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PHOSPHORUS- CONTAI NI NG COVPOUNDS USEFUL FOR MAKI NG
HALOGEN- FREE, | GNI TI ON- RESI STANT POLYMERS The present

WO pwshniseon is in the field of phosphorus-cont aP@i/mg2005/017954

conpounds; their use as flane retardants for polyners,
especphROSPHORUSIONTA RVING! CEMPOBNDI$BSEPERI FORMAKING

resins andyiigsGERLASLE AGANIORIBESBTANTROYBBRSS UCh
flame retardant-containing polymers to nake protective

coating formul ations and ignition-resistant fabricated

artjcles, .such.as.electri ] :
F o BhEP S YRR BT R AL E T h SIS Sonya PRI thir use s
1RO dataidsnts F@Pdly0ers) 8pécilpnfor pedxyipslsufeehane tth@inmaetiing resins and
utilized hal ogen-contai ni ng conpounds to provide
thegnerlpsic Robyners.anddhe psetvach flathe FEéafﬁ%&i-OSE@%Pl polymers to make
i nCrL. .for - .
Pl e S e SBARINS onl B PG R BB RORASE LPRS, bt os clectrica
labgesesypdButahans dophg aph eaimshac detl {dderdoamedithdameplastic products.
i nstead of hal ogenated fire retardants in thernoset
e pI@Eﬁ’tidne%i@taﬁﬂ%ﬂyﬂnaisi HaRnG typscatl ¢ aitilizdiEithl o gen-dontairdig@ ogrhpounds to
EP A 0384939, EP A 0384940, EP A 0408990, DE A
prpsieigaitionesatapges Howevesrtharedse degyan ipgreasigs fomaudfor halogen-free
and * 6. .. ' 1St
o s IRy N B mery WAL PRROGNERRE Sl fade o use
phdsphoms-byedifgneverudames insteadsolthaprgehatedriircetapdanthia thermoset epoxy
i gnition-resistant polyner co iti f
reeRAPETY BHETS SEoHER T SO PR L haPBisaR: B SoTREPIREP A
05RIBOSDE '&%d@gh,\flﬁE Q0pshel1 85I HE A1I0RIR P IWOCE 98/T0 688 aihd WO A
resi stance; an I ch overcones the disadvant ages of
owoOT@s6.art conpositions which exhibit poor properties
such as poor noisture resistance and | ow Tg. One
asHe®tvaf further pimeesthertnindiunicmesistanct are desrkdt d'hare is also a desire
process_for making a phosphoruscont aj ni ng .conpound .
todgpEevecthe raputasture,gpd R@A@ fmqeééélee 1§H’é1°8'rfg%ﬁaﬂﬁ’é’ﬁ%%frcﬁglp"s““’n-
conﬁéund having a group selected fromthe group HP=_0 )
. Theselgro thereramainga nerd tg PeRiera kglpggnr e pylymer gauppysition having

g%ra)%gﬁ%gﬁ%%&]uﬂ;?\)%ha%ggtl}gﬁ_l\gt%cle?ﬂcﬂghl’éﬂ bYREmEd the dFQEPMAbes 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 (T) R (WMwlnX -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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wherein R is an organic group; Y is a functional
group capable of reacting with an epoxy group, an

W@RIWSAY8604 oup Oor a propoxy group, said Y sel ecPeriUus20051017954

hydr oxy, carboxylic acid, carboxyl ate,acid anhydri de,
am Neyciq alhydriatBimine, CONHZS 0 +NHCONR,, MEEDOR, $hasphite and
phosphi nat € groups; X is a hydrocarbyl ene group; R' is
hydr ogfexsplinata ghgupsocar byl group having from1 to 8
carbon atons; R is alkyl or aryl group having from1l

t o 12Xdan hpdroedrbpiene grogipn , m and n are,

i ndependently, nunbers equal to or greater than 1.
Anot hrr i@s@esten ok athlfichibybEgioup baviag fionet teedlcarbon atoms;
phosphor us- cont ai ni ng conpounds obt ai nabl e accordi ng

t 0 t hg jaRRYELRFAGRSS KAeieidmebanrcathohtdss; af@npound
(I)"), particularly phosphorus-containing conpounds

COonpr ;6 .f'r{pgn 1 &re! BiAEHEnRABNEY, AkBErs Rbjhal (6\br Sleatefdiah 10N€
or ganophosphor Us conpourid havi ng ‘a group sel ect ed
fromthe ar 4 P=Q.. .t:ha. _ ) .

o Rt iChiol nBSeHR, kb o
obtgihhsleas@rding riha abbye procassiiaacif rdfefr&d (o¥gsiiComipéund 3)>),

R')n wherein R is an organic _group; .Y is a functi.onal.
gk @B BT RS £ PRI AR i b sagtion prodtcl ot
car boxyl ate, acid anhydride, am ne, -SH, -SQO3H,
- eNHE leashpERERangphOSINRTUSLOBPARRr Pdagh aroup sxlettgd from the group

hy OGaY! G0 SR ol L BPETY 2 Ty ocar by

group n atéms, R is alkyl or

aryl. group having from.1 to carhon_a ; and mo

m @dgﬂeaﬁf%qe ‘iOHH’g’BBﬂ g%Y%P% i‘}’,e fﬁﬁ%’é\g?% &gu %}%5{5 o or

greater than 1. Mire ticuylarly, the phosphorus

cont%‘?rﬁ}“}?g@:on'poundsug&)nﬂhzgé é\ﬁh@ at |l east two

phenolic aromatic rings preferably |linked by a
whateimocar byl ene group or hydrocar byl ene

R’ is an organic group;

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

anhydride, amine, -SH, -SO3H, -CONHp, -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 a

thermosetting resin and a thermoplastic material to form various ignition resistant
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et her group and a phosphorus content of at |east 4
Wt -percent. Qther aspects of the present invention

WO p@batss0f or exanpl e conmpounds, conpositions aPdrI/v82005/017954
fornul ati ons obtai nabl e by reacting, blending or

cdhhpdunds, Compesifieny dnfowhilbtcish8efut inpeioan bspliatdnsasclaas prepregs,
thernosetting resin or a thernoplastic material or a

laminates eoasmss meldingrsiéles ang GOBYOHIGPIAdUC her nopl ast i ¢
material to formvarious ignition resistantconpounds, )
c dRproskmplen snoasperafithepressns inyseda isidireqtad fopfpsphorous-containing

applications.such repre ' e ' .
crigpapgour e LRl ReRBE s AT ERoauE pRbipdR containing
cRUREPRCEmFunti D) Rith € Rhstiohv ebinpoind lsavitig eetepdxy group per

phosphor ous- cont ai ni ng epoxy comnmpounds obt ai nla?l e bg/ .
mpleaelei fog exampleppichdere wirin ,fgﬁyca%g}ger of polyphenols (such as bisphenol A,

SERRSTE RS BEMLAIE DO RO PR Lo e

gl??iﬂﬁl@fﬂeﬁﬁf idﬂ{flaezaaﬂ’@llgl&r sieilat kebmpoimddr Such plydspbomisHcentaming epoxy

of polyphenols (such as .hi sphenol A,. Bi sphenol F,

copRaaHs mey alsabe cembuisH Vﬁﬁ)@rﬁg?ashwoqué‘&g PSS 8 QRiPB gt least one

APy e S e S 0t ot

cugSbTP iynivits -reaigtaat sppxlyeesimodrnpesitionist Buelt epoxagesin pempounds and
curing agent, d ti [l I t :

DOPRRE - FRABPREEPERY BT oG PeCRan U R propregs, which may be

usRH S PRRE KR! AdiRdit BRANY uSFIINa URlcledtfon@dRtiAdudtry. The epoxy
curabl e ignition-resistant epoxy resin conposjtions.

coBymhndpory aise be nsebiopoatittetadisdoibnichas corRet Hilsdp mrakg resin coated
epoxy..conmpound be used to make prepregs, which
COHE? éégs ﬁ%‘@cfotc ﬁrl?gnﬁé upg?ﬁ%ﬂ‘g?’@ " and circuit boards

useful in the_electronics industry. The epox .
compRlFasPempf teatesal ueriond” Ao iodhorioN s qoptalgiag cpoxy
ati fho' ®SCEFARIKY, fpidsi drarmi f
L R e e g
epOK R SEsits, (iﬁyqpﬁdnaﬂy,iascmrp@d;ing@, (ip) optionally, a catalyst, and (v) optionally,
hosphigl{ ous- cont ai ni ng epoxy resin curable
2 ¥oVhiFt i ons conprising (i) Compound (T), (ii) an

O i St 0 R P B o epsining
AR Lya Ty 0t Lo etk oy e
cotrpoupd(@inapiound ) Coavprg mplsenobic Ainetibhalitygr freaipinedgngtionality with
ei@%ﬁéﬁ %?p&ié&?%&%ﬁﬁ a(at%%\‘lxglﬂg@%%g)? fiigﬁélﬁgﬁg?cgf—wn?ﬁning compound and
a forRGIdLRAR! th FéimP4 pREspRSIuBRohtdiieid Budabi dzinewoirtpound. 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

3.
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either (ii) a primary am ne and a formal dehyde or
(ii1) a hydroxyl -containing conpound and a

wo orosalssehyde to form a phosphorus-cont ai ni ng PCT/US2005/017954
benzoxazi ne conpound. Al so useful in the present

coAYRRIdnaRa@ Ao Be nZ@a zbaenaaNp Goindsich hatopper foila to make resin
pol ybenzoxazi ne upon _heating. Yet another aspect of

. . g
caatesl goppeieieils fonaesotsalpuild upitybeeledyt o curabl e
flame-resi stant epoxy resin conpositions conprising .
(i Another zspostef pikeoprpsent inyertim iaidirpeigd to the thermolabile group-containing

benzoxazi ne-cont ai ni n i '

PUSRES PR PPN GRURRUE Sy Sl 0 3 LAC B Soove

pﬁl@?ﬁ&ﬁs-@@ﬁtﬁinﬁﬂ?@nﬁﬂﬁn@@ Coyhpouadi (1), pRavindh plestlotic fifrictiohality with (ii)
optionally a curing agent and, (ii) optionally,

a thermelgbidegrany-sontapuamhemprUad susheds Aconpanad haung f-gmyloxycarbonyl
epox esi : -

S SBRY H68 ROTREEI Wi S a 5 ARy 14 R 530S lpnons

compdising @BMpbendsseesthble ankabicartematasiramd its theundlabiteagrdsps
useful in the electraoni¢s industr

.. The e spox -
dagglerié Slpeien foraperatiGP 18AdiRe 19cEns SeREriip dhE cfRodified phosphorus-
C(;ng%i{]igl g ?U&BO&I’%SC‘C‘&H IBF 'bheﬁllﬁfcl with AfBRESR tﬁ&ﬁio@etﬁﬂéﬁ;ﬁsgerrﬁsolﬂ RRherate gas

or “a so ca uil'd up technol ogy. Anothe . _
butbpdtadiig tolemcigrselntinn of gasdn theosrosssinkitd systess havingHewer dielectric

t her nol abi | roup- cont ai ni n hosphor us- cont ai ni.n
cqpélﬁﬁ gssoﬁg{;tgf ﬂ]é}grpéuqﬁ, g"?"é%%“f?@ W(EP%h? g?xelil @gsqro%eﬁsemg ]temperature
is%%gcggggﬁaphosphorus;contaln!ng conmpounds, Conpound

(T), having a phenolic functionality with (ii) a

t h?é{gﬁ'oglgh Ll\?})eg{&*fﬂ% G ﬁi)msr}ﬂlbe%‘fwﬁ?@gé‘lgoﬁ WohhiRDlby reacting (i) at
coirpoun avi ng t-butyloxycarbonyl groups to forma
leadhé bethe pbospptarspisorannomaininggonpopadsy Comphendd)iviithean (ii)

hosphor uscont ai ni n onpounds are able at anbient. . ..
ot rBORTNY SV ST HOIAN 16 DL fegris Lt aking ignition-

gk AeBaRefRidr e | eading to gas generation. These
renﬂ%%{?llsegupﬁjlosphoruscontaining conmpounds can be bl ended

\kl)mu'g}% ;glsofs{) Ig%rg%l%%ﬁt?g[ nc g%)tgh{ﬂ%f iééﬁfpg st(P), S&REJiAE b BRSinvention,

gas In the
anlr de@is hiii vels elibraofs napralsh e icombinedevithdit ddastens) therompdastia resin to make
and | oss factor or_products,. having | ower weight when
ant%@t’ﬁpﬁé%%témﬂgerf‘@ﬁfféP‘éf‘ﬁfpgosiltém\zveI | controlled. Yet
anot her aspect of this invention is djrected qE’io .. ,
pol Bhsi phospfiamsegtanig copaeidigCpmponids|(Baapcosdias & thitigvention,
bov. - i ninga .
BN B G B 0 GO TR o SRR i
the@loseltig ayeens @fpoky hind erringdigantestofraakeramki gmigion-resistant thermoplastic

i gnitiaonresistant )
containing thermosetting compositions.

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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pol yur et hane resins. The phosphorus-contai ni ng

conpounds, Conpounds (T), according to this invention,
wapasdessdvat i ves thereof, may al so be conbi nedp@i/Uk20a$/017954

| east one thernoplastic resin to nake an
hdt&rdl bR i 188 Hoileand” drdeor@RlAThinposaispodindietes if ks than the number

phosphor us-contai ni ng conpounds, Conpounds (1),
Ommftﬂtﬁ@s,t@dtlhp@quﬂg§ Asp gran half dhqrapmbetiof Gadon piomor |

may al so be conbined with at | east one thernoplastic

r e§hateams “hyvrocariadt aidhhysyerathytened pisstophemiaat stgtures or moieties

agents) t Kk [ iti - ' i
Qi saiot Rornale okt S T PiaRl boAfRIRALER bler. Such
stRfctdrBEolh6 88 mby ¥&ithin @fordy @th&Mhalg Rhd fif edvitidretodledrbor et
descrlgtlon and clains which follow Definitions The

hydsogen (refeigechts heaginl as Chejerai atomsy inselag thak heihgtere plgmsde not add
.cappounds_.or [.eLl C [ Sl r

SROPRHRERAPE RIRUEHARS o RER TP, A RSB0 ARt o

atding Ak MMdradxyaeeatonis. Saclbmbieties paethratge dd nondvintdin any hetero atoms.
primarily coval ently bonded to one another. Preferred

0 Wﬁ@&@reﬁ%efsﬁ’os@ér@iﬁﬂy 18€! sl thapxityessiontio BeddReein when used with
nitrogen atons. The nunber of hetero atons in the

h
refesenpgrio s paribulas sybatanse, roesmp i 8 Staging maeasl aproduct generally

t han t he.nugher. . of £ ho [ f
cqnis RS R I i pERepre BT s Slfhn S BELREAR, fnore preferably
les e QG Ipercent afidiwdreomafebablemed wetdie petconts hearparitular
Structures or noieties conprising carbon atons and
subyt@nesgen at ons coval ently bonded to each other. Such
structures or noieties nay contain atgns other than,
anthé expaesdion; ‘. pescent amps “HeiEhbpeicedfen (referred to
herein as "hetero"” atons) insofar that the hetero
PlatspharushGonttining Cosipgnid. iGmmouné fat i ve functionality to
such noieties. An exanple of such acceptable hetero
3t Tllﬁplﬁfsphc&bﬁﬁbomﬁdniﬁ@moﬁtpoum ofShe preseiténveasioprhefan adfeyed to as
0 not_contain an etero atong. The_ expressjon
Compouid(d), ilSawhtVn?-‘ﬂ% from the reaqtien bstypensthe garné’Pf&%SBhoms compound ,
hé?&[;ﬁ iy g‘aé@&ﬂp%ﬁb([ﬁ%ﬁ BB e6mbBurfl G drinalH @), herein referred to as
substance, neans that d starting material or product
Coepedeat (B). o afi ths adesmgehefrCatpaeiddhtis et it eantains a phosphorus

cipiges b e il e mebine T AP B pERGRL B il fame
re¥iSia@thaRBAS € MnotHf advaRBdgh bE BbApound (1) is that it has an active hydrogen

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

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 phosphorous content of at least 4 wi-percent and
preferably at least 6 weight-percent make it useful as a flame retardant material. Compound
() is preferably substantially free of bromine atoms, and more preferably substantially free
of halogen atoms. 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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subst ance. The expression "wt. percent" means

"“wei ght - percent”. Phosphor us- Cont ai ni ng Conpound,
w@ivs0ws4 (1) The phosphorous-cont ai ni ng conporeUsI005/017954

the present invention, herein referred to as Conpound

Cérhpourids CobleghorabigaofoamulaliB. Cempbnamn (et ween t he
or ganophosphorus conpound , herein referred to as

s twhich RNAvitHiet optnufaqDasl Rsdribed abeveeard also
referred to as Conponent ( One of the advantages of

refooreg digredn ¢4 FomponasatBl-t cont ains a phosphor us el enent
inits chemcal structure making it useful as a raw
rmmai‘olrmblaf(di)' eqhep 3 + Bg- R agreup aey bt dandaddpdhe samp or different atom

in 3 v Erofgal o igr SupCre ot s CacibibretiRpfle =

P exathprtey e@oﬂ%@r 2 Uk % ey el g | e Q@Paagﬁﬂs Ina
prgfe?rﬁg SmBUGiheas e Q?f}if &59 gﬂﬁg‘ﬂﬁbﬁﬁ fﬂﬁx‘f €% Btpréfé?@j' ¥8m 1 to 4,

epoxy resins. di ment, Conpound
and&ﬂexbﬁo@@p&fedﬂﬂgd ch earbom&smsmulch gs agmylenecqhylpge propylene,

St SIS SOy G b GO
B e L L, S S PR i
angilréorlnivgé%ﬁf) a‘ctll?éz% $ 4 0oA 2t b ?(ﬁi Efe?&atﬁgl n ?rté? 0D, YBoRtRE®rably up to

era y’ substanti’a free hal .ogen
12abedvep tmmnd aneh bje praferablpop wes, wa@@nag)rm ribre- ryslaeaarbyé group is

addi tive, such as when us h.ath | ast
ey RIS BT RGHIC] 8 BiFEhy U CREaRh BobreR i B Py
SYerrb @R MRYR U Sroup ardiethdl,ibgyl and
Pe g?/ g#’Jﬁ@lﬁ[g?ag@@gt %a\r/![gtoe terr{'per at ur esg]]fc o?a P oG an
1s¢Hmey1rmpI astic formulations and for thernosetting
formul ati ons. Conpounds Corresponding to Formula (1),
CotRyongeferdbB) cdtapiixes atﬂsasmb'nc hryleak [grovipt &nﬂdmptihaalbcai peaspene
Forrrula(l) as scrl abch\ée ar e a[lsq teferr ferabl
hydeqcarbylens g@ﬂf’p‘lf qrocg enPﬁ bEHYPa L[OF) R e&&‘FPP(m"B% prelgyably
n}pﬁsés &rlé’iépt\%a%oﬁfatl@g Elg i}h%gtgg %a&ﬂ&ﬁeﬁy ﬁhi&&@%@ﬂﬁeﬂe group or
hyidsochchyites ether gicmpf f The aroradtiorEroups’ aR: pl‘efefabb' pherisl SFop 9nd the

MENATERTYN N TN e
grtéﬂloﬂ(%dcﬁﬁg h94RERbYRME Blief s PRafdrably BmethyRhebRPEoubr om 1

“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’ ), -SHs,-SOsH,-CONH,-NHCOOR, and phosphinates
(HO-P[R”1,=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.



5

10

15

20

25

30

and even nore preferably 1 or 2, carbon atons, such as
nmet hyl ene, et hyl ene, propyl ene, isopropyl ene,

wheaogliesses | sobutyl ene. Methyl ene is the nost PCEUSI08017954
"X' group. "R'" " may be a hydrogen atomor a

hy-€ocas Bydrogemoida hydtocgbyll grqupe bwohadslay aagl greps tin 2lkyhgibup, or an
nore preferably at |east 3, carbon

t ;
Sl bl hiiPIeGerokly PR K7 PR BrejeraY 9 1 32 e Vg more
pr%%r%gﬁgo VS Ogodq(gnpr eferably up to 5, carbon atons.

ocarb group is preferably an al kyl ene group,

i g@g%‘f%ox E;} ‘fld agh{’?lr de| i® [)%?éé%blp’ s (‘1) g%%n ?ul%ytk%{e’d or unsubstituted

su@&ﬁfc&fnh?&hdd? Enaﬂdi@ aﬂiydﬁﬂ@ bind p\t[thalnﬁtﬂl’nyﬂmdda Lﬁ'iey:h sabsdituent, when

I sobuty referably ri ses at st on
Prajopf srosc §f 8195° layfgow tome Py kyycggcqr@g FOoU, éuc% as an a?kyl group

prgsérg:%%gﬁme{%&g& £, QHPnRk PYAAARNBYL AN EuBbIEON! OUP.

ffore prefe onprises at |east two

r‘@?ﬁgb‘; ‘Ha'l She 0 'ykg 594 aﬁ%y%% @éﬁ)?ﬁe r{@&%l?%(: funct1onarl)1t1es are

préfﬂéﬁear@lﬂ&hé cﬁbﬁylrfﬁnowoﬁamesf eosiryfepbe forlthgROtnzoand
t e hydrocar yl ene group Is preferably "X' as defined

egpreﬁ%ﬁ cOmBORIRRIE FoAniB (1) )éké‘-‘ﬂﬁ@s&di’ﬁﬂbuﬂ&ﬂthbf@eet the Formula
hydr carbylene"ether is preferably a methyl ene ox

(OB TRIE X + 6 -aRDanend sreast grldp- OepBB) £208p 1+ ladbe Mille of the
h
bagklt@mﬁg%?ﬁ%gc%)é};ugqg g%&twgﬂ &ﬁ%tr noxy g " ugﬁ o ag&)rgg&gsx}lxclude those that
hy€lr
B D T g OB 618 . o

adafthmdthed:empaumisl thatraye osefid is deqnesntyinsentiva igclni for example, those
" or =NH, wherein "=" refers to two coval ent
thﬁdﬁ%?éﬁteofopﬂ\é“%er&ﬂ* different atoms of "R "), -SH 5
- SO 5H5- CONH 2- NHCOOR, and phosphi nates (HO P[R'] 2=0,
or(aph issprpierably graatef RniEg) | "R v ¢ may be an al kal i
metal, such as Na+ or K+ , or a hydrocarb grou % .
ha(bb whewp it equg] 1,5hest mrmwst pe gpeates than mqﬁ%?aét one (X-0-R")

f bl I,
Dl A ey
gr(éijﬁgergﬁl léﬁﬂ% E }é}usgli’F %fg?(t ’f@f’ dr Sup, V\A’1I>/Ch
preferably has up to 20 nore pre 1) %pd
D B B FpacRLion Hyenid oo Ope ARG Bt SRe) s st B In the
car A B ARk ANIMAL ki3 sRGeLRy bl y sel ected from

I'tuted or unsubstitute
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 ID:

Formula (II)
[AI(YV)-X1a [Ar(V)-X]s (X-O-R"),

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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succi ni ¢ anhydri de, mal eic anhydride and phthalic
anhydri de. Each substituent, when present is one or
wOoe0s/18s0s ogen at ons or hydrocar byl group, SuchCEESZNS/017954
al kyl group preferably having up to 12, and nore
sulh a6, goablamplelp thlylche agdobrylemd gronp; af henstyrraitlyd (X-O-R”) groups is
car boxylic_ acid and carboxijQ,gﬁi nhyd
'a

(3305 F 13 ,d | de .
orf afrieast BfaPli the &4 ssWPsSprief dhr ed’ > and e y’&}aefﬁ;'}l?e same meaning as

. f i akd £,y P& 3. 7 () TP Ry
D e R R R B 2 (IS P QB EMP and
cach iiepastintln adprevent a tumbdEenmalltaof gieatef Raf Yropbtrhosh cangot be
- R)n, and at least one (X - O- R') group is in the
Zqﬁddlf of ths backbone of the chemical structure. For
exanpl e, preferred conmpounds inclu hose at .
cont aiﬂrﬁ%t%ulae(@{ “af’\ipprederablyyup t‘R"l:QO’ S ’(’Jttﬁi’sP t(ir]r'bgtan?1 eRsts preferably
0 tf he same R (Y) mgroups. In addition, the
corfpounds that are useful in the present invention

i ncl ude, f.or exanple ose t I ' -

or s grorpig oG of BORY O nalBE relpSenl U Rlfowine
FoMiRmh (s equal 1, then m nust be greater than 3 and

at least one (X - O- R') group is in the mddle of

t heorhRgkfane of the chemcal structure; or (c) when m

is equal to 1, then n nust be greater than 1; or (d)

B T R P A U et

- R')" groups einthe®m ackbone of

the chem cal  struycture, |

. N Jopmula, (L) woi, .
Fopmolch B PyoIES AR rh 102 1 aXpy o eb | bate tf gfme meaning o
in %%pmuﬁr(gg;nsu SriptSfer 3Rk Yanli @35 eddiaRdepefidentls @& REdeftla number equal

compoun of Forrmula (1) may be represented by the
tofop lsteatsr tiganFeravulingFognine; (1B {“efLis prefetably[ulr to ¥PMangk“d” is preferably up
BhAr(Y)mX] b (X~-OR'). wherein each "Ar"
toj hBweplendent ly is an aromatic group, preferably a
phenyl group, optionall upstituted with
grigpsy gapéme%rs lBF%fe@g'iyé’}éPa?jP C?IF%H? & P&%, g%ﬂﬂ%g %ﬁg&gﬁg f preferred
“A%Lfﬁ"}?&luﬁg?iﬁé%ﬂ clesbP afld SRAERANarR tﬁ%o&és@bncﬁﬁ? BRaRat counterparts

oxy, nethano et hyl, ethoxy, efthanol,

thgeofpyl , propoxy, propanol, isopropyl, isopropanol,
butyl, butoxy, butanol)such as, for exanple, a
E ?(Thg (%Ile OCanRpgrowy ireereh gnivwyith the sitsasipts Geiearsf “d’having a value
- ' roups is
greater than %erg is bo%ded directly to a member of an “Ar” group of another unit in

Formula (IIT), 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’”, “c” 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”, “b’”, “c” 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):



on at |east one of the Ar groups; "n", "npf" "X, "Y"
and "R" " have the sane neaning as in Fornmula (I);
wO X005/1e880h | ndependently may be X, X-O X, or XPCF/ESI003017954
"a" and "b" each independently represent a nunber
5 equal to or greater than zero, but both cannot be
zero. In Formula (11), "a" is preferably up to 100,
"b" is up to 100 and "n" iBorpplaf®ably up to 200. A
nore preferred conmpound of Forrmula (1) may be

represented by the followng Fornulfa—(1H-= Fornul a,
(D) ( R X r{YRin0hh| AR A@\Eﬁl@v@v%%b
[Ar(ym]]b' (X - O- R) d[Formula (TH whérein "Ar",
“m'\ "a", "b", "X, "Y', ORR™M, have the sane
meaning as in Formula (I1); subscripts "b"', "c" and
"d" each i ndependently represent a nbinber equal to or
greater than zero. In Fornula (I111), "c" is preferably
whreino “@Ui6 aa metegeat frans O po éf 47 &bl gt grpateaRiqoeferdbdy leys than 50; and

roups ar r.ef. honded djrectly to .an Ar_gr
miiSinicd, §1 "y o ot ctno A s s e o e rgftedl rormuta (.
and xyl enol, and the correspond'n%mdiva

t .
10 cobriwmsgonponndaldormpisTitmay bs tepresynigg By fhe fyllging formulas
unj it gt dpts "c" and "d" having a val ue
F%ﬁ%%&@¢)%¥h§§§?2#§§ﬁ% bonded directly to a nenber of an
"Ar" group of another unit in qunu&a (TS), whichhas
theYsame df differenty unit fékgula. Jhe units| with\the
f

subs&Liptd "a". "b"\ %%%S%b"
" r andqm.or co
R 3ndgmor BROSh co

' c
are erlabl y at %ﬁ . Eac¢h
"R et land "d" iMde end%gtly aﬁ%ls_gég&ﬁp
nore prefgrably at le sTOT, P gtgven nor e pPgE@rably
at least 5, yet nore preferably at |east 10 and
preferably not greater_than 1000, and nore preferably
not greater than 100. HosmBREVenbodi nent, the

subscriR;s "a", "b", "U§ , "c¢" and
Ri~ R1 -
R'—0-X), X~0-X
(X-O-RY, v
Ri1 R1 _ Ri =
R'—0-X), R-0O-X), W X
Y - Y —a XORY|  y
R1 Ri
X
R-0-X);
(X"O‘R")p
L Y Jp -
R-O-X Y

15 Formula (VD)
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"d" independently are preferably not greater than 50,

nore preferably not greater than 30, and even nore
w@e@satssd y not greater than 10. Preferred conpomns®on®17954

Formula (1) may further be represented by the

whelehP¥R NGeabR intebendehlVy isAnidragea of kivhlkwhgioep havied fios &fo 10 carbon
integer fromO to 4; "f" is 1 or greater and

aopsf erably less than 50; and M R', Ar, Y, X "a",
"b", "c" and "d" are as defined above with reference
“0 alébmd@palctemlyyeprﬁeetfsemu@@et&ﬁmm@ $f Formula (IH)
may be represented by the follow ng fornulas, Fornula
“aX 3)d ‘drceablo imdapendeMily repFasemA raingbey eqenl mmlagr(:axm) e zeon
"RI" each independently is hydrogen or an alkyl group
aPCN G YP raaih“R” havd theGamb areaning s in Far'muda ().
independently represents a nunber fromzero to 4; "a"

anth a Pref@REniHOAARGNNAE tbyipsiEidk 88 Boimila (Wbt i Qleatpobent (B),
or greater than zero; and "X', "Y' and "R'_ have

t he
may ve pmamdﬁ:g/ figst xienctmgr ) pger(ql.ﬁ ):resplls, )@/1@0(13? mh@aol—A and/or other

N

ccﬂfd@ﬁ@hﬁn pEddass) Subseylhamyl the dbndﬁmnmin pfkpdlmnsiz‘e@nltmg firwm reacting (2)
al k phenol s and f or mal deh r

a galpmﬁmmoélflegl hyEe,tlpeélf@ﬁtupﬂ Gﬁé Hsglé( gﬁl Een{led with at least
r 1 uﬂy(%h ﬁ&‘&ﬁ)‘f iy Ho)ﬁom% fal%@lﬁq ‘?snﬁ@'H 691%@?%1@I WCh& same as defined

romreacting above are nodified
abioye édnﬂéfrnmilac(d} | Expmyded dfche rpanltang bﬂhyrlﬁ¢d pnspldugts which can be used as

IR MW DTN AR e P
pAefi e d, B39, fRl UloPaRheNé !5, 157E0sup! es of the

resultant &therified products whi ch can be used as

r esin E 5fn SUC Kﬁ) ma%{]%é " ggﬁ“?{éﬁ‘]’t%ﬂ%ﬂ?% dnld! (gfj;t)ﬂ'efe?ﬁ '\g contains low

arBoulBy of3th4 stagting lawSnatPrsle stchhendl, dﬁ?qlfm__e@gh@@né fiermaldehyde as
(B) made by

b d
re@égalén%zmrger& b 7S PR A AHEA TS R SrERaegt AFfog e Less than 3
1% t?éfe?éb@fle@@ﬁﬂﬁb'wtcﬂe?&ﬁ{ anddhSRRER by REBFthan 1 wt percent.

hyde as residual nononmers in the reaction

grﬂ‘iisuﬁrrefe%ﬂ'f@{o IR HRURRE SIS Bher dodlethot BRI Es &SR ddidfbnent (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-
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wt percent, preferably less than 2 wt percent and nore

preferably less than 1wt percent. It is preferable to
was@satdses i fi ed resol es over non-etherified reBOI/8S2085017954

Conmponent (B) in the present invention because

etherified resoles are nore storage stabl e@Hat roofhl

tenperature (about 25 0C) whereas non-ethggif

resol es have a tenderb%y to undergo \sel f @ S Al 1.8
and at el ef¥ted tenpgrature, typically grester tRaR 25

0C, prefe blééi%‘oglre 100 0C and |nore preferaby) y (CHOH )
greater @ na nore preferjably greater than
170 0OC, ener al | s than 250 0C andpr ef &rabl y OH

l ess than 220r0OC resqgleg have tendegncy tolundergo sel

cong€énsation rat@er than to r t wth t %%—8%)‘ u RI

ounds of Conponent (A). Thus, flor th

cad o ' Pt a sql eckrr’et heFOH)Ed (CHOH)p
resoles as Co nt (B) that ve | owerce endeney t o

ation hat {tend to] favor tlhe

underge sel f conde
mai neondensatjon reaction w tH&bnponent
exanpl ewi a t al kyl group R'. An [exanpl

preferr 0 ngakk on product prepare®by’reacti ng o)
(a) and descri bed above is ijllustrated as, -
accor di ng ol | owi ng general chdmical O
equati on: kg "p" is an integer [from1l O

i ndependently; "and "R " is hydrogen or a kyl® gro
having from1 to 10 carbon atons indepgpd ly. The

above reaction provides a mxture of different isorér CEROH D

whABHEPS &l dnafteRE0RIE LiSto HAMid@ndet Ry iiRITR 17 in kpdre g oman alkyl group
di met hyl ene et her Iink%%e such as (1) having two CH2OH

havingefrom leadh coeherafmany indepengdently?) havi ng one CH2COH
group on one benzene ring. The CH2OH groups in the
abblweaboue dextarn ponides aduistuse of diffsxentiserer ¢pndprsatipe peoducts

ener g hem cal e tion, are tijallv,or
a3ty BAS T it oh b iBient SRRl el dhihavinggyvo CreOH
(oHS 8f YhcH BEnk &R I SL(W) hiating dhé OM,OMNgrotip 8n ef®belizeRting:
m xture of different isoners of the condensation

%’ﬁgeﬁ‘?ﬁ%(?ﬁ%&ﬁ)sfiﬂ fefhovd BéhdeHERBh pROHRERIBSIMLAGH i@ above general

e ‘conpounds of Formulas (1) to (IV) is
chemidat equitipn ate patigty &dullyotherified with ablalcobel tb@setideGomponent (B)

apd.eyen nore preferably at. |east 500:. and .i . ]
usg R e B Peptions B s hoodBREti Rk e Vo pliferenyfgamers of the
coBQénsgﬁ&f"%n%ﬁu&%ﬁ‘bgf&QQd. and even nore preferably not
greater than 5000. The wei ght average nol ecul ar wei ght

R Sk 52 ngl ok estly K0y IR prsbacabl obbeaplo
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

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.

-11-
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not greater than 15,000, nore preferably not greater
than 3,000, and even nore preferably not greater than

wQa2880186Bpbnponent (B) is preferably substanti ab¢TUR2088017954

of brom ne atons, and nore preferably substantially

f r 88 eRhmpRl P TR BhONE B isAhogxanHedonbwingrohomaal Féiula VII):
shown in the followi ng chem cal Fornmula (VI1): Fornula
(VI1) 10 wherein i s hydrogen,
an al kyl group having f

CH2OH, or ¥
or an al kyl
"R 0s- G
1 to 8 carbs

equal to op,grea H

Conponent l?‘]3) are shown in the follow ng chem cal
formulas, Formul & (Vm and Fornula (Vi Hbta): 20 Formul a
(VIH Formula (VIHa) whergbfnuiR@VIrgach i ndependently
I's hydrogen, an al kyl group having from1 to 10 carbon

L OB, 5 o ay aﬂgﬁ ' RELRARSA 1Mo 118 carb
w V&P’o&‘&%&é‘ﬁ%ﬁ%@%&g‘%ﬁgwar‘?g r%ﬁ@qﬁoﬁ%o car b(c))n carbon
at8#n0 NEH,1, orf GHORNLdr ogen or a hydrocar byl group havi ng

from1l to 8 carbon atons; and "a" represents a nunber

“reauBkh fiepEnddh@pisalydidban of e lkySirolp hating froax htgl ®Bsarbén atoms;
Component " (B) are shown in the follow ng cheni cal

«ifHor:myl X .
R R e e A R S e R

«havin AR aroP’ represents a
bn dRBE ?engsg%gq}rﬁ?%%8§m3§ éggﬂe%?fé% % zgrg ro; and "p"
represents a nunber equal to or greater than zero.

Exanpl es of conmner ci aI{lIE(;(3 avai |l abl.e ert%ﬁuct S sui tabl
)

f oPthet exanaplesiferapgne ) are shown in t owing chemiéh? fétmulas,
Formula (VIII) and Formula (VIIIa):

OH OH

20
OH OH OH
R'—O—CH;y CHF@ CH,—O—CH, CH, CH, CH,—O—-R’
- RI RI R TRl Ri

25

30

a
Formula (VIII)

OH OH i OH

|-_O—CH2‘E\Z>~ CHy— O—CHz“D ~—-CH,—O0—CH, ‘@CHQ—O—— R"

Rl R1 R1

- —‘a_

Formula (VIIIa)

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;

-12-
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(Rll

i ncl ude SANTOLI NK(tm) EP 560, which is a butyl
et herified phenol formal dehyde condensati on product

W@ r@sRPHENODUR(t ) VPR 1785/ 50, which is a PCT/US2005/017954

but oxymnet hyl at ed phenol novol ac whi ch the manufacturer

“ehag @%S/&fdgéﬁér élﬁ?/(ﬁrobﬁrgw gtolihatingetrb@ri thisechrbsabmls; and

based on cresol mxture with a wei ght average

o ‘a@rgégn?é' a H\ﬁhﬂé?'te qha19 ARGk §1aROEH. and a

I spersity fron12 to 3. Both of these products are

av ai | §1Fh|1 BthF &4 on@n&?)ﬁ%‘ého%ﬂﬂ Mo‘ll@ﬁvﬂ% dh@mical

Brussel s, Bel gi and its affiliate

foki@nlas FoomplaiX)i amdd?opmulat@éa)r n Germany. O her r esoI e

conpounds avail able from UCB include for exanple
PHENODUR PR 401,0fPHENODUR PR 4 11, ®GHENODUR PR 515,
PHENODUR PR 7 11|, PHE R PR 612, PHENODUR PR 722,
PHENODUR PR 73 XEHE R PR 565, PHENODUR YPR
17 lite

9075 DF, BAKELI
0746 LA, BAKELI
9640 LG BAKELI
9989 LB, BAKELI J

9900LE, BAKELI TE 9435 LA, BAKELI TE
E 0747 LA, BAKELI TE| 9858 LG BAKELI T4
E 9098LB, BAKELITE 9241 LG BAKELI TH
0715 UG BAKELI TEA7616 LB, an
Or gandphosphor ug< copt ai ni ng

CoffpotAaéHalso t (A)| The ek

or ganophosphor tont ai ni

may be sel ected fronrconp@%ﬁ%EEEEV| a group s | ectled
from H P=O P-HOHnd P-QdH each s|nQﬂ% of thep
groups or each "-" of "=" referring to a bond betwee
t he phosphorus atom "P* and an organic noiety. The
phosphorus atom may be bonded to two separate or ga
noi eties or may be bonded to one organic npj S
bonded to one organic noiety, the bonds nd§~ %ﬂ@m
with the sanme atom of the organic noiety to forma OH
doubl e bond or, preferabl B@ si ngl e bonds
connecting the phosphorus a onrhr h different atons in
the sane organic noiety. The

or ganophosphor us- cont ai ni ng conpound preferably
corresponds to the follow ng Fornul as (X) through
(XXI1): RORC- RD _ OH -

O (CHyO-R),

(CH,-O-R"),

OH

R'—O0—CHy); G CH,-0O-CHy - O (CH;-O-RY),

Formula (IXa)

-13-
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RI'l O=PICO=P-OI I HHFormula (X) Formula

(XI) RARGC RDI RI' | O=P-RBO==P-OI | OH
wo-or050k8s04 XI 1) OH Fornmula (XI11) Formul a (X V)PEEHURBS/017954

Formula (XV) (RA O2P(OH Formula (XVI) RA P(O (OH)H

e R (8 Wy diiBRerPbQ b farbchr RAo RE:afHoD “by”
WC]—| For nul a y& ‘Bée §l2P(OlF}ﬂlr:or rrul&aliﬁé;ﬂ;gm( R-O) 281(:[’;(0) )|_E|1toms

repmsnmsanemkm) eqtzabt(ocgr(gm}qqt @i xxp) R P(O) (OH) 2
wherein "RA" and "R " may be the sane or different and
“rrrepreedngca pembermquslbor greateethapizetsubsti tuted aryl or
aryl oxy groups and hydroxyl groups provided that not
noEEarhﬂiiﬁﬂoformmércEByanaﬁldﬁR besdlactmdtab}cﬁbr geq§;omapraient (B)

ing s S¢S0 01 BV RV P Sed by it S 2 B Pl e

c i g?ﬁgo F)ﬁ)dﬁﬁteefn@lrﬁjﬂiiNOmw VﬁRﬁ@S‘ﬂSOt\’chh [ﬂlflﬁltoxymethylated

era an aryl ene group. Phenyl phosphine js
plmnoblxm/msftﬂceivluﬁh ﬁmrm@ﬂmo(u)(bi\,gharag:tqg ﬁ% a ]@ughﬁ/ tyyetherified resole

bq%g? HIE E!&%e%g&?);ux(%lbrﬁ é’ﬁW zbﬁ/ %q\}ﬁtf%egli?l rhlaerxv%mlllt%ro% 4000 to 6000 and a
polydispersity from 2 to 3. Both of these products are available from UCB Group, a
company headquartered in Brussels, Belgium, and its affiliate, UCB GmbH & Co. KG, a
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 compounds available from Bakelite include for example BAKELITE PF
0751 LA , BAKELITE PF 9075 DF, BAKELITE 9900LB, BAKELITE 9435 LA,
BAKELITE 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 moiety, 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-



(CBHS) P(O) (OH)H i s a an exanple of Fornula (XVl),
phenyl phosphonic acid (C6H )P(O (OH) 2 is an exanpl e of
wo-rosuksso4 XVI 1), and di met hyl phosphini c aci d (EBEHBUILN17954
OH is an exanple of Fornmula (XVTH). In a preferred
enbodigrent, the organophosphorgfsg®ont ai ni ng conpound,
Conponent _(A), corresponds to jong of the follow ng
chewi=da+ RBor mul ae (XX1IH) tdOERVO 1) Formula (XXI11)
For nulla (XXTV) Formul a (XXV) rIi'_i)rnula (XXV1) Fopnul a
( XXVH)~ For neban(IXX¢Pl ) wher ei n” eachFiimiilae (R i s,
i ndependently, a hydrogen atom or a hydrocarbyl group
that opti@nally may contain one or rﬁlr phet er oat ons
such as @ N, S, P, or Si, providedth not nore than
3 of Ri-tpo_RE are hydrogen atons @eg-t@o or nore of Rl
to R8 mayl be joined to one another tlo formone or nore

cyclic ngﬂlps.Fg' heka) nunber of (,oﬂbonpgltr@lﬂg(jmnm
to R8 is preferably in the range from6 to 100. Ina

nore preferred enbodi nent, the
or ganophosphor us- cont ai ni ng conpound, Conponent (A),
corresponds to the follow ng Formula (XXl X): Fornmul a

( XEbpulaMrerdi n RO r epA@EBnts H and each R10
i ndependently represents a hydrogen atomor a

hydr ocar byl group that optionally may contain one or
rmF@m%@@%Bbtorrs @%‘g@zﬂgﬁl N S P, or Si. Two or

nore of R may be joined to one another to form one or
noFermuytz (X¥Dgr oupRA PiR)(@Boke pref erred enbodi ment
or ganophosphor us- cont ai ni ng conpounds are described in

MOE§nERs gVIn N EP- RBPEIROH),The

or ganophosphor us- cont ai ni ng conpound, Conponent (A),
| S 9, 10- RA RB p(0) OH
di E@ﬁggég@ 10- phosphap e)nant hr ene- 10- oxi de (al so
kngwn as - "), G vpanko- HCA', which is
cgﬁ?{ﬂuiefgf avai Is(gbpézﬁ(r))ofﬁw Sanko of Japan, or
"Strukto ol ydi s({, 3710", which is commercially
a\%\‘?r Lxﬁ)r om Sc{#iﬂP(é ei | acher of Gernmany;
di met hyl phosphite,_, di phosphi te, ethyl phosphonic
ackermeig XD photh?@ES%d, met hyl et hyl phosphi ni c
aci d, phenyl phosphonic acid, phenyl phosphinic acid,
diﬁ@r@?@@ﬁ%ﬂbhi ni cRA&@)(GFhenyl phosphi ne, vi nyl
phosphoric acid; or mxtures thereof.

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 “R€” 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
(CsHs)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
(CH3),P(0O) OH is an example of Formula (XVII).

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

(A), corresponds to one of the following chemical Formulae (XXII) to (XXVII) :
-15-



10

15

20

The or ganophosphor us-cont ai ni ng conpound, Conponent
(A), is preferably substantially free of brom ne

war@sa18epore preferably substantially free of PEl/O§®05/017954

atons. Reaction of Conponent (A) with Conponent (B to
For m Conpound (D To prepare Conpound (1), Conponent
(A) and Conponent (B) are first blended or m xed
together to forma reackhve conposition. Then a
suffitient tenperature s applied to the reactive
onpaosi tion of Co s (A) and (B) to initiate the
r eacti o0Het ween t he Ao Q)ra‘onents to form Conpound
Conpo Ef;t (A) i ' i th Conmponent (B) in a
Lo el anpd i'Xtyre is heated at an
el eval ed nperature which is a tenperature that is
pref eRably bel ow t he deBonposition tenperature of the

F&h@h bong) materi al s. Gengsrabth yxxivhe reaction
tenperature isgreater than 25 degrees Cel sius,
|y greater t O degrees Celsius, and nore
l'y greater ;tha O degrees Cel sius The
Rieac nis prefe @¢ied out for a period of
[ suPffcient to a qeact the HP=O P-H or P-CH
tie;éégEﬁbnpon%nt (A Mw=th the OR" noieties of
nt _(B). Th&Ti v eaction is typically from
ted to 20 houb§ig?weﬂ%rably from1 hour to 10
hours,~and nore preferably from 2 hours to 6 hours.
Fofinea 2880t i on oforme(Gg¥¥dsent i nvention is preferably
carried out wthout the presence of water (generally
[ s than 5 wt percent, nore
| ess thgn 3 percent and nost preferable
ause water may tend to
A) . I/egnval of al cohol and ot her
ch g ot her solvents fornmed as a
- ~N .
n gHnerally hel ps drive the
i gn ?o conpl et i op? e pressure in the reaction
vessel is therefore preferably reduced to a pressure
beFemuwda GoS¥Her i ¢ pr§@§uﬂ%§xgﬁgﬂ)a5 a pressure of 0.1
bar or less, to help drive off the al cohol or
byproducts at a tenperature bel ow t he above-nenti oned
| owest deconposition tenperature. The reaction vesse
wh@avinapth 8had RY id) éndepegiedtlyia tydeograsitan ovahpdrotabyl group that
organic liquid to further assist i

omipB Ak Y @gl}t_aimqp@ O FROTR PetgEnatay Sélcg @% §$‘ébfg9,q35isa, prgvided that not
m\g,{eeg}é%f 3Bk ¥1tdRE taretlﬁld}&%n G EMISwRlor nfte bERA th ¥ may be joined to

one another to form one or more cyclic groups. The total number of carbon atoms in Rl 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):

-16-
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Conmponent (B) is usually dissolved in an organic

solvent, well know to those skilled in the art, such
wa@sgoosaissnpl , xyl ene, or Dowanol PM (trademar k BET/URM05/017954

Dow Chem cal Conpany); and part of the solvent can be

renoved either by heat or Qgplying vacuumto the

solution before the additign of fgonponent (A). The

order of chargi ng of Toxporent }E‘A) and Conponent (B)

into the reaction m xturg ot inmportant. Conponents

(A) and (B) are preferabl bi ned at a weight ratio

in the range from 10R10 L Z10;

1:5, nore preferably fmwom 2:1 td_142, nost preferably

content of the conpositi

0% 1-FBased on total solids
) f desired, other
materials such as catq&ya sq&vents may be added

to the reaction mxt &€& of YConp®ient (A) and (B). The
phosphor ous-cont ai ni ng progusct of the present

i nvention, Conpound (I), resulting fromthe reaction
bet ween Conponent (A) and Conponent (B) has a
phosphorus content of prEbemdb(¥XdX) | east 4

wei ght - percent, and nore preferably at |east 6

whBERITY RBFEENRE H AR RIPHAEpEndERNL @pies@its Saygropgatatbi)or a
generally ranges from4 to 12 percent, preferably from

hysireaartsyl gnetprtbateopiondlist BY gontaiBeNs Of BoB° halFrgprmserekay O N, S, P,
onent (1) _i r ef er.abl bst ant.i a] | r .
orSp b 0B SRS RLAGElAta R8P fors syt roups

of hal ogen atons. Coppound (I% ha% a Mettler softenidngr
TR AR SFAPGH PR BE Y QR HIOPBEbaf AP apE, Fpounds dre
20C; I bly I th 250C and
LR P L AP AN, 0. The product s
f i d e t; -
S R A e R e
dihj&ﬂul%gﬂ? é; (;Qphmhglﬂlwh%}lfengﬂﬂ?dxéﬂer(aho known of flagﬂi’]fc)b iyeit ? “Sanko-
A) an may be a nd_o ne or.nore qf [ —
HE A guhishds cargmbicial aliide o Spge §F FtensprCorais) PPl P
37 plﬁ”,o&) ck E@&%rﬁ&%lan?favllﬁh%l@ﬁ&ﬁ%hﬂi SRR of GBAnany;

osphor us-cont ai ni ng conpound, Conpound (I

dinibtieiptmbpleteh fiphemdpliasghiGo ethotmbesponic asid, Idlféiﬂ?JMBhiﬁliC acid,

( s descri.bed above, .may be used, a e
s RERSS By RO Bl 4kt pRSBhinic acid,
diRRAS AL Qi@ bRéibhosphine, vinyl phosphoric acid; or mixtures thereof.

The organophosphorus-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 (I)

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

-17-
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flame resistant epoxy resin conposition. In this
enbodi nent, the curabl e phosphoruscont ai ni ng
WO b@seissesi st ant epoxy resin conposition conprPGEESI005/017954
t he phosphorus-contai ni ng conpound, Conpound (1),
grégieotheh n§ degrebdh€elpiuggaaficrabiy grateothan (50 legted @adsitis,and more

h h | d f -fr.
e e e 20838, T P L SAEDb o
E)g Jt ‘?ﬂ(’flérgqg Qtr@elc'ﬂ {HRGT ?’Q@( Pa3, @dom ﬂﬁbié[l@§of Cor%onent (A)

ereof, Including, but not Iinmited to DEN 43
wills ﬂle(mﬁwmle@ﬁRCawonwmcﬂEhnTh@stlm ofrt@@ctm/ws Gmmllofa?rom 30 minutes

to%ﬂ%&% Bgefglp gﬁryf L lgﬁl}j{? {1 a1|O 61;(%/ oxda Zoll g fe};?,bg}[] grto% Eh&grs to 6

ppol yners, the reaction product of liquid epoxy
reS| ns (LER) and tetra brono bi sphenol A (TBBA)

r e’gllx%%%ct%%fﬁﬁg pre?@q n{\}gﬁuérﬁﬁ (b?éf@lra\bl%/r &ﬁ’i’&f ol fwiteht thd@resence of

resins I ona 1) | east one
water (gegeralig tite. watbieis @m*satttlm lé$sahm et acluatttt mepmp«yferaém lgss than 3

RV GP 0SS AIR 2ot o) bty R R opteE R gpnd fgeset with

C&h ORNE (BP R ws bficSidl 8hd bifefydiatle BiypioBh&s budhrRmther solvents
onent (11) above. The curable flanme resistant

foerpodws a egpirndunt of B84 teaesiongeperally belpp drive ﬁ16|r9a6é1@ﬁ t@rempletion. The

| east. gne curin and
e B M SR 05 AV b
atin@SRHchie HrdsturdYacR &l € brdssuré of 00 tﬂanlclemhi 1ee1p drive off the alcohol or
phosphorus-contai ni ng fl anme-retardant epé);)l% resin

bypOrFvSEsi At A SempETAERAIP .theeamwnﬁ@ﬁpneddenﬁ gOmpsitiqfytemperature.
Tl%ﬁ?rglé%}r? ek f it S%Ip%ﬁﬁlyad% waﬁp otl:ﬁﬂé 1% 11qu1d to further

rus-con ning-ep X herein erre

asbiot 1@&em6v1nF Y Btoduzies). CBhﬂ'gmmmboddti)lé ¢>I;gamnd1qutdels preferably inert to the
subse%uent y.the epoxidized Conpound (I) nay be
copsmts 9tdbe (attiomyespdast one curing agent to formthe

curable flanme-retardant epoxy resin conposition. T
c UCarbpeneht s nstaélwmvlve‘g BXaN Qraaiip selymf o FY Kapw 6(? those skilled in

this e [ t '
ok e SRS EPL e Pl soL B B ey O
Céthpdinh; eanagﬁny)f tigsiolenOtdicie feh@nedeithet by heatenapplymy taheum to the
epoxi di ze ound Thi s cur abl

sobjsorypefase fe adgsBopt G(E%mpmt s f@mr&af I aflr%rgr e L camsanent (A)
anﬁi“a(?o%%o?]r%ﬁt (@i BRI iR ioc g&ftan@ne i nh| bi t or .

e present i1nvention directed to

(%BEE&A? f%gg p?ﬂnazrg grei %pg’xglﬂeg raE \E}ve htt pﬁﬁ) 1ﬂ I?he range from

10Cpﬂspp wo q;r&ﬂéﬂiblyﬂﬁfﬁmbiﬂ aﬂvameﬁa firefeeabhy fg,-hmrz m:d EQuﬂnast preferably in

wei ght epoxy in a subsequent step or
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 phosphorous-containing product of the present invention, Compound (D), 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 (I) is preferably
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bl ended w th ot her epoxy resins. The epoxidi zed

Conpound (1) nmay be obtainable by reacting (i) the
wW@bwsa1ghosphor us- cont ai ni ng conpound, ConpounpCT/U$2005/017954

with (ii) at |east one epoxy conpound having at | east
sudBRnBHDXfregsfipmixer atoms$, ead neore Frefereblzspbstgntally épeoxy halogen

resin having one epoxy group per nolecule that can be
algwed in the present invention may be epichl orohydrin.

Wth epichlorohydrin, a | ower nolecular wei Et i
e posimaPursDdeansViRkler softerig BRI SS T Al nas 1G5 and

[ i o
PEREIRY Bk BRI AR APADH AR (RP2a 0 ANMGEprefiraply fess than
20010s hbayodugt ivpheferabbra sudidghtenofengreedtre(alidvads T Contsiter

be obt ai ned b?gl@r‘;acti ng (i) the above
stoyiRss SHEPIRE-288 #aadlHigng conpound, Conpound (1) with (ii)

at | east one epoxy conpound having at | east one, a

d
pr@ensrallyl, yhe igenling Fop@ouRhd)iFogtheractinay ofrﬁécrréweétsn(ﬁé @and (B)
r ) . i ek
g REB b o Bas et B R, o OO bl o by

Teh act | ncmtlt ab Ve snciri b[edsphosphor us- cont ai ni ng
ﬂm—%&m ) at | east one epoxy
conpound having nore than 1, preferably at |east 1.8,
MomenReafbodaidny ofthel péssht idvergipnxthe phosphsryserontaining ubapound,
wherei n the epoxy groups are 1, 2- epox rou

¢ S. .

Coyaprenal (D). sbiemapls| byapasting & rnopeiiddd V4 emBSHeH @eﬂs dgscribed

U I C i i . i ..
DAL " o SO S Ry s continin
fldmPresiRtay ef@ix9 upsin Evappsitiore doxthid embodipenh dheeuralile phosphorus-

substituted with one or,nore suybstituents,.such as ..
COMEANEAE glp;&e;rrgs;stge&ﬁpo&s F?Wﬂfi’éﬂ’@B RBRHNS (Qrtge %qslphorus-contammg

[ I, ' I; ' .

e o o R R o an POy resin
sudle 8 thobestléated fremtialngbodice epoxies phospbeiusdres\eppKiEs, reminated

and K ville publi.shed in 1967 by M 4 L .. .
oot SHPTOSREOT R TG CPo e dmtord BB, o Bl not timied
to BENQUE.DOER 330MDEN GRMDER Afe BadehiRBERAMke Dilve ChshicaCompany),

be used to form curabl e epoxy conpositions with the

epagyl furictianal fpolyos azsdislong kentaiping comporsisasycjoalighatia enoyics,

BB G L AR BT I Bl )

br6RBRRAPhEASITS (TBBARFesths ADBRI53Dndithe tdaetiqr podndt of DEN 438 and
I nvention whether nade either by reactjin '

DeB oL anq p]yt,ion@H.y é]b'é AA1eas ONG CHHLE a8eBYy F[‘fﬂﬁ ur;ggﬁfafrﬁ%fetq%am epoxy
regéig gﬁ{nbgﬁ%gﬂl 8@9"8@&8 S LofRIPRYE: o) adttidhaPerbiiinkEble 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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to make prepregs, which, in turn, may be used to make
| am nates and circuit boards useful in the electronics

WO pabaa186y4 The curabl e conposition may al so bePCHES200H017954
coat netallic foils such as copper foils to nmake resin

ThO&rS6le ¢lapRattafdint Spdkgrresin 8empaditiorbefi thid enpbotiendm optoneally may
Any of the epox_%{ resins_which can be us q in the above
cantatp eklenst 6A8 add lgmaéequelalk@l!’bteﬁ@%%@éﬁtae‘? HttHgypr more epoxy

el | . . . . _
re'gg‘rs: rc#‘h%g t@w gﬁgr%ﬁ\%r%'%qél%%eg f@og%‘g!lg% (I%g'?ﬁrr% l%grable flame
ref 06 epalrg resimcsRAIsitich mepslso bpti@wllp contaisd dtast eneanpring catalyst

o3 gl G e gH 24t 8 B BB BBy g ormine
ep%)%iacﬁé’pﬁ%re@;&g?d{ﬁ‘lh%ﬁ Rbt, hiCm HvhRagesiSfolhme 2aB@UhoBeular weight epoxy

. the "pol yepoxi de conmpounds useful in the
comesad thdt carebe adancaidioadeghen snad¢aglay ovedstit epexiing bsagyent step or

bIFGRAAER ABHEEDOBY PN e B SHEN SO Ly LFEN G cainable by
reﬁétin]g,;](lﬂ' t8é 4o PhexpHobliesntainingd coipoutld, Eohpoend (D) with (ii) at least one
bi sphenol F, bisphenol K, tetrabronobisphenol A,
en@ﬁe no?pgmdrﬂwtvmhqxd@ash@mpséy eSSt melgeple. digp SX4mRIpeHn CPOXY
nol - f or n
SR B TR PAYAF o oy BOE DALV e RRE AR n oy o

epiéiyoh et withepehihemnaling &$wes molecular weight epoxidized Compound
di cycl opent adi enesubstituted phengl resjns
(It ey hereblainedispreasdor Cxasrla fbisHy aving lesobenan: piemgher
tets t h o'y ' i :
05 B ERTRAY R b LG B Sahenectu oo
grpaky®pe 100 tag bepbtalts hysedatingi(i) thehaboye pbesphoiusveontaining

eyt Wi i FasbineBoo RSy B0 P cge. s
pxg%&wfﬂi@ﬁfalﬁgge%ﬁ@yegg@%g{%ym%qh the trademark D. E. R

; _ y-term nat ed pol yoxazol i done
resins disclosed in U S Patent No. 5,1 12,932, L
phomphempls, teenesstinksble phiosphmyucennitining $Por s eqrarerd; gpoxidized

el S P BRI SR St
conptuBdeCompound (I), with at least one epoxy compound having more than 1,
preferably at least 1.8, more preferably at least 2, epoxy groups per molecule, wherein the
epoxy groups are 1,2-epoxy groups. In 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. Illustrative 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 (I) 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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Preferred pol yepoxi de conpounds i nclude epoxy

novol acs, such as D.E.N. 438 or D.E. N 439 (tradenarks
we@koosheseDow Cheni cal Conpany); cresol e epoxy nRPODUSINSS/017954

such asQUATREX 3310, 3410 and 3710 avail able from C ba

CeThY étlrible ERO% e GATM@POLS reshUGMpasitibACTHIearéd According to the present
_(trademark of Ciba Geigy Corporation of Basel )
inggutiona¥ heshrrymads s RpTRY S dCBIESTREHIF © CREPGEEE). an epoxy resin and a

Y, |, : I : '
R S I
toghﬂfmﬁqg’egsamtn‘mg iny i yrhayeiehsed taofakd kptieated and; cirghid boards useful
.diglycidyl ethers of h oqui hone. I n gne enbaodi t e
inthEcTheoti i P ed T O COTIBRAEE T TE RS o ot rd gtetallc foils
sucfrab Béppfe? ARt MRke tQIFESRY doPp@SfoftP foriatoZzar baRy @b &ehnology.

resins,” a termwhich is intended to enbrace both epoxy

phenol V, [eSi . .

SR BRSSP LR A SRR g o ot of e
prEenepentidteintizde pslyeptidesdlaving tihaefodloing snesd Edrmyla (XXX):

Formula (XXXI') as follows: Fornmula (XXXI) wherein "R4"

i's hydrogen or a Cl-C alkyl, for exanple, nethyl; and
“r" is 0 or an integer \oml to 10. "n" preferably

has an average val u&:ﬂz—f—kﬁfj—%ﬁzg-é)%l preferred
" IS

epoxy novol ac resin 1s when referably a
hydrogen atomin the above Formula (XXXl). Epoxy

novol ac resins (including Epoxya Ge2¥dl novol ac resins)
are readily commercially avail able, for exanple under
the trade nanes D.E. N, (trademark of The Dow Chem cal
Company), and QUATREX and TACTI X 742 (trademarks of
Ciba Geigy). The materials of comrerce generally

wESRBRIRSE i§ubstifuesl dfunvibstious] speaiiuliphaticheyddaiphatic or
Formul a (XXXI') and a convenient way of characteri zi ng
hesare¢yohic araundiiving Hyalence of o e adt Brefdiably Payiggan ayeraggyatue of from
V, i . i P
PGS Ealit PO geltRuREes) it LRItk presen
inpéaniclidydedigiycidylethdrostthe follwing compounds: resareingk catechol,

of fromO to 10, pore pr.eferabl r 1 .
hysgRAvinsabiseieaRb P@QLW?%BW&%’% A8 g 3ngsurighenyD-1-phen
etllﬂeﬁl%g lﬂisfﬂhgn(iltii? bﬁgﬁ‘éﬁﬂ‘ K, [eR4BRIn g pEfo1 LA PhERATbHRAldehyde novolac

product’'s of an epoxy conpound containing at |east two
resipspaykyd suhspisntechphemok frainaldely derrdsins, aberd Sydiaxabenzgldgiryde resins,

99/ . [ ' i
cresol—g8§r%x%ben;g%el?;d%frggiﬁs? gicryc“?l%get:rlltgﬁe@er-&%ﬁgf regﬁg',cffié:}pc?&)e'n&diene—
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
21-
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WO 99/ 00451 useful in the present invention is an
epoxy- pol yi socyanat e adduct or an epoxy-term nated
w@odopoxssaol i done as described in U S, Patent NeCT/BS2005/017954
12,932. Thei socyanate conpounds as chai n extenders
QUTACI'REE 3800, BXAMUE7 diﬁ) piihplerfedrh flilea Qeligytiisepnsy eompounds such as

TARELH 1 Goiemiet SbOREICTR CHEORBEER DA ETeEi g cooridized
blﬁ% iehér & #)Volﬁ%kbﬁfcggl%g&{t&d{eﬂer ﬁh%n@l%p@k?ﬂbﬂﬁa@t BIyBidyPétBers of

re prefera bstantially free of hal ogen atons.
tefiiphexalefhiae; aﬁglpcxldyleqmecs dbbisplieapl-As digleidyh ethers ffhasphenol-F; and
ese i nvention and that are substantially free of
dlﬁ\]ré( Eﬂg ?rg‘zgggmpﬂ%e phosphor us- cont ai ni ng epoxy
resins described in U S.  Patent No. 6,6 631. The
polyEs GRIPIEIMENTLBe BYSPTPiFIIea SPORYOMROURES af% BAY poyplac resins
(s%gttlﬁlgsere'feq?eﬁttb ag eg&ﬁ&’iﬁ&f SovolacaBsiRR Vit RARAUN Hitended to embrace
ontal ning at two epoxy groups and a reactive
bl emdymimﬁelamvbhm mesmg; andwpoxbndemj @hvelgc resins). Such epoxy novolac

3,4,5, 6-d] - oxi
reye Celzxpsun q&é?ﬁﬁ'fé @f @ﬂf%uﬁml, g“%]&%%f‘ ?Pﬁﬁor%‘ﬂa
BekpnaRiilywgne- 10-oxide (DOP-HQ. As described above,
a curab e flame resistant epoxy resin conposition my
be formed by bl endi ng (|F0mm’éaéﬁ2§§|§hor us- cont ai ni ng
product, Conpound (T), obtainable by reacting
Component (A) w-th Conponent (By, (ii) at) ast one
cr ossl [ nké \e hosgiﬁor us- ,C%‘nt ai rfi ng, XY, ound
ent Np. P’@ CAPg and

di ng
s |onaIIy (rii) a Ieast one cyripg_agent; or the
" -o.- ePOXY, €S np05|t|on may be
an epoxi di Compound (1), at

one crossl|-u Pl e phosphorfus awtaining epoxy

conprynd preparjed accgyding to U . S. Prient No.

6,645,631, and iii) at |east on& curing agent. The

curabl e epoxy resin conpositions may, optionally,
wﬁé%éiha‘m” 34 hjR8sdn @neCLCogryl, feaRhaplepmsthyl;aai s Ber an integer

than the cross |nkable phosphor us-.cont ai nj n

fraroriodfasn prefarsbly BECAVERZEHBLGIT Fom 4 h7-oF of PIELETeFEpPory
nc}é/léﬁgtr%sh%/ \fcl)l?(ely %4"’55%&%?@%%2(% o Q{Uini ('}H@ AR RRula (XXXT).

ee

N

avﬁﬂ’ﬂﬁ@ $bi é)&'ih[ﬂ@ﬁn&@ tlfé&%dd%@ﬂmeé D.BIC (raRaRsk oﬁ'Hﬁa Dow Chemlcal
pol yepoxi de ‘used flgr esent inventian (\&
Caxpany),eand QUATREX and TAC X 742 (trademarks of Ciba elgy) The materials

of commerce generally comprise mixtures of various species of the above Formula (XXXTI)

Q&%

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 r’ has a value of from 0 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
22.
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brom nated epoxy conpound such as a bromni nated epoxy

resin having an EEWof 400 to 450 sold by The Dow
w@h@sitessh4 Conpany under the tradenmark of DER S5BOT/US¥00$1017954

any of the conpositions above where an epoxy resin is
ispdyansn compoynds unbkain ektendas Bicludkiforgexagwirt dipenylmethane

diis%%n%éiwﬁﬁ &;p% G agte, AT ERS pomstfeett, |

conbi nati on th the ph h

nmmn@oa@?mﬁuh B DrRmG o ER 1 TR BF e b iellfree of
braeme gﬂ{g, and nidE }é?gra | g,lbgté&ﬁﬁﬂl o@ﬁal‘éﬁ&?ﬁ'ohﬁker S

SCri In nu TOUS er ence such as Vol

En X ¢l 3 faeld Ioapﬁl& % g r%gﬁ%beg&%gﬂﬂ & hh%ﬁ)? tﬁﬁ%rﬁ%n 43H that are

su@ﬁaﬁﬁﬂﬁ&tédﬂfﬁfa&g@ﬁ @toﬂﬁ&@t‘@é gi&qxﬂosphom&&ta'ﬂﬂlﬁg Opoxy resins described in
he- co-crosslinkers include r copo r
U @f PEHGerEﬁeﬁ &0 el e @#P%%Sﬂa@ng bf.js rﬁﬁt%ksﬁ/g'ﬁ 645,631 are

n ygr | %(g%tggél?g%@ gg{l?éaé] 51 g%&%‘gﬁtﬁgogﬁ‘mr Ci a and a

re@dtﬁrﬁ'@ihegpmfust-dmwnmgbmnpahﬁi suplc hiuiﬂ,é 53viibe a0 ], 2Skaphosphane-2-

oxaq?g?@%@?)g gr }S(SI/{AQ 3 OO o;gyp gnﬁ)ogg OW L?S%y -ﬁ)nﬁlospﬁlap'henanthrene-

10’8,39@@548 ) and havi ng nol ecul ar wei ghts rangi ng
from 015 000, which are available fromEf

At ochem S. A. Other preferred co-crosslinkers useful in
t hiss desesibert atione.euirahie flame ueristany GPONK/ICEHFOBIPAFIHGN may be formed

by&g%p%g ? *%@ﬁ%s%ﬁ%?—gﬁﬁl alrnex%&é‘?ﬂ;tt e@o@oﬁ,laggf gd)tlafﬁ%lg %y reacting

C&'ﬁri MﬁgAN1t@Eo siént QJB)} i) Mdsssnhone drogylifkdbie ﬁlﬁbsphorus containing
preferably fron1 to 10, and nore prefe

epoay bompeursrpsepared acording ol SnPageNe o, @452‘%1@31%%01’&5’“3“Y (iii) at
leddt 815%56 'alrgzagafn? 0 the! cﬁfa%gﬁ Tabte ﬁarﬁr Ef))&r ﬁ?llnycofrfp%ﬁhgn bRy be

aval cts ng the above
foﬁﬁédTblﬁ' BlehaiXXk{) )an ieportitided Chmpoendaiip Iae],eaﬁEJRSEfd?;ﬁhnkable phosphorus-

85.36.28, which is a phenolig res tal
coBHEHBE BT BRI EIPAERSSATIGE & '[Pag,jp RO 66151, and (i) at
trf 1
le%?f)ﬁ&?dr ae&?fdf; C’]{lgocrl]lgaﬁﬁ& r@sn’{ b At?%ats%tée}y gg@n{rglli cbntain at
ledsn oheiciess]inlded1F EpSLy &8 I)tlfen dman cessliaialte phospbpruggantaining
O her phenol.i éﬂgﬁnctl onal materials include conpounds

CPRKY EHPOH 8% c
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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crosslinking agent having a functionality of at |east

2 upon heating. Sone exanples of these conpounds are
wberzoxssed ne groups-cont ai ni ng conpounds. ExanpCEESmD5/017954

conpoundswhi ch form a phenolic crosslinking agent upon
chemsslingeisnisheribed pin emmEtons sqfachms sotit & Vidd6 Enorrldpedid afd’oly. Sci.

el PR Been ca Bl ey eSO sfhe "
Pol ybenzoxa2| ne wherein "u' i

t han | and ,
pr Other aEfTadra-eroghipkers We@lgr@)e 4R &Ar,?é %1%30 %Ee-cg-ﬁaosshnkers

" o | ¢
s PRt e AR SRl i
waghﬂmm)ﬂln thera@iBe of fﬁnalﬁ@ﬁm 5@,000 anrbarsanhlydede gingentlof prore than 15

C20 cycl oal i tic h.a
A A e
jaraviaf 4d@b%a9ﬂng@Eﬁa{e%melc%ﬂw&ﬁ%ﬁ@s &F1:1,2:1, 3:1 and 4:1,
enol - A, benzoxaziné of bisphenol-F, benzoxazi ne

reelﬁecphdwoandrfwmgawleaﬂdr weights renginghéemdy,000dpHE000, which are

nds t he present invention are
aﬁ@@@? ]ﬂﬁ%%&b%%g 921 and U S. Patent No. 6,545, 63
1. A mxture of th s ound and Fornula
e ther BfesEed fosgrosshinkers ug& e PIYAR HVSHUOWS?X?%Q bydroxy-
cJHt’;lngx'n? H@Bﬁl&ﬁ%hclpzﬂseﬂﬁeéé 1‘681‘?>§8§§d hyHae FollGwiRf %%@Q'(XXXH)
use the epoxy resin conmposition in an anount
from50 percent to 150 percent of the st0|ch|onetr|c
anount needed to cure the epoxy resins and nore

preferably from 75 percent to 125 percent of the
st oi chi onetric anount ‘=eded to cure the epoxy resins,

cent of th
et { to cure th 0 resin.
Any of the ®frable co OSItIRﬁS of the presems
i nventi on descried above may conprise a fcatal yst.
Exanpl es of suitable catalyst materials useful in the
present invention include conpounds containing am ne,

phosphi ne, anmmoni um phospRAREEIKXIHONI UM or
sul fonium noieties or mxtures thereof. Particularly

e S I | f 10,
R RS IR AL 020 bl om 1 1
ardi ribie rpg&ﬂaﬁablgdz fori; rmxbron atamssdndriteissh ipegéref fitoiny 0 ¢@ A0, aireferably

on average no
from 1to 10 a%d more preferably from 2 to 5.

Commercially available products having the above Formula (XXXTI) 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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nore than about 1 active hydrogen noiety per nol ecul e.
Active hydrogen noieties include hydrogen atons bonded
W0 e00an1sspd ne group, a phenolic hydroxyl group, POr/U82005/017954
carboxylic acid group. For instance, the am ne and
whRiRRF§imh B phemlietciaslinking ageat yisdrsheating prehidephabhglic species obtained
tertiary am ne_ or phosphjne rml eti.es

fr@mdlep%lgmﬁat%ewmréfﬁﬁ@gle&ﬁé %Ffé“regrl%ﬂ}esfn g%‘ﬁtlléfﬁswa Sqtlation:

amoni um and phosphoni um noi eti es. Anong preferred

tertiary am nes that may be used as cafal ysts are

t hose nnno-od/\MQLwaﬁines havi ng an opé¢n- qnain or
cyclic strugture|which have all of thejam pe hydroger
replaced b abl e substitugnts, ‘ L
radi cal s, preferably I phati c, ¢ or
aronmatic al s. Exanpl of these alrie¢ ncl uRle,
anong ot hery, |, 8-diazabicycl o(5. 4.0) -7-en

(DBU), neth di et hanol am ne, trlethylaq% e,
tributylamne, dinethyl benzylam ne, t{ip enylan1ne_J

tricycl ohexyl am ne, pyridine and quinoline. Pr ef erred”
am nes aBeuzéraeind ri al kyl, tricycl oal kyl an®olybérmoxdzine
am nes, such as triethylam ne, triphenyl am ne,
tri-(2,3- dinethyl cycl ohexyl )arri ne, and the alkyl

ol amin S t.h »
B BTS) Ber i BB LPA oFhEI ORISR ane
“li’ﬁ’rrhhyaﬁé/ iAdEhBEfentll @hd Soparadle, thesarmesr diffafent lilydiqgtﬁp b allyl group
solutions give a pHless than 10 in aqueous solutlons

frah CuM Gosibres methdn Car E2qpapmpdueiarp yug 8MEpREEr 2 Cs - Coo
cial | t al yst
cxgRigh e el Fifian bbb ot h§?a% horret hyl)

| .. Ex f t abl e het
Fmiss S sbave rmpapad R R RSt pronsippibgiein
be'nEo;Hz&e o?%ﬁs?ﬁ&ndm\ Hn2Aazi80 bf biSpiRinel-Ebbezbeizateas Whbidl novolac,

second ary a terti ary am nes or nit rogen-cont al ni ng
andabixiyres Gevgof. cﬁﬂx@anomeot@ﬁp nesfeldin g pEseTE HPBdRn are gstribed in

Wk@ 1|, ﬁlgasﬂasz gg%g eéq éy .02 51{3 ZR ln%?\?]u_lréa gl} tﬂ%@oﬂoﬂﬁ&s and Formula

COYXITHNAG Slsoiséd ake pfwdsm holenties, pyri dazi nes,
pyrim dines, pyrrolidines, pyrazoles, quinoxalines,

qurRiazal- ﬂﬁénom phalone 'cﬁ%%nl&k'isrﬁbﬂeﬂﬁﬁy uedlih BRSpoxy resin
i ndazol es, indol es, indol azi nes, phenazi nes,

copipmnitiondn A esouRg fnh SR peIseRs o p§Y percees the steighipmetic amount
pi.peri di nes, piperazi

neBaEiei i % spBrERFBS B BofirefRE BBl Bt ElTo2s percont ofthe

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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i m dazol es; 2,5-chloro-4-ethyl imdazole; and

phenyl - substituted i m dazol es, and m xtures thereof.
wee@s/1mspe preferred are N-nethylim dazol e; PCT/US2005/017954

2-met hyl i m dazol e; 2-ethyl-4- nethylim dazol e;

1, Pheddatayry (dsniidimzoisbed faord c@-onesshiniersyipdefzmbly cmthin on average no

mrgnte)éhgrggqsqutfnrl] glrgtg%{ %ycﬁ?%%éﬁ%lsquy)pep rglec)ieg\we: q%dci&fisva hydrogen poieties include
h}gig@n%ﬂya?&né Horﬁﬂ%{ t?’%n Life 6@ h pheRMEnyaRSIdyNgroup, or a carboxylic acid

ositions o e present invention described above,
grespeEomihtynash the anfine aat popphing ojsiies iteatalysty arg preferably tertiary

g 8F BUYOPIE it g BHL e ATRI NG 0L PR B TRl bofersbly

q&E&ﬁﬁmﬁhﬂoﬂf&ﬁ%@i@h@%ﬂbﬁmmm@mw.th Lewi s acids are
those described in EP A 526488, EP A 0458502, and GB A

942;&1%8? g%f?%{}ﬁgggw Smitel tiit BR§ b sddast A PRELH6 Mose mono- or

i nven L or exanple”one or a mixture of two
padyantneehdving atespenectiathes, cybljaistoictute svhighchaak kb of gwsangine hydrogen

St BB SO RAADR e, s v
cﬁﬂﬁli@ﬁﬁ?ﬁéﬁfria?&ﬁatﬂra&i@%.s aci ds of boron, for exanple

boric acid, nmetaboric acid, optionally substituted

2 %gﬁ@gf%fgﬁ%%bgggesg&lgg& '&%}QE QtHeKd, 1 ,@-dia%‘idygﬂfﬁ k1Y) undec-7-en

_ ron, al kyl borates, "boron

(UIHE), deshyl Zieticanbhhmibestrietytdmias, tribwylastine dimetydrgzylamine,
other Lewis acids that tend.to have a. relative k

tripheaaine. His ohaxy ?@F’ﬁbPXflq“Pf’ea qunoline, gr f%-rreaci %neﬁ\:\r\lﬁ%gare the

triafkly 198y RGN an@Eri ARV sl diens fietBylagites tedlylafine, tri-(2,3-
r%%nypn, }1"Cor @gﬁplré oric acid, Sm‘ﬁai;ori cesar??jg,yan r_le i i

dioypthiybryaldhgxyevsine tand sk lsylabialkanol smines ssich ps msthyb digthanol amines

ofoxi ne, tri.methyl borgxi t [
s ey ot ot pEBle o e ofeal Bhdar? i ot exdifple,
ArREShSE in HaBedRSblupbRS Sive a@HIeyd thaRtd th igebuws sobutivns df 1 M
These Lewi's acids are very effective_in curing e

. . : POX

conesritrasionasn paitigpiar s araferred. thperallepistsyted;tertiary amine catalysts are

ni t.r.ogen-.cont aj ni s to above. The
begax&dggeiﬁwfagmacna&ﬁg%%s o e or o i i ng

into the roul-ation or. by, m xin . ' :

silptimates o iie bt BReg U uPh A A sh a5 e ol dseribed
in@MBUpteRING. NED25@101 S PastbdbRMRetedy S dli¢ Secon@drg aadteytia@l amines or

least 0.1 nmofe of Lewis acid per nole of heferocyclic
nitipganegymteigiogpatalydts whiehcasy bercappipysg hereip incdydegfos exppple,
. of Lewi S aci. [ J . het.er: ] i.c .
mHgflztziogeaeliqnggwg%?oﬁelsh{g}&ggzrggiz%r% . 1%82&%11{1&3, 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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The curabl e conpositions of the present invention may

optionally have boric acid and/or naleic acid present
WwW@2008/1¢88p0£ i nhi bitor as described in U S. Pat ePCT/NB82005/017954

5,308,895 and U.S. Patent No. 5,3 14,720. In that

Cap@feriBlp, Llewisgciddenlso employed ar atyl of the pohllarpoey ©5in

pol yam de, such as described_in U S. Pate

co.zmm'gi,og@ Qf th'q:mgesg@trigmnél.og gﬁ%@p@ abee, gﬁpe?lﬂ@)t' Wygg thtcatalyst is
pa'g@%\ﬁ%}i}} Qﬂ?t%}f}é@ﬂcﬁﬁug '—&fi’lﬁ{iﬁi}ié €ORb&idy. one or nore

1"‘ona nme retardant additives including, for

e I red. ph : .
orPT LG BRRE Bt en SAGERG G SiahaSBRLHBIY used in
confinRAMMELewis Xk bk BFeRScribed iIEKPLA F2€B3OED A 0458502, and GB

A ari ant GrbH and amoni um pol yphosphat e such as
ARXAA5B.700" from O ariant GrbH, a phosphite, or

phosphazenes; nitrogen-containing fire retardants

aritiedlcevsiy neirlg sl in ftlsy preseahisiventias iapiude £or example one or a mixture of

cyanur i id, .i,SO nUrl ¢ aci | val i f
o atom et Sn LRk BB AEE Rles SRt FRus pobal
miflagédanbs sandn)ahegtnglad bepaxforeespis Leadpaddsadi boron, and
brom nat ed epoxy resins); syne [

. rgistic, - .
anphidrgas o Lo wited boE &rrﬁXﬁ@p@ﬁmC@sadsH@Fabeaﬁﬁ@e}n%gwnaﬂy

t aini g sal L AGLAS o i -
TR 8L B0 OB B ooron
allﬁ/y]a@ofa@;lj Bsﬂogmlalcia&gokl; pixt telids ¢duchss ZinERMGENe BO1d dtherrhewis acids that
rtins werke H of .Ger npny, _and r referaply, .
terd forhana el YR} MGRK AUSEADIE. PRRRERPNALS gfsW?S@f Il gis acid of
b, bk 81?1 g@{}lﬁ‘ﬁd% b1 Q{1 CRETBIMYoro ThP&k ! Borit! 449d, metaboric acid, an

cortpo ant i nonycont al ni ng conpounds; silica and
optiomiliynaibktitedttverdns (sugixantpimeshasy bovdxiad timeidis harexiap or triethyl

fla retardant additiyves ar Lven i n,a,paper
oo S P G oo 5y RS, gy e
L&eas heiffid SoricSackd. eBhRe ety RIBRPOVYREfeL % in chtihg@epoxy resins when
Ret ardants Chemi cal s Association, Baltinore Marri ot

conrbmead Wwisl Hhelhetarioyslic nisgen-fontainipg spmpeyndsyeenedip appve.
1996. When additional flanme retardants which contain a
haltegeswis scids extl amineh eancgeosiineddrefart mixmginesgbaformulation or by
i nven the hal o ntai ni n rdants are

m‘éﬂ‘&%i’i’l{‘ %}%ﬁca At l%”’g g;i‘ﬁ%?%%{:ur{r}gec%{agi/sg Ircrgli’?éﬁ% &4 cont ent

in the epoxy resin conmposjtion is_|less than 10 . ..
pe?l@emqunﬁﬁ? e &Pé@%‘i‘%‘ﬂ)@?ﬂ(’é‘% IStm&fﬁff’g’fwtﬁeaﬁéPé éﬂ‘\?lyt? of Frgwis acid
ar I .
P O ARt b ok s ey Ui or v
achl fger piics efhetérocydle moogrosionfaining tompeundr esent
i nvention, the phosphorus-containing flame retardants
arghe 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 ammonium
polyphosphate such as “EXOLIT 700” from Clariant GmbH, a phosphite, or phosphazenes;
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preferably present in anpbunts such that the tota
phosphorus content of the epoxy resin conposition is
WO e@siBel4 Wt . percent to 5 wt. percent. The cuPEbIUS2005/017954
conpositions of the present invention nmay al so
nifBbdroEutdiing Gt edtixdarith end/adgintigies fof examyhﬂﬁﬁhhhlyes melem,

cyggg%f Qcéqli ggffaﬁly@rtx%fcearclhcg?r@a(?ﬁ Q2 rolf etmssg?utm gﬁﬁ%ﬁ{f@ﬂﬂ% o compounds;
ha‘fff% chhtdd flﬁg%%%xcﬁaﬁ sOfd 'ﬁgﬁ)'ﬁfsﬁﬁ&{se ogc'ylrésh&f'(tasﬂél:ﬁﬂ§ ®FSmindfd epoxy

orescent tives ese a ves can be present
rebins)asynengisticofhdsplomhslog® weiaghing eharicels an gorpgounds containing

referably present in amgunts |e
o i e Bt SRl 5 o) Y500 i
t11gg§1%5dcﬂ%gd infhelestim R lRRIdeNach s GHRGBENFT frdin (Martmswerke GmbH
oxy Resins™- Second Ed. at pages 506-512 (Mer

oflledcknany, andgnore 88yrablphen elumibine iréidpvdde $U@h gs MA%EU\IAL TS-

[, I nvent
6]2) E{p Vstwdaélléet ﬁg&ﬁqﬁ?{ﬁ{ g? 330%.% g%n&pgfgéll rﬂJohngé1 gﬁtlmony—
co‘ﬂfa@ﬁﬁ@ tompPHeitsi SRcd @ o@hﬁ@ndﬂ@n@ﬂﬁt&f eExzbﬁplBs emmlahlg additional
first conposi tion conpri sing an epoxy resin,

flanee statdans nodisives ap SEEHPR a@apﬁg pgpselmtpqi Aly TAges fetargﬁlgs - 101 Basic
Dgr},]aér%ésn epé)s)t( Xff{n‘;t‘sS Le8aef ?ﬁ%fés#[}p By FR0 Rt AR CRUHREalk |Association,
resin, e 'si nply an epoxi di zed
B@ﬂm@mdrr(dt)mneNHarmdﬂ éfotcdealurm)lre Marylasd, Madch 24-27, 1996.
conmponents, such as a curing catalyst or inhibitor,

e hBE adli888d] Fliathe rB@rdRafBy PO la®alogen isuee® iy cbmposmon of
present in the first, and sone in the second. The

thé present doveption.itho halpgen-eavpining Sampgrefardanis B BBRAL in amounts such
cO i-tion t

o GR0 e M SR S RIS B peco,

mbreqfrefeniblyylesd et Rt pdrtentfandevel moroprefeeabdy toss thaaridwt. percent.
nmore preferably substantially free of hal ogen atomns,

aSW‘hQﬁ 28diR6:03 $1afR re@tistsartitiaédnyaih pResphbmsded prost in the
above. The conpositions of the present i.nvention can

compoam@u of therprkesnt ivvpiaidn; therphpentionysscopipinipg fiamg jetgrdants are
pr%r@}%gr%\s’\%ﬁ Igg?)rtg(r)]l]?%% ﬂgclﬁsch%t?fhe t?)ﬁa? ?h@si)hﬁlﬁ.\s Q%t‘éﬁtuéﬂ tRflepoxy resin

P on e present

contpositioh @ from QR feident toys waq)fetdentf or maki ng B-staged
prepregs, |am nates, bonding sheets, and resin coated

Slurftdé LSmps 1tY&Js|of I&lb%@sehﬁﬁlhéhtwﬁ%a #lsd bgtidnally sbiityin other
agﬂﬁéscrlbed I n the background SeCtIORg ofa%P A—g87161

additvetlota g@mralht coyent®nghwpg pgluding for example, stabilizers, other or ganic
or inorganic additives, pigments, wetting agents, flow modifiers, UV light blockers, and

fluorescent additives. These additives can be present in amounts of from O 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. 1988).

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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Benzoxazi ne Ri ng- Cont ai ni ng Conpounds | n anot her
enbodi nent of the present invention, the

wW@b@spkssp4is- cont ai ni ng product, Conpound (1), PCT/US2005/017954
obt ai nabl e by reacting Conponent (A) w th Conponent

in(tB sd¥Bey cdiBpdsitth, bosamki@apbb prezeant dz ihedirst, ag wond iaithé ﬁg:ond The

oot S ST P 1 e FTRSHI e
re?ng&ﬁp%}i&y? st ai ning conpound, Conpound (1), having a
IC

?_e_no unctionality W|th(||) a primary am ne and
[
b nor R R sl D R Rl PR p 0y atoms, and
mbﬁ preRehbdesutsanaaty fed 6f ltaﬂmalatmks as thelegpmssidn “substantially free” is
t enperatures, such as from 100 OC to 250 0OC, to forma
defingA ahoer ossl i nkabl e network whi ch has flane resistant
properties; or gb) be bl ended with epoxy resins or
ot Ry cctrmmsrtmep thegreseniia¥entionsan hnasesd p sepkgcoppasite materials by

oﬁ\]/ lfeael o%%q h 1&&5@ rdﬁét &Cht% %ﬁi‘ﬂrlgﬁléd grﬂigdﬁl Seiqn%‘éﬁbmatmn or

cdatllﬁg n?ﬁé bdre smﬁslnﬁbxemq)alﬁiomarmmaﬁnﬂ éor maklitys Bystageé prepregs,
pol yet hy pol ypr opyl ene ol yph | e ides PPO) ) .
lamwms h%@“ﬂg %ﬁ?étsr@“sq@flﬁﬁf’atﬁ@ B&?Rﬂ%g‘f]g%’l ‘Y‘ﬁﬁ I(' %5)15 in the
1ngiﬁ%r§P ﬁi ﬁés@ﬁgﬁﬂn\%é Dadk BRIER ?é@ﬁ)hé 6f EBH-M11GRdASS P@@m No.
ernosetting résin (such as epoxy and curing
5,apem20. to forma hybrid systemAs an illustration of
t he above enbodi nent, a benzoxazine may be fornmed in

B&ZoR4ARRE fzrdilﬂalhﬁﬁ Gcﬁhxbdmdmg general cheni cal
reacti on: nol i ¢ conmpound am ne fornal dehyde

bepzeyaet BebbdinRnbbithe presért &BlenBbn,aBe plﬁbrui-b@ntammg product,
phenol i c-contai ni ng Conpound (1) of t presen

Cmmp@mdl (®n obtginabledyadaciing CompoRetid) émﬁl (aOI'fIB(PI}?aF Popaebe used to
mglfso% i mog%%%i% RBF AR BEAMA M no, compound. I

o n ) oEd(I) has an am ne

on

r dhisgiiogtnnabe e Bont singC corpatRae BY yéifipl e above
Q%H@héj@&ﬁﬂﬁlnth:oﬁ%ﬁd @ nhenae XpAaveng d pignehafimctibmity with (i) a

ound
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
propetties; 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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The nolar ratios of the three conponents used in the

present invention are usually 1 nole of phenolic OH
w@e@anss604d nol e of am ne groups and 2 nol es of PCT/US2005/017954

geastakifsaatsn ofithe Ebdverentailiment ebenzexazittenahioy formed in

conponents nmay_ be. used. m xtyre aof different am ne
aceprRgBemuih MH@WWPG@ ghennral &Race®t Ul in the

present invention include for exanple aniline, n-butyl

am ne, 1,4-am no phenol, other primry am nes, and

m xtures thereof. The phenolics useful in the present

i nvention iEﬁiude for exanpl e bi sphenol A, 2-allyl

phenol X4, 4"~ et hyl ene diphen?}, ot her mono pheng

henol s, RAndNHg x+ U2 es heLﬂﬁiLT' r ol abli | e
ot ai ni ng Conpounds I n t her enbddi of N

the present invention, the pﬁbsgﬁorus-contain g

product, Conpound (1), obtainable by reacting

COFRIRE Mmpbdd Wi t finifomponent  {B)aidmpe be used t Obdipdkszina
t her nol abi'l e group-contai ni ng conpound. In this

enpodlifBRt reattih RGBSR Bidisheaold-orainthgConsunind (Iiof thespresent

thernol abil e group nmay be obtai nable by reacting (i),
inyersioatio vaacisd 5w airing epd afermallcbyipiofREm 20sAFGREe FIRg-
h?vi.ng a §hen(f)l ic or an amne functionality with (ii)

CONANEE FBIEBY e gr oup cont ai ni ng conpound, such as a

coyrpound hayi t - but.yl ox onyl _grou . T
P GO BPAIGTS T oL Ps o R SAERE hen a known
pﬁeﬁaﬁ@é&}hdf%&ld%aﬂ bk tsacteevifiptha il @netifiag Cogipadad d) and a
el evated tenperature such as from 100 OC to 250 OC,
formaldemygletto feyasthg baezaxazioe ring kerfaingdiomRod$hos phor us
conpounds can be blended to different thernosetting
s yEliecimblat eatipe of thettbreg aemp ok sessedl émdhie paesert invention are usually 1

encapsul at i of i n the .crosslink syst '
B B P ATt 5 ML S AT e wovos
astiﬂﬁ'ﬁraitédsinitﬁ@ AL g¥RdriGeXitiol O Wihdriatidiiiwéeddhe above components
phosphorous conpound; and |oss factor that is 10

mpebeused. [Aomexturgrofjshifferert aming compoundsaray\bsivget: f or
exanple 10 wei ght |ower when the processing _
t eTipedmings esefid imétel present invéntzg ingudefor ekdapleanpilige 31-butyl amine,
Pat ent plicatiaon Serial No. 10/456,127.filed June ,
L@@G@“‘éﬁépnf’h’é’gler REHEPOHBESS: a&f’rinﬁﬁéué%s'%erﬁfe t her mol abi | e

roup containi ng conpounds useful |n the present
?nT,l@%;he@glics usefu(I:l in thg%resent invention incllude for example &sphenol A, 2-allyl

phenol, 4,4’-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
(D) having a phenolic or an amine functionality with (ii) a thermolabile group containing

compound, such as a compound having t-butyloxycarbonyl groups. These modified
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include for exanple a dicarbonate and its derivatives,
a carbazate and its derivatives, and other conpounds

w@oemsAalssdng tert-butyl carbonate. Exanpl es of PONpS2nse17954

cont ai ning thernol abile group are, but not limted to,
phibspherfut cbmpyinddiacastiisie at ambieit-tempéraany indditctheinooialbite, groups

dgredr shetbied CBRRRYE S an i oot g apting 10 Bas Yeneration.
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inploidy 6érsexahmptehe dicerbonate g its darivetives, & odrbazeie arfl ity darwatives, and

esi st ant uret ha Th s
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thBFredl iR rBp ﬁ@aﬁﬁﬂﬂwhﬁht)ad &) d&kdfybtﬁybdleaibd@te sliHedit- a1$1y1
et hyl ene oxi de, propyl ene oxide, | ene oxi de
dieghbiatetdidlyl pﬁ@cgﬂgpnatw c{nﬁh@ QY}‘OQ&H‘@H& e, dimethyl dlcarbonate dibenzyl

d1§ag§§19agé) -%388? %ﬁ%ﬁa@a&ﬂ&%g hm%%ﬁp%grf(ﬂﬁt carbonate

e present |nven 1 on TESU

thprihes iRy giﬁulﬁ BridebnthFuglelsiable tp mexyatuclebphites apd memmydrolyzed
i nvention preferably has fro

1 t
unpster pasieAngitons pug it ey beeastlyq age&%@pg%@f ;’L\nglgtcgpg,lgpns or by

th[é?ﬁ{ gﬁ sused in the above reaction to formthe
osphor ous- cont ai ni ng poI yols. Catalysis for the

%Z@ﬁﬁ??&t{o@ ¢ %q“}geco éH&@éﬁ?{E% o seﬁ@fn'v&ﬁio?l are usually 1

e ca alys S |nc
mblei of labtdve Ieirogengooly ®© Icyeleiof ehe(rmn‘hllbdx gfdms/@) forat ﬂlle)pd;bsphorus-
such as_ zi nc _hexacyanocqbal t at e, he cat al
coptadpg.phermalahije groypgqntaining cm@pg@gp ofdhe prppent in ent1on
phosphor us- cont ai ni ng pol yol of the present invention

FIIRY RS sHALELIFhRRBnOT 1 N

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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conbi nation with one or nore other know polyols to

forma base polyol conposition which may be reacted
wowak/1sepol yi socyanate to form a pol yur et hane. PAT8S2005/017954

properties of the final polyurethane product wl|

deReafdlRhmhal ®e Daddin@h®ibdvbeeaction audrnahy phasphiseds-tontaining
t he pol'yol conposition. The hosphorus cont ai_ni ng
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sudl d§ gy hexacyhescobiltdtd) and deecapbysysodesentyedtih UES bRatent No. 6,201,101.
seI ected so as to result in flexible, sem-flexible,

lﬁJspl‘idi’hélc&{talhh@ pﬂ)l)fdl aﬂ’Eh,e pedsent ian@ftdnanayciaised gbne or in
or adhesi ves when th Bpoduced fromthe base

cthlmom Wil oA T &ngmpy L tRdoren e%m{lyq%fomposmon which
ct
e s

pdlyldémwé pmuﬁ&lemuaieﬁemrema Inaturanefi thévaradustplokyopolsgd in the polyol
pol yol s enpl oyed can vary accordingly over a w de
comfiegion) n general, the hydroxyl number of the polyols

enpl oyed may range from 20 to 800. In the production
of Tlze phogghxcb'u.‘ecmmymg@oﬂm er blsadriheraol epplayst t9 make polyurethane

regge(ke s.}.lﬁgn tl% n&%tsg &f (B Z)P?%L tl?:ﬂlg/ PEdult f&ode)éﬁ%lfd'ed The molecular

gener n avera

wighCdri lﬁrﬁﬁixlyl Murhbé’rgdfml@ Base pblgzot mags thup roefseieabdi §o zs ttooresu,lt in
and an aver age hydr oxyl nunber rangi ng from 2

fleviplrcapfleg é‘i‘tﬁgﬂayskl? Shitgd Py Elasy 0% gsd of Adhesives
wfx#itielaﬁélgoﬁ#foﬁﬁé@%om Eﬁeeozﬁé’ ?GIZBI' is c&?@?@eé Pcpli bG@hfe%hanHduct by

uence the c of base pol
regotaplieh af Bocymhtdeahd dxpendingen ﬂpcﬂldmdunumjbe p@ﬁeltch of a blowing

b
scatny e s BBy e Hpe el s et Bl spploved can
Vaﬂrﬂgccm’d:iﬁ YlyePA VRE rafBy Iﬁgeﬁ’é}alt hﬁ HydetKy1 ﬁﬁmBér df@he/Bolyols

her m xed feed EQ PO (propylene oxide) or 1s
enmplbyedsthayytanigy froapew 800t h EO or is 100 percent PO
based. For el astomer applications, it will generally
beIndEeSpﬂodbétﬁ)ntof afldxliblz olyetetitane éd)qm,hhcgpolygll is prefenably a polyether

ght b
NN TR LN TNV
frc?ﬁ?z tbﬂspjt-n%?érbm 2R8 '4}/ %cﬁarﬁéveiffgl@ |h9d1fosz!‘yl RIGRR rardding freind0 to 100 mg

pol yur et hanes™ i ncl ude t hose "havin an aver age

KOt/ g pudfarablyefirgh 2066 70 02 K@Hig 090 Tantlep mfefemealblﬂye siggific foam
appﬁcatlog%%ll 11%%%&/?squhﬁ/ence the C?IOICG 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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advant ageously have a functionality of at |east 2,
preferably 3, and up to 8, preferably up to6, active
whyasogesm at ons per nol ecul e. The pol yol s usedP€DUS2005/017954
rigid foans generally have a hydroxyl nunber of 200 to
6, heBPOh et émppaimolabily. Thopol36le usal B0 €igidHonms lgenerally have a

production of sem-rig oamns d to use
hyslreyyl PUFHBET SR80 tﬁéﬂ;&’@@ﬂ&nﬂ%%e Bfeiﬁ%fa‘?lésiﬂﬂ“%‘fdr‘é’ef{ of 30 to
80. A flane resistant pol yurethane resin is obtaina

| e
bqureh@pnodgct(qn) of@pmu-@gg fogms, 1bﬁd§gﬁggqjgo_lbs§mtgfqﬂcﬁgna? polyol with

a&dﬁ%{ ac %{8' the present invention, alone or,
|n co nation with one or nore polyols
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thgl? Y %p%: Lphat %a% m%ﬁg gf"l)f tBFEHsgntl %tlg#n'ﬁﬂ?gﬂga c%ﬁq)ound

res t er e

hdvﬁ%?ﬂia{é&gﬁﬁcglxeas&f;@hﬂé 1;@9011@rpefrﬂ:ioiexr:uk»o ITyllesmyarwdseshlclanmy be used
referre I
wx%m tepdvalhel thg gpesgg’tggypn%lgh E)nacgld; aﬁpg%?é Ip)‘é:cllgﬁshpﬁgt?cn %ry?gllphaUc and

aerFl{]ce &XL;FB‘M%Q A iSRS Yl‘?e?ﬁf.e é(r élc 159353%3%5 te@ﬁé’c%?]‘y AOHatic

and nononer s tol’uene-

p02y1§od§rhnaes;yim1ﬁbﬁsred.TDl ), m and
p- phenyl enedi i socyanat e,

¢ hkpnenaessuR ftsle ardndﬂiclls?&g)m&mtlﬁcludh thbdmyH, @ Aeand] 242 -isomers of
-dii socganat e, 4,4'-diisocyanate-
dlﬂh&n‘@h{l@t meghyéﬁg,yanatg (}@?]’ﬁ,))qlg}qg ﬁ]&{wf‘ qqgtpﬁgﬁlgsr@ ang monomeric MDI
anat
il G223, S0 SLANAENLESt bt ARl Rdlibccyc
ch}l}drgpmmealal(;jﬁbdimﬁcgmmmtitmlenydanb mﬂkdlwoewrtatee#ééﬂus@m@ate -3,3%
rogenat ed products of these i anat ound
dlmah%gpf&@éfa 3ggethgldiphegy! lina‘?l s‘i?%%e %taé’gnprra;nb:

OB f
e B 2t i er ude
trlmbymmnmeaylethnayn@mwun@eth@wﬁ The hydsoganatedipsedusts of these

this invention, e toluene diisocyanate

d
13%@%4tﬁ§%‘n59/“‘}dﬁ§albﬁ%§§e§r?ﬁt"fgln of a m xture of tol uene

di am ne or the d h
Owtﬁ@aoggﬁocgmgt{ggggﬁg}ﬁp y yI ne a S %'anatlaeble mixtures of

i ay i ob Iy
thevbidotich &ff tisémtention, 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 nsed, 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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pol yol s. Isocyanate-term nated prepolynmers are

prepared by reacting an excess of polyisocyanate with
w@iogaksp4 i ncl udi ng am nated pol yol s or i m nesPEERINE617954

t hereof, or polyan nes. Exanples of aliphatic
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production of rigid or sem-ri |df ans are

comlw@phyf &R YIHERRIYTBEE ¢8s, the 2,2',
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1rﬂp‘ﬁmy&ﬁ@dlmgr®admonmand wonkess safety. reduce/elim nate the
presence of unreacted isocyanate nonomers. This is

e SRR Gig foanDthe dp@tie pblywotyanuet ahd the 1sc&gmmlmae$vesqmtpounds are
as TDI and/or al | phati c isocyanate coat i ng a
rezaitrbi; speh amppnte that thedsacypapate jndex, rﬂ;ﬁgqu%s tﬁg e ﬁrgor equlvalents of
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cyanates and the | SOocCy anate reacti ve
melopnedibyl $06G renges &me&o iorlessulban iﬁﬁopref@ablmétom fA@ to 100 in the case of

NN R

i SRS FYSIRWIE GeR, AiCRbSAHAE MAERRES generally between 50
ponﬁ?%?‘é%f% 100, ranges from 80 ffg | ess tha% 500y ’

anﬂrleﬂand[ptqferhbkyrheaﬁeenl&51@d Iilf. t he case of pol yurethane
foans, and from _100 to 300 in the case of conbi nation
pq#aﬂaa@tdmmh & pohtjrigsanclydhesiwts¢hd ivecsmnatbdndeklie gérsraly between 80 and
oans, this isocyanate index is generally between 50
12énﬁrei?®blﬁﬁétvffle%flé6 i ‘bet ween 75 and 110. For
el astoners, coating and adheswes t he |soc§anat nde

i sy eomduamgw prlywieBaAnsbasss foarms blgwimeasen 1§ 2 erlfrqulred In the
pro&)uctlog o% %19x1ble polyurethane foams, water is preferred as a blowing agent. The

amount of water is preferably in 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,
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For produci ng a pol yuret hane-based foam a bl ow ng
agent is generally required. In the production of
WO b@xilidees pol yur et hane foans, water is preferrBdI/ES2085/017954
bl owi ng agent. The anount of water is preferably in
arftdie praagblyafot troeerthan EOtpartiBy paighs, rhyre\pedfetably oo mere than 30 parts

bly f
bppest Bredenghb ot BrielBl §one beliph ORper Sufe igegtas an
aﬁﬁﬁ%ﬁl ﬁlro@m"i‘%%é%nk' %@1‘3 @nc'erm}pwe%t ao8MMoudt fron@.5 to 10, preferably

production pol yur et hane foans, the bl ow n%
frageng td Mehdiches: pvafeeerb,ly fooh hiod andewosfprefenably figmH tg 3 parts by total

rocrbo arbon .di oxide, or a fully or partiall
Wféﬁ f%f%%ﬁ&h%ﬁ%’?‘?%“ﬂ%rocar bon. The ampunt of wat e)r/
Is_prefera in the range of from2 ta
WA oSSR RA TR GR 3t TiED FPL: B ey frain other
. I
ingRER 0 AR b Bulinds poltiote Apiche E%f"“ FERBLNR neredients arc
smfaommgpmscaaaiws 1 femgrerebredonte solopants watioxidants, fejafercing agents,
St% SI tcqueﬁgﬁones | ower, or the noldability becones

Sffount of hydrocarbon, the

hydr ochl or of | uor ocar bon,, or th r of | uor ocar bon t
belngBaEnEBelywioHmne heamdt lérge?%raﬁmp gﬂmﬁ 10 gPPIQYRD Amount of a

su%@%ﬂfjﬂo gab‘i)l'i‘ze 'he f&ﬁﬁh% RAcEGSoYre Qlfntﬁ fieufe9aBu@Girfastants

rably nor e an 40 parts by weight, nore
ad&bﬁﬁ‘ag&cﬁlblyycomqirlsanﬂxqutdmmolid) orzanosilitopewaifadianth Lxket sprfactants

it B35 80 L5 B Y S antamine

saftf B fo%glc}‘laﬂra@}@ﬁ Rbidi s01fA8 cSERY AlkyT Judith 2. SatekPanbiCulkyl arylsulfonic
prefer from0.8 to 6 and nore referably from1 to

acidsa rﬂ]hctrsmlfaqmaIE$ aeabipjoyed dhramonss Su mnétwabﬂlﬁedhe foaming reaction

R B S TR P, YPGB 3 pars
ofEtHP 5 @YacERE bal 10035ake by WegdHe @cbt@ll’li&ydl byre pafficiegt for this purpose.
pol yur et hane polymers. Anpng these additional

| NGLEGH £BFeSca®ll GtStor HRCE AR of SRy Fhnd/Rater, fif @8%ent) with the

retardants, colorants, antioxidants, reinforcing
pdyjisodyanats t:aabbd; nsedr gkra[rsdltablb lestkane |cntahy§kmmg be used, including tertiary

5L e SRR A8t AP RO A B Bpounc

ar{derﬁfﬁdr@snth@eéf UPl%féﬂﬁﬁly khe readtioh€s carBed butsd Itfﬁe%liséﬁdeibf an amine or an
advant a?eous nprise a liquid or soli
1

organgawasallit catelyst qm Iﬁé‘éqed gEnouTy wedcsgehﬂfiab%ﬁat%m%%f degtiary amine

T e W S —
a@hkﬁem&%dhﬁ&bﬂ@l@e@&h@@ ,tetallrrleyﬂylﬁhylémﬂlmmsl ss and

al k yl sul fon
(dlmetﬁylanunoethyl)ether 1-methyl-4-dimethylaminoethyl-piperazine, 3-methoxy-N-

(@]

dimethylpropylamine, N-ethylmorpholine, dimethylethanolamine, N-cocomorpholine, N,N-
dimethyl-N’,N"-dimethyl 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

-35-



10

15

20

25

30

35

acids. Such surfactants are enployed in anmounts
sufficient to stabilize the foam ng reaction m xture

wa@gasnsieo£ol | apse and the formation of |arge, PCEUSIW05/017954

cells. Typically, 0.2 to 3 parts of the surfactant per
opfhapiabe e ripfoyweihghdin. t Titsaimonat yfodmifib ratakysts saf fanyifeomn 0.02 to 5

for this purpose. One or e catal ysts f t he .
prigstn g DI ERBoBEY et eatap ool | Bayeen in the
fgrgﬁl,#g,lnwaﬁgg)ﬁ@g@te can be used. Any suitable urethane
catalyst may be used, including tertiary amne

co . i ¥ S L
or SN e il SROUE 1Rl ol SRR I BeSpORPSTRArosslnking
ag¥ne betelehyinténendesiatliudes low-maleculedpaytiydric aldvboklsseingeethylene

SO TS T PBBYAC) BRSPSy T igIEHy A fRboIyols such
ai@%@#@l ﬁuD re'ﬁx'd%ﬂ@thﬁﬁdlﬁhﬂ%! w&%ﬂ% such as ethylene diamine,

phol 1 ne, N, N-di met'h cl ohexyl ami ne,
xlydanic draptitey laod etethyllawdtis(osiianesniline); and mixtures thereof. The use of such

c%gglip&%r%{nﬁes:?g&lﬁg E?tlggﬂqeé? }es’ kn%lw% in the art as disclosed in U.S. Patent Nos.

436589 Yhd 4988 380 wldEP syetduy| - pi per azi ne,

3- met hoxy- Ndi net hyl propyl am ne, N- et hyl norphol i ne,

di t S ri B LoRrublidid iR dy

! RSOGO LA ) CARATE 09} LA AR Kb
rehrilbrd inetythyd inGudédessan aiditivep rAoyyinawindisuicher solid flame retardant can be

u%gtr{’gl}l;& g%ryzﬁﬁ & en g’?@%{Eﬁ Srﬂ\‘gintgw y(?é%?eg %Itcglgélm% retardant agents are

hAb SRS fated HOShHAG AN il g iRd AhMS b&oﬁw'%tagem.g@mmdn halogen-
catal ysts being preferred anong these. Suitable tin

subatiaitedshosphatdsude tristresshphesplde, dris(d 8- dichlaropzoryd phgsphate, tris(2,3-

carboxyl i Cl su as. di ' ' . .
oGRS 5 H hu  EH RUAISgS morgnie
f16th8 edtagasts intlideTed Padsphbrodl) aldni@dm ckid hylraatakiysiny taoxide,

the trinmerization of polyisocyanates, resulting in a
appwiopiusb eyl Eates expandakle grephie.difehpiaaelams Gilanyie 3t g res of at least

| 80O i y e I f ]

oZLAGRE I BOR YAy SR RAG ks | i BN oA the
for@uibafthe hodpganis fiane retdrdhdts ereqatfatrydt s from 0. 001 to

1 percent in the fornulation can be used. A

CI PES hpphichtichs FOEFly@ethansfoahid peaduesd by tHegyedeat mdtelatbn are those
i f necessary. The crosslinking agent or the chain

knowereindhe industr deéer exampleoigié fpams 45 nsadyia thecconpiediiondndustry and
such . dl.et h . .
o Y RSP MRSl cporgors ndwo
a@ﬁgmﬁinis sBtIcs famitire sheolautemabide $anisesinaviedransitareing wheels,
and pol yam nes such as et hyl ene di am nge,
argyreste Hepn Wﬁegmla«?@s“lg@mp%ﬁ@pgidgi@p "E]Isor oani | i ne);
and m xtures thereof. The use of such
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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crosslinking agents or chain extenders is known in the
art as disclosed in U S. Patent Nos. 4,863,979 and

W@ 28631600; and EP 549, 120. Especial ly when prPQEUS2095/017954
rigid foans for use in construction, an additiona

conliAi5Bs, vt RbOithoutRele3€ abéifts, ulﬁi-ﬁdblﬁsoaﬂmga@ithntylmﬁrts,énykm put in the
known | i iquid or solid flane_retardant gfglgused W th

molde Ip stspeif dlegible foams, thewsrianbgyeenor ghd u"’ﬁ%‘ﬁ %y such
flame retardant agents are halogen substituted

p Hrs phedueingangid tfwammSg thei knomnzme-Shela EPR BMER FeEI-PERORERET
tecE}]xﬁl QR u&e&ﬁ{a Eogstih Stghﬁltl\%%ﬁ zﬁ nlil n% n?%ﬂ%dsqnaﬁ@i%gtiﬁpingement

0S p
Ombpﬂi @Y&Qm Samaie rétﬂﬁed ﬁi’tthalfd)ﬁn of slabstock, moldmgs cavity
(2 chloroethy Iene dlphosphate Inorganic fla

filtliog.cperyad Soamy, er ksl fos BHYBIBALE S, Sthar A PAANSEsH cpaper, metal,
drate

pig5h RSB Ridit fRthl e SRRl s hd AbRicd while microcellule
elafrorhéts efe @haly mokd! two flane retardants. \Wen there

is a desire to mnimze the anount of halogen in the

f oryuhd RBistahhfoliirefaad tedin dc@@iﬁlrfg&balild anleation B preferably

preferred. The applications for ﬁf ur et hane f
subst@m@efcfrd?wftbr@ﬂmp@mﬁt NG NSFR PISHET %l%)é SqsFaB ik gm0 halogen

t he industr FOJ e used in the

at%ﬁéﬁt ~E5PL sHo Sh[%%(a?iﬂgl rffr?é ’gi's ﬂﬁé@?ﬁ 2én for

appl i ances and refrlgerators Fl exi bl e foans and
IefitiagIRyIREmt Therehapstit Resippl i cati ons such as furniture

shoe sol es, autonobile seats, sun visors, steering

V\’flﬁeah&heﬁérﬁbﬁﬁﬁfént Sfans pRadie ﬁrﬁ/,emﬂ@i siee pmﬁplhcﬁus -oomtgiaigproduct,
and dashboar ds. ProceSS|n for producl g Iéur {.hane

Ccpnmmdt(B albtaingle byershing Gomnoaer(A) with ) 1S used to make
08!?58(%1%&18{1}& %ﬂtl&ﬂéﬁéfﬁ% E@Hﬁoﬁl%tf@r@éiné' eaction

xed toge I'n any conveni ent
nanner for exanpl e by using any of the m xing
e oAl Ihp]mgéli-ﬁée smitidrertsistant thermoplasticaesin Eqmpasiitonpre pbiginable by

bl@ﬂgga)sthg&ﬁgé):h%%gﬁgyagﬁlg g(r)r%]&la gp'é%%gﬁfgm aﬁx%/o&@&g 0 the present
1n€én?1oﬁ!&1ﬁ?ﬁﬁ1& P QIRCGH thQRIdpMdAL Bdsin, or di sconti nuously,

pouring, spraying, casting, calendering;

VVI 3ﬁ)1 al M@%t%?%m@ﬂ’s Se1ideS ButQfre ABY lﬂﬁﬁl&f)ﬁdbélyﬂﬁﬁ‘s produced from

ase agents, In-nold coating, or
vidyharbASe hénehers lahd hypdrb g¢mtddh&rsrmisdherbmf omssling both diene and
flexible foans, those c be nono- dual. - har

arq.u@ptlcp]pw%ﬁnﬁ@drvegsgcalsf mgtqq%m r%g%laté%tsugl as s%yrene—
buRdRAR BISE copblyRRMN, pBIyRRANeMBIcluding 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 a~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 Cy to Cy alken-1-yl group)
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techni ques may be used together with conventional
m xi ng net hods i ncl udi ng inpingenent m xing. The rigid

WO o@siingsy4 al so be produced in the form of sl abBCDTKR2005/017954
mol di ngs, cavity filling, sprayed foam frothed foam

anﬁrhohﬁiﬁbfﬁie@§ (9F &in@ld) ehosB iRl iuding SUSVentidnsldperogenedus catalysts),
pl astics or wood-board. Flexible foans ar}eﬁ}ﬁglther free

patyphenglane etheicadymprs (BPE endoang| qombapation 95 plsad therefe
usual |y nol ded. The flanme resistant uret hane resin
aCHmroioplgsticopdlinersians eall-koawn by prase éﬁ@i@g ya the art, as well as methods

substantially free of brom ne atons, and nore
fobF‘@f“é\gfb M- substantially free of hal ogen atons, as the

Ot She B Sk el PP Qo e

Iﬁgs p fHér g%g%l%lﬁn‘tfi{@%?%nidﬂ%’ g 'Oi(r:lgggrgaﬁnaﬁe (nllo)nomer in the presence of a

dmsbl\&drmiadstoendnyor rehbet. | w@lytmvpzane mon@m)erwm@lndwﬁfn@ﬁ@ém limited to

thésglqeég H[eg r%%]“gg{% 4:, géébo ?2%::75 4%%5 ghg % 9%@5 9Haferably, the

mblgﬂhérllgafﬂh@%ﬁhﬂﬁt(mm astic resin conrp05| t| on are
I nabl e by blending (i) the phosphorus-containing

(?égxnﬁonpound (1), according to the present
|nven|o th (ii) at least one thernoplastic resin.
Typi cal thernoplastic polymers cI ude, but are not
limted to, polyners produced fﬁrom vinyl aromatic

nmononer s and hydr ogenat ed Ae’r—s(bﬁészhereof, i ncl udi ng
both di ene and aromatic hydrogenated versions,

w]gqulr;llpg%égg fsgtgﬁ%gggtgln&r g{aghygg‘gnm Iﬁé}? gror?flglﬂyg][gﬁrélﬁtélre having from 1 to 3

ar&’ngﬁ% Hﬁi tlF' bg@'lthém%ﬁ%yl Rl o Mﬂl@ﬁlﬁ L subst1tut10n wherein any alkyl
acry tr| ut adi ené-" styrene ( copol yners, and

gretyy Cﬁ“ﬁﬂﬂt ity ombon aﬂomscmpchlakmﬁqyérqﬁsﬂa) a hﬁ@ﬁ}}bﬁﬁ%ﬁ atkyl group.

e S AT ML A g ok
suﬁé‘tﬁﬁteﬁ hém%?o%gw&ﬂt hiiiy] Heing gt eriferiials . Typical Singb@pmatic

eth Iene VI nyl al cohol

mcmpmtry nvém@ caetbhylsgch]@chlé@, OF examanley S Bsh 9%? gnethylstyrene all
18(88?% ol ﬁ{p;y &5@%@&%&@&%&@{0 il MPEBﬁlgrts%?leﬂwl B3tE, propy!

stﬁ@hé/ Ry bhenyl] iyl eipkthplRhy,end antuadenasng ohiyetdsithemel. The
pol ypropyl ene, and copal yners of et h%I ene and/ o
Vlwldwn@twenmrnerém ot cogTbIHgc KL AthE cRpaRIFriable fyonomers

Examples of such monomers include, but are not limited to acrylic monomers such as
acrylonitrile, methacrylonitrile, methacrylic acid, methyl methacrylate, acrylic acid, and

methyl acrylate; maleimide, phenylmaleimide, and maleic anhydride, 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

-38-



10

15

20

25

30

35

| east 4, nore preferably at | east 6, and preferably up
to 12, and nore preferably up to 8, carbon atons),
W@ yobiteseod ef i n copol ymers (COCs), other ol ef i nPCT/US2005/017954
copol ynmers (especially copolyners of ethylene with
asaleedrh@iedarebpoximatedresing sarventésnahteChniques] Brakimplel AGIIM test
grouﬂé and honopol yners (for exanple, those made using
meihad &ht4 dnal het er ogeneous catal ysts), pol yphenyl ene
et her (PPO) and any conbj nation or

|
t he rEl@ﬁP r?lbﬂ/wnrgg %@gﬁa&wed BARABEssugh @%ew \xﬁnﬁyced polymer
oS 3 B o R a5 a0 st ety

fr&ﬁ|6ytmﬂ) p@fegialﬂsa gcb gs pmfhtf mexd preﬁambl;ntyol ]160benden<mt preditrialely to 14
ymer produced by po rizin ar onat |
whehRERen} FHRORE, DBTSB0% LH L e e ar SafiGrfapfiogper and bber

| bd
P Y g0 Bl e e

eqfivabems, 987 nsed, k&?eﬁn g4 temitd 49 588,806 rubberf lmramoyym@h guch as

quij?{tg&?%?quelg %p%fy 0 s %tlequéqr ?f@t}_%?f/ p %Pocgﬁ?p?lgmgh the gmount of the

6 deuPgroth hib%ﬂlele Rauivien HofiBpdlyeride @fc@iB tirGbb
“Prngs vlr\lnﬁ:ath up roT ot alkyl, hal . Spies kyl =

pa];yrb&t itabtasdor a bitedienastarepe lael copelpmer, élmﬂra@m% of theugadiene
nd h IoaIkyI refers to a
C‘WROBG]% ﬁé‘&?ﬁﬁ?‘é&opﬁwff gr oup. Pr ef er abI y, "Ar1" is

henyl . or .
P2t R B PR B B womac
poll: RAEk S EGn h-gyé’h&aﬂypé! Ilﬁmhchag ook o AHID BRARIES omullﬁnodal

can be used i1nclude, for example, styrene,
paﬁhqidﬂ sizerdistritiusioy randh partla]el sizes m@ll; asoany\,mwyho]pgy incheding cellular,

l.I
cogs %e@'n%mo%f%ay?s@? pi gty *%2%3 S Vimgl

na ht hal ene, vin ant h th
pmsgaah aimserces Ahuers cag Rar Bt e HebimthalioRb i
ar&’hgﬁg m%ﬂ&ﬂleﬁé{'ﬁx{)lﬁ&@n%f SR RIORifi P RIMEh&S tHekeof Whd the conditions

NONONEers | nc but are not limted to acrylic
negdetbive pedsoing tlasdemrpay pomhgerpartécle pisesh arerwelbknawn togone skilled in the

arty n%lhlfim@lgﬁfpy bore yweéitzgu tnrépgc?rgﬁ]tc%gge %ﬁ? ttslp éatﬁgerw:ésgeesaa% Q%Ptmuous

pulb it Yo hétezatidRsasdoséibicdSn NS ednt NBSE2, 7288 and 3,639,372.
used to produce the rubber nodified nDnOV|nyI|dene

Therpohymérizagion phthe vény apanatisymengmrsis giidaeiedin the Pigsgnreeet
precﬂsso vRAst RS E)}elpglse iBipadt ModTBOL Vi BVl StSbeREQRl 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

C

(@)

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
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pol ymer, including any nol ecul ar architecture such as

i near, branched, star branched, and hono- and
weopsiiysses di ene rubbers, block rubbers, functpPCrabioagol7954

rubbers, low cis, high cis rubbers and m xtures

tHeha6siadtic poEme sipefeit ioemplopbein gmaines lakd tiareapdquybieh 99 parts by
are those polyners and copgl yners whi ch exhib

. it
wetzhb eeteralibr lets thar Pt $ayal toSeta OF Meighit TeRre; Ige’fiﬁfﬁb?y less than or
L9RE ' ' Cro At 85
PP 20 BESHE SR A MR b 20AEy aodess v
bapeighxbaetied 108ipags by meeht bhihe halogeth friee ignstiornf igsistant polymer
exanple, ASTMtest nmethod D 52 T. The rubber is
CREPRSEN ‘ifﬁth‘“s@iﬁ’s‘?nr‘i INeBUM-s such that the

r ubber - rei nf or ced Polyner product contains from 3

pr ef By eitsl siadimpent, thebalozen-dee FmIH epislRPEPY HgeTpEpposition of the
fe . . .
o5 S0 L s iR 0,30 R ot ymer
whektentledsubizest, thb deedogastichpeltndraks faeexpmtplef polyphenygde ether.

aromati ¢ nononer and.rubber c ents, expressed as .
Polyplsawyleae cfigeiae madady 4 aReLy #%ﬁj@%n@{?ﬁ&an Jion-catalytic
pbeééQ@seI;rorﬁ%Uhg oglgf;n’g#héﬁolé‘ 5@1@a&ﬁfe‘%1eﬁvatgv§s 'tHE%r@d’fdﬂil W& of

nmean or ar onopol yner, such pol ybut adi ene,
ilssttion, tdraimobiha polyphenyidneretheasnasefirin hetpirescht invention are disclosed

. olymer, t ! up from
RO RUPTART A WRG oA ObSl S A 2od Par e 4 Pubber y
pol ymer, such as _for a butadjene-styrene bl ock .
copls potgphenylcae SHSTFRSIS pre; Y cEiu0h B DREdRyBRARG regpating
I q@gtx .. The rubber is present as discrete
“ﬁ%@%@ﬂggg?ﬁﬁc esﬁﬁ%thin t he nmonovi nyl i dene aromatic
pol ymer matrix, and can have any type, including
nmononodal , bi nodal or nuliti no particle size
di stribution and particl &4 1 as any
nor phol ogy i ncl udi ng cel I|ul ar} shel |, oni on-skin,
as well as any conbinatigns phereof. Polynerization
processes and process conditions fof the

pol ynmeri zati on of vinyl ar tb' &jﬁﬁﬂomer S, production

of rubber nodified poly P%H@ﬁereo and the conditions
wh&eRaHe bRygeRlcaiby aiongof hir ikiSh catheaed tage beatdnealeleus of the

sizes, are well known to one skilled in th

art.
nexf adjoIRGE BHY ‘POIyABPSiHY infgeniids akleast R0 6'@3 pecderably up to about
i i t .
AR Bl BERSGR 35T P e O consicng o
hy’irdgh, Bfidgeanty&obdBorBrdicalifeced aytentnfyzaphaorartadn dtbw,

vi nyl aromatic npngner is conducted in._the grese ce of
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-



predi ssol ved el astonmer to prepare inpact nodified, or
grafted rubber containing products, exanples of which
wae@sdesses i bed in U S. Patent Nos. 3,123, 655; PCT/US2005/017954
3,346, 520; 3,639,522; and 4,409, 369, which are
5  inv&fRhPahatedmbylabtr sidpolgihengeneethdtmlyméien begrepared as a blend
typically a butadiene or i soprene rubber, .preferabl

Prisslty BlsoEraion nforas EPmBeSition ¢dhie BSHAY AT &F SRFTRAlymer can be

: 1S @QldeaRy. is high inpact polystyrene (H PS) or

lng%?gﬁogﬁPrl}egggtadiene-styrene (ABS), with H PS bein
nost Inwne featbodinenT bEthepeesenpiheentioo, theligniten wsispo! thempoplastic
blend is enpl oyed.in the hal ogen-free i nitioH .

P EEPORROS SR A0S (D A G Bt dngy atggliyeontain an

10 DI @ Fin@RDUNbEnz8k e 118ASENtARINBRD d ¥ed glEmolabil

eP'Sr }eﬁ?e%r ég{f‘n at Ir(}gast 4%0 .?Jaret éﬁ%y nvveilg t ,h{ri})g?% @tmolabile

grpuetentaining aimpound acapbdipa ta the pyesertiigyantion agidegsgibed above.
preferably at |east 50 parts by wei ght based on 100
palitasothyr Wedrgdtive @intodemdia bb terpiresert ingetitionothe igdiien wpsistant

b ST LB Al b o on

Sﬁﬁhﬂ% 1dsBc ARRNRLE (i PatSepoRAlizeaCRgahd (D, HBerRakizn

mvve!.g t,%prse?erably I(léss'tﬂlgan gr equal tgg% arts bd;ﬁ{ng

15 conighg gompmmdmr@‘tbmmlgbﬂe@s@un-mmmmg@qmapun acgpsting typghe
parts . wei ght, ..and, nost preferably | ess than or
PregeLinve 1%3{;‘8“5?63%%6' by wei ght based on 100 parts

Sl el —
th%tglpa%é% oudnQ§ c&ﬁﬁiﬁﬂ%%ﬁét%aﬂi%i\ﬁﬂi_@d‘wﬂ?&hﬁh@é‘ﬂle mechanical

ynmer conposition of the present invention conprises
pr&parfiennfdhe Egmpésitioneandl ase corapatiblowith grertbermeplastic resin. For

pol r.s wherei,n at |east.pne of t.he er St
20 sghplRshe bRt oSBT plmab al OB A e, such
fufQiohR RGN AL RIuAB! Kut AfcendTigkiteld Yo, buvalidnes, ktydtnarlaleic anhydrides,
nown catalytic and non-catal ytic processes from

potyhutekeermilniy aphpdridescopplymess crpex i aciderpingtedwtadignes, and

of, o | |.ust [ i . .
cafapps 200 syt Rl B rullit "Ny Bopb BB LYAOSAKLEAR be used n
modify gSthegmb ri¥agemént 20ftatiide epdx3@6mPdmds3, 257, 357
and 3, 257, 358. The pol yphenyl ene ether resins are

25 Prefesindiiny oPEoinBSuld/@F epdiiingd ChmpbeRPad), befzoxbfiteing@bntaining
[a (XOXIV) : la (XXX

1

Formul a ( V). Fornu KXXI'V) whereln the oxygen |
coetpioend,at dmrmblabie geaviptcontrinibg peispamdiused Hethg dgnioneresistant
thgrlrjrsolp?alélac 8!)1y¥n%§ composition of the present invention is typically at least 1 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,

30 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

35  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.
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35

next adjoining unit, "v" is a positive integer and is

at least 50 and preferably up to about 100, 000, and
we@2@h/118g04 i s a nono-val ent substituent sel ect eBCT/I8I005/017954

the group consisting of hydrogen, hal ogen, hydrocarbon

r atWiealsefténcdeorafiel@d berthé appficatiiquhaf heat; Berigaitionyesistant thermoplastic

hal ohydr ocar bon radi cal,s havj ng at | eas WO, car bon..
PolyBIFE CHBPORIEN QTHRISHBYHEEM cat bniosmed P’h%“’t?ﬁé H518 SaRYeRHgnal

1 ) r . :

o RS\ LD PAXASIARE! 2 3ied infection molding,
cqierefaeing echiopoh YoimeEng, therenofomung restrision gnd/or blow molding, alone or in

ol y(2,6-di nethyl-1,4- phenylene) ether resin. \Wen
el shhoenapn s RREMS RAF noiepfisstRbfion €48 Biso be formes,
slﬁﬁ’il, ¥ ®Awn RS Rk YRReN Yhiefearl Meiinkies biextmided sHeetfsabt san be

enpl oyed in the hal ogen-free ignition resistant ) )
cqupomeed waineos iof e OrghNIc 196 inerganihiubsianeast proany Machine suitable for

amounts of at |least 5 parts by weight, preferably 10
mﬁ%&?”%§CMEight, nore preferably at |east 12 parts by

\Qﬁiﬂgp@n / e rtg%g)r?glglpxqigé& {)F @%%gé?qtﬁ%@?vﬁ%éah"‘ﬁé ?tElEZg& in the
pﬂl%gﬁxraﬁmp ¥f MRjagt ThePERTiBh 3¥isfartt PoRBneR 3biapodilon\Riegtttided into foam by

re preferably to 25 parts by weight, based on 100 |
mpHpraceksngigingthta ipwingegent todern  feanabimmixtens, eanidirespid

pol r. conposi ti on of the.present | [ .
eSO AT G By b Tl nd tovin e
foRfRABRIEBNAS tPetPafiendEdddr Cofvdntiondlfodra tk@tsioméquiphent, such as

conposition of the present invention, or each pol yner

sceein epiendent ¥ ForcEve ek eI AT FaF Y 1A GBISORBBRITARN AR Pe used
Slﬁiﬁ%}eﬁé{g?fgsg%s fopﬁg{g@m}%%?tmﬁéaefobﬁg Trtohpﬁsiﬁlﬁﬁbéﬁg ré%ent mixtures are

Sticp conposition accordin o the
defégﬁmh(}jr.sYmaﬂt@ﬁk})snwomsm;mﬂ,mamms bR, A& R A28,130;
oun ., a_benzoxa r - t.al ni d

5 SHTESENS, )y S HBIERAEE e 1B SO0 2L 10 SBOHIC, 14656
458 gg@ 4195@%%2 445 886 Q4854925185 086 dn @1 986,550.

angdther "al ternative embodinent of the present

invepntion, t -anit i i st : thC s .

el SR b RESLT AR SATRAL A epion st
pd]&ﬁ@ﬂc@ﬁ%dsitﬁogmgghwpremgt mveigonmapy astionally eésilude, sredd{tidn)to

an epoxi di ze 0 T, b ine-rj .
CopRREIY (g b RSTRUSEoH iR ST e. OPGBLIEgHE SPRPRRion of
thg g@gﬂqgvﬁgi‘éﬁ 'irfyy LifclbBEoMELARAL re SR bl @RvESwhich can be

describe ove: e conposition of the present
phiospleottis mamphdspladrudmatetinbras degtribed elsoveuch as
nmodi fiers

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 0 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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t hat include conpounds containing functionalities

which will enhance the nechanical properties of the
w@orsasicdd on and are conpatible with the ther np@I/aS1008017954

resin. For thernoplastic resins such as nonovinylidene

arpidighftonaeist 0 hétgabreticiceinds preserably fsubstaritanalftet iof bromine
m ght i nclude, but are not |imted to, butadjenes,

atemg,raafenere méqferabwaa‘rtmﬁ@ély fi5610f BAlogen &ABS nas tay gXxpression

‘%aagﬁgﬁhg?“ﬁgﬁp % hovedl boxylic acid term nated
car oxylic aC|d functionalized

nb .
o AR P b RO s i
us@ﬁWRQﬁBﬁ&ate hlgie® uﬁﬁfupafrtlélemﬂlpnﬂts( Spmeeyiohe zd‘tlzled wh1ch are
Co ound (1), benzoxazine-ring containing conp

arbyl wbl s@teglrla@pdq:t@hww qagu@g,sﬁﬁ@gwg%@g@tqrﬁ rpﬂgzd printer
hogglrﬁ'g%,'e%rbh @iﬁ%@uﬁ%ecf) TR 83kt Hﬁﬁﬁﬁht?‘?ﬁﬂ%' 'OtR& applications

ion 1s typically at Teast
1n&1ﬁd©hllt@ﬁ1bﬁ&@ﬁndgﬂﬂl§a@ihkmcea1 Ieast 5 wei ght - percent,
preferably at |east 10, nore preferably at |east 15,
andm)st pr 20, wei ght - percent and
§98 H JORoSiion  han 45 nore preferably
| ess than 40 and nost referabl | ess th

wdngnethseembedimepiefdhe Blﬁsqqﬁ aveptoq: twlwﬁgﬁl S-F?Pgammg product,
Clfi D, DR RN BRIPRI L BR A a0t o ke

PphiREsHoRIN- conna,iﬁmtg|1gmt1maresiseanamennqzﬂettsigemnipps1any sui table
m xi ng neans knovvn in the art, includi ng dry bl endi ng

t he i ndi vi.dual onen ubse :
Sl ROl B R B gy ening
(1)ttH§Flflés§h§ﬁ§Qoﬁ‘trafﬂu§é &)rﬁ’ﬁouﬂﬂ ECHhpdid (D) acof@R@cAhe present invention
ext Dry bl ends of the conpositions can al so be
with it lepsti aniedbarmosctiing sisteini Exsuplepelabprmaseiiingisyyeh ars epoxy.
P‘%&{ﬁﬁt’tg?%g ppéléﬁ0§¥aélﬁ%st eélt%%gazﬁrg Sing—c%ﬂe‘?ﬂ ngf g&lnéigttpﬁaturated resin
sy§tbmb RbStainivy; db%bﬁﬁﬁlebﬁ)nﬂ@ Ipm@ﬁyﬂfatdmltedﬁbisms]lehglde triazine,
conventlona t echni ques such as conpression nol di ng,
bimgleimitlo pndvixiiieg thegked: assi sted injection nol ding,
cal endari ng, vacuum form ng, thernoforning, extrusion
and/Io ranbtlhex/\ﬁrrfgcb(ﬂmng of gheypresent inveniiemtheignition resm@lt thermosetting

nition resistant. the
oo o5 3ot DS GORLERL e AT TR an
epBildided | ouh@ () NebesoRziddgictthining ebmpomid aranthbenolabile
corrpounde with one or nore organi ¢ or inorganic

Srelifbeemiaining, coBIporRy aGeaEding i the Preapnt dnyeation at despiibgsabave.

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.

Ignition-Resistant Thermoplastic/Thermosetting Hybrid Systems

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
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In one enbodi nent, the conposition of the present

i nvention can be utilized in the preparation of a
wo o@s1118bbe i gnition resistant pol ymer conposi t PORUBR05/017954

extruded into foamby nelt processing it with a
pHokshtirigcageiningtignifion msistanohyteisl wsimisystemahategntiaingibeth 2

sald foamabl e m xture through an extrusion die to a
thergppdastie pnd a RFEBQSEREYS§IE and al | owi ng t he foamabl e

m xture to expand and cool. Conventional foam

exfiUSibea iSaHbRIB N ant SheFRopRstECI@hexidsetdas sSompwditions are
screw extruders and accumul ating extrusion apparat us

obtzinatbe by bleddingu(i)t tisphospheBs L OBEATIRE CORARIURG: EPOYKL(D, according

foanms fromresini bl ow . i .. i.
o PR A AR B DERTRN B8P Plggeoie
Exan$f& F2Bermbpiific 1e3fis age dolptiEdPlendodidd (BRQ), nBx (A7, 18880f, and
3, 815, 674; 3,960, 792; 3,966, 381; 4,085, 073; 4, 146, 563;
othierg p9deyoBbedsingbe altoMg, paragiepl. FEgmples 3 HeFRgsCUESFCHAIC CPOXY,

nd 48 50, i . .
w5005 A il ApBias i
sySten® @dhtaindiy dfublder tapEsents,ipolyensratmestaybispeiconide] tyiazine,

include, in addition to Conpound (1), other
bignelsimide aad B thesgPiconpounds. Optional Iy, the

conposition of the present invention may al so i.ncl ude
ot hdn anpéeembedimgane! tARIBCEsn) EYeRliPR: KAcIgRItgy resistant

thgr%gs aggr erl%{)seg&gg g*b?%l&&?%ﬁ%l %gf@g%lﬁh Sc@2didg 36 feB&hent invention

e amoun orus-containing
mEPSRBsalscontiifen epdadiz&bOpapochd((D) a bemadikering Heg-containing
optional flane retardant additives uaed in the ti tio
cogpopBa P # BIFTBPlapHIG STONBCARRINRE LATRRBRY AESPHIBE 1Y i Riesgpt invention
t ' percent. The anount of optional
asS%%%%ﬁ@?h@%m ai ni ng conponent, other than Conpound
( 1), e i r ast Lonif istant
ot BER RS olBydl L iy 88 kit pen
thbaspthsQe/ tHdiotdatied hyteidghlymér dohgpositien wb fegsesent ingsition may be a
The anmount of conponent, Co_rrp%, nd (1), i r ef .abISy d
blend ofdAsmenT FRATG ATBEPERIFTCHRY (Bt e B tmpee g Sydtems an
i) Ab % ABG U g MRt g @bmbBnd
U R iR ES, Ot el Wb bbbt ora
thédny aBilel gasup-containing dosmppmed acatsling uthe peesert anveptipn aedescribed
of brom ne atons, and nore preferably substantially

abp¥ee of hal ogen atons, as the expression
"substantially free" is define

b .. The . .
halhsgemposiiens gercripehatoyg i@t%ﬁﬁgﬂ gfaf)f}\@/ﬁ%?g %%WB% Sprulaions,
enggpshﬂ%oﬁ,rc%mtsitésr,‘ Y&@REvRE nM18ing, bonding sheets, laminated plates. As an

illustration, a coating formulation may comprise (i) Compound (I), (ii) a solid epoxy resin,

and (iii) a hardener such as an amine or phenolic hardener.

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.



useful to fabricate
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i nter housings which typically

ellent flammability ratings. O her
autonotive and snmal |l appliances.
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f the present invention, the

phospiiorus=contar i n

obt ai PEHIZRAPON r eact

g product; To undf.l%,
hg Conponent (AY*SiPHBonpaonent

SBhitbEPAISEE™ BDIEHE
resistant thernosett

ignition-resistant t
obt ai nabl e by bl endi

b qgsml@ibgﬁzocpltoahmdsghar@m-bme available
BEMORANP&! Seilaéher BB @Y€ED:, hicBRpany
hﬁ%&i‘f&&e&"té‘d lﬁgi sition i s

SONPOLINK ERbsgbund (
invention with (ii)

Exanpl es of thernose
pol yur et hane, polyis
ri ng-containing conp
containing double or

Butyaenhauﬁh&wlmol zmule”ogndéémde 7
atorldessation pedibie availabletfrong UK Geonp, a
 édnighng WS hdfiiartéree il Beansyels, Belgium, and its
D&YiHRR! BEB GABHOX . &G, a company

Ofﬁegr}ora?@ﬂ?&ﬁtaﬁf resin systemns

HHENGDERIVIR, 1785747 |
thereof. In another
invention, the ignit
pol ymer conposition
may optionally conta
benzoxazi ne ring-con
gr oup- cont ai ni ng con
invention as describ

Butybethenfie phedel | anddormaldelryds
eedndensation prakluttheitipa eseght average
@blecelal Weight froiel0no set000nnd a
BEA9dishendtyt fPorh 260 B Faiablei frorg MARN

Gnﬁ? £eap i %Qdcfé&%fé‘driﬂ Birhgsels @
[ 8L yiaf aff %(gbgffﬁ DB IR éQ'Ik;G a

any 1 G5 F-Ii)'] Ida ithEr_a?[_& es en

FBEODURPROf1 1t he pr

resi stant thernosett
present invention nay
t hernosetting systensg
(T), a benzoxazine r
thernolabile group c

EBetyl cthexviisd bisphendlng and fortiabiehyde
EhdBRYaM 6% prod 0o S&iilubie Froph UGEGroup, a
(Qﬁpaﬁ Db aféred in Bﬁf@.@el@ 'BIIEI0G, and its
atBfige (1O GRPAPREHiKEEG c@giﬂaﬁyl nd
oGl i dienanppound ©

nL-nag r‘nnmnl

D.EeNprgsent inventio
-

e

I gni ti on- Resi st ant
Systens In another

QN3Z obtalnable by r

nLﬂaldC@@gy nbﬁﬂacalkasnmélavmg an epoxide
heuifRing Sei ght SN&HoD$80 | dvaglaby roin The
n@@\g' CRiHicA tohﬁﬁn? r£8 ®Ntorporation.

e@@(&’ﬂnﬂgarmdﬁ”ponent (A) with

1%1& ) lta i ! S US€ g&ld H&%%R 9(?‘&31@ [ bEa i HrGth BhB8b1 and

LJO;T%} qagﬂ FgB SrStant h orma del?ysﬂle hav1¥1g 2 5ok i;atnl%é p&% 5fY41%00° 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
Type 7628

Glass cloth reinforcement, available from Porcher
Textile, Badinieres, Bourgoin-Jallieu, France

Amino silane finish 731

A glass sizing, available from Porcher Textile,
Badinieres, Bourgoin-Jallieu, France
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thernoplastic and a thernosetting system The hybrid
ignition-resistant thernmoplastic and thernpsetting
W@ oivs0sicdd ons are obtai nable by blending (i) tPET/US2005/017954
phosphor us-cont ai ni ng conpound, Conpound (1),
5 aCTlgy @itrpgodedutely easqzdr tesaesuicrirepopemiespf the vatijusamaterials of the

therrmpl ic.res and (iii) a thernosetting system
Ramet gt &2 nyl e

Iaé% tWc resins are pol yphenyl ene

oxi de l DDﬂ\ moxtures thereof——anrd-ethers—as—deseribed
- T OoOTTICT 5 a9 JUCSCT 1T UCU

bepfehq Mhasmredar agr aph. ExaMpamemknt Preacaduret t i ng
tenms are erfo ) Ol ure Ol

1@4 zoxazi ne ringt g lﬁ m§\%aﬁ53ﬁﬁgfgg$§ﬁg4ﬁc

T-8§4 N systens clon t@ldémndﬁathinenqss PCinpdasurb@ bYTMA via

pol ycyanate estiehehBl $P@ITNIB505%2.4.24:821 ne,

A /\L HeSs L ITCI CUI . II dIIULTICI

Tenbodi nent of  t hElass eensition tawperaiemmeptEe] Hregresh Celsius
resi stant ther ca:siﬁrig:t/otIﬂérTMS@OtrZ #g5nhybri d pol yner

R e o s DY e W AR
ey U ngcs&ﬂblehmmserﬁﬁn@xpaﬁdo@ belawmgmmdlfadamge

CUll uunu accorarng Tt UIeE"

HRGENt | on as desdrhmuessuisepeker |twtmwggﬁm%w yater
enbodi ment of t jgickupSepercenipassed splder hagh (@260 € @geording
resi st ant ther |TREtTM/G30e2.6md8et t i ng hybrid pol yner

MpOSC LT omn or ese vention nd of
E?q Eeeg;@m@r nor evis ﬁBEﬁilg[ %h([fg%ﬁ rféedu %@%gﬁe}%f nor e
t hernpsetting s e‘b% idi zed Conpound
\( l 1)at1n benzoxazj R&idd 3ed ﬁpﬂﬁE@m94‘BlaﬁﬁﬁmﬁM§}(ﬂes@r a

| abi | e grloup- Cont ai ni ng conpound
the pr esent invention as described above. The
conposi tions descri bed above are useful for making
COFiid IPG: tbstrmathadsi averthe ebautripd landnate mdustoyrpiesdardsdeveloped by The

e oA B AL S e LS8 A
10 E‘éaln%] 10godoB) . (ii) a solid epoxy resin, and (iii)

ar ener such as an ami ne or phenolic har dener. The

f olLre ic n@ﬁ%@%&%#ﬁddﬂﬁﬁ%%@g}?%&%&&aﬁg% el pré@nt ﬂﬁentlon is

pres ose e skilled rn thi's field

1llﬁs§trdtéﬁbﬁmm56@%vahgexapplb$.e of practicing the full scope
of the

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.
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present invention via procedures anal ogous to those

descri bed bel ow. Exanpl es The materials used in the
we@nlkssss ar e descri bed bel ow. The test proceduP€rUSROS017954

to measure the properties of the various nmaterials of
Exafplexanpl es are further described below. The IPC test

nmet hods are the electrical |amnate industry standards

devel oped by The Institute For Interconnection And

Packagi ng El ectroni c C rcRiepaati@dBl Church Street,

Evanston, 1llinois 60203. Preparation of
pm‘Sé%'ﬁ%fJ@h‘a@%ﬁﬁtd] iPRLRINPOLBTIDRE 640 ginrg Phenddve VPR 1785 (50
present invention is’illustrated by the foll ow ng

pemeanyllidsn meszoxy|psopenph) evrae ehargwl in llisy gkgssarf?gcteg?smmed with a

meE Py s) e AR S Bl e Reab ke o condenser and

a sBﬁféh?@blIe@tol 9PhO fmixtareSw ¥ Heatedso 420 °C Iuedcmmﬂngee atassphetedo obtain
at 190 OC for 20 mi nutes. The resultin ag dp Cel
a homnggaeousasiX pirec Bep ROMesepeRusdRICHOB MK e‘é(ﬁs } deggpe Celsius
0 > G ol were
res B SO L o pfest it el
coB&dtédlstegpsisabbih tm:&elﬁpglammswaﬁl'fmsede Fihb teactiop mixiyret W#ﬁd@iﬂd at 205
a melt viscosj ty @150 Pa- s

“Cllgr 98 R R SR Vo AR e EO B g S fiBtre. The
&% 12 of the solid

G PRI el b e BRESRTIRERE e8!

maFidar 7628 gams/fitsFPewadti®Cv/arl itsdsoreieal phpspaarussonicat was

ro anol) were charged in a 1-liter glass
ab?‘étagcng‘}o‘r”e’@éﬁ PPt with a nmechanical stirrer and a
heating jacket, and fitted with a nitrogen gas inlet,
Ex@gp&cjﬁgser and a solvent collector. The m xture was
eat e

to 120 OC under nitrogen atnosphere to obtain a
hom)%eneous m xture. The honpbgeneo

u ctio
wddetemngdations ia giedabledplom Herg drenar VI e ‘511%0’25%%”“0“ A
I (from VPR 1785) and butanol were
de%%%eggggm?%gﬁ%ggév\hen the tenperature was raised.
The reaction m xture was held at 205 OC for 30 mi nutes
until no further volatiles were rel eased fromthe
reaction m xture. The
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resultant solid materi al
reactor. The total
wQ 2005818045,

was taken out fromthe
. wei ght of the solid nmateri al
its Tg was 88C, and its theoretiPel/US2005017954

was

phosphorus content was about 8.87 wei ght percent.
Ex@npzbksF@nilafioes BesedudndireparatidnnAt he t abl e bel ow wer e
prepared with the product of Preparation A described
i n Exanpl e 1 above. Curabl e Formul ati ons Based on

Preparation. A For each For nul at | 2 |a e
above con‘portfvwélﬁgoélewere combi ned Egarﬁ lee3d agg(ﬁgﬁgb IExamlfle.s
tenperature (~25C) for about 6d ?ﬁﬁr %’s?n tlo Porm a (Formulation
varni sh suitable for the measufenent’ of (el ti4re ang 3)
gl ass transition tenperature of the cured products.
Exarple—6—Formutat+on—t—descrihed—n Exanpte 3 abov
Dvial. MﬁofSégmg@@erwnbmd\’I&Késs clloth %i nf dr ceméfit 55
(pattbby maight hasedrog sahdtﬁo silane finish 731.] The
| ore at ed_sub sed thrpugh g§ CARAISCH
P F@’gfaé}o @kﬁr(g C‘é‘a}g\tsﬁh AG” Brengart én, 27
tE%‘FQ%W?IgH S 0%15 ter horizontal loven at an,
DREY (Q@WP%%H{&DM@W@ mately 172C and a wiqdi ng 0
nggﬁﬁ?asg o Sélhcgg,tersgger mnute|to forma |pr epr eg. Tpe
lnn nrnnr::ul a raci caoantent—aof tabaot 4.
— CPPTCyg—T a1 \_ulﬁl ¢t oRteht AYAl a‘UUUL O J
Phwtnol paoter(50aridpercenédi dual gel |ti meOof 145 sedbnds pt 18
DOTWASQITRRI r(patslyy weighelthsebove was cut ijnt o ei ght
So‘h@gjpl es (30 cm X 30 cm sanpl es]) and thenja | am nate
—wes—formed—{romthe preprey sanptes _as fqrfowg. e ght
SM&/W@N@Y“&#@P%"P&GE&%H with twd laydrs ofcopper °
O EACAFREL st O, (o080 gl | o
i ckness |of abo .
by, g%#ﬂb : S&?ae_had_a 'QIJ'MA Tg—of—about—163C eru
Zﬁff&sr]igilééli@l@@om Pdreeht 119, and 4 T- 288 greater @ han 60 0.6
DOWANER, PV (papasr weigh! baséd emgt h of the |l am nate was
so?iGQUt 14 3 N/cm The [am nate passed the |UL 94
= | u.llllu.LTFl 1 l VU t all I . E)\d.ll I > 7T—Pr cePhal Ct—i_Ull ’\44_40 gm
2-gthyk dtingthst TuiRele @8|%P@fe%1mn D 3790and |720 Y of 0
DOREANOL PMPR (pare8by eighiraseshen sol i d in mgt hoxy
soﬂlds))panoll) were charged in a 1-liter glasg reactor
equr pped Wlf’rr(])pgrties
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 a 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.
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mechani cal stirrer and a heating jacket, and fitted
wWth a nitrogen gas inlet, a condenser and a sol vent
w@odosacteos . The mi xture was heated from 100 dePCEES2005/017954
Celsius to 201 OC in 155 mn. The solvent (from VPR
5 1788} pespeegistiasdhborve veaseot inecdight satnpfrsi(3@ cmtde A0 thesamples) and
tenperature was raised. The reaction xture ? hel d
tb&p adamingés vy fonmed{tAm: e PIRRESE SaHp! QS@P?]WB}W% S §355S Of prepregs
Wefier ehease %rekf (ﬁreo%)gﬁ' &@B&Js%a tBEethdt8 190 e f&ﬁﬁ%hﬁ@s to obtain
mat er i en out fronithe reactor. Tg
a\lmnmﬁllﬁﬁngaﬁﬂ\/lwthlqkndbas of s 4 i48ymmt mommm@az aS’YlMA Tg of

e TN NI EY S ENE Y ERETE
10 kRO ASLBE yFRLONBaSH I NI, EHCIRIGE s e UL 54

Fﬁmr%iﬁtyé\fmraaggﬁ gm of Phenodur PR 4 11 (75 percent

Esol ild ;: n butanol) were charged in a 1-liter glass
equi pped with a nechanical stirrer and a

heating jacket, and fitteg with a nitrogen gas inlet,

a condenser and a sol vent —é@gﬁé’@ﬂg The m xture was
heated from 96 degree Celsius to 199 0C i

i Bt i SPGBk g T BPS a1 e M@ of pagodur VPR 1785 (50

5 pERSESLSL55 FRRSRS EREHAARIH SRIE I RoHG bt win
meehiapidabbtaas add hrheangjeckesantl if'med witht amierogdthgasrilet) latcandenser and
sqlid teri was taken fro react or, . The o - .
2 prbuei cabeqsyr- IR L loﬁ’ﬁgg?ﬂs&ﬂlﬁlﬁl%% Cin 155 min.
Tﬁ’ef QNG (126m VBT 1989 HRH %u!aﬁolbﬁérb %Mﬁéiztécpsté@v@e @h@rﬂdle%mperature

omsrs wherei n one of the ol I goners has t he
wﬁsotahsnada Age staction mixureExzsipsidatP0Prefar 40 rrnmltﬁs muﬁ 18 fgrﬁhler

' olid ru Pol vdi.s 710
20 VRGOS Lo S BIT o T SO ST P aken
ot TR rbabiét. Iriei Teewadl ISE, fkinké ﬁfeltaqwome@t :wotf’b i82.34 Pas.
mechani cal stirrer and a heatlng j acket, and fitted

’Hik Rsiitihg gﬁﬁﬂcﬂﬁﬁhfs 'EL(% leds GARIENRASe ABIenPR oS8l 0@k wherein
ector. m Xt ure vva heated from 106 degree
orféaifshmshgameﬁrsﬁaﬂﬁe follo3EngstmctiBat anol were col | ected

stepwi se when the tenperature was raised. The reaction

m xture
' |
lID N\P
saisfae
o 0
25
Example 8

Preparation D
558.3 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
30 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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was held at 155C for 300 m nutes until no further
vol atiles were released fromthe reaction m xture. The

wo emaliissM solid nmaterial was taken fromt he rPREDUSZ005/017954

The Tg measured by DSC was about 138C. CLAIMS 1. A

BRtRGEwerelcdlledrBk stBgwRe pihes phoetipeaant &ian raigdc dﬂiﬁ@eﬂwon mixture
conprising reacting: (A) _at |east organopho hor

was hipld b 40P Sy ioR g aﬂlgwsa Bn%laoefef%%f ‘P?%ﬁ?w%e i B%f»ﬁ ¢ reaction

mlxtlilhee B9 é&ﬁ&(ﬂlﬂ%&t alg)&'c{%l‘ﬂﬂ(eﬁ “Jth tlér}ga&(ﬁ) "Iqlte T;ﬁ@isured by DSC
one conpoun avin foll ow ng Formul a or nu

w(ak)abcﬁd%i’l()?(ﬁﬁﬁi]n(x - O- R')n wherein R is an organl c

group; Y is a functional group selected from hydroxy,

carhe xaéhl'tﬁl g@ﬁd)dhct cfthixoesyinplecis belddvdd anby abledé of aligorrers wherein
-SH, - NHCOOR phosphi nate and phosphat e;

one PfsthQOHW@féélﬁ%Wécﬂ]éo‘ﬁmélﬁB“Ctﬁe is a hydrogen or a

hydr ocar byl group having from1l to 8 carbon atonms, R

is alkyl or aryl group having from1l to 12 carbon

atons; and mi, mand n are, independently, nunbers

equal to or greater than The process according

to daim1l, wherein R of la (1) conprises at
| east one aryl ene group and.A +¢ at |least 2_.3. The

process of Claim1, wherein R bf Fornula
conpri ses at |east two aryfene :
ot her by one or nore hydr ocarbylene
et her groups and mJjs at ; . P pragess of

process of Claim et ' ; and wherein
R' is a hydrogen,
gr oup.

HO O—pP

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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6. The process of Caim1, wherein the conpound of
Formula (1), Conponent (B), is represented by the

wo odosowvdeng Formula (11) or Forrmula (1E): For mul BCT/D$2005/017954
[Ar(YV-X] [Ar(YV-X] b (XXOR')n Formula (Ill) (R - O
- X)C [A(Y)In . - X - O-Xrams (Y)n, -X b [Ar(Y)ln
. ]" (X - O- R')d wherein each "Ar" independently

1 r e 55683 Fordhaldh @ QPH(') h&FuR¥Bn @R LR poInd ‘é@ﬁlbhhﬁé @shcting:

one or nore a groups havi ng 1 to 4 carbon

Eﬁ at I¥adt %n@o{;‘dﬁ@ﬂ g@@ﬁ%{ogﬁ&gg&h ’ei&éf@:ﬁcﬁ‘&n the group

I'C acl am ne
- SH HSEEBI,, the(bi?P-H Nm%}growwmhlandt e and
phosphate; X is a hydrocarbyl ene group; R' is hydrogen

or (By Bmeis%ﬁwdfh @indhaving tha @by HortalB(Ipar bon
atonms, R is al ky or aryl group having from1l to 12

car bon atoms; amggaehpR’ - O [R)(gf)m Scborslegy rectly
to an Ar group; subscripts a, and d each

indepegdently represent a nunber equal to or greater

t han 28f6™ and each unit with the subscripts a, b, b',

c and_d_is bonded directly to an Ar group of another

uni t RniSp&Fganac giovp; or Fornula (D), which has the

same or different unit formula; and n, n ar

i ndep¥ndéﬁmnoy10n%l grenmetectagsm hﬁdr@w,giaétmwhc @%awaiboxylate acid

(1Y, P8 ety S, SOTE L CONt R CORRL RS Bhinh i bosphare;
F wh h Ar

i gg%%ﬁﬂéhﬁ@“?@ﬁ@%%ﬁ’ﬁ@wan a(ra{)?r;atnl sa;r oup opti onal | y

Soba 10 111 9059 T S B I B
hydr Oikyl @%ﬁ%&dg l’fav%ﬁiomqatﬁ qgwtﬁh%torﬁ‘sc lpfdg anhydri de,

am ne, p hosphi nat e and

h t
hyar obertapdy i BUARERY MERCR G o st an 1,
2.4 ai’l?eggrggésg gis;]éo&illr\;gﬁ,g(’) Eiﬂ%a 1, Vhe b i{ of ﬁgx%utfaa &5 Q&nplrlse@aflleast one

arylene group and n is at least 2.

3. 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 or hydrocarbylene ether groups
and m is at least 2.

4. The process of Claim 2, wherein the arylene groups are phenyl groups, each
hydrocarbylene is a methylene group, and each hydrocarbylene ether is a methylene oxy
group.

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

6. The process of Claim 1, wherein the compound of Formula (I), Component (B), is

represented by the following Formula (II) or Formula (IIT):
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each R - O- X - is bonded directly to an Ar group; e

is an integer fromO to 4, f is 1 or greater and m is
wa 22@s/1ggeeat er; and a, b, ¢ and d each, i ndepenPE&nUB3005/017954

represent a nunber equal to or greater than zero. 10

8. rdhguip@cess of Caim 1l wherein the conpound of

For mul a EI), Conponent (B), is represented by the

fotmmng(’F BV xan- mula (M): Formula (V) 15
Formula (V Fvvher ein each i ndependently is hydrogen

or group having from 1lto 10 carbon atons; Y
isF%%?lﬁ%tItﬂl)onal group sel ected from hydroxy,

carboxyl i | d, rboxyl at L&~ ant dr'hp(g_f, am e, o _p»

- SH, C%@g’—agwm"—%,%{]ﬁﬁ§g§ﬁ?na g[an )m qb (&e O-R )d

Eho_sphatq; X is a hydrocarbyl ene group, R' is 3 _ _
whegingeseh “OF” indpReadeibr 1spIeseithUbARER A §TIP SRf19nd ly sgibstituted with

orf a&r%ﬁ&g%ﬁ%fo&?&h@vi@é ¥ 4%5rbg'féé{eor?g% oup having from1

(&)
0 each 1n ntly represents a

f t : d N : .
VSRR S e Y Ra B R POEDRO b aonyaie
arhins, 4@}909@?{%@5&, INECOWR stoBplifigte andrpixssphatef

Formula (1), Conponent (B), is a conpound having the

f; | ' .Formula (VIl): Formula (VII)
le\ﬁébg%e%ﬂleag%‘%&?haependem Iy is hydrogen, an al kyl

g i Rﬂb{? h&dh { Q' carbbitbimsOR is alkyl or aryl
RCE%%@&IO?gg&E I'n g{)@ﬁé@ﬂt&ﬁyglﬁgnﬁydr of:f"én or ar§ aIlSkE;L/Iy orary
grguphpvihgtiiongl fo theatbdmatdMs,cadbon atonms; R' is a

hydr ogen or a hydrocarbyl group having from1l to 8

CadRRIR at ONBX -adbrided ds@Beantad A grougeubsejpila, bob’oc and d each
greater than zero; or wherein the conpound of For%a .
( | indeneaApHeRPTesaE) 2 TUEIDST eEtehi MRS R 495 AngIcRgnigWith the

\(/:mhsgl?(se&%ltﬁgq; B lcaanﬁ | iEbofded R0l & z{n?}'gx)o'uﬁ of Mtlﬁe&r(ul\{ﬁ-li—ﬁ Formula

éach 1 ndependently i1s hydrogen, an al ky
gr @Dr [Faxinlg (fpwhichthas @ samelwodifferent unit formula; and m’, m, n are,

independently, a number equal to or greater than 1.

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

represented by the following Formula (IV):

Formula (IV)

R'—O— X)[Ar(V)—X]a Trmm’—x E\r(Y>mZ|b<X—O— R")q
X—0—R"),
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;
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5

10

R—0-X),

R—0-X),

15

atons, CH20H, or CH2OR';
hydr ogen or an al kyl

15 R each independently is

group having from1 to 10 carbon

is a hydrogen or a hydrocarbyl groupCTrasiong017954

from1l to 8 carbon atons; and a represents a nunber

Re qy@dr& Lerdr ag’fﬁ‘l@éc%fb)ll %ﬂﬂl théﬁrﬁhg ffm M€ B €htboh Reonen) Roieung] or aryl
rmul a Conponent is a conpound havi ng

gtduehramngéwmt@ﬁé analparssr@nda (DO) or Formula (Ka):

Forrmula (I X)OFornmula (Ka) wherein R' is a hydrogen or
eawhﬂ%ibht 6caXbyik bgndedpliteatly tvgarf Angrotpi eisgndeiepuriram 8rig 4, ks 1 or
resents nunber e 0,0 han zero
g@a EBRCEe i LORBHORG AR ot ol 5 g St BhSpy T fmber

&egrggt@ptﬁ%z&f) Caim1l, wherein the conpound of

orrrula (1), Conponent (B), is a ethyl, propyl, butyl
or Fahinf | GheRAPMR cofiRb iR SR HR1CE) CRRTRIEATE), i
Sprggﬁﬁ%ﬁe‘é?ﬁ‘ﬁ prgpy , 6’8{“3% or methyl et her|f|edr( .
cr epodsefited by titefolidwingaFatmdd (V)pr SophylagdMloxy or
met hoxy mnet hyl ated phenol novol ac or a resole
congound. 11. The prggess of Iﬁp&im&, wherei s the Y
or ganophogphor us conmpaund, Conpenent\(A), is
epresent ed e off follo las (
XHR--ORAX DH—RH-{x - R1
) H Fornul a RA| RC- R B
R1 |
(X—O0—R"), X—O0—RY,
L —Ia - b
Formula (V)
Y Y
Rl~ Rl
-X—-0—-X:
(XOR), v
R1 R1 - R1 -
R
¥ i y Ja ®OR)|
Rl Rl
X
R:OX);
XOR),
L Y b Rl
Y
R-0-X);

Formula (VI)
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OH Formu.la (xpi) OH Formula (XI'V) wherein in Fornul ae
(X) to (XIl'l), Rand RB nay be the sane or different
wanasarssosel ected from substituted or unsubstipCit/@82005/017954
aryl or aryl oxy groups and hydroxyl groups provided
whérein!t edvhrigddpsadentipds hdr&ifenaorcinREkyil greaptmsimgxydm 1 to 10 carbon
group, and Rc and RD may be the sane or different and
atgmg sel ect ed from hydrocar byl ene and hydrocar benyl ene;
or Formula (XIV) RAPH2 Formula (XV) (RAQ 2P(OH ) )
Y kpr frrictiotakgrqupralecoy fomy bydraxynsreporydis 29id.reamany fegs-roid anhydride,
For F te2P(O H
et (b ”@Eﬁ;’f R IS v ety (o 1
For O (OH) 2 wherein in Fornulae (XV)
Xﬂ%agi&P?&ééﬁAé may be the sane or di fferent and
are selected froms tituted or ti uted aryl or
o Ao P Ay TS APTh OB SEUSE BREL b R PPOEERS 1y 17,
wherein Rc and RD of Fornula (XI) are each an aryl ene
R gy dllgy.or byl 2o lm’vertge@@mdftoc%ﬁhom atqiffer ei n t he
or ganophosphor us conpound, Conponent (A), is
p grvirigdephndsphly mepreséintsteemiyhbep osprese &0 4icinét hy |
phosphat e, di et hyl phosphite, phenyl phosphinic acid,
a glienydchhindapbadendy aepresentia memberl eghaldplor gicateadiad, zenr.
m xtures thereof. 14. The process according to Caim
9.1, THR6EIsE of UR1MI 1 Ihe otk kompsusbofiturmild &), Cobponent (B), is a
di hydr o- 9- oxa- 10- phosphanant hrene 10-oxi de. 15. A
coprpowed batiag tesRllAying amigsl EOHBL pHBF us- cont ai ni ng

conposi tion conprising bl endi ng:

OH OH OH OH
R"—QO— CHZ —CHZ‘QCHZQ-CHZ CHZ_ O—R"
R1 RI R R| R
| —Ib
Formula (VIL)

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

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; or wherein the compound of Formula

(I), Component (B), is a compound having the following chemical Formula (VIII) or

Formula (VIIIa):
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(1) a phosphorus-contai ning conpound conprising the
reacti on product of: (A at |east one organophosphorus
W@ iS04 havi ng a group sel ected fromthe groR@QI/HSHOE)17954
the group P-H and the group P-OH, and (B) at |east one

conpound having the following Formula (I):Formula (1)

[RRYYmM] m(X-OR')n wherein R is an organic group; Y

is a functional group selected from hydroxy,

carboxylic acig, carboxylate, acid anhygride, agine,

QH , - NHCOOR, R i

hydr ocar
i Hav i
) or aryl grgudp~havi e 1 R 12
carPbn atons? and m, mand n are, I ndependgnt |y,
nunbers equal to or gr 1; and (I11) a
t her nosetti ng conposi t??)’%}rsﬁlfgpﬁ%e process of Claim 15
wherein the thernosetting conposition, Conponent (I11),
cont ai ngyan dpoxy resi nogd Pollyi socyanateor sin; a
pol yneriyabl  unsat urate onpound; a

Jbenzqxas; ont ai ni ng. cghp d or a

R 5 T/gé?n fEzcofitéMhiily conpeRd O bk
triaziq{ , a bl end okh' | ei m de and t
conpounds; orLan epoxy d at_l,east one cRluring

agent. 17. The processF&gmg 'I@a)’LG wherein the
pol yneri zabl e unsaturate coﬁ’pounds are selected from

he. consi sting .o i nyl ester acryl.ates
whOSHERE RIS o o hydthpne &5 ST oRE Bk E2in o 10 carbon
atehd] CHJGEWBECHLORThe co-curing agent is a conmpound

whi ch reacts wth an epoxy group. 19. The process of

Rgg?éaf%gﬁpe%&gﬁj 8 hy @ cEPoCH ARG RSE Mavirsy ﬂoﬁél%g)ﬁydarboﬁrhtoms;

acl d “anhydri'de, a phenolic conpound,

2____0_ R"

crd, a actd anl | . a"
Rl A PRRD A A R i AR IR Ebmesond

rmxtur her .
a Pepresentts 4 n%mtbere eqeuoai to or greater than zero; or wherein the compound of Formula

(I), Component (B), is a compound having the following chemical Formula (IX) or Formula

(IXa):

OH OH -

R'—O—CHy), CH, | (CH,-O-R",
Z 7z

R'—O0—CHy), 4—CH; { (CH-O-RY),

(R-O-CHy);
OH OH b

R-0-CHy)y
OH
Formula (IX)
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20. The process of Caim 19 wherein the phenolic
conpound is a phenol novolac, a cresol novolac, a
whi@phessed A novol ac, a phenol novol ac of PCT/US2005/017954
di cycl opent adi ene, a pol ybenzoxazi ne generated from a
benzoxazi ne ringygontai ni ng conpound or gyt ures B
thereof. 21. The] process of C §m 19 vvherei n the acid
anhydride is a _maleic acid anhydri de, a it hal i ¢ aci d

polyanine; a pollyam de;

a primary, a segQndary or a te
i m dazol es; Myl im
|nﬂ§az@#é3b%-
di am nodi phenyT™Ng
m xtures thereof| §0
phosphor us- conthﬁlng conposi tiLon conpr|§ﬂhg bl endi ng.ly,
(1) a phosphorus-contai ning compound conpri sing the

reaction product of: (A) at |east one organephoesphor O

us conpound having a group selected fromthe group

H P=0O, the group P-H and the group P-OH and (B) at

| east one conpound havi ng the follow ng Fornul a ®-P-CHyg
Formula (1) [R(YYm]m X - O- R')n wherein R is an OH
organic group; Yis a funlgtl onab%%;oup sel ected from

hydr oxy, carboxylic acid, aci d anhydri de,

am ne, -SH, -SO3H, -CON ospj nat e and
e b O B DR DR B S0
or a hydrocar byl ?roup having from1l to 8 carbon
¢ repoassnts Rnugmbar ¢gral rorgraterdhd gt HaPing from 1 to 12
carbon atons; and mi, mand n are, independently,
p reprdsents aemuﬂier ¢quabto @Tg@ﬁt@’rthmhm&l; and (H) a
t hernopl astic. 24. The process of C aim 23 wherein the
10. MEliemoLes bf C‘lalfﬁO]lm&dﬁmm thekdojnpoiisd efFeotuéed(Iy, Component (B), is a

etgﬂ?&g)pg]; g}sltlé(it@rl &%@8{@3 Y %g&aftormala&y de an(fensénon product, a ethyl,
propyl, butyl or methyl etherified cresol formaldehyde, a ethyl, propyl, butoxy or methoxy

methylated phenol novolac or a resole compound.

11. The process of Claim 1, wherein the organophosphorus compound, Component (A), is

a compound represented by one of following Formulas (X) through (XXII):

RA RC-RP
| . L
0=P—FK 0=P~0
H Formula (X) H Formula (XT)
}gf\ IRFE-IRFD
. L
0 =P—R 0=p—0
|
OH  pormula (XTI OH  Eormula (XIV)

wherein in Formulae (X) to (XIII), 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
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pol yphenyl ene oxide resins or a mxture thereof. 25. A
process for naking a curabl e phosphorus-contai ni ng

W@ oiososiedd on conprising blending: (1) a PCT/US2005/017954
phosphor us- cont ai ni ng conpound conprising the reaction

n&&ﬁ’&% ‘Eﬁ lal cL e dtRA ld RBASS léyg?gxa{? ggﬁ@omo B84 R¥Smay be the same or

aving a group fomthe group H P=0,
dﬂfﬂ@&ng amimre I's’ellelctad drotrhley dyocautpy 1 €2:eCGidd hadcbcgiBengend; @ast one
conpound having the following Formula (I): Formula (1)

(Y) m nwherein R is an organic
grB‘BFBmIW(*I:{;)a functllzﬁiﬁ%z group sel ected from hydroxy,
car boxyl ic acid, car boxyl ate, acid anhydride, am ne,

Al@blﬁ;@{ phospi nate and phosphat e;
i]( 'S ﬁ}gvocar byl ene group; R' is hydrogen or a
ydr ocar group 1 to 8 carbon atons, R
lg%ﬂ“l%\%gg{maryl :igﬁir@m)%]from 1 to 12 carbon
atoms and m and n are, independently, nunbers

eqﬂ’armlﬂ%%ynbr eaterRl%l?(QﬁqHZ(l—b a thernosetting

conmposi tion; and (1H a thernmoplastic. 26. A process
f aFornmauld @ng)phosphBﬁB@Pé@)QHu ni ng epoxy resin
conpound conprising reacting: (l) a

ont ai N{RAPDGEMPEINd conprising the reaction
product of: (A at Ieast one or ganophosphorus conpound

up sel Hmthe group HP=0, the
grouwggxgnd t he gr up l-)> OH;, and (B) at | east one
ngth X Forrrula(l) Formula (1)
[ & %ﬁ e%%d)m@g. is an organic
gr oup; A
Formula (XXT) RAP(O)(OH) 2

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.
12. The process according to Claim 11, wherein RC and RP of Formula (XT) are each an
arylene group.

13. 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.

14. The process according to Claim 1, wherein the organophosphorus compound is 9,10-

dihydro-9-oxa-10-phosphananthrene 10-oxide.

15. A process for making a curable phosphorus-containing composition comprising

blending:
(D) 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):
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Y is a functional group selected from hydroxy,
carboxylic acid, carboxylate, acid anhydride, am ne,

WO 3M5/1186@BH, - CONH2, - NHCOOR, phospinate and phCEpBIN®017954
X is a hydrocarbyl ene group; R' is hydrogen or a

hydr ocapRihiagrnoup hapﬂ(n’gm;gglqm@-ﬂ’g,ﬁ carbon atons, R
is alkyl or aryl group having from1 to 12 carbon

atons; and m, mand n are, independently, nunbers

equal BBl greater than 1; and (1V) at |east one

epoxy resin. 27. A process for neking a curable

phosphBr USAEHEARE BFWY> epoxy resin conposition

conpri sing bl ending: (C an epoxy resin conpound

conpr i ¥ ng fuheionebgohp s\el?mﬁjg@m hyfh_foxy;rgarlaoxylic acid, carboxylate, acid

phosphor.us- cont ai ni C Lo t '
P oductIBREGARE: e STORRe ORI S SHECR ThEsAEREE bR

havi ngBHO@,hgﬂép selected fromthe group HP=0, the
group P-H, and the group P-OH, and (B) at |east one

conpourd: ' wi ng Fo I T): F I I
[R (W%’]S%(q}yﬁf&g%&%%é@ﬁergi n Ir?rruig én)orgggimé ()

Dy ! _
group R il ﬁ%c P%%Hk%;z{rl@fa%ciaﬂfﬂ %&g@ﬁg@%ﬁ?ﬁ)rﬁ T Q&8 R 4¥6ms, R is

car boxylic oxyl at’e, hydri de, am ne,

- SH, - SR§Hor arGloip hahiOROR, 1 phidsmbavedtems;raid
phosphite; X is a hydrocarbyl ene group; R' is hydrogen
or a hyfraead B\ke, Gidegendeatly ngnfeaneghal o B geatdydimn 1; and
atons, Ris alkyl or aryl group having from1l to 12

cy %héﬁ%ﬁtin?%n{ﬁbsiﬁah.and n are, independently,

nunbers equal to or greater than 1; and (IV) at |east
162 02%s bEE1am 13Nhelrdth 1R thbBRREHAB @ofmpbiifien, Ationent (II),
Zgﬁle%ﬁe p? ocess o?r‘% alrm 27 1 ncludi %g ag addi ti onal ent (1
coapdnsyanrepsk N rasith arpolyisuwy e wpinky polymerizable 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.

17. The process of Claim 16 wherein the polymerizable unsaturated compounds are selected
from the group consisting of vinylesters, acrylates, cyanate esters, and cyanamides.

18. The process of Claim 16 wherein the co-curing agent is a compound which reacts with
an epoxy group.

19. The process of Claim 18 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.

20. The process of Claim 19 wherein the phenolic compound is a phenol novolac, a cresol
novolac, a bisphenol A novolac, a phenol novolac of dicyclopentadiene, a polybenzoxazine

generated from a benzoxazine ring-containing compound or mixtures thereof.

21. The process of Claim 19 wherein the acid anhydride is a maleic acid anhydride, 2
phthalic acid anhydride, methylhexahydrophthalic acid anhydride, a styrene-maleic acid

anhydride copolymer, or mixtures thereof.
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conmpound of Conponent (C). 29. A process for nmaking a
cur abl e phosphor us-contai ni ng epoxy resin conposition

waeommpnising bl endi ng: (1) a phosphorus-cont ai NnPEMUS2005/017954

compound conprising the reaction product of: (A) at

12 dFlic mroeess bf ENphiosphaeit she i geebmaMingGuaing b 10 is a mono or

sel ected fromthe group HP=0O_ the group P-H and the _

RALWIRInGs arelyapide; dHyyandiang dessu b g fe; SUnHENaTHAA $RGORGHEY OF a tertiary
OW: r 1) r | . . - - .

B o R AT 0 gy o

hgnuoiinpidsedlecdiemifodipiehyldretaye; daninodiphéyladiotle; or mixtures thereof.

carboxyl ate, acid anhydri de, am ne, -SH, -SQO3H,

23CONpiacessNDERRRIn g% BH ofdd-conddifing Bempbaties céfnbﬁsi@%blending:

hydr ocar byl ene group; R' is hydrogen or a hydrocarbyl

o %o@ﬁ\ﬁr{ﬂé}cér{tﬁﬁinflg ofhpBuS@ERBFY i OIRE reddtibs pRIJGYH ofor

aryl group having from1l to 12 carbon atons; and ni, m

and n a [ .

T8 ROty SUIBSCSoBl i BOP4Shce om

pr oc es sthegroupald B, dhpprosp Red usd dergranpP+1QF; and

benzoxazi ne ring-contai ni ng conmpound conpri si ng

reacti n@) (la} leastphesphpousd k:vivigatha fslpvangPoernea (I):

conprising the reaction product of: (A) at |east one

or garrephephor us congryng,, ng argyoup selected from
the group I[IEI-DP:O, thgngmpmr%@(H, and );nhe group P-COH;
and (B)_at | east one conpound having the foll ow ng

For mul awﬁ?r)ﬂ.n Formula (1) [R(YYm]mX - O- R')n

wherein R is an.or%an_i c group; Y is a hydroxy

functi g%alls PO DF 8% am ne functional group;

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

anhydride, amine, -SH, -SOsH, -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

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
(II) a thermoplastic.

24. The process of Claim 23 wherein the thermoplastic, Component (III), is selected from
the group consisting of polycarbonate, polystyrene, polypropylene, polyethylene,

polyphenylene oxide resins or a mixture thereof.

25. A process for making a curable phosphorus-containing composition comprising

blending:

(D 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):

Formula (I) [R'(V)iw]nX -0 -R”)y
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X is a hydrocarbyl ene group; R' is hydrogen or a
hydr ocar byl group having from1l to 8 carbon atons, R

wWo g00al1kssh4 or aryl group having from1l to 12 cap@DnS2005/017954
atons; and mi, mand n are, independently, nunbers
equal t@nh&ei@reater than 1; (V) at |east one am ne
conpound when the Y functional group of Conponent (B)

is a hygr Qx¥lor@hi@ mhgast one hydroxyl
gr oup- cont ai ni hg coenpound when the Y functional group

of Co ' 1.08; .
obmoun ek AR, A A fE Srbonye,
al dehy denhiy8ridlqarmhe e$H 06,0 ;Ha r@ONDEL N HIeOORe phospiidieand phosphate;
al dehydes havi ng the general fornmula RCHO where Ris

al kyl  ox i@ Wydigeabpehayiong; from 1 to 12 carbon
atons. 32. A process for nmaking a curable

phos phog v &-1yaRjah Bk agydﬂ%@_ﬁ%%%éﬁp Ravih$ BroRPTHoA8 BdrBeh atoms, R is
resin conposition conprising blending: (E) a

benzox adkyleraiyl grapritasing fngm d dod @ gardbon etoprs; eithg t he

reacti on product of: (lI) a phosphorus-containing

conpound’, apaal i siengdégeadehs himbers equil ¢é opgreatthaatl ;
| east one organophosphorus conpound havi ng a group

se(r hbrinosfihd Corp@itiontlaiFO, the group P-H, and the
group P-OH, and (B) at |east one conpound having the

fokﬁg\ﬁﬁtﬁgmggfagﬁg.a (1): Forrryla (1) [R'(_Y)m]m(x- O -
R')n"wherein R is an organic group; Y is a hydroxy

2}, AR tordh e BB SO NG RS o Rpartid Bufbrising
regetingd having from1l to 8 carbon atons; and mi, mand n
are, independently, nunbers equal to or greater than

1; (1nd phofphatus!ceasinioneorapound coniprising thereadtidnh@odict of:
functional - group of Conmponent (B) is a hydroxyl or at

| east qBng hydefx¥he SfahehhosfHoRs EoMehouAaBOHIAE aWhATD 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’ (V) ]pnX -0 -R")y

wherein

R’ is an organic group;

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

anhydride, amine, -SH, -SOs;H, -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 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
av) at least one epoxy resin.

27. A process for making a curable phosphorus-containing epoxy resin composition

comprising blending:



the Y functional group of Conponent (B) is an am ne;

and (VI) an al dehyde conpound; and (F) a thernosetting
waeorpsasicdd on. 33. A process for making a cur abP@r/US2005/017954

phosphor us- cont ai ni ng, benzoxazi ne ring- containing

ey HmUPBLP tdsiridbnSouRa boinpSsike BRALRGon PFdwRt of:

benzoxazi ne” ring-containing conpound conprising the
oo ARSI londihihgBoRBBERNIMR ISR klefion product of:

| east h Ptk

Lo o R RLA R e O e o

group P- @d gramsi HCB3O ahe beaptP-HNendbapeoupd -8k iang t he
following Formula (I): Formula (1) [R(Y)m]mX - O -

R") n wherBh RRlcaltondRoRpEaTH kaviigOHUP followifig FohdElh OBy
functional group or an am ne functional group; Xis a

hydr gganhkml@ne group;rRi hygr ggen or a
hydr ocar y#Bgroup haéﬁﬁé)?i%g$l to Sﬁbarbon atons; and

m, mand n are, independently, nunbers equal to or

greater PRE¥M: and (V) at |east one anine conpound

when the Y functional group of Conmponent (B) is a

hydr oxyl| Rois ax OTE@H& £7¥Re hydr oxyl group-cont ai ni ng

conpound when the Y functional group of Conponent (B)

i s an amvYrie 2 famtiopall groemsedgcthelfyele hydipppirsdboxatid a¢id) cagboxylate,

t her nopl ast i c, . A pro S Waly) .
phosphor 69516 @@?‘Pfdifdﬁi ar?él?‘e’t "ﬁgﬁ ﬁ%(lt)%gl 'ﬁ@%‘?’v Ulgﬁg Q1% opgpinate and
conmpoundpkspRitd;si ng reacting: (1) a

phosphor us-cont ai ni ng conpound conprising the reaction

product fis » GIroRhrbyRAS ErRPe Or ganophosphorus conmpound
having a group selected fromthe group H P=0O, the

group P-gh isai%r(gé%% ogra%lffﬁro%é.tgili gl%ﬂﬂ 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)at least one epoxy resin; and
(D) at least one curing agent.

28. The process of Claim 27 including an additional epoxy resin other than the epoxy

compound of Component (C).

29. A process for making a curable phosphorus-containing epoxy resin composition

comprising blending:
(I) aphosphorus-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 () [R'(Vw]nX-0-R")y

wherein

R’ is an organic group;
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(B) at |east one conmpound having the foll ow ng Fornmnula
(1): Formula (1) [R(Y)m]n(X - O- R')n wherein R is
W@roosigesmd ¢ group; Y is a functional group sel RPCT/@82005/017954

from hydroxy, carboxylic acid, carboxylate, acid

anhy dyi;dg furRNEnA B s, sefebed 1268 hiy drogalbox y N arbxiyate, acid
a hydrocar byl ene group; R' is hydrogen or a .

hy i oy By, grouss - HeviSRF rORNE DO Bhoshisis, ang phosphate;
is alkyl or aryl group having from1l to 12 carbon

at onmseX isatydrocarhylangigmoupr e, i ndependent|y, nunbers

equal to or greater than |;and (VH) at |east one

t her nRt Rltiydeoggh @y p-hedivcabyi grgue bapog frdm B, 8 garpernatens, R is alkyl

for maki ng a curabl e phosphor ys- cont ai ni ng,

t her n@j1 250 STeUR Bayipg g%‘ﬁ‘p‘o i "iﬂﬂ’oﬂi‘é\tt‘ﬂ??;ﬁpﬂggr eacti ng: (H)

a thernol abi | e group-contai ni ng conpound conpr.i sin

the r@ace pohn grepindepensiently, mpmpersrau e o geatss thannl; %@d

conpound conprising the reaction product of: (A) at

| e@¥} atdpast ongepraplregphor us conpound havi ng a group

sel ected fromthe group HP=0O the group P-H and the
309" QpodessIdr nekihg(aR)hoaphdressintainmgcoampoxazieing-eutainiag compound

followng Formula (I): Formula (1) [R(Y) m]Im(X- O -
Coﬁfmlsw%g{t’@ign R is an organic group; Yis a

unctional group selected from hydroxy, carboxyljc

acild, 2 phosplesrys-gemtainiig QmRHYY F?IH%EISI%%%‘?%-“QHP Qd@?ﬁs‘?—{:

-CONH 2, -NHCOOR, phospinate and phosphite; X is a

hydr ocaAdy | asdeastereupgarRphpsphpiyg com@aust haying 4gi9eg splysted from

1 oM Ao o e 5 S B B FEGRE ALY O

(B) at least one compound having the following Formula (I):
Formula (T) [R°(Vw]nX-0-R")y

wherein

R’ is an organic 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, 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;

(V) at least one amine compound when the Y functional group of Component B)isa
hydroxyl or at least one hydroxyl group-containing compound when the Y functional

group of Component (B) is an amine; and

(VD) an aldehyde compound.

31. The process of Claim 30 wherein the aldehyde is formaldehyde, para-formaldehyde or
other aldehydes having the general formula RCHO, where R is alkyl or aryl group having

from 1 to 12 carbon atoms.
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m, mand n are, independently, nunbers equal to or
greater than 1; and (VIT) at |east one thernolabile

w@r@apissont ai ni ng conmpound; and (J) a ther nDsePCT/NH2005/017954

conposition. 36. The process of Caim27, daim?29,

381 & Prodéks 64 @hlih3 4 .cufdbRl pRodshord-ednMisihg ObengbziMe3dng-containing
including at |east one epoxy resin; at |east one

resify fergpestfeam comprisingdendires cat al yst; at | east one

inhibitor; or a thernoplastic material. 37. The

pr ¢Ee sdenfox@rine mngaonhaeried cornpount ltempuriping she reactemenrodiict of:
is selected fromthe group consisting of a

pol yc&h)baphvsphorispnystiyg eo@poimdpemppismgythereactien product of:

pol yet hyl ene, a pol ypropyl ene and a pol yphenyl ene

oxi de regAN afe¥dtWhe or@RBpHBsplditESorhpueig dhvingd. gréy seliteed from
of the preceding Cains wherein the epoxy resin is

sel ect edthergseHpgA AP, demeiosp Prid, ad the gﬂ%ﬁiﬂ-OHpm

novol ac, a cresol epoxy novol ac, a pol yoxazolidone

ring contB) ni lagst eporympemidhavigithefallewitg BEernupoidy:

resin; a brom nated epoxy resin, or a
phospbanuls {Hont ai ni NREF M}, XKesOnr-R3PY. A
phosphor us- cont ai ni ng conmpound conprising the reaction
product of.LA) at |east one organophosphorus conpound
having a group selected fromthe group HP=0O, the

group P-K and the. , P-CH, and (B) at |east one
conpoundﬁlhlg\r%gr?éga?]ﬁ(’gérggﬁ’l owi ng Formula (I): Formula (1)

[R (Y)m,]. - O- R)n wherein Ri.s an organic

it oup: | WIS Bydrgis Py A gt an PatiteBRe S Brtipoxy
carboxylic¢ acid, carboxylate, acid anhydride, am ne,

- SH, - SC8H 2 hyssREIDYIeRg 508 phosphi nat e and

phosphate; X is a hydrocarbyl ene group; R' is hydrogen

or a hydRotsdeyasenobapydaeirngl sreephavingfrgmehioghearbon atoms; and
atons; and m, mand n are, independently, nunbers

equal t onbm gndemarey independdntlys umbers ggudd t@or greater than 1; and
phosphor us- cont ai ni ng conposition conprising: (l) a
phosphor®5- atdedsabmé agine compund wherpthe 3f fumctibrenl pemptaf @omponent
product of:

(B) is a hydroxyl or at least one hydroxyl group-containing compound when
the Y functional group of Component (B) is an amine; and

(VD) an aldehyde compound; and

(F) a thermosetting composition.

33. A process for making a curable phosphorus-containing, benzoxazine ring- containing

resin composition comprising blending:

(E) abenzoxazine ring-containing compound comprising the reaction product of:
() aphosphorus-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) RN ]nX -0 -R")y

wherein
-63-



(A) at | east one organophosphorus conpound having a

group selected fromthe group HP=0O the group P-H and
wo b@sgissop P-OH, and (B) at | east one conpoundP¢iBVSI0g5/017954

the followng Fornula (1): Formula (1) [R(Y)Ym]mX -

5 O - R)an@geJn%rarﬁ'CFf an organic group; Y is a
functional group se ed from hydroxy, carboxylic

aC| d, ca ide. , B H,
R

hydrocar Y r hydrogen or a hydrocar byl
gr oup hagﬂ%ﬁ'ﬂ?g%&&’rWentrc F bon atons, R is alkyl or

aryl gro Vi fromal to 12 carb , )
291 Sr RPN b SEBRD A 1 208 cbop Toms: n
than 1; and t hernosettin conp03|t| :
coNposi Hnormé?‘i%:@zfr}ﬂ dgpengRRile PHMDRE SRRt ggfemeﬁéhanl and
corrp05|t| on, Conponent (I1), contains an epoxy resin;

10 a polyi sb\@yahlaa% OR® 8MjfIe C@&R@H’éﬂiw gbthe Soﬁwgemdtgéwp of Component

conpound z 1

pol yben 2@%2 ég g&@gﬁt %%E Fe%%%n'g oun &P%QEI? g p%a@%nefwmpound when
pol ybenzihxazfunet oxiib gaiupi of Cotpopent(B) issanaibdiae;wad f r om

the pol yneri zati on of benzoxazi ne-cont ai ni ng

COﬁpOUﬂd@,{DBﬁ&M@ﬂlﬁjemoﬁ@ouﬁdla@al nes, or a blend of
bi smal ei m de and tri azi ne corrpounds or an epoxy and

at (d;)eggﬁer Vﬁlag& curing agent. 42. The conposition of
CGami4 erein the polynerizabl e unsat ur at ed

5 SR SN oA O BB SR

cdmpmmﬂlcbmpnsmg ré&lceingn 4 1 wherein the polynerizabl e
unsat urated conpound is selected fromthe group
CO(I$i %hék@h@ﬁlssebﬂw  @iifipoudd lcynptisiag tifyenaion pRodirt of:
and cyanam des. he conposition of Caim4 1
wher ei b heatqeas@ Hﬁé &%aﬁ@ﬁespnosusacoﬁqamﬁ@ R&kiNg O%dep%@lékﬁ:d from
wi th an epoxy group. 45. The conposition of aimia
wher ei rthe greup bi-P+Q, thgeneup B-Ha and the@xqup, P-4HL@@dd, an
acid anhydri de, a phenolic conpound, a nitrogen

20 cont ai (B¢ ondessdonsocompanadheving thehiodbwing Formula (I):

9]

Formula (I) [R*(YV)w]pnX -0 -R")y
wherein
R’ is an organic group;

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

25 anhydride, and amine,-SH, -SO3H, -CONH_, -NHCOOR;
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
30 (VI)  at least one thermolabile group-containing compound.

35. A process for making a curable phosphorus-containing, thermolabile resin composition
comprising reacting:
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generates a reactive group at an el evated tenperature,

or m xtures thereof. 46. The conposition of Caim45
wob@saisso4 he phenol i c conpound is a phenol novPCHUS2085/017954

cresol novol ac, a bisphenol A novol ac, a pheno

NovE) aché@olhbly gtaipeddhathias cordpfaldwoaipzi@zhdeaction product of:

generated from benzoxazine ring containi ng conpounds,

and nypt HEﬁ@sp‘hBﬁf %&tagﬁﬂg ca_rﬁﬁmﬁﬂlmliiﬁ)!rﬁsin@ﬁh@fea@i(ﬂi d&ct of:

S
wherein the acid anhydride is a nmal eic acid anhydri de,

a pht hal gﬁ)r ?ﬁl'egst dRb Xgahgﬁlosm LAY ﬂﬁﬁﬁg%%ﬂgﬁselected from

acid anh e or a yrene-mal el ¢ 'aci d anh

copol yrethe gd@ip HiRe=G; thrpgreinp Pelth and thel gaoup BORvvadei n t he

ni trogen-contai ning curing agent is a nono or

pol yam n@B) poleysdoheleompiuryddiadingrtheltlloavisgiFéramild @i de;

a primary, a secondary, or a tertial am ne am ne;

| m dagenas '(1%2- met hyl TRA(E30, 84X 20et Ry),, 4-methyl

i m dazol e; 2- phenyllnldazgfe; benzi i m dazol e;

di am nodi phenyl nmet hane; di am nodi phenyl sul f one; or

m xt ur es"tHEMeof . 49. A phosphor us- cont ai ni ng

conposi tion cowg{lsin . (1) a phosphorus-cont ai ni ng
conpoundR S ABOTEANETORR r eaction product of: (A) at

| east one organophosphorus conpound having a group

sel ect edY fiy dfncHena) gewp seleptedironnBydpsy; ﬁa%pw%%?lilaw&rboxylate,
group P- Ok (1 B) | egst _ ul '

fol I ow n@%@%’f‘%fﬁﬁ%oﬁﬁa 3?‘16)6?@’?\0%%{‘?9@? -%h%!b?"ate and
R') n whesteisphifs; is an organic group; Y is a functional
group sel ected from hydroxy, carboxylic acid,

car boxylRtea hatibehraylbydgrods, anmi ne, -SH, - SCBH,
-CONH2, - N , phospi nate and phosphate; X is a

hydr ocarpylseRardgeR dPa hﬁrobﬁb@)@&@@%iﬁ fr8mhy @' PEAb &Y dtoms, R is
group having from1l to 8 carbon atons, R is al kyl or

aryl gr cligylteaaryhgrdupdavingtiton 2 te 42 bahomgoms; and m, m

and n are, independently, nunbers equal to or greater

t han 1; mheh and n are, independently, numbers equal to or greater than 1; and

(VI)  at least one thermolabile group-containing compound; and

(J) a thermosetting composition.

36. The process of Claim 27, Claim 29, Claim 30, Claim 32, Claim 33, Claim 34 or Claim
35 including at least one epoxy resin; at least one curing agent; at least one catalyst; at least

one inhibitor; or a thermoplastic material.

37. The process of Claim 36 wherein the thermoplastic material is selected from the group
consisting of a polycarbonate, a polystyrene, a polypropylene, a polyethylene, a

polypropylene and a polyphenylene oxide resin mixture, and mixtures thereof.

38. Any one of the preceding Claims 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

phosphorus-containing epoxy resin.

39. A phosphorus-containing compound comprising the reaction product of:
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(JE) a thernoplastic. 50. The conposition of Caim49
wherein the thernoplastic, Conponent (IE), is

w@ologassshonat e, pol ystyrene, pol ypropyl ene, PCT/US2005/017954

pol yet hyl ene, a pol ypropyl ene, and pol yphenyl ene oxi de
r e$AN afjesitone oBFanapiosyhotue compsgdihavingla gréug ssledddefrom the group
phosphorus-contai ni.ng conposition conprising: (1) a
phosp%PﬁQ-’é%gréPPHiPn‘g ape HscipeP BSMrandi ng t he reaction
product of: (A) at |east one organophosphorus conpound
haBhgt kagrone gomppenst kaying thefalleaving Bopnwe B0, t he
group P-H and the group P-OH, and (B) at |east one
conp&ondulbd)i ng t he TBI(YOmilpK FOral% (T): Fornmula (T)
[R(YYm]mX - O- R')n wherein R is an organic
groupyp¥édis @ functional group selected from hydroxy,
carboxylic acid, carboxylate, acid anhydride, am ne,

- SH, 7 - NHCOOR, phospi nate and phosphat e;
R e

Xis a hy e group; R' is hydrogen or a

hydr ogar by, ro havi from1l t a .
Py o WGP PR A ebhed E25090 3 Qo Bt acd
at oS aniRfgide] amiie, 288, NS@IIE,-CONIEH ENHEWOR,, phospHI€tS and phosphate;
equal to or greater than 1; (H) a thernosetting

conpoX {siaddrieBdiyldd godpher nopl astic. 52. A
phosphorus-cont aini ng epoxy resin conpound conpri si ng
t he rgagyi Q ' hii .

R g§ h}g’(ﬁog n &lﬁcﬁydgc; rlé/g %%0?18%%951%3%19?1??@ A')OH g{b%s, and

Fonpoun conp ISIEg the n product o
B T
TR MR RTE s AL

R').n wherein
ZI) 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’(Vw]n(X-0-R")y

wherein

R’ is an organic group;

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

anhydride, amine, -SH, -SOsH, -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

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

(II) a thermosetting composition.

41. The composition of Claim 40 wherein the thermosetting composition, Component (II),

contains an epoxy resin; a polyisocyanate resin; polymerizable unsaturated compounds; a
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R is an organic group; Y is a functional group
sel ected from hydroxy, carboxylic acid, carboxyl ate,

wa@eood/1s8sby/dri de, am ne, -SH, -SOBH, - CONH2, - NMODOR005/017954

phospi nate and phosphate; X is a hydrocarbyl ene group;

bBlizdxaziy-dbagiinOconipdind o & polypen@katipe-banthinghgf donipolind &/herein the
8 carbon atons, Ris alkyl .or aryl group having from1l
PRl beDZ QX AFIBEGOBABRE CO&’PRPuﬂﬁi Is ehtaiAgd ffomythe polymerization of

% ‘?{Qﬁﬂg %Bﬁﬁaﬂlﬂ%&l@(ﬁ% und€ %’s%alélﬁlé(%ér ARk gcgr 81884 I bidRMeimide

I east poxXy resin cur
apdh uﬁqzhmramm;mundsa ionamepaxyGny at kgstrone mmusng BEAME.
conprising: (C) an epoxy resin conmpound conprising the
42ea¢1te icomppsiaei6f Chiim 4( Wheteip fiesinheszadbnimh g compound is
npound conprising the reaction product of:

(A
sﬂ@%{%@ frgpethe SEARSORSS TS L?sd%lé}?pqslﬁﬂalerb&%}%@nam@ms &ampounds
sel ected fromthe group HP=O, the group P-H and the _
4gr dbp comppgitiomal CRM 4l Whezein tlmwlmwp@hﬁdm@wmﬁ@i qamepound is

3{1‘,&'?' d %%Iﬂlé‘rgthf’ %fqrggf) clorslglgat%n orf‘éf; %s%eré :)a)ﬁ F?h Qgﬁa]t%s;% aogﬁ gplanamides
4% arol"gg gél?llggé‘aglgef éloagﬂ H; ngh%x n tt%%%%gl)é%igé&‘en 1%%gnpound which reacts

withhds OR, phosphi nate and phosphite; X is a
hydrocar%yl ene group; R' is hydrogen or a hydrocar byl

48 q‘PQ cORYb g]ﬁorf 510@3#(11 42 wheRd ﬁﬁr&uﬂhgo ent % 4 ﬁycﬁ‘éﬁ%! %Pz’icicrlﬁ an acid

ary gro aving from1l to 12 car at ons
agnydride ar ghenphcepepamds & mtrogemtmrtan eqm@buncb opa cgmlpamng} which

than 1; and (| at I ast ane g‘p I esi {1 a}g at
BPUCEUPS HiFACEYfr ¢ vaes! R s mop SHE UL taFre a. m

53 i ncluding an addltlonal epoxy resin other th P

$§§,comp031tlon of Claim 45 wherein the phenolic compound is a p eno novolac, a

cresol novolac, a bisphenol A novolac, a phenol novolac of dicyclopentadien, a
polybenzoxazine generated from benzoxazine ring containing compounds, and mixtures

thereof.

47. The composition of Claim 45 wherein the acid anhydride is a maleic acid anhydride, a

phthalic acid anhydride, methylhexahydrophthalic acid anhydride or a styrene-maleic acid

anhydride copolymer.

48. The composition of Claim 45 wherein the nitrogen-containing curing agent is a mono
or polyamine; polyamide; dicyandiamide; a sulfanilamide; a primary, a secondary, or a
tertial amine amine; imidazoles; 2-methylimidaole; 2-ethyl, 4-methyl imidazole; 2-
phenylimidazole; benziimidazole; diaminodiphenylmethane; diaminodiphenylsulfone; or
mixtures thereof.
49. A phosphorus-containing composition comprising:

(I) aphosphorus-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 (D):
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compound of Conponent (C). 55. A curable

phosphor us-cont ai ni ng epoxy resin conposition
waeommpnising: (1) a phosphorus-contai ni ng conpoRemUS2005/017954

conprising the reaction product of: (A) at |east one

or gapefhgsphor us conpRUNYL, haXi -AQ -aRYyoup sel ected from

the group HP=0O the group P-H and the group P-OH;

and (B) 1Ineast one conpound havi ng the foll ow ng

Fornu|a%i? Formula (1) [R (Y)Ym]mX - O- R)n
gg IS _an. org anic group; Y is a functiona

group I

léé"Pé’Egafl}Co% ¥:dr oxy, carboxylic acid,

“Conr2 Y S R BB e PR RS AR E feid garboxylate, acid
hydroc %H e a&irféu BHRS0:A, MHQ,QNPKEOQRhMS’JSEﬁ?fega?ﬁH phosphate;

group having from1l to 8 carbon atoms, R is al

aryl .0 12 carbon at ons; and m, m
i %e%%?%&ﬁ%%y,ﬁ

and n ar ‘nunbers equal to or greater

Egﬁgoill}’ﬁm %Yérfov%j‘ %hg%%f%gﬂ Lﬁ;oﬁ(&(/l efé?r%&pﬁ% %a}-lbo% atoms, R is

mat er i alkyl of aryl BRUpDAPBE iftdnON t@iz Edrbbimufotmsyhet ei n t he
thernoplastic material is selected fromthe group

consi gf ifgnPf aft, Hﬁﬂe?f&ﬁl% 13ufbeR egﬁﬁlycﬁby R4 tifhn 1; and
pol yprdpyl ene, a pot yet hyl’ene, and a m xture of a

pol y@hgpxbﬁe e@?gga pol yphenyl ene oxi de resin, and

m xt A phosphorus cont ai ni ng,

e oxa2|n on |
R R
pEIPERPIOHACE, 9@1y@uyréﬂengoly{mpyleﬁa;pbxyattmandmpolgﬁmpﬂé\he ,alhd

| east one or ganophosphorus co und having a group
pajppheaylsge PK@W@%%’F%FPTWXWC theeeohr oup P-H, and the
group P-OH, and (B) at |east one conpound having the
5K oA|cuvabiﬁgplmplmru&c<qntammgmomwpauen FOMPLSINE'M [ m(X - O -
R')n
() aphosphorus-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)iw]nX -0 -R")y

wherein

R’ is an organic group;

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 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;

(I) a thermosetting composition; and
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wherein R is an organic group; Y is a hydroxy
functional group or an am ne functional group; Xis a

whyasocsnbyl ene group; R' is hydrogen or a hydpOrasivg$017954

group having from1l to 8 carbon atons; and mM, mand n

ar ein b kepeprsid.| y, nunbers equal to or greater than
1. (V) at |east one am ne conpound when the Y

55 UACEHRPR ruSESHBn | BonfBlind SoRphMAE Biba®ion #roduct of:
Iﬁeas o%}gdr%ydr ox?l gger%ggygfégont aipr%\uﬁg %oﬁpoﬁ%d vvh%:n tn%téo uete

(VISR CRPORGon iy oaib it

P e gls ﬁ g(m ;) Cliolg%lsg :gpll% g%splg@l%g@%%%%b%grqglgg ;g\;}lgg i%:ggé)ﬂ)gselected from
ring- cané gt'oﬂ' (H) PEOITEHR U6 P ah & tHegerbiye P+ (aCdridon

product of: %I) a phosphor us-cont ai ni ng conpound

compr i SBYY_ LiYeast 8¢ LorfiPoa ¢V (R follofinorhRaen.one

or ganophosphor us conpound having a group sel ected from

t he P=0O, t hergioup 1, hangh~t he group P- OH,
and ?@%Hg% east one[lgé%?hgvrﬁgnt he fol | ow ng
Formula (I): Formula (1) [R(YYm]mX - O- R')n

wher ei WIRI€INS an organic group;Y is a hydroxy
functional group or an am ne functional group; Xis a
hydr ocd¥’ iy e AEgagicAipup;R' i s hydrogen or a hydrocar byl
group having from1l to 8 carbon atons; and m, mand n
are, i nfispefudetnay gronpstlectsd Equetydrexyo cargpxdiceacid, lsahoxylate, acid

o SESL -SSP IRl i s phohac

| east qne hydroxyl _group-containing conpound when the
Y functt Bridlydgesthylehe &8onent (B) is an amine; and

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) at least one epoxy resin.
53. A curable phosphorus-containing epoxy resin composition comprising:
(C) an epoxy resin compound comprising the reaction product of:
() 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 (T) [R*(VwInX -0 -R");y

wherein

R’ is an organic group;

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

phosphite;
-69-
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(VI) an al dehyde conpound; and (F) a thernosetting
conposition. 60. A curable phosphorus-contai ni ng,
whewzoxssed ne ring-containing resin conpositi onPCT/US2005/017954
conprising: (E) a benzoxazi ne ring-containing conmpound
conpri si RuistahgdfeaMyleds gpsupguct of 1 (1) a
phosphor us- cont ai ni ng conpound conpri sing the reaction

product @f:sg A&agki ko HRADRSRRRN Y S0 8 RBIRHAEbMS, R i
havi ng aE&;%u%%g%%%cte %ronﬁ?ggﬁgroung-P:O(? t he e

group H Pkyberhryherogp bagngfron 1 tonld qaBjonagtomsseesd one
conpound having the followng Fornmula (1): Formula (1)
[ R ( Y)m) fhrapX n-ar€) inddRehdeniip cmenbrerfRequiabtoeor greagenthan 1; and
group; Y is a hydroxyl functional group or an am ne

f unct i(Dnat legst@up epokyi ®sia; malr ocar byl ene group; R' is
hydr ogen or a hydrocarbyl group having from1l to 8

cardgpatggglﬁé C@Irﬂﬁig fent.M and n are, independently,
nunbers equal to or greater than 1; and (V) at |east

5%.2 %1@ %ﬁ?ofi%@?@@%i%@ ri‘néhgkﬁn% afl H&kﬁ%lbm @f)%)ﬁ'r B4R oftfer than the epoxy

onen dr ox r at |east e hydroxyl

compomdoafranpunegt €)nmpound when the Y functional group
of Conponent (B) is an amne; and (VI) at |east one

58] dehiraisde phosphoneontafiing €Poxs résie compdsisin cnipkising:
phosphor us-cont ai ni ng, theraiol abile group-containing

C Oy O 4 o $RBRIsLDhAehih H Eorh Sl cOmpik M@ Ukd re@ttion prbdet of:
phosphor us- cont ai ni ng conpound conprising the reaction

Produgl) of jeasBhe afgahm}?mﬂ&‘s QSRR 'BQ\%EE g%&l;fsﬁg&%%m the

havi ng "a group sel"ected fromthe group
gr oup gfeup H-Br0, theezrgumpbi¥l, Andhe ginap PB)Haand east one
conpound having the follow ng Formula (I):
(B) at least one compound having the following Formula (I):
Formula (I) R’ VNwlnX-0-R")y
wherein

R’ is an organic group;

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

anhydride, amine, -SH, -SO3;H, -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 1 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.
56. The composition of Claim 55 including a thermoplastic material.

57. The composition of Claim 56 wherein the thermoplastic material is selected from the
group consisting of a polycarbonate, a polystyrene, a polypropylene, a polyethylene, and a

mixture of a polypropylene and a polyphenylene oxide resin, and mixtures thereof.

-70-



Formula (I) [R(YYm]mX - O- R')n wherein R is an
organic group; Y is a functional group selected from
whyasoxssp4 car boxylic acid, carboxylate, acid aptiyusiod®017954
and am ne,-SH, -SO8H, -CONH2, -NHCOOR;, X is a
5 3%y da pheyphyhrrenginitg, beloxasinbyidpagenimig eoydindecantyising the
group havi ng froml to 8 carbon atons, R is alkyl or
rgagHon grNSt Avi ng from 1 to 12 carbon atoms: and m, m
and n are, independently, nunbers equal to or greater
t hdb 12 pkmsnhqrw-wmammrea?@mp@ned eQTapIR S reaction product of:
gr oup- cont ai ni ng conpound. 62. A curable
phosphofAks- cbiaai erierggartopbespbbaisichmprwsi mvignpgsup isdacted from

oS LRI o B4,
0 A R TR, AT S AT

having the a group sel ected from group H-P O the

gr ougormpia Gnd the griBUPIRIGK -&haR'B) at |east one
conpound having the followng Fornmula (T): Formula (1)
[R(YYm]mX - O- R')n wherein R is an organic
group; Y is a functional group selected from hydroxy,
car boxylhérefiCi d, carboxyl ate, acid anhydride, am ne,
-SH, -SO38H, -CONH2, -NHCOOR, phospi nate and phosphite;

X is a hRydr group; R' is hydrogen or a
hydrocairibili'laﬁcofil :ﬁ%ég%ﬁ?ng from1l to 8 carbon atonms, R

'S aI ky
IS Loy SRR AR Sk MR RBANET
to or eat and (VI ) at |east one
t her m)ggB? ng%rp Bylgge]glé)ug,l ng conmpound; and
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) at least one amine compound when the Y functional group of Component (B) is a
20 hydroxyl or at least one hydroxyl group-containing compound when the Y functional

group of Component (B) is an amine; and
(VD) an aldehyde compound.

59. A curable phosphorus-containing, benzoxazine ring-containing resin composition

comprising:
25 (E) abenzoxazine ring-containing compound comprising the reaction product of:
(I) aphosphorus-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):
30 Formula (1) R (V)wlpnX - 0-R")y

wherein

R’ is an organic group;
1=



10

15

20

25

30

(J) a thernosetting conposition. 63. The conposition
of daimb5, Caim57, Caimb58, Caimb59, Caimb60,

w@k@sm®di4 or C aim62 including at | east one PEDK$2005/017954

resin; at |least one curing agent; at |east one
CO- curi ngy agehfdroat fuhedsial Sep eah@hiile futionbl froas;t
one inhibitor. 64. Any one of the preceding C ains

wher ei n thg aefgqpfyca;@%r{é dréupsel ected from group
consi sting of "a pheriol epoxy novol ac, a cresol epoxy

novol ac, A %r n_#r&[%é Qld g}‘;?ﬂgca%ﬁ %r&fﬁmafi'/g{%' 8 9R8%Ycarbon atoms; and

resin, ee epoxy re om nat ed epoxy

resin, o efhd,pd“ar 198& eHden g&”ﬁﬁ@ﬂ‘érg‘ Pt ' dr & r§§t' ”tha?? %ﬁ

produé? i hAbl € accor hg proc

2t 1 east O il fesRt SR RREG pomRRa FHen She e isRelfbun Bt Component

65 wher eBistal iy desxgRBPRNOSPEY Kkiré: Coonfa@fiRE B6Mtbound when
i's SBlo di"hy d)g'g 9- oxa- 10- %ﬁio Mgmthrene £ bound whe

10 oxi dethes‘f/‘ furmr@n@irgy@umf rmpangnbd® iHen aniichendss,
wherei n the conpound of Fornmula (I), Conponent is an
et heri f i éd)ragsaddebyd6&mpduedpammiduct of C ai m 65,
wherein the R' group is nethyl, ethyl, propyl or

but(y) a thefnosdrirgxpositisnound obt ai nabl e by reacting at
| east one product according to Claim65 with at | east

60N&\ &RABIC PREsPhdMIsGn iRy, heArbxarife SROXWn@IRhPreBRI composition
nol ecul e. 70. A curable flane resistant epoxy resin

COPP®IBRt i on conprising at | east one crosslinkable

epoxy conpound according to Cl aim69, at |east one
cuEng bagznxiazian dingepniaomag ¢ompaund lcemptisingéhe reaction product of:
crosslinkabl e epoxy resin other than the epoxy

conpohd agphosgphdbrusgcontithg compSund cotnpridingehoreactianodnd of:
obt ai nabl e by epoxi di zi ng the phenolic groups of the

conpound (AR afleait®né drghdophds htradt Enp i thavin g aesbe) slketed from
curi ng COﬁ'pOSI tion conpri sing at | east one

crossl i ntbatgreupeddaP ofhe gr W andthe grouneP-EHT; aagoxy

resins, a phosphorus-containing conpound of C ai m 65,
a cross| (Bketleag opatempeunddadinghé todlaming Bermuidh (i t or .
73. The conposition of Caim72 wherein the inhibitor
I s aFbemuls (Bci d. [R’(VwlnX -0 —-R")y
wherein
R’ is an organic group;
Y is a hydroxyl 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) at least 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
(VD) at least one aldehyde compounds; and

(G) athermoplastic.
72
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74. The conposition of Claim73 wherein the Lewis acid
is boric acid. 75. A prepreg conprising at |east one

WO b@se186esi St ant epoxy resin conposition accorPCTyS1005/017954

Caim72 and at |east one reinforcing material. 76. A

d1am ﬁﬂés%hﬁﬁl@%hﬁirﬁﬂg,&lﬁerhﬁ%ﬂe eRfIpAIoRRiEHg a6:8peEid@niising the
Caim75 and at | east one el ectron-conductive | ayer.

rzaetiop peeduetipft boar d obt ai nabl e by curing a |aninate
according to Claim76 wherein the el ectron-conductive

| ay®r aqhwpplicsescaentaihimgspompaendéenaprising e reaction pedugy of:

pol yol obtainable by reacting at | east one product

accor di (4 t at Glasti cne@bgasiophosphoiue asmpousl fofvingt hgroepeelected from

oxi de or, pro e . oxide 79. A flanme resj nt

pol yur eY}ﬁ&ﬁ@ngégﬁQéﬁq %WOHB%F%’ g ¢ %ﬁ'@PPi)gég‘?a?%ast one
pol yol according to Claim78 with at | east one
conmpoun@ha it KgStaReSomparbrayinghe yelknyriae fpunpa sy

nol ecule. 80. An ignition resistant thernoplastic
conpdormitier{iDobt ai nabl[R’ BYmikh,E0diChgR’he pr oduct
according to Claim65, or a derivative thereof, wth
at | eas{yh&Rm thernoplastic resin or a mxture of

t hernmopl astic resins. 81. An ignition resistant

t her nopk agt.i, ¢, St ting hybrid conposition

obt ai ng%l e agy r%ﬁ%%@ng’ the product according to Caim
65 or [ N r eof ' [ t , )
e ot SEE RO g SRkt bl bl 85k RS cmborytae, i
r esi ns; artdride, iapd ainieg88E, -SOAL-0ONTDS ENHODDR;
conposition or a mxture of thernosetting

conposi XiiNfydr8earbyiBge £@UpOSi tion according to daim

80, wherein the thernoplastic resin is selected from

one or I@’Dfsqw@fogf%ﬁloi/ﬁﬁ BOBALSF! orB0d MBiNE £OF 1 to 8 carbon atoms, R is
pol ypropyl ene, pol yet hyl ene; and pol yphenyl ene oxi de

r esi ns.allgd.or Aryd @aauipigvingfposilttp 32 cedbepriosishgndn epoxy

and the conmpound of Claim39 and optionally a

CO- Cumi’ N aaderdre, dndepepddntiyahimbers eqtahto/atgreBer. thamé; and
coating conposition of Claima83 including a co-curing
agevit andt Ragt dhéthésholabile group-containing compound.

62. A curable phosphorus-containing, thermolabile resin composition comprising:

(H) athermolabile group containing compound comprising the reaction product of:
(I) aphosphorus-containing compound comprising the reaction product of:

(A) at least one organophosphorus compound having the a group selected

from 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 (T) RV ]nX-0-R")y

wherein

R’ is an organic group;

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

63. The composition of Claim 55, Claim 57, Claim 58, Claim 59, Claim 60, Claim 61, or
Claim 62 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.

64. Any one of the preceding Claims 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.

65. A product obtainable according to the process of Claim 1, wherein the phosphorous

content of the product is at least 4 weight-percent.

66. The product of Claim 65, wherein the organophosphorus compound, Component (A),
is 9,10-dihydro-9-oxa-10-phosphananthrene 10-oxide.

67. The product of any one of Claims 65, wherein the compound of Formula (),

Component is an etherified resole.
68. The product of Claim 65, wherein the R” group is methyl, ethyl, propyl or butyl.

69. An epoxy compound obtainable by reacting at least one product according to Claim 65

with at least one compound having more than one epoxy group per molecule.

70. A curable flame resistant epoxy resin composition comprising at least one
crosslinkable epoxy compound according to Claim 69, at least one curing agent and,

optionally, at least one crosslinkable epoxy resin other than the epoxy compound according

to Claim 69.

71. An epoxy compound obtainable by epoxidizing the phenolic groups of the compound

in Claim 65.
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72. A curable ignition resistance curing composition comprising at least one crosslinkable
epoxy or a mixture of different epoxy resins, a phosphorus-containing compound of Claim

65, a crosslinker, a catalyst and optionally an inhibitor.
73. The composition of Claim 72 wherein the inhibitor is a Lewis acid.
74. The composition of Claim 73 wherein the Lewis acid is boric acid.

75. A prepreg comprising at least one flame resistant epoxy resin composition according to

Claim 72 and at least one reinforcing material.

76. A laminate comprising at least one prepreg according to Claim 75 and at least one
electron-conductive layer.

77. A circuit board obtainable by curing a laminate according to Claim 76 wherein the

electron-conductive layer comprises at least one circuit pattern.

78. A polyol obtainable by reacting at least one product according to Claim 65 with at
least one of ethylene oxide or propylene oxide

79. A flame resistant polyurethane resin obtainable by reacting at least one polyol
according to Claim 78 with at least one compound having more than one isocyanate group
per molecule.

80. An ignition resistant thermoplastic composition obtainable by blending the product
according to Claim 65, or a derivative thereof, with at least one thermoplastic resin or a
mixture of thermoplastic resins.

81. An ignition resistant thermoplastic/thermosetting hybrid composition obtainable by
blending the product according to Claim 65 or a derivative thereof, with (1) at least one
thermoplastic resin or a mixture of thermoplastic resins; and (i) at least one thermosetting

composition or a mixture of thermosetting compositions.

82. The composition according to Claim 80, wherein the thermoplastic resin is selected
from one or more of polycarbonate, polystyrene, polypropylene, polyethylene, and

polyphenylene oxide resins.

83. A coating composition comprising an epoxy and the compound of Claim 39 and

optionally a co-curing agent and optionally a catalyst.

84. The coating composition of Claim 83 including a co-curing agent and a catalyst.

-75-



