or greater than zero; and each unit with the subscrlpts a,b,b,canddis
bEALIEY: directly to an Ar group of another unit in Formula (II) or Formula

(1), whigly ha§tﬂ€@s§&ﬁﬁ%r@ﬁ%ﬁﬁé@gﬁﬁdﬂﬂJﬂﬂﬂjidiamﬂﬁdvmg iMyrBu@kelected from the
mdepende anum al to or than 1 6. The process of

AR Ef\ﬁ/ él?ﬁ %%“8%%8%&’%??8%%? omponent (B), is

represeaited by Ihﬁtfoﬂiomn@cﬁmmhxukar(MBFfodmmmglvgrmula :

(R"-O- )90 Ar\ ﬁagﬁ@LA&(YBm t|(,)o R"Md X- R'~ef wherein each

Ar mdepend“en y repre “an aromatic 'group optionally substituted with
opeg¥iimore alkyl groups having 1 to 4 carbon atoms; Y is a functional

group selected from carbo Cld c xylate, acd

anhydri e‘se?n?f"r? ”‘g‘i—%(r g&% 'Iiﬂsﬁ RIHZ(L: ‘é)f phoaphinate and
phdsmadmtexelsthphydmmarbylene group; R" is hydrogen or a hydrocarbyl
group @YA%&JE@H&MP&G@@@&@% Byél &Uyykgfb@mhﬁrsw B&YNG late, acid

from | to 12 carbon atoms; and each R bonded directly to an
AP BYSiE aTiNn-FRe P HbIFON 4; ?@F&?%E{W%}W '“}EleB?g&F@é%er,

aisa nﬂmhﬂwfeedafyulawgzeﬁ@, and b, c and d each, independently,
represen 2 n n%ﬁ)eéeneo t%lor ?E’erg 3’%63%’ fromTh?orgggr%%ﬁ Qtfoms Ris

Claim I'WH&feln compo mponent
alkyl or aryl group having from 1 to 12 carbon atoms; and m’, m and n are,

independently, numbers equal to or greater than 1.

2. The process of Claim 1, wherein R” of Formula (I) comprises at least two
arylene groups linked to each other by one or more hydrocarbylene ether groups and m is

at least 2.

3. The process of Claim 1, wherein the arylene groups are phenyl groups and
each hydrocarbylene ether is a methylene oxy group.

4, The process of Claim 1, wherein Y is hydroxy; and wherein R” is a
hydrogen, methyl, ethyl, propyl, or butyl group.

5. The process of Claim 1, wherein the compound of Formula (I),
Component (B), is represented by the following Formula (II) or Formula (III):

Formula (II)  [Ar(Y)m-X'] 5 [AT(Y)m-X]p (X-O-R7)n

Formula (III)
(R” =0 = X), [Ar(Y)m = X = O =X, [Ar(Y)n =Xy [AT(YVm Iy (X -0 -R")y

wherein each “Ar” independently represents an aromatic group optionally substituted

with one or more alkyl groups having 1 to 4 carbon atoms;

=51 -



(B), is represented by the following Formula (V) or Formula (\H):-52

MCSLLP 63432AY Y YY (R-O-X)v X-O-X X X Rl --O-0 7 RI RI R1

(X-O-R"P (X-O-R")p (X-O-Rp)r ab Formula (V) Y Y R1 RI R=0-xP x-0-X
(KO.Y RIRI(R=axb Y Ya(XO0.RJPYRIPi X(R=axe Y (XaR~n (R-a' ycsiLp
Y Formula (VI) wherein Rl each independently is hydrogen or an alkyl
gremagekaving from 1 to 10 carbon atoms; Y is a functional group selected

from hydroxy, carboxylic acid, carboxylate, acid anhydride, amine, -SH,
-SO3H, -CONH2, -NHCOOR, Phosphinate and phosphate; X is a
hydrocatbljIBHEeHe0H; SR 55 RYGFOGER 8Y 4Ry semmylligrenip karbienyate, acid
framydiai8 eatheon SIOse); IR IS a0 IroRp ABdRGHR I Mdhate;
carbon atoms p each independently represents a number from zero to 4;

and ai ’%ﬁﬁﬁé?c F tH&hZero and b represents a number equal to

or great®r ¢hetnindependently is X, X-0-X, or X-0-X-0-X,

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is
alkyl or aryl group having from 1 to 12 carbon atoms; and each R” — O — X - is bonded
directly to an Ar group; subscript a is a number greater than zero, and subscripts b, b’, ¢
and d each independently represent a number equal to or greater than zero; and each unit
with the subscripts a, b, b’, ¢ and d is bonded directly to an Ar group of another unit in
Formula (II) or Formula (III), which has the same or different unit formula; and m’, m, n
are, independently, a number equal to or greater than 1 . »

6. The process of Claim 1 wherein the compound of Formula (I), Component
(B), is represented by the following Formula (IV):

Formula (IV)

(RO XAV )= Xlaf Ar(Y D= X | AV oy (X~ O— R
X—0O—R")e
f
wherein each Ar independently represents an aromatic group optionally substituted with
one or more alkyl groups having 1 to 4 carbon atoms;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, amine, -SH, -SOsH, -CONH,, -NHCOOR, phosphinate and phosphate;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is
alkyl or aryl group having from I to 12 carbon atoms; and each R” - O — X - is bonded
directly to an Ar group; e is an integer from 0 to 4, fis 1 or greater and m’ is 1 or greater;
a Is a number greater than zero; and b, ¢ and d each, independently, represent a number
equal to or greater than zero.

7. The process of Claim 1 wherein the compound of Formula (I), Component

(B), is represented by the following Formula (V) or Formula (VI):
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zero. 53 MCSLLP 63432A 8. The process of Claim 1, wherein,

Component (B), is a compound having the following chemical Formula
(VIl): OH OH OH OH R"-O-CH2 | CH2 CH2CH2 CH,-0-R" RI R1 R2 R1

wherein R1 each independently is hydrogen or an alkyl group having from 1 to 10 carbon

atoms;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SO3H, -CONH,, -NHCOOR, phosphinate and phosphate;

X is a hydrocarbylene group;

R” is a hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms:
R is alkyl or aryl group having from 1 to 12 carbon atoms

p each independently represents a number from zero to 4; and

ais a number greater than zero and b represents a number equal to or greater than

ZEro.

.53 -

RI b Formula (VIl) wherein R2 each independently is hydrogen, an alkyl MCSLLP
group having from 1 to 10 carbon atoms, CH20OH, or CH20R" ; R1 each
-independently is hydrogen or an alkyl group having from Ito 10 carbon
s; R" is a hydrocarbyl group having from | to 8 carbon atoms; and b
represents a number equal to or greater than zero; or wherein the
compound of Formula (1), Compg.nent (B), is afompound having the
following chekical Formula (VIII) or Formulg (Yllla):\OH OH OH OH
R"'ORQBI. / 2-O-CH2 CH CH}-O-R" RIRI
Formuia (V1 HOARS 2-0OfC CHY=0= Rl
O RIRIRI, la (Villa) 54 K LP 634 each
independently is hydrogen, an alk( _gr(ggg{.k)lftvi gRIl (X—0—R"),
L L b
Formula (V)
Y Y
~ Rl Rl -
R—0-X), X 0-X
CEO-RY,
R] RI -
R—-0-X, R-0-X), X
Y - YW -a
RI
R-O-Xy
i C:ORY,
Rl
®Rox{ Y
Formula (VI)



carbon atoms, CH20OH, or CH20R'Y; RI each independently is hydrogen
or an alkyl group having from | to 10 carbon atoms; R" is a hydrogen or a
hydrocarbyl group having from 1 to 8 carbon atoms; and a represents a MCSLLP
number greater than zero; or wherein, Component (B), is a compound ’
having the following chemical Formula (IX) or Formula (IXa): OH OH (
-O-R)p (R"-O-CH~p OH OH b ( R"-O-CH2)p OH Formula (1X) wherein
634RA s a hydrocarbyl group having from Ito 8 carbon atoms; -55 MCSLLP
63432A OH OH (R"-O-CHZ)P CH2-0 -CHZ (CHz-O-R")P OH
(R":0-CH2)P f CH2-0-CH2(CH -O-R' r% - )P O b, .
(R-CHOP R Pole (405 Wher B Ay romararg hain
the FglfroiBa By B dprREVARYfom 1 to 8 carbon atoms; c represents a
number equal to or greater than zero; and p represents a number equal
to or greater thgg zerp. 9. Theygrocess of Claim 1,jwhergip the compound
of Formula (1), N
R"—0—CH, L CH,—] CH, -CHy CH,—O—R"
=
RI R1 R2 Rl RI

Formula (VII)

wherein R2 each independently is hydrogen, an alkyl group having from 1 to 10
carbon atoms, CH,OH, or CH20R™; »

R each independently is hydrogen or an alkyl group having from 1 to 10 carbon
atoms;

R” is a hydrocarbyl group having from 1 to 8 carbon atoms; and b represents a
number equal to or greater than zero; or wherein the compound of Formula (I),
Component (B), is a compound having the following chemical Formula (VIII) or

Formula (VIIIa):

OH OH OH OH OH '
Rl Rl RI R2 Rl RI
a
Formula (VIII)
OH OH OH
R"—0O—CHy CHy— O-CHz‘@ CH,—0 —CH, ‘@CHQ—O— R"
R1 R1 Rl _

a

Formula (VIIIa)
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Component (B), is a ethyl, propyl, butyl or methyl etherified phenol
formaldehyde condensation product, a ethyl, propyl, butyl or methyl -
etherified cresol formaldehyde, a ethyl, propyl, butoxy or methoxy LLP
methylated phenol novolac or a resole compound. 10. The process of MCS
Claim 1, wherein the organophosphorus compound, Component (A), is a
cemmpaund represented by one of following Formulas (X) through (XXII):

RA Rc RD | O=P-RB 0=P-0 1| H Formula (X) H Formula (XI) RA RC-

RD 11 O=P-RB OP-0 || OH Formul 1) OH Formula_ (XIV) -56
MCSLLBMBSAF2ACHHPARR AR é R)é%’o%ﬁ 6% °%i’§f ngdiepe! o 10
thersame gk, diffgeH andHaOR 3elected from substituted or unsubstituted

aryl or aryloxy groups and hydraoxyl groups _provi t than carb
ane of BAH RETEGa e B chan HELRE MO FERTR 100D cortor
ofteifkerent and are selected from hydrocarbylene and hydrocarbenylene;

or Formula (XIV) RAPH2 Formula (V) (RAZRIH Feumulada¥bims; and a
RAP(OrF(OlISéqu ?}Sﬁ%ﬁgﬁ&%Aé@g(o%)z Formula (XVIII) _
RARBR(O) OhhtEoarealer (X PIRAD WIPENH COstRNIRD (B Y REOASKOSHaVing
RN RARPURAMHH PR DIRAP(O)(OH) 2

OH _ OH _
; X
®R—O0—CHyp), CHy J,——/ (CH-O-R),
OH
®—0—CHy), ‘ CHy— O (CHy-O-RY),
R-O-CHy)y
OH L OH dy
(R-0-CHy){ l
OH
Formula (IX)

wherein R” is a hydrocarbyl group having from 1 to 8 carbon atoms;
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wherein in Formulae (XIV) to (XXI), RA and RB may be the same or
different and are selected from substituted or unsubstituted aryl or aryloxy
groups. It. The process according to Claim 10, wherein RC and RD of
Formula (XI) are each an arylene group. 12. The process of Claim 1,
wherein the organophosphorus compound, Component (A), is
¢34phenylphosphine, diphenyl phosphate, diethyl phosphate,
dimethylphosphite, phenylphosphinic acid, phenylphosphonic acid,
dlmethylphosphlnlc acid, or mixtures thereof. 13. The process according

blending: (I) af) asphorus- contalﬁnn compoung mprlsmgt e reactivon
product of: (A) at Iast one organohosphorus compound having a group
r the group PO Hnd

7 L\
(RO 655 57 MCSLLP Rujs @t degs
arylene groups lik ) hydrocarb})}

groups; Y is a functional group seleq cPer’ﬁ%) yroxy, carboxyl
carboxylate, acid é?%hydnde amine~SH, SO:%IQ -CONH2, -N
phosphinate and phosphate; X is a hydrocarbylene group; R" is h

or a hydrocarbyl group having from | to 8 carbon atoms, R is alky
group having from I to 12 carbon atoms; and m', in and
independently, numbers equal to or greater than 1; and Ol
thermosetting composition. 15 The pr;})#e?s of Claim 14 Whereln the
thermosetting composition, (M), contains an epoxy resin; a
polyisesyaratg gqgiagogmymﬁymabiebyhgaiwatedr@dmpoums aarbon

. benzoxazine-containing compound or a polybenzoxazine-
atoms;

rS ’CH’7)p

¢ represents a number equal to or greater than zero; and

p represents a number equal to or greater than zero.

9. The process of Claim 1, wherein the compound of Formula (I),
Component (B), is a ethyl, propyl, butyl or methyl etherified phenol formaldehyde
condensation product, a ethyl, propyl, butyl or methyl etherified cresol formaldehyde, a
ethyl, propyl, butoxy or methoxy methylated phenol novolac or a resole compound.

10. The process of Claim 1, wherein the organophosphorus compound,

Component (A), is a compound represented by one of following Formulas (X) through

(XXII):

RA Iﬁc }'{D
0= f»- R® 0=P—0

. h

N Formula (X) Formula (XI)
R* : R RP
| | |

0=p—R" 0= P—0

|
OH Formula (XIII) OH Formula

(XIV)

MCSLLP



containing compound; bismaleimide, triazines, or a blend of bismaleirnide

and triazine compounds; or an epoxy and at least one co-curing agent.

16. The process of Claim 15 wherein the polymerizable unsaturated

compounds are selected from the group consisting of vinylesters, MCSLLP
acrylates, cyanate esters, and - cyanamides. 17. The process of Claim 15

whepain the co-curing agent is a compound which reacts with an epoxy

group. 18. The process of Claim 17 wherein the co-curing agent is a

hydroxyl, an acid, an acid anhydride, a phenoljc compound, a

nitrogeEsritainig BBkietre, FERAH RVhBAY R ERRER s kiRt and

greup atanslavatad e e iRl @ disiune theyealy Fuphenarnee@ssyoizroups
Claim 18 wherein the phenolic cgmpourgd is a phenol novolac, agresol

RERIGRES, AR RHB IR e RAR 2 PR B 115 BVoTSESY Htp o gRA R aHR ” may
Risphensl-Ay: Riskhaneh & aletabiempbisphenetAbalaalybe nzaxazibenylene; or

generated from a benzoxazine ring-containing compound or mixtures
thereofpgthulhexpvocess of Rarr;L8 wherein the acid anhydride is a
maleic acid anhydride, a phthalic acid anhydride,
methyliFexaiydpophthalic acithaomriadE, trimellitic 58 MCSLLP acid

anhydride, malgjc,anhydride,a ethylcyclopentadiene, a
styrenf?ﬁ’grlg?c&a&g]ig anhydr%e%%?%@lr%}gj or mixtures thereof. 21. The
processehoiaix Vi) whereirRthe( @i@Fen-containing curing agent is a
mono qr polyamjne. a polyamide i f&%iamide; sulfanilamide; a primary,
a secoﬁaﬂf\yxaow%iary amr%legir%@/ zoles; 2-methylimidaole; 2-ethyl,
4-methybimitiagol®) 2- phenRimigg£6lE benziimidazole;

diaminadiphenylrpethane; diwr%@ﬁnylsulfone; or mixtures thereof.
22. Thé ProLd Claim 15'inciddimg a catalyst. 23. The process of Claim

22 whersimineEatalyst is corppNddd)iaining amine, phosphine,
ammonium,ﬁg%onium, %ﬂ?‘&%@!ﬁ’é sulfonium moietie_s or mixtures
thereoft 24" cess of Clai wherein the catalyst is a
nitiagenicBntmirieg XEWNpdad) 28" The Rooeydetitiaimer difisren andare
ngltgc%%t gr%rrrrl] igl%gtcx)tl&iegbr unsubstituted aryl or aryloxy groups.

11.  The process according to Claim 10, wherein RC and RD of Formula (XI)
are each an arylene group.

12.  The process of Claim 1, wherein the organophosphorus compound,
Component (A), is phenylphosphine, diphenyl phosphate, diethyl phosphate,
dimethylphosphite, phenylphosphinic acid, phenylphosphonic acid, dimethylphosphinic
acid, or mixtures thereof.

13.  The process according to Claim 1, wherein the organophosphorus
compound is 9,10-dihydro-9-oxa-10-phosphananthrene 10-oxide.

14. A process for making a curable phosphorus-containing composition
comprising blending:

€)) a phosphofus-containing compound comprising the reaction product of:

(A)  at least one organophosphorus compound having a group selected from the
group H-P=0, the group P-H and the group P-OH; and

(B)  at Jeast one compound having the following Formula (I):

Formuta (I) R(OY)m Im (X-0-R™")
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methylimidaole; 2-ethyl, 4-methyl imidazole; 2-phenylimidazole; or
benziimidazole. 26. The process of Claim 23 wherein the catalyst is a
phosphine. 27. A process for making a phosphorus-containing :
composition comprising blending: (1) a phosphorus-containing compoudCSLLP
comprising the reaction product of: (A) at least one organophosphorus
cempaund having a group selected from the group H-P=0, the group P-H

and the group P-OH; and (B) at least one compound having the following
Formula (I): Formula (1) [R'(Y)m'Im(X - O - R")n wherein R'is at least two
a1 groups linked to each other by one or more hydrocarbylene ether

groupsRY jis;aifuictional areupseleatad drase el vorers spshexylisaeid,
carboxylate, acid anhydride, amine, -SH, -SO3H, -CONH2, -NHCOOR,
phEEpARiean 8PHAEPIRYe; X is a hydrocarbylene group; 59 MCSLLP
63432AYRs' gy d engEgr Oupas iy craiciony hyrirap having fpdimatito Grisaryler, acid
atoms, R is_alkyl or a é 0 Cm%in_ 12 carbon atoms:; arg‘j !,

A SRRy B e ol e o ne LR

a thermwaﬂjﬁr@&rﬂ'ﬂmpmoeps of Claim 27 whgre_in the thermoplastic,
Compopent ), 3, SEIFFALRM, INE AR SRRSIRNNG Rf POMGAHRORAISR is

polystyrene, polypropylene, po yethylene, polyphenylene oxide resins or
ik rure therespfh29n A\fpreck s B Fkaamcatu il gy, m and n are,

RResRNGLHS CRItAIBINGEaMPesiienccampsingiblending: (1) a
phosphorus-containing compound. comprising the reaction product of: (A)

at leastBhe ot GEHBBRTEBRGAIRESPbund having a group selected from
the graup H-PrChrtioesg aduianyH amdi¢trngion e @isgtang (@hrasidast
?JS&%@E@@L BRving MR Jolgane, GRETHIB WanRrrRulE { bk (X
unsaturated compound; a benzoxazine-containing compound or a polybenzoxazine-
containing compound; bismaleimide, triazines, or a blend of bismaleimide and triazine

compounds; or an epoxy and at least one co-curing agent.

16. The process of Claim 15 wherein the polymerizable unsaturated compounds
are selected from the group consisting of vinylesters, acrylates, cyanate esters, and
cyanamides.

17.  The process of Claim 15 wherein the co-curing agent is a compound
which reacts with an epoxy group.

18.  The process of Claim 17 wherein the co-curing agent is a hydroxyl, an
acid, an acid anhydride, a phenolic compound, a nitrogen-containing compound, a
compound which generates a reactive group at an elevated temperature, or mixture
thereof.

19.  The process of Claim 18 wherein the phenolic compound is a phenol
novolac, a cresol novolac, a bisphenol A novolac, a phenol novolac of dicyclopentadiene,
bisphenol A, bisphenol F, tetrabromobisphenol A, a polybenzoxazine generated from a
benzoxazine ring-containing compound or mixtures thereof. |

20.  The process of Claim 18 wherein the acid anhydride is a maleic acid

anhydride, a phthalic acid anhydride, methylhexahydrophthalic acid anhydride, trimellitic

-58-



R'is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups; Y is a functional group selected from

hydroxy, carboxylic acid, carboxylate, acid anhydride, amine, -SH, MCSLLP
-SO3H, -CONH2, -NHCOOR, phospinate and phosphate; X is a

hydrocarbylene group; R" is hydrogen or a hydrocarbyl group having from

Ito 8 carbon atoms, R is alkyl or aryl group having from Ito 12 carbon

AOMSH ANk A AO5h R R HIGPSRASHIyIeyBlpE  RaWALIQ O Bieatereic

than 1;{ll) a thermosetting composition; and (Ill) a thermoplastic. 30. A

e ey (e preaBRY BB HOSBHONES-K5Hi&Tning epoxy resin compound
comprising repgtingctls apbrspheruscentais mircgmpoonddoppnisigggent is a
the reaction product of: (A) at Jeast ane grganophgspherus co dar:
FBRIAG LY S RS (He YR PPt et B%’ﬁﬁg'g%ﬂ%é"“ =
@HOURr PO th BRdi(RY atdeast-ore gbmideatwd Preiivd thertdivviirgreitntia

): -60 MCSLLP 63432A Formula (IR (Ym0 Ran: bty Ruifone;
%Fé‘é&ﬂh\a&%%@yg%“& %%%Ebzso ks {3%% Q/r?élr by one or more Hne ot
hyidraearbyterfe ether groups; Y is a functional group selected from

hydroxy, carbgxylic aci | grge, amine, -SH,
-sosH,y%-coﬁﬁ%?i&?ﬁ#&?@%ﬁiﬁ%ﬁﬁgﬁﬁoﬁ;te X is a -y
hydrocZtbylebegpenssof S JEIF Bim HE by GPOURS HISL FRg B IRE
1,108 GREQSN A0S BRiisinAMKsk oA hgraupriaNing frotivitonicteibor
atoms; and m', in and n are, independently, numbers equal to or greater
tﬁ&?ﬂr%ﬁﬁae(i’\?f'at least one epoxy resin. 31 A process for making a curable
phospharus-crgiobegsep @iy re2inwbensipshricA Hyph pTisHY WM (T
acgn%)o%% resin-.compound comprising the reaction product of:

25. The process of Claim 24 wherein the catalyst is imidazole; 2-
methylimidaole; 2-ethyl, 4-methyl imidazole; 2—phenylimidaz:ole; or benziimidazole.

26.  The process of Claim 23 wherein the catalyst is a phosphine‘.

27 A process for making a phosphorus-containing composition comprising
blending:
@ a phosphorus-containing compound comprising the reaction product of:

(A)  atleast one organophosphorus compound having a group selected from the
group H-P=0, the group P-H and the group P-OH; and

(B) at least one compound having the following Formula (I):

Formula (I) [R'(Y)m (X - O0-R")y
wherein

R’ is at least two arylene groups linked to each other by one or more

hydrocarbylene ether groups;
Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SO3H, -CONH,, -NHCOOR, phospinate and phosphate;

X is a hydrocarbylene group;



(I) a phosphorus-containing compound comprising the reaction product of:
(A) at least one organophosphorus compound having a group selected
from the group H-P=0, the group P-H, and the group P-OH; and (B) at MCSLLP
least one compound having the following Formula (I): Formula (1)
[RHM-Im(X - 0 - R")n wherein R'is at least two arylene groups linked to
each other by one or more hydrocarbylene ether groups; Y is a functional
group sel , ic acid; carboxylate, acid ,
anhyde A R R B shithnaccaa®
phbdptiteyherra iydre derylend Yrothe Rt gsnayaird gemoaral nyaepcarbyl
dreup:Raying Famidag.orbenAamSRAS; liy! or ary] group having
from 1 to 12 carbon atoms; and m', in and n are, independently, numbers
equal 168t grefteimprlAsticand (IV) at least one epoxy resin; and (D) at

least ong. curing:3e6Rts -@flc:lMﬁﬁ%b%e@éﬂ%ﬁé\tﬁ@rmmm{&@&ﬁﬁ%%’fll'm%, is
mclg:?{;%%% additional epoxy resin other than the epoxy compound o

3
é‘!ﬂ?ﬁ%’i EPUP RGO HR ERIRGNA GuPAbIglyrene, polypropylene,
phbsphdeus papphining repoxyeresins compositiantiegeoprising blending: (1) a
phosphgrus-containing compound comprising the reaction. product of:. (A)
St loastne o e ee R B
BERIHUD R, the group P-H, and the group P-OH; and (B) at least
one coffjpound havi (el e\l Vilalo W leTda ] WU/ W N » " (Y)m ] m(X..
T R B Cm S Tyt o PR O
by oneldr mate A ANSIES RN SR FOIHS YA S 3y e wsriE lseisd from the
 selestECPRONMBYEsax - Barhomdisracidp earhoxylate, acid anhydride,
amine, -SH, -SO3H, -CONH2, - HCOOﬁ,iphoaphinlgte and Phosphate;

e followin )

(B at least one compou aving t g Formula (
Formula (I) [R(Y)m]m(X=0—-R"),
wherein '

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, amine, -SH, -SO3H, -CONH,, -NHCOOR, phospinate and phosphate;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is
alky! or aryl group having from 1 to 12 carbon atoms; and m’, m and n are,
independently, numbers equal to or greater than 1;

(II)  athermosetting composition; and

(III)  a thermoplastic.

30. A process for making a phosphorus-containing epoxy resin compound
comprising reacting:

) a phosphorus-containing compound comprising the reaction product of:

(A) atleastone organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and

(B)  atleast one compound having the following Formula (I):
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X'is a hydrocarbylene group; R" is hydrogen or a hydrocarby! group
having from 1 to 8 carbon atoms, R is alkyl or aryl group having from | to
12 carbon atoms; and m', m and n are, -independently, numbers equal to
or greater than 1 ; and (IV) at least one epoxy resin. 34. A process for
makiagha phosphorus-containing, benzoxazine ring- containing compound
comprising reacting: (I) a phosphorus-containing compound comprising
the reaction product of: (A) at least one organophosphorus compound
having aftprowgedlected from the Gkd0pP+H=6; fhe rdup P-H, and the
group k P OH and (B) at least one compound having the following Formula
(I) Ormula (D [R'(Y),uym(X - O - R")n wherein R'is at least two arylene
groups iRk &chtdeasaehoothidertsyeomve ol rRotdo BANDeHIsE ABSINBIOOUPS;
(ﬂ%gg%}{efgmgpg% roup or an amine functional group; Xis a
hy rocarbylene group; -62 MCSLLP 63432A R" is hydrogen or a
hydrocarby# @féﬂfﬁlﬁ&h&@‘fﬁﬁﬁqf&?@f%W5ﬂﬁh§ R YHRKPGr caipogIdip acid
haying flamhiael Zearkeniatanesand natb e prakginideRendapte
numbers equal to or greater than I; (V) at least one amine compound
when the s fRh4i8Fa %’lﬁp"@f’@omponent (B) is a hydroxyl or at least
one hydmoxy tgr@u@cmmammgcﬁﬂmpg@nd ehengliend Ifungtieahgroup,df is
Component nam d an aI eh pound. 35. The
pro{: ré‘f%&‘é %ﬁq Q Q'/ hyde s fg{ r%’ﬁg] e{]n%gragfe’ |
fonmepeedaydiy, ommﬂmex aldéhydeghamh@l%hé général formula RCHO,
where R(ft%jalk){l( %Bs%xls%%li? haying from 1 to 12 carbon atoms. 36. A

process formaking a curable phosphorus-containing, benzoxazine ring-

containidd resift EW&%WE’@&&H%YHB‘%MW&‘@CB’%WM%M‘“
Mg RHRY HABRg Wkh&RMPrising the reaction product

(C)  anepoxy resin compound comprising the reaction product of:

MCSLLP

I a phosphorus-containing compound comprising the reaction product of:

(A) atleast one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and

(B)  atleast one compound having the following Formula (I):

Formula (I) R YalagX-=0-R")

‘wherein

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, amine, -SH, -SO3H, -CONH,, -NHCOOR, phosphinate and phosphite;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is
alkyl or aryl group having from 1 to 12 carbon atoms; and m’, m and n are,
independently, numbers equal to or greater than 1; and

(IV) atleast one epoxy resin; and

(D)  atleast one curing agent.



of: (I) a phosphorus-containing compound comprising the reaction product

of: (A) at least one organophosphorus compound having a group selected

from the group H-P=0, the group P-H, and the group P-OH; and (B) at ,
least one compound having the following Formula (I): Formula (1) [R' MCSLLP
¥)mIM(X _ O _ R")n wherein R'is at least two arylene groups linked to
each other by one or more hydrocarbylene ether groups; Y is a hydroxy
functional group or an amine functional group; X is a hydrocarbylene
group; R is AydrpgenseohCiyidnddartsyh ¢jreuprhaddngofrarepitnys asaroorer than the

atoms; %p% b ip n,are dependently, numbers equal to or greater
ﬁ?gﬁylé;‘)ar{) u(l% Cét east one eglérfr}ine compound when the Y functional group

of CondBonertt {By4ssEtydrisiog et arh osBRYHCRPIIPG SRR ARIAg
gg,%gmgq gglg@[;}igﬂ%\gleﬁm,@gonal group of Component (B) is an amine;

and (Vlgan aldehyde compound; and (F) a thermosetting composition.

-63 MEBLLP2 BROERDA 47C R BIHRE SSTI° Hckiriy Uil reaction product of:
phosphRyus-aoRERINAY chRzeKaENE NG nepOtaIdINg Iesingearppeisitian from the

comprising blending: E%a benzoxazing ring-containing compound
‘é%ﬁé?ﬁg]tﬁléer%rggﬁéjﬁ r 'b%t e%‘f?‘(ﬂﬁa’% o’s?)'hgorus-containing
compq%r%d canmpaising ttmp@a:logcblg\pmgdhmfoﬂow;?&t’lﬁ?sﬁ@ﬁﬁ
organqphospherus compoun inga-groun sslegted from the group
H-Pzgj,% {t%u%?c@gp P-H, and the ggog%)'ﬁ’-'b@#pand (B) g{ least one
a@sapiaund having the following Formula (1): Formula (1) [R'(Y).nIm(X - O -
R")n wherein R i atleast wo arylene roups, inkediposaeh qlier by
byfene ethie

one or more ﬁil/s(ﬁrocar r groups,
hydrocarbylene ether groups; '

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SO;H, -CONH,, -NHCOOR, phosphinate and phosphate;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atorns, R is
alkyl or aryl group having from ! to 12 carbon atoms; and m’, m and n are,
independently, numbers equal to or greater than 13 and

(IV) at least one epoxy resin.

34. A process for making a phosphorus-containing, benzoxazine ring-
containing compound comprising reacting:

D a phosphorus-containing compound comprising the reaction product of:

(A)  at least one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH,; and

(B)  atleast one compound having the following Formula (I):

Formula (I) [R'(V)m](X = 0 =Ry,
wherein

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a hydroxy functional group or an amine functional group;

X is a hydrocarbylene group;
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Y is a hydroxy functional group or an amine functional group; Xis a
hydrocarbylene group; R" is a hydrogen or a hydrocarbyl group having
from | to 8 carbon atoms; and m', m and n are, independently, numbers
equal to or greater than 1; and (V) at least one amine compound when th
Y femgtienal group of Component (B) is a hydroxyl or at least one
hydroxyl group-containing compound when the Y functional group of
Component (B) is an amine; and?%/}l& an aldehyde compound; and (0)a
thermoplastic. 48 OBPrIce BE I K SEPARIHOSIRI Q8L doRtafiTRg N atoms, R is
themoalabile greupheaniring1coMp ekta LM pHISIng ipactingd fha,
phosphorys-containing compound comprising the reaction product of: (A)
at I’@é)%‘fe&ﬁ%"gygBWBrbﬂ%gﬂ%Ef?soé&ﬁ‘?ﬁ%HH’% ving a group selected from
the groupwvhi-P=01e ko g ife-tbrapaat il evgeau ph £ 300 @inda( By aipl@éslomponent
one.,compound having the following Formula (I): Formula () [R'(Y)n:)m(Xz
o R e D R e s R bt YR AT
onéortimotiezr byl nd CanbplerstdBies gnoupse:6hNCSLLP 63432A Y is a
functionae\gfsougéﬁlf%% US’H%BM@JPXV’ carboxylic acid, carboxylate, acid
anhydride, and amine,-SH, -SO3H, -CONH2, -NHCOOR; X is a
hydrocarbyieneliecupeRs ¢ hiabae i beral hybfotldryre o iRaldRy droRira-
Itor& GRAIRMY RLBMEhdR dficANIH @l b GreyprRading fam RITHE GaHBRIR is alkyl or
atoms; and m', in and n are, independently, numbers equal to or greater
thaR 18218 Vi S R di 8ré SREHARE group-containing compound.
39. A prazess farpiakingoa eukaide phosphoiusigentainingtheyrhelabiezine ring-
resin, somposition comprising ractind (H) 3 hermolabile |
group-containing compound comprisig the reaction product of: ,

(E)  abenzoxazine ring-containing compound comprising the reaction product

eMCSLLP

of:

D a phosphorus-containing compound comprising the reactio’n product of:

(A)  at least one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and

B) at least one compound having the following Formula (I):

Formula (I) R (VX —-0-R"),
wherein ’

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a hydroxy functional group or an amine functional group;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms; and
m’, m and n are, independently, numbers equal to or greater than 1; and

(V)  atleast one amine compound when the Y functional group of Component
(B) is a hydroxyl or at least one hydroxyl group-containing compound when the Y
functional group of Component (B) is an amine; and

(VI) analdehyde compound; and

(F) a thermosetting composition.
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(I) a phosphorus-containing compound comprising the reaction product of:

(A) at least one organophosphorus compound having a group selected

from the group H-P=0, the group P-H and the group P-OH; and (B) at

least one compound having the following Formula (1): Formula (1) MCSLLP
[R'(Y)mIm(X - O - R")n wherein R'is at least two arylene groups linked to
@4 other by one or more hydrocarbylene ether groups; Y is a functional
group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SQ3H, -CO - | in PR
phosp%llljtl'e; 'X?s‘1 %{??ﬁésrlg%‘”a?ﬁ%féﬁé 8%%%@ 255‘%1%3%5&’? %ﬁgp%y%g%gg%ﬂe e
groapinavisg fronpdsit @ carisisiapbhed¥ig: alkyl or aryl group having

from ]?{39 12 £BERAN AIAMS ST o iR H ScBFRp BIRRANERRING RUPBREIS: product
equal to'or greater than I; and (VII) at least one thermolabile
¢ffoup-containing compound; and (J) a thermosetting composition. 40.

The processgfeigithdLsdal@iin 32 olgdihdd; dalpilsiBGhElaimi 3 plokaim of:
38 or Claim 39 including at least qne epoxy regrilra;haltvlgagt one Cté((iiggd from the
agent{ &1 lealt 676 R RANP PP RRAS SHE TIRBGr o athermoplastic

drate HaP-65M @Sy P-Hihnd ke groce 5 @HC laich 40 wherein the

thermeplasti material is sSlaciee, Uam hegrwR-coRsiHina f a

polycar ona%e, a poPystyr ne, a polyptopylene, a polyethylene, a
polypropyielseand a polypheny[@ﬁéYdmi&}e(Pésieri%fDre, and mixtures

thhereof. 5 42. The process of any one of claims 15 to 26, 30 to 33 and 40

WITEYSin the epoxy resin is selected from group consisting of a phenol
epoxyRiovetaesateresnlepaxyupolioksd, ia paiickByonderedimPEontaining

epoxy e ja%%t%? ' gf;ree epoxy resin; a brominated epoxy resin, or a
h{)%ﬁf{o)ﬁus-contagr%%% Sepoxy resin. 43. A phasphorus-containing

compolitc BBMPHSTRRF IS HEHEHBR KRB AUENG 1% AT ' R8st one
organm@qq%%é@mm@gwﬂg;having a group selected from the group

H-P=Q , the group P-H and the grqup P-QH; and.(B) at least one . ..
Comp&ﬁaz}'@(ﬁﬁ‘&?ﬂé’?& \%?]cgax%gqr r%glﬂu ( ;:w ngdfr()n} ﬂoet%aagg toms; and

m’, m and n are, independently, numbers equal to or greater than 1; and

(V)  at least one amine compound when the Y functional group of Component
(B) is a hydroxyl or at least one hydroxyl group-co ntaining compound when the Y
functional group of Component (B) is an amine; and

(VI) an aldehyde compound; and

(G)  athermoplastic.

38. A process for making a phosphorus-containing, thermolabile group-
containing compound comprising reacting:

M a phosphorus-containing compound comprising the reaction product of:

(A)  at least one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and

(B)  at least one compound having the following Formula (I):

Formula (I) R (Y)w]mX-0-R")y
wherein

R’ is at least two arylene groups linked to each other by one or more

hydrocarbylene ether groups,
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Formula (I) [R' (Y)m] ,,,(X - O - R")" wherein 15 R'is at least two arylene
groups linked to each other by one or more hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, MCSLLP
carboxylate, acid anhydride, amine, -SH, -SO3H, -CONH2, -NHCOOR,
phosphinate and phosphate; X is a hydrocarbylene group; 20 R" is

Wytdgen or a hydrocarbyl group having from 1 to 8 carbon atoms; and

m', m and n are, independently, numbers equal. to or greater than 1. 44. A

Curab'%ﬂ?g%a'ﬂc%%%cg%@i@ém&tgema&%%%%g{ig%l@a@d, carboxylate, acid

phosphorus-containin mpound compfisin on product of” (A)

atledstienebryernibsSRolis oo AR a group selected from

25 the grgg@l%rgga%ngge%gggfﬂ and the group P-OH; and (B) at least
one compound having the following Formula_(1); Formula (1) [R'(Y)m'Im(X

-0 - R ivhiterrerona By deecsr anossyhehi’ g8 dpetinkad (6'85RA By
QNI N9Teros hyelrecashyiene ethe graupsisfonM GBSkl dY isq

functiona ?roup selected from hydroxgﬁ, caﬁox lic acid, carboxylate, acid
Anfispariss TErARD e g1l 91 eTedts\ 12! NHEOOR, phosphinate and
phosphete) Xtiratydroearhyieie groywpsd tisityg rogewrda hydrocarbyl
group Raving from 1.19.8 %%Egﬁgaaéﬁ?megﬂas kol 05 g SEOHR HAYIRY resin

Ito 12 carbon atoms; and m’, nTand n are, independently, numbers equal
wopgrigaterothanisingisactifig) a thermosetting composition. 45. The

CompOﬁ_i-Hon A i AhhsEEIRME Hies ORIRG COMPIOSHIDMe reaction
Component (1), contains an epoxy resin; a polyisocyanate resin;
pelgrseAtable 10 unsaturated compounds; a benzoxazine-containing

compognd or,3 ReyReazesAEinarcaMpiing compdting twhereiitheroduct of:
polybenzoxazine-containing compound is obtained from th lected from th
polyméfi2atioti W%&?‘Z&Eﬁ%ﬂﬁ%&%ﬁ%ﬁﬁ?n%’ %?ngl%rg%l?ﬁadvsn Eiéﬁ%}]&rsiﬁgg,e rom e
raziNES =01, ehdlencpdf-Hismbleirpidepdh@idiazie compounds; or an epoxy
and at JE?St NiQone compound having the following Formula (I):

Formula (I) , R’ (V)m )X = O —-R”)y
wherein

R’ is at least two arylene groups linked to each other by one or more

hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, amine, -SH, -SO3H, -CONH, -NHCOOR, phospinate and phosphite;

X is a hydrocarbylene group; |

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R i
alkyl or aryl group having from 1 to 12 carbon atoms; m’, m and n are, independently,

numbers equal to or greater than 1; and

(VID) at least one thermolabile group-containing compound; and

(J) a thermosetting composition.

40. The process of Claim 31, Claim 33, Claim 34, Claim 36, Claim 37, Claim
38 or Claim 39 including at least one epoxy resin; at least one curing agent; at least one

catalyst; at least one inhibitor; or a thermoplastic material.
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curing agent. 15 46. The composition of Claim 45 wherein the
polymerizable unsaturated compound is selected from the group
consisting of a double or triple bond containing compounds. 47. The MCSLLP
composition of Claim 45 wherein the polymerizable unsaturated
compound is selected from the group consisting of vinylesters, acrylates,

cyanatefdstersI 2@arng syeiralniel) ¥8erie tb@ﬁip@@i@iﬂnﬁﬁ@iatmidlﬁs selected
WREFFIRLDR H GG REBNL BREaBARHD, B RAE!S wgf

group. 49. The composition of aim 48 Whe tHe co-curi t IS a

hpeldtsidylean adalyamoasigremndie aelﬁlpmﬁw: @@dmmdna(ture and mixtures

nitkggen-containing compound, or a 25 compound which generates a
reactive group at an elevated temperature, or mixtures thereof. 50. The

composftien of BRRFPESHIerIPifeobKIBIcl Sompoutitis3d alleHdwherein the
NPARGe ALTESALPRUGR %1%@;39&%‘?&%1%:‘3 136 APREOA QBVQQLC 9 cresol epoxy

dlcyc?pentadlen bisphen sphenol F, tetrabromobisphenol A
p%% Wmlg@i&%wamm@amywnmg brsyeangifige epoxy resin; a

RINIres IhaIReho RS- MeRkkE %%%%Zf%s%} The

composmon of Claim 49 wherein the acid anhydride is a maleic acid

anhydridé; a phtPARSRRAEN BRI SreriAHBd SRy plRth HIfcraséion product of:
an hydrlgg? trimgl{itig: %ﬁ@&@ﬂ%ﬁ@pl@ﬁh@'@%ﬁ@ﬁa@%ﬁﬁp selected from

methylcyclopentadiene or a styrene-maleic acid anhydride copolymer. 52.

THe EoMinEsRion ofeigimma g hagsoierBgehlcditaining compound
is a mong)or PeiaRsinRRAININIAE ,hqk%gnﬁ@fm%ﬂg%ﬁﬁumﬁe a

primary, a secondary, or a tertial amine amine; imidazoles;
2-methyIRHEABIE) 2-ethyl, 4-methyl Rrﬁ%bzbléxzﬁher%/hhldazole

bgp&imidazole; diaminodiphenylmethane; diaminodiphenylsulfone;or
mixtures thereof. 53. A phosphorus-containing composition comprising: (1)

a phospRoltat LA B KI5 HBIABsIRkBH SR ahed Fasdb ATl BHTKBT:
(Af)cﬁblﬁa&jd@ﬁ@@hgag}@gp@sphorus compound having a group selected

from the glzjsrg fpnctlonal 0, the grolup P-H and the group P-OH; and
group selected from hydroxy, carboxylic acid, carboxylate,

acid anhydride, amine, -SH, -SO;3H, -CONH,, -NHCOOR, phosphinate and phosphate;

X is a hydrocarbylene group;

R’’ is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms; and
m’, m and n are, independently, numbers equal to or greater than 1.

44. A curable phosphorus-containing composition comprising:

O a phosphorus-containing compound comprising the reaction product of:

(A)  at least one organophosphorus compound having a group selected from
the group H-P=0, the group P-H and the group P-OH; and

(B)  atleast one compound having the following Formula (I):

Formula (I) R’V m(X =0 =R,
wherein

R’ is at least two arylene groups linked to each other by one or more

hydrocarbylene ether groups;
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(B) at least one compound having the following Formula (1): Formula (1)
[R'(Y)m]m(X-O-R")n wherein R'is at least two arylene groups linked to

each other by one or more hydrocarbylene ether groups; Y is a functional MCSLLP
group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SO3H, -CONFia, -NHCOOR, phospinate and
phosphafeis X feratiyuibganyytehegbfipnRiyidroydrogén-ofia hyidiaaabbyllate,
group having, from .Itg 9 cark or IS raryl group having.from )
Rspiogras e AR R e LR
equal toXorsgrdatbothady kenarmlo@ih) a thermoplastic. 54. The composition

of Claim>53. in the thermoplastic, Companent (IIl), .i lycarbonate, . .
polystyr:ge% |§§¢%%@?e‘n%?‘%&?&%ﬁ’%%ﬁ%‘f“£ %8?’3}51%0%?/ er%s ,(%glaa fbon Qomé’ Ris
p dreraidavegin mitlicerbpa atixisrertharsoh &4l Aaceyamlependently,

p rus-containi iti omprising: (1) a
ﬁ%@g%ﬁi‘%ﬁ%ﬂ%@%ﬁ%@?ﬁ Ir?:(gfnprising the reaction product of: 68

MC SLLED) 63432 mpssttogstamposrigamophosphorus compound having

a group g¢ IeCt%grg%mit%ﬁ ‘9P aﬁ(ﬁglt%?l&@ry%? fﬁe%‘%g&?n'%?ézxﬁposition,

P-OH; and (B) at least one compound having the following Form
Fepmurnent[RI)ygamijaniX an@pory e sither ¢vly Roiy andtasstmpalytesrézable
' r r .

o P LT MENE FHISY AR
CEPBEIIBECHRRY UBEHY eI E B ndybSMOBDBHS CTDNRRCONHGDOR obtained

. A . R i o
o e S L S T NI cincs,
gPbapleadiagtionticisride eadivinzansrastmadns; ar andnevrend at least one co-

indepgendently, numbers equal to or greater than 1;

46.  The composition of Claim 45 wherein the polymerizable unsaturated
compound is selected from the group consisting of a double or triple bond containing
compounds.

47. The composition of Claim 45 wherein the polymerizable unsaturated
compound is selected from the group consisting of vinylesters, acrylates, cyanate esters,
and cyanamides.

48.  The composition of Claim 45 wherein the co-curing agent is a compound
which reacts with an epoxy group.

49.  The composition of Claim 48 wherein the co-curing agent is a hydroxyl,
an acid, an acid anhydride, a phenolic compound, a nitrogen-containing compound, or a
compound which generates a reactive group at an elevated temperature, or mixtures
thereof.

50.  The composition of Claim 49 wherein the phenolic compound is a
phenol novolac, a cresol novolac, a bisphenol A novolac, a phenol novolac of
dicyclopentadien, bisphenol A, bisphenol F, tetrabromobisphenol A, a polybenzoxazine

generated from benzoxazine ring containing compounds, and mixtures thereof.
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() a thermosetting composition; and (lll) a thermoplastic. 56- A
phosphorus-containing epoxy resin compound comprising the reaction
product of: (1) a phosphorus-containing compound comprising the
MCSLLP

reaction product of: (A) at least one organophosphorus compound having

%%UR selected from the group H-P=0, the group P-H, and the group

H; and (B) at least one compound having the foIIowmg Formula (1):

Formula (1) [R'(Y)m]m(X - O - R" )n wherein R'is at least two arylene

groups |Mkﬂlﬂet@cﬁi}jd@iﬁﬂﬁaff@zﬁﬂmgWﬁ@:rﬁnhmr@ﬂarm%ﬂj@ﬁ@f%ﬁﬂ{@ﬂp%id

Y ti fro b id,

cAUDS e AN AR EASS i I LR S, imelti
plaostnnayémladrmmspm@temdé isddueydod cartiyeneigreupdi& MGShicEhe-maleic
6;34:'32A RY dr! l%ydr(??gﬁeln or a hydrocarbyl group having from | to 8 carbon

atoms, R'is al ryI group having from 1 to 12 carbon atoms; and m’,

m and n5dre, iHeeparsiily, @ﬁﬁﬁhm§%q{mrwmmgﬂéﬁf@emm@mmgcbéwpound
A4JSARLANG BRPRA RS Tb19mfd WD ARRRREOK LéﬁTFé?Pl'i%’PHEg FRRN SN

composition comprlsm (C) an epoxy resin com E und compri sing the
€

réSERHProBacER evr%h@grﬂaéfmgﬂée}ﬁ%uﬁrﬁ@ B&m&c%ﬁfbvguﬁgﬂmayl
rea@amlergqﬂ%gf@a&lﬁsﬁmmmsmmmmgmmueﬁ having

roup selected from the gro the group P-H, and the group
PC% "33&’ gﬁ"&f’]g}é’& 8‘?1'5’%8”’% (??avmg the following Formula (1):
Formulasdl) [RADhNShOs-Bontai x‘)mg\/har@osiﬁbiscatﬂeasm@vo arylene
roups ke o et R, 4T, AL IO AR o,
carboxyléde, awiteast one organophosphorus compound havmg a group selected from the
group H-P=0, the group P-H and the group P-OH; and

(B)  at least one compound having the following Formula (I):

Formula (I) R’ ]n(X-0-R"),
wherein

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, amine, -SH, -SO3;H, -CONH,, -NHCOOR, phospinate and phosphate;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from [ to 8 carbon atoms, R is
alkyl or aryl group having from 1 to 12 carbon atoms; and m’, m and n are,
independently, numbers equal to or greater than 1; and

(III)  a thermoplastic.

54.  The composition of Claim 53 wherein the thermoplastic, Component (III),
1s polycarbonate, polystyrene, polypropylene, polyethylene, a polypropylene, and
polyphenylene oxide resin mixture or a mixture thereof.

55. A curable phosphorus-containing composition comprising:

(D a phosphorus-containing compound comprising the reaction product of:
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anhydride, amine, -SH, -S03H, -CONH2, -NHCOOR, phosphinate and
phosphite; X is a hydrocarbylene group; R" is hydrogen or a hydrocarbyl

group having from | to 8 carbon atoms, R is alkyl or aryl group having CSLLP
from 1 to 12 carbon atoms; and m', m and n are, independently, numbers
egual,to or greater than 1; and (IV) at least one epoxy resin; and (D) at

least one curing agent. 58. The composition of Claim 57 including an

additional epoxy resin other than the epoxy compound of Component (C).

59. A cltableaphuaspherugaamtaisphgrepossn pesindchmpesitio eI prsiNgom the

(M Osphorus-contajr mpound.camprising the reaction product of:
(ﬁi)alaé) ?éogé-tg c’thllzae 6?8“ %’lp é‘éﬁbﬁé&"‘é ?%p%%hé rHgving a group selected
from th@grous laR-o@ ¢hagrouphPvidgdhel inBaybupHe-Oma dnd (B) at

least opg.£QMPEUNd having the fgll 'p Fermula (- Formula (1) [R’
(Y)rn'7m(rX - O@R")n wherein 70%/Iggjﬂ?ﬁ'@6£3432A R')ins at least two

ariikerie groups linked to each other by one or more hydrocarbylene ether

groups, . is.a f jonal.group selected.from hydroxy, carboxylic acid,
Carbod e A IR R S K e B o,
pridshindeacaibepaypiate; X is a hydrocarbylene group; R" is hydrogen

or a hygdrecarhyligrake- HiRviBR oMb 10 1 RS RONAIBBISHR 48 b A1V M, acid

group having from | to 12 carbon atoms; and m', m and n are,

it BRI aRRE- il Byt i QBRI AP odmer ¢y dphesriatie
epoxy kesin h6otheygemspesition of Claim 59 including a thermoplastic
materiall 61. The comﬂ%}ﬁ[ion r%f Claim 60 Wherfein ti]e ttgecr %[%Iastic

materiaﬁilss, 5%18%?83 ffo D(Sagr h%)r%%s?s‘ffﬁg ora pofgcar%ronafqé?rgs’ Ris
plidylsty reylesreup diyrprapdytent (@ 1 D olyeohydarmes arml amnixture ofa,
H@é’&%ﬂﬁ[‘ﬁmﬁﬁ%@ Q&{gp@q;;@gg{%pgﬁigﬁr,esin, and mixtures thereof.

(II)  athermosetting composition; and

(II)  a thermoplastic.

56. A phosphorus-containing epoxy resin compound comprising the reaction
product of:

@ a phosphorus-containing compound comprising the reaction product of:

(A)  atleast one organophosphorus compound having a group selected from the
group H-P=O0, the group P-H, and the group P-OH; and

(B)  atleast one compound having the following Formula (I):

Formula (I) [R'(Vm')m(X -0 -R")y
wherein

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, amine, -SH, -SO3H, -CONH,, -NHCOOR, phospinate and phosphate;

X is a hydrocarbylene group;
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62. A phosphorus-containing, benzoxazine ring-containing compound

comprising the reaction product of: (I) a phosphorus-containing compound

comprising the reaction product of: (A) at least one organophosphorusMCSLLP
compound having a group selected from the group H-P=0, the group

 P-H%%#e the group P-OH; and (B) at least one compound having the

following Formula (1): Formula (1) [R'(Y),n'Im(X-O-R")n wherein R'is at

least two ryle roups linke %} a hotherb r
hydrocarb%lene @’g%l? A:y fél%? (r)c‘)JQy f’lljynctto?rrl gr?(?%% Coarr%onnaat min SéRis

funetional grougrpuXibasihy drocdrbylensugrouptoRisisangdnd gemdmare,
nvdiagaiil aroupRMBadion,| oA salanaioms; and i, in and n are,

mdepe dently; numbers equal to or greater than 1. (V) at Ieast one amine
compoundiWheregse oneagpexivraingroup of Component (B) is a hydroxyl or

at least oRg hydroxyl 4o WRepRiAINNc campoUBEWheathembofitngtienabrising:
group of Component (B) is an amine; and -71 63432AMCSLLP (Vi)

an aldehylde corih 8RR, 8N ATRaIE FHBBRRBIELEdRSH AR groduct of:

benzoxazine ring-RRENGINGIAHIMi 6L RRASHIGH COMPHSING ti:Action product of:
benzoxazr{ gl‘lng ontaining com ound com rlsm&t %reactlon rOle

fi th
of: (I) a plodphdruSZEortaififig &0 Osﬁoﬁﬁucfcomgnsmg e fe rom the

e reaft pro&
of: gih)@atleas, mhmgwgaﬁ’eﬁhmspthorgxwmﬁaﬁmﬂndnldavmg a group selected

from the %09“%'1 Pcnt?gogi{?&{fy%flz hiili ARChINE-GRLR FQH Angl(B) at

least oneC poun avmgt wing Formula (1): ormula( (R (Y).,
Im(X - 0 -FrtdmiatiBrein R'is at leasRiwdadyéRedrouBs kinked to each
Oth\%tf: brg one or more hydrocarbylene ether groups; Y is a hydroxy

functonal group or an amine functional group;
R’ is at least two arylene groups linked to each other by one or more

hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid

anhydride, amine, -SH, -SO;H, -CONHj3, -NHCOOR, phosphinate'and phosphite;
Xisa hydrocarbylene group; | '

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is
alkyl or aryl group having from 1 to 12 carbon atoms; and m’, m and n are,
independently, numbers equal to or greater than 1; and

(V) atleast one epoxy resin; and

(D)  atleast one curing agent.

58.  The composition of Claim 57 including an additional epoxy resin other
than the epoxy compound of Component (C).

59. A curable phosphorus-containing epoxy resin composition comprising:

) a phosphorus-containing compound comprising the reaction product of:

(A)  atleast one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and

(B)  atleast one compound having the following Formula (I):

Formula (I) R (V) ]m(X -0 -R"),y

wherein
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X is a hydrocarbylene group; R" is hydrogen or a hydrocarbyl group

having from 1 to 8 carbon atoms; and m', m and n are, independently,

numbers equal to or greater than 1; and (V) at least one amine compound

when the Y functional group of Component (B) is a hydroxyl or at least pMcSLLP
one Kythi¥xyl group-containing compound when the Y functional group of
Component (B) is an amine; and (VI) an aldehyde compound; and (F) a
thermosettiﬁgigg[npé)osition. 4. A curabLe Ehosphorus-containing,

SHERiAg 45 mpBSbR BARSHERGY @32 more

benzoxazine ring-containing resi
benzosdghebyiaee cdtainingscompound comprising the reaction product

of: (I) a phopm-&&magm{?g £omRayRd.eemprsing the reaction RIOJUEt e acid
of: (A) at least one organophosphorus compgund(%avmg group ‘select ’

from3HY g ASUFTENP =, tSO glo BN, antHEOGB Lph Bsidiat=rd d Bhetphate;

least one cgnggqya%m)é}ng]mggﬂowing Formula (1): Formula (1)
[R'(Y)mm(X-.O - R"n -72 MCSLLP 63432A wherein R'is at least two

arylene group$ RHRaEeR 8 3 BOfEFYY) SHEBFAIGRS TryarbEfIspdRE aaiet R is
groupky Nbisgpyepxyl fup elenaligrotpgs ANAsRine funstiap Oroyp; Xis

a hydrocarbylene grqup; R" is hydrogen or a hydrocarbyl group having
from ?Beggggﬁgorﬁ a%?%s?%ﬁ%mrﬁf, #ﬁﬁa hapd it pendently, numbers

equal to o Gfpaterthame kpandrésinat least one amine compound when the
Y functlon%bgrou&gfa&qﬁ%g%g@f (@? 1r|rsl ?9“%%58@){1'&‘}{ i telr(ren%?j z?siag magerial.

hydroxyl group-containing compound when the nctionafgroup o
Componeftt (B) idierremanattianai(Qyim Ehsthens alte hpdoadampoumtsial is
andseeoréy WWE&IEC@%S&WBQT&@%&@iggofﬁ%@mﬁgiﬁ%lypropylene, a

group-cogtaining compound
polyethylene, and a mixture of a.polypropylene and a polyphenylene oxide resin, and

mixtures thereof.
62. A phosphorus-containing, benzoxazine ring-containing compound
. comprising the reaction product of:
@0 a phosphorus-containing compound comprising the reaction product of:
(A)  atleast one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and
(B) at least one compound having the following Formula (I):
Formula (I) _ R ]m -0 -R"),
wherein
R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;
Y is a hydroxy functional group or an amine functional group;
X is a hydrocarbylene group;
R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms; and
m’, m and n are, independently, numbers equal to or greater than 1.
(V) atleast one amine compound when the Y functional group of Component
(B) is a hydroxyl or at least one hydroxyl group-containing compound when the Y

functional group of Component (B) is an amine; and
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comprising the reaction product of: (I) a phosphorus-containing compound
comprising the reaction product of: (A) at least one organophosphorus
compound having a group selected from the group H-P=0, the group

P-H, Q the group P-OH; and (B) at least one compound having the MCSLLP
following Formula (1): Formula (1) [R'(Y)m,)m(X _0 _ R")n wherein R'is

at least two arylene groups linked to each other by one or more
hydrocarlyigneathasigpsnpoima functional group selected from

hyclroxy, carboxylic acid cart%c;zx late, acid anhydride,. and amine. -SH, .
o EDNe S SRR T LR B S R B
or admehwtarbyhgrougghaving from | to 8 carbon atoms, R is alkyl or aryl

group haYng fr%@eHQX%gx&9{}3@{&9&%‘%?@@0@ M fhvg the reaction product

independently, numbers equalto or greater than 1; and (VII) at least one
thefholabile group-containing compound. 66. A curable

phOSphorﬂﬁ-coat?\'akﬁeoéﬁgesmMilg E8RIPoRARROSIHER ngamRREsingh poduct of:

- MCSLLP (H) a thermolabile group containing comﬁfﬁund comlprisingkthe .
reaction pfaductdrai P A BRI ST EB MU BT thdro™ the

reagtiop ppadchotirdé) RiHeast tagoigaPdifinsptiorus compound having :

the a group selected 5 from group, H-P=0, th QYR 2%l nzmg e group
P-OH; and {(B) at geeaﬁts one e r%upr%u}haglﬁg\%ﬁg&t)hg follg)win[’g For(trﬁUIa (N:

Formula @fRIIMT..(X - O - R")nWKi&eihn & is @tidashtwo arylene
groups linked to each other by one or more 10 hydrocarbylene ether
grotift®™Y is a functional group selected from hydroxy, carboxylic acid,
carboxyldejs adichanhydrideneagnings LBlkd 8@3Fh CGONH2NENHTOOR,

ph%gr%i&%% QQ%BQPQBGBE X is a hydrocarbylene group;

Y is a hydroxy functional group or an amine functional group;

X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms; and
m’, m and n are, independently, numbers equal to or greater than 1; and

(V)  atleast one amine compound when the Y functional group of Component
(B) is a hydroxyl or at least onevhydroxyl group-containing compound when the Y
functional group of Component (B) is an amine; and

(VI) an aldehyde compound; and

(F) a thermosetting composition.

64. A curable phosphorus-containing, benzoxazine ring-containing resin
composition comprising:

(E)  abenzoxazine ring-containing compound comprising the reaction product
of:

@ a phosphorus-containing compound comprising the reaction product of:

(A)  atleast one organophosphorus compound having a group selected from the
group H-P=0, the group H-P, and the group P-OH; and

(B)  atleast one compound having the following Formula (I):

Formula (D) R (Vm]n(X-0-=-R")y



R" is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R
is 15 alkyl or aryl group having 1 to 12 carbon atoms; m', m and n are,
independently, numbers equal to or greater than 1; and (VII) at least OWCSLLP
thermolabile group-containing compound; and (J) a thermosetting
conipigition. 67. The composition of Claims 59, 61, 63, 64, or 66 or the
compound of 20 claims 62 or 65 including at least one epoxy resin; at

least,one curing agent; at least one co-curing agent; at least one catalyst;

or awgif's? one inhibitor. 68. The composition of any one of the preceding
Claims 43Rt0 52 /&6t tovb &r deatk Grouyh rdied the eaplxyhee $in dseselecied

frorp F&%Pbcpﬂéiaﬂggo% a %);h_e_nol epoxy noyolac, a cresql epoxy novolae,

a ponoxazc?Illaone ring containing epoxy resin, a 25 bromine free epoxy

resin, a brommatdgeydryatasia, grepphesphorouiieomaigiguepoxy

resin. 69.;@1-95%%(:&91%9@@ O@ggording to the process of Claim 1,

wherein thg _phosphorus content of the product is at least 4
weight-pefcéhbyHOSharprbukiecsbr gt B 9 ANMErEpmHeo 8 carbon atoms; and

grg%c]%pm;pmnﬁgpﬁm&%mnu%%g;gmj%gn&s!gﬁ/g}ei;&%ﬂm land
-ainydaro-y3-oxa- -pnosp ananthrene -oxide. e product o
Claim 69, Wﬁeréfd"ﬁé‘%f%?rﬁﬁ‘b’lﬁw‘if‘c'b‘?%‘?ﬂwﬁfé\e&?}egfr‘f{%‘ﬁgﬁ(ﬁ%@j’ﬁé’gﬁomp"“e“t

eth@jfied ol 34 MESLLR [3Brdiyé proguct s Blain@sywhereinthie: Y
R" QruR.5 8&93&_@'&;}){!{10%9?}%?{599941@; Afyepoxy compound

obtainable by reacting at least one product according to Claim 69 with at
least one(&mpauptheidriphyde eERORESEFIRy group per molecule.
74. A curgble flamefeshpiait epoxy resin composition comprising at least
one crosslinkable epoxy compound according to Claim 73, at least one

curing ag¥ht andl PRSREAENY- A HE8E cRErEIRRLHIREIBHP SRR HBS TP BHRH

thasniliei apox campalinddaaastding to Claim 73. 75. An epoxy

gt e L T R U

at least offg_  at least one organophosphorus compound having a group selected from the
group H-P=0, the group P-H, and the group P-OH; and

(B)  at least one compound having the following Formula (I):

Formula (I) RN ]n(X -0-R"),
wherein

R’ is at least two arylene groups linked to each other by one or more
hydrocarbylene ether groups;

Y is a functional group selected from hydroxy, carboxylic acid, carboxylate, acid
anhydride, and amine,-SH, -SO;H, -CONH,, -NHCOOR;

Xisa hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to 8 carbon atoms, R is
alkyl or aryl group having from 1 to 12 carbon atoms; and m’, m and n are,
independently, numbers equal to or greater than 1; and

(VII) at least one thermolabile group-containing compound.

66. A curable phosphorus-containing, thermolabile resin composition

comprising:

-73 -
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crosslinkable epoxy or a mixture of different epoxy resins, a
phosphorus-containing product of Claim 69, a crosslinker, a catalyst and
optionally an inhibitor. 77. The composition of Claim 76 wherein the MCSLLP
inhibitor is a Lewis acid. 78. The composition of Claim 77 wherein the

Lewis acid is boric acid. 79. A prepreg comprising at least one flame
resistanff®poxy thsimetabigogition cavtardinocton®taind Zérapidsatgdébstrenvgion
rejfarging material. 80. A laminate comprising at least one prepreg

according to Claim 79 and at least one electron-conductive layer. 81. A

circuit bdard oBtalimabhonis-cariiininmeomperad sordmipieg thairaag@don product of:

Wherein(gg? el%ﬂ%f%‘ﬁ@%ﬁ&l‘f@%ﬁ}%ﬁﬁ%Qgtﬁfg%ﬁlgmggga% 'tﬁc;égég dselected

pattern. .Apol(é;al obtainable by reacting at least one pr Ing

térenmBrPweoHR (At e stwirelokletingl dhre spiePoPbtopydene oxide 83. A
flame registantpelywsians eRinabidinabie RsasinGahlaastone

polyol according to Claim 82 with at least one compound having more
than onEorsdidhate group per mol&e(en84(Xr ignitdi)resistant
tharopgplastic composition obtainable by blending the product according
to Claim 69, or a derivative thereof, with at least one thermoplastic resin
or a mix@urs &t kepstrivpristinpegiops7TBiRdSe Epchestharbig Affopr imsistant
thermepissiicithanmiosetiing hybrid composition obtainable by blending the
product according to Claim 69 or a derivative thereof, with (i) at least one

thermopYaistit s hasamruie astaf drarp hradinxye siioxyier @oidt saskaxylate,

OR&d thBHAAAS NG ROTRIPSIHONIPr & BHELI RO MIOSHE M hinate and phosphite;
compositions. 86. The composition according to Claim 84 or Claim 85,

whereir’tHé atHEdreeMBElias €&/ selected from one or more of
po'W”'?@"‘%@ry@R%%Wfﬁ Ry BRIYRIRAERS RAMEIEE 188%arbon atoms, R s

polyphenylene oxide resins. 87. A coating composition comprising an

BBX 4R QEBEiRd PG akrben aleanspionagnd BeueuinsisRagsisntly,
W}i@g@m W@tg}gﬁeﬁﬁaﬁhg&@aﬁng composition of Claim 87

including a co-curing agent and a_catalyst. - 76
?V II) atleast one thermolabile group-containing compound; and

(J) a thermosetting composition.

67. The composition of Claims 59, 61, 63, 64, or 66 or the compound of
claims 62 or 65 including at least one epoxy resin; at least one curing agent; at least one
co-curing agent; at least one catalyst; or at least one inhibitor.

68. The composition of any one of the preceding Claims 45 to 52, 56 to 58
and 67, wherein the epoxy resin is selected from group consisting of a phenol epoxy
novolac, a cresol epoxy novolac, a polyoxazolidone ring containing epoxy resin, a
bromine free epoxy resin, a brominated epoxy resin, or a phosphorous-containing epoxy
resin.

69. A product obtainable according to the process of Claim 1, wherein the
phosphorus content of the product is at least 4 weight-percent.

70.  The product of Claim 69, wherein the organophosphorus compound,
Component (A), is 9,10-dihydro-9-oxa-10-phosphananthrene 10-oxide.

71. The product of Claim 69, wherein the compound of Formula (I),

Component (B), is an etherified resole.

74
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72. The product of Claim 69, wherein the R” group is methyl, ethyl, propyl or
butyl.

73. An epoxy compound obtainable by reacting at least one product
according to Claim 69 with at least one compdu nd having more than one epoxy group per
molecule.

74. A curable flame resistant epoxy resin composition comprising at least one
crosslinkable epoxy compound according to Claim 73, at least one curing agent and,
optionally, at least one crosslinkable epoxy resin other than the epoxy compound

according to Claim 73. )
75. An epoxy compound obtainable by epoxidizing the phenolic groups of the

product of Claim 69.
76. A curable ignition resistant curing composition comprising at least one.

crosslinkable epoxy or a mixture of different epoxy resins, a phosphorus-containing

product of Claim 69, a crosslinker, a catalyst and optionally an inhibitor.

1. The composition of Claim 76 wherein the inhibitor is a Lewis acid.
78. The composition of Claim 77 wherein the Lewis acid is boric acid.
79. A prepreg comprising at least one flame resistant epoxy resin composition

according to Claim 76 and at least one reinforcing material.

80. A laminate comprising at least one prepreg according to Claim 79 and at

least one electron-conductive layer.

81. A circuit board obtainable by curing a laminate according to Claim 80
wherein the electron-conductive layer comprises at least one circuit pattern.
82. A polyol obtainable by reacting at least one product according to Claim

69 with at least one of ethylene oxide or propylene oxide
83. A flame resistant polyurethane resin obtainable by reacting at least one

polyol according to Claim 82 with at least one compound having more than one

isocyanate group per molecule.

84, An ignition resistant thermoplastic composition obtainable by blending

the product according to Claim 69, or a derivative thereof, with at least one thermoplastic

resin or a mixture of thermoplastic resins.
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85. An ign‘ition resistant thermoplastic/thermosetting hybrid composition
obtainable by blending the product according to Claim 69 or a derivative thereof, with (i)
at least one thermoplastic resin or a mixture of thermoplastic resins; and (ii) at least one
thermosetting composition or a mixture of thermosetting compositions.

86. The composition according to Claim 84 or Claim 85, wherein the
thermoplastic resin is selected from one or more of polycarbonate, polystyrene,

polypropylene, polyethylene, and polyphenylene oxide resins.

87. A coating composition comprising an epoxy and the compound of Claim
43 and optionally a co-curing agent and optionally a catalyst.
88. The coating composition of Claim 87 including a co-curing agent and a

catalyst.
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