Epoxy Resin Fornul ati ons Background to the Invention
The present invention relates to epoxy resin
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Repent edwaices ingutsniativeelactrpaicimag¢njals such LED rear and head lamp lighting

systems require that the resins employed have a maximum operating temperature of at least

200°C (typically referred to as "Maximum Operating Rating 200" or "MOT 200").

Another application in which a laminate having a high maximum operating temperature is

required is when used as chip "under fill" in flip chip applications.

It is difficult to achieve this specification using standard brominated epoxy resin

formulations as the brominated species are prone to decomposition at these temperatures.

In order to obtain a high MOT rating, it has hitherto been necessary to utilise relatively
expensive materials for example compositions containing bismaleimide-triazine (BT) resins
to provide the glass transition temperature, and bromine-containing components to meet

flame retardancy requirements.
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WO02005/11860 discloses phosphorous containing epoxy compounds which can be used in

combination with other epoxy compounds.

US-A-4,338,225 relates to resins formed from the reaction product of an epoxy resin and a

hardener, such as a diamine hardener for example diaminodiphenylsulphone.

Surprisingly, we have now found that the combination of certain specific epoxy resin,
together with specific phosphorous-containing epoxy resins and specific hardening agents
can provide compositions which, on curing, have a glass transition temperature of greater

than 200°C.
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amounts of from 0.5 to 2% based on the total weight of the composition.

In addition, other components including other multifunctional epoxy or phenolic

components, amine hardeners and fillers can also be present.

It is preferred that the composition consists essentially of, more preferably consists of, the
phenol-aldehyde condensation product, the phosphorous-containing phenolic resin, at least
one hardening agent comprising an aromatic hardening agent containing a sulphone group

and an amine group, at least one catalyst and at least one solvent.

The curable epoxy resin composition can be used in a number of different applications, in
particular where high temperature laminates are required, such as in electrical laminate
applications and used for printed circuit boards. The composition is particularly suitable for

use in automotive electrical laminates.
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A typical example of a process for making such a laminate may comprise the following

steps:

(1) An epoxy-containing formulation is applied to or impregnated into a substrate by
rolling, dipping, spraying, other known techniques and/or combinations thereof. The
substrate is typically a woven or nonwoven fiber mat containing, for instance, glass fibers or
paper. The epoxy resin formulation employed for impregnating is generally referred to as

"varnish".

(2) The impregnated substrate is "B-staged" by heating at a temperature sufficient to draw

off solvent in the epoxy-containing formulation and optionally to partially cure the epoxy-
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processes) or for longer times at lower temperatures (such as in low energy press processes).

Optionally, the resulting laminate, for example, a copper-clad laminate, may be post-treated
by heating for a time at high temperature and ambient pressure. The temperature of post-
treatment is usually between 120°C and 250°C. The post-treatment time usually is between

30 minutes and 12 hours.

In a second aspect of the present invention, there is provided a method of making a prepreg
comprising the step of impregnating a reinforcing web with the composition of the first

aspect.

In a third aspect of the present invention, there is provided a method of making an electrical

laminate comprising the steps of:
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- Br<0.09wt% (900ppm)
- C1<0.09wt% (900ppm)
* < JEC ( International Electrotechnical Commission)
- Finalized requirements of IEC 61249-2-21:
* 900 ppm maximum CI
* 900 ppm maximum Br
* 1500 ppm maximum total halogens
* «]JPC-4101B has adopted the IEC definition of halogen-free
- 900 ppm maximum C1
- 900 ppm maximum Br
- 1500 ppm maximum total halogens

* Note: fluorine, iodine, and astatine (other Group VIIA halogens) are not restricted in

the industry definition of “halogen-free”.
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phenol novolac resins and epoxy cresol novolac resins, epoxy bisphenol A novolac resins or

dicyclopentadiene phenol novolac resins as well as other epoxy novolac resins). Such
epoxy novolac resin compounds have the general chemical structural formula illustrated by

Formula (a) as follows:

Hy H, / Hp /
O——C—CH—CH, O——C—CH—CH, O——C—CH—CH,
X X R\
R R R
o - n
Formula (a)

wherein “R” is hydrogen, a C;-C; alkyl, e.g., methyl or an aromatic group such as
isopropylidene-hydroxyphenyl groups; and n is O or an integer from 1 to 10. n preferably
has an average value of from O to 5. The preferred epoxy novolac resin is when R is a

hydrogen atom in the above Formula (a).

Epoxy novolac resins (including epoxy cresol novolac resins) are readily commercially
available, for example under the trade names D.E.N. (trademark of The Dow Chemical
Company), and QUATREX and TACTIX 742 (trademarks of Ciba Geigy). The materials

of commerce generally comprise mixtures of various species of the above Formula and a
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R’ is an alkyl or aryl group having from 1 to 24 carbon atoms;

Y is selected from hydroxy, carboxylic acid, carboxylate, acid anhydride, amine,

-SH, -SOsH, -CONH,, -NHCOOR, phosphate and phosphinate groups;
X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to § carbon atoms; R is an

alkyl or aryl group having from 1 to 12 carbon atoms; and
m', m and n are, independently, equal to or greater than 1.

Preferably, the phosphorus-containing compound has at least two phenolic aromatic rings
preferably linked by a hydrocarbylene group or hydrocarbylene ether group and a

phosphorus content of at least 4 weight-percent.

The compound having one epoxy group per molecule is preferably a cross-linkable epoxy
resin or a blend of two or more epoxy resins having more than one epoxy group per

molecule.
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buGtip oisstthtyland, agd ehedtkeu piarylend 8 dhd mosn préferrgd Bugdoup.

H P=(O; the group P-H and the group P-OH, and at

R”IlQas! @féeabggam@asm d, fiMh6@ prérerabpl dtavisny chofkding; bhd preferably
[R’(\Brr]rr( - 0- R')n Fornmul a &) wherein R is an
up & fymorgrprefesablygirotor, had £yry meigmraletablyup toay prhompems; The

i el fr hydr.o b ' i .
nyd kg0 B MMt ST, ARl Cppgpy, sopropst, bucy
isob@@NIip2ntyt, NEKCAOR ptyl hasipduagle Mawll pieiasdeifon te R ggroup sie béityl and
i s a hydrocarbyl ene group; R' is hydrogen or a

isoRyiat-ocar byl group having from1 to 8 carbon atoms; R

is an al kyl or aryl group having from1l to 12 carbon
R’ aredergblyapemprises at least one arylene group and optionally at least one

hydrocarbylene group or hydrocarbylene ether group. The R’ group more preferably
comprises at least two aromatic groups linked to each other by a hydrocarbylene group or
hydrocarbylene ether group. The aromatic groups are preferably phenyl groups and the
hydrocarbylene group is preferably X as defined above, most preferably a methylene group
and the hydrocarbylene ether is preferably a methylene oxy group.

Y is a functional group capable of reacting with an epoxy group, an ethoxy group or a
propoxy group. The Y functional groups are preferably selected from hydroxyl (-OH),
carboxylic acid (-C(O)OH), carboxylate (-C(O)OR"™), carboxylic acid anhydride, and a

primary or secondary amine (-NHp , -NHR"" or =NH, wherein “=" refers to two covalent

bonds to the same or different atoms of R’ ).

R"' may be an alkali metal, such as Nat or K+, or a hydrocarbyl group having up to 8,
preferably up to 4, more preferably up to 2, carbon atoms, such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, and the like



m, mand n are, independently, equal to or greater

than 1. Preferably, the phosphorus-containing conpound
wha®oasssizast two phenolic aromatic rings prefRCHDB3008/077521

| i nked by a hydrocarbyl ene group or hydrocar byl ene
R"etshetrydgocartiyl @ftdlpasmhms ph ary]; graxphiresikylofroad, o emalkadyl group,

gh rcent. e conp haV|n one epoxy group
whigh FRTBRL S pdop e‘Fl@FedHF 5&\%%&’ PRk SHsNgms dsferably up to 4,
catbBshidnRr @ blend of two or nore epoxy resins having
nmore than one epoxy group per nol ecule. Suitable

ThE P%X d@f%”c} 2de£th gnH&| ja%ﬁ'e%g y é%fécté‘&%ro%? %@ﬂg%@%{ n ubstituted

such as
mubnﬁ@mﬁnﬂthJnﬂbemmhyhﬁMQma@hmmhesmhdphenEhdnnMaMaaﬁ when

gl yci dyl et her of nethacryl ate, glycidyl ether of
Prea%r}tﬂ AOTARR C B AENECR RIS haféﬁ%?sr&ﬁb&rouw FUEb AN dkylgroup

8888y ik ©13 FJoBEHRARY, by PR, B0 20

atomin erably, each -(- X -
Thgh%(}é\}ilf & r?%ﬁfgiac?iﬁ%%%%rbtogy@ Qélﬁg Wde %n%g]gfrleglb els?alfe preferred

and the hydroxgbfupotioralions .mdsh p@fdpredffer thed{"elghﬁqbl ment, X is
an al kyl ene group having from1 to 8, preferably from

The préfefted s pQURB o P @A Elf @Fedhbie chnfPourds thaRE tiad FdFula (I):
such as netﬂylene et hyl ene, propylene, isopropylene,

begyygnexisgbyiyl ene, and the like. Methylene is the
nost prn¥erred X'group. R' has 1, preferably at |east

an(12p ?telg%r 9 {)@ Az Re)f oﬁ‘rgglp in %llie 11112?1% ofst € B%c{)kgglge glftﬂgar?]fgng\@/%nstructure.

nore pr rab
Form{ammer @Jfrcefelaéﬂ yorupouinds mclucdaninsa tl&ll oomtain EHo&abiytdiodXaO /1) groups

prefer y an ylene gro as
on @{ mqt onﬁ pgg&ﬂsamp &Jp‘ nbggﬂups bH]t iqo 1t1qn3 gﬁﬁpmpou?fgﬁg% are useful
indhGEY for egﬁﬁé)% lthos@Mitht AL Mbet MORAIORAES &5cbgd for the R

group are butyl and isobutyl. R preferably conprises

a?@“?ﬁ%ﬁd@&@bﬁ&¥&%ﬂﬁa§hﬁ%P and optionally at |east one

(b) when n is equal to 1, then m must be greater than 3 and at least one (X-O-R") group

is in the middle of the backbone of the chemical structure; or
(c) when m is equal to 1, then n must be greater than 1; or

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

of the backbone of the chemical structure.

In Formula I, m' is preferably less than 10, m is preferably less than 100, and n is preferably
less than 200.

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

[AT(Y)w — X' [Ar(Y)w —X]p ( X = O —-R”), Formula (II)

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 (e.g., methyl, methoxy, methanol, ethyl, ethoxy, ethanol, propyl,
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hydr ocar byl ene group or hydrocarbyl ene ether group.
The R group nore preferably conprises at |east two

W@ e@aasise? gr oups |inked to each other by a PCT/US2008/077521
hydr ocar byl ene group or hydrocarbyl ene ether group.

propoey giropabl, ¢soprapyhssaptepapoke betya buyoxyheutyiol gsueh ps, fanekample, a
t he h(ﬁ ocC rbylene group is refergply X as .defi ned
tolyigps &t VigegTBhBiEN JPo5t g ch ki OgR g P! least one of the

Argr 0 %rn*?}’ke?earﬁi I@efla\}esth@gz%fleeﬁlégﬂlﬂg Qs Hqid?ﬁﬁluﬁlr@) &X¥ach

I's a functional group capable of reacting
inde‘tIfdealﬂly aRYLy XgropX, anX@ BoRyXgtasmpd 6b” eachringaprydently represent

roup. The Y functi onal 0 ar e eferably sel ect ed
2 R w&f@mgﬂza%iyan @5 ButhrR e be e o o
I h
In C(?]r(rggggl( Eu)i ﬁ“’é’rl? pg:fferglélgélﬁdgilé&g%p;%[)r%f% | 3p ? \ darnldd'ln" is preferably
uwpho. wherein "=" refers to two coval ent bonds to the
same or different atoms of R ) . R" may be an al kal

A otrghrefesf%(c‘ih:o ohﬁ(;_ 9 erljébull%/ I %%y Popeﬁj%sgﬁt%{i }B%r ik é)'rﬁ g/ nf Formula

nor e
(Iho 2, carbon atons, such as nethyl, ethyl, propyl,
i sopropyl, butyl, isobutyl and the likeR'" is a

R’ h@"i{)q@f’(wf}‘ L Xg@QQR {AlgeVFmrL)ﬂ% [ARYSLY( X0-@UIPR N FdkiMla (I111)

group, or an al karyl group, ich preferably has up to

i 3P RaF oAb Rene ot SapR By FrE s T RSP, Sibtieo .

c, dndl déRh eﬁ@pbnﬁeﬁﬁy eplr@dnf 4 MimisdRgldl k' begheer than zero. In Formula
unsubstituted succinic anhydri de, mal eic anhydride and

(B¢ Karelerabhhupdioi 298 angtddn prstasably vaeme00.when present is

one or nore hydrogen atons or hydrocarbyl group, such
Tha§YAigraipk pie efsmblpbafded dbkgtyntawinny grpup. oExa@mplene prefieged

“Ag(ﬁf i 3146 é)hgl&@dcrg%oi %131?%/ e%r(} %tgg gfg:l C&II‘EFGH,?EI dr gf(yalént counterparts

thekdpictionalities are preferred, and the hydroxyl
functionality is nost preferred for the R'" group.

The units with the subscripts a, b', and b may be present in any order in a random or block
configuration. Each of the subscripts a, b, b', ¢ and d independently are preferably at least 1.
Each of the subscripts a, b, b', ¢ and d independently are 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', ¢ 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):
R"-O-X)[Ar(Y)m — X]g [Ar(Y)m —X]¢ [Ar(Y)m]o( X = O = R")q

I
(X-O-R").
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The preferred conmpounds of Formula (1) are those
conpounds that neet the Fornula (1): and at | east one

W@ 2000088)7 group is in the mddle of the backboPer/vs20081¢77521
chem cal structure. For exanple, preferred conpounds

whiereid ¢ theantiheger fidrat) todnf &i lnoradredt@asid praforabX-163sRhan 50; and m', R",

oyps . on | east ne of the sane R S.
Araliaktd On¢ athié Efies atOrYﬁthﬁtr@fea%@PE )prqa&éﬁ f or
exanpl e those that use neet the following criteria:

(a) nis preferably greater than m or (b) when n is
Predepueal cangpolindg ddrormutaudll) imey e egresenteti by t13: hldwatg floeaslas,
on -O R 0 is in the mddle of the backbone of
Fo?ﬂ@agﬁZEW{%gﬂéﬁ% ure; or (c) when mis equal to 1,

then n nust be greater than ;I on,(d) when n i sy equal

to 2 n at IeastY of the y) groups mNST\be
> 0 1d backbaon he g.h.em.

[F%?TXMLR;S% In ornuLg /Jnt 105%23? bly Le;?;L\r

referably
| ess "t han 200. Preferr 8 bdunds %orﬁula I nay be

represented-by the followi ng®ormula (11)T°[A(Y)n, -

X Ar(Y)n, -X] b ( X- O- R')n Formula (I1)
FOQH@?ZY each Ar independently is an aromatic group,

pref erably_a phenyl group, optionally substituted with

one YQLy e grou refgdrably selected from al kyl,
al \Qy ﬁgrd alkaﬁbt\\raving 1 to 4 carbon atons (e.qg.
U

D

=)
cn

P

I"~i5et iyl thoxy, anol|, ethyl, ethoxy, ethanol,
pr opy poxy, ﬁ?ehanphl i sopropyl, isopropanol,
but yl oxy, b ) Such as, for exanple, a
tol yl nd/ or Xxyllytene |gf oup; q%\]east one of the
( X- roups |s\$ at ghe “6f the Ar groups;
[l Y rant R Have nimg as in
For ffu I); X e i ndgpendent y. be X, X-O X, or
X-O-%0 X| "a" and "b" edech i ndepefia&htily represent
Y, i
S )
ot N 7 /]
Pk/\/ I /\IX—O—R]
Y b

Formula (VI)

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

atoms,

"o

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

"a" and "b" each independently represent a number equal to or greater than zero; and "X",

"Y" and "R" have the same meaning as in Formula (III).
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a nunber equal to or greater than zero, but both
cannot be zero. In Formula (Il), "a" is preferably up
W@ 2009085817 b" is preferably up to 100 and "n" iBCT/US2008/077521
preferably up to 200. A nore preferred conpound of
Formula | may be represented by the follomﬁng Fornula
| R'-O X)c[ Ar
In ER’FC{%?X%( qmtb)éxm)fnt[cshe %ge)nyaun@é it by hw(%)ﬁ@.s &qmpﬂpent@ may be

pre?areg ’by)flrst%eac"l‘l% (5 bpﬂ%ﬁeﬂ@ ctr&%lss RN, "’Iﬁ% ep g?% hﬁH/J):IO(;tHHJ afkyl

'); "subscrip ., and d each in ndént
pherepy aslghi f(mmalalﬁby;te txfioah one oomogy @ahemnerid al[mszrm «zr higlrer
For mul a r.ef rab

L]1), ' t
consBartieRiat gl SEsdisEe pdegighdrateFariadpy reacting @
anc_lp %3 dB6lvedirk @fddiffed By @RerfNcallb® WitheEpeaiyast fafly @th@ﬁﬁéd %Cith at least

" include phenol, cresol, and xyl enol’, and t

on@mon@@m@ﬂmlgﬂdT hfamemm@mﬁlc@mb ESrR@HtW@OiR 1ST1hfesaum gsglefined
above Jlar Formu%a ﬁg%d(aglt Tes og Ithe esueﬂgln glherl eid pro &l Seﬁlch £an ﬁnged as

CoRt Fgurati

Coﬁtﬁ@ﬁ@l{tl(m Slrfafor Bxarﬁple ethedifigd eksblrdepLNARA tab yhos¢ @escribed in U.S.
referahﬁy at least 1. Each of the subscripts a, b,

Paggnt Ne. 1y, 324 adbHend@igntNoapd SndB8: preferably at | east

5; yet nore preferably at |east 10 and preferably not
greater than 1000, and nore preferably not greater
Cohi]panen’tQB) miade by éheaab odlreaetidn, oft(Apargiubs prefquatdy apnthins bow amounts

and i ndependent | re prefe ably t greater than
of e Stal%rr»geram@fl@f%ls|swﬁlwn rbipaghobd aaflrule gl & resicual
mdRAbRERSiA l?lllé/reﬂ&fonq{rgﬁc? fthﬁtrlé“@oﬂ{%ong{t ?ﬁﬂ' fof gx&iﬂfi’[@ QO T wt

Forrmula (1) may f her be represented
percet] prafangplFtassrthaa 2(Wt\/ge:rcent and more preferably less than 1 wt percent.

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

13



(R'-OX) c[Ar(YYm- Xla [ArCOrM -X]f [At(Y)m] b( X -

O- R)d 1l (X-0-R') ewherein e is an integer fromO to
W@ 200p/0438171 or greater and preferably | ess thanPGOUSHN077521

n, R, A, Y, X a b, c and d are as defined above

with reference to Formula (I11). Preferfyed conpounds

of Formula (111)?"may be r by |t he fol | gw ng

fornmul as, For mul

Formul a (V1) !
hydr ogen or ar
atons, ‘p" ridepende
ero to 4;,/"a" and "b" e

ual tocorobreater t hanf"zer o;

haye tlee S Pigo
ferred enbodi

di meri ¢ oy philgher | P
ts. Subsequently, “the cond%ﬁ%%mbem
rofii’f eacting (p) amd (b) above @re

condensati on pro
products resuiti
nodi fi ed by et hekxif&cation, either
etherified, with gt "l east one nono
nononeri c al cohol 48 ROH whereig{é'
defi ned above for Formula (I). a
resultant etherified products which can be used as
Conponent (B), are for exanple etherified resole
resins such as those described in U S. Patent No.
4,157,324, and U. S. Patent No. 5, 157, 080.

"o

wherein "p" is an integer from 1 to 4 independently; and R, is hydrogen or an alkyl group

having from 1 to 10 carbon atoms independently.

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

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

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

condensation product can be formed.

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

at least 100, more preferably at least 400, and even more preferably 1000; and is preferably

14



Conmponent (B) nade by the above reaction of (a) and

(b) preferably contains | ow anounts of the starting
WO 209/38¢T i al s such phenol, cresol, bisphenol PCHOS2008/077521

f ormal dehyde as residual nmononers in the reaction
notpgregtercthar 1 5,600, rsor€prgieabiytnof Bleajer than 3e00imiceleassort padierably

3w p rciné preferably less than 2 Wt percent and
noHﬁF@“ﬂ%@? P31y less than 1 w percent. It is

preferable to use etherified resoles over

non-etherified resoles as Conponent (B) in the present
Compeeartti(Bhiskpecfaudbly eibhtentifliyddeerad dodrescatennoné nerop@peably

st ahl t roomtenperature (about 25 C) whereas
S“%%ﬁgéﬁhﬁF?Pf%ﬂ&¥@g@WB% have a tendency to undergo self

condensation; and at elevated tenperature, typically

greater than 25 C, preferably greater 100 C and nore
Angxamgleats| Gorgpangnie(B) isho@nan dheemglﬁwm@emi@ﬂ Epmimily (VII):

greater than 70 C, and neral | y; 1 esg, than 250 C and

preferﬁbL¥F% ss” 220 \(ésﬁlgk ha dency to
under g de gg pensa i%nlratgﬁr Han Fn r eaetr, okt h

" Che phgsphor|dus [Cgnpounds tQ np nentL\(\o Thus, it
is adva 2qus %6¢€%Fectméiégrif ed resoles as

R

Conmponént (B)L that have a | ower tendency t'o undergo

sel f condensation and that tend to favor the main
FogoraéMBat i on reaction with Component (A) for exanple

via the alkyl group R'. An exanple of the preferred
whe et 83 atacl mdspeordiently privdenged. dnyalkydgceupnpving) frand to Y carbon

as i be ve is illustrated as according the
a“?grﬁgaﬁﬁgob§ﬁ€$§1’chenical equation: wherein "p" is an

integer from1 to, 4 independently; and R is hydrogen
RI et eeRIf s B RERN o oYFELo P BedEB dr 40 SRR dtoms:
Jindependently. The above reaction provides a mxture
R" a¢ a fydrpesnedftd hyslserarbyé srra@dssEinigdrony A 691§ cadoR atanpsg and
met hyl ene |inkage or a di nethyl ene ether |inkage such
b regregenys dvanmbeg cquad tCpRORRIECOIMEN e¢roeach benzene ring); or
(2) having one CH OH group on one benzene ring. The
CH2OH groups in the above condensati on products
OthdrledsihpRt 68Chmpbitet aPoare sgeeinahe following chemical formulas, Formula

(VIII) and Formula(VIIIa):

A HT(\/\ Ha HTr\/E RPN, HTr\/\ Ho W\/\ b2 I(\/\—CHZ—O-R"
Lo eI Ty

R R
L a

Formula (VIII)

R0 C: H(IF\/\ CH—O- i\/\ t—o—0 Ir\/\—CHz-o-R"
LT T e NS

1

Formula(VIlIa)
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chem cal equation are partially or fully etherified
with an al cohol to provide Conponent (B) useful in the
wW@e@9e#817 nvention. In this enbodi nent a m xt uPEr/v82008/077521
different isomers of the condensation product can be
whfsﬁ:liﬂ’fﬂlﬂ" chhle imie plaeienthy Briadegen) acdk v rgrove Ighingdiorh Heo 10 carbon
unds of 8rnu|as (I') to (1V) is preferably at
a“W@a b ohbHeOBref erably at | east 200, and even nore
preferabl at least 500; and is preferably not greater
R epchirindepeptantlyrip hrdrpger @raaikyl gerupdrasedromn h4n 18 cabon atoms;

R"qé’]ghg(}/rggf{/ A aehe}%ﬁr&{a%ﬁ?lré{lprh%kl rf?oqltl ?rto% %oﬁgg)%ls {?eas t

ar “wei erably at

ef er st 400 and even nore
 egpeieal gyl W?%S@ua??%%r BBy ot oreat er 1 han
15,000, nore preferably not greater than 3,000, and
even nore preferably not greater than 1,500. Conponent
Stiflyhar sxpppipepHBryPeins (e dlawn inthe fabowirgehembca fermylas
I substantially free of hal ogen
ﬁﬁﬂnzﬁfﬁhﬁgﬁgﬁ%@gbﬁp Conponent (B) is shown in the
follomﬁhg chiemi cal fornul aj(Vil): Fornula (VII)
pendegntly is hydrogen, an al kyl
10 carbon atonms, CH2OH, or
ndent|ly i s hydrogen or an al kyl
from 1|t bg®lcarbon atons; R' is a
a hydrogarbyl droup haying from1 to 8

epresents a er equal to or
O her ex of |Conponent (B) are
chenji cal r 3So-ri0r MUl a

iI'1a): [Fornulaf(wi i)

OH

Formula (IX)

OH OH

H K\ . N
[nR-o_Cq_P iy H S E—

- >

Ha ] o~
["R-0— cq—l
P /

HO

OH

Formula (IXa)
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Formul a(VI11a)wherein "R2" each independently is
hydr ogen, an al kyl group having from21 to 10 carbon
W@ e@e®458CH20H, or CH2O0R'; R each i ndependent | RCT/BS2008/077521
hydrogen or an al kyl group having from1 to 10 carbon
whatednR,' isRl' hydsogenhy drigdsieaiyl grohy tnoagfioy 1 gr ® vpbb@xtions;
from1l to 8 carbon atonms; and a represents a nunber
b restahstOn0fbeg bgall & of fieNeZ@aPzerS idd ot her exanpl es of
nponent (B) are shown in the follow ng cheni cal

p r%ﬁ’%i@ﬂtsaasnfn%é@éh@al € & %@ﬂgr fmah mtba (1 Xa): Formula (1X)

romul a (I Xa) wherein is a hydrogen or a hydrocar byl
group havi ng from1l to 8 carbon atons; b represents a

t th : d
R B e e o R
SANTOEINK &l Ey 580.aihiablse '\ﬁdﬂfeﬁriﬁﬁe& phéR f@niadehy8€c@Rlensation
OLINK(tm EP 560, ichis a

Corrponen}}@(l b{g}&gj ude SAl

prasigetandttHaNg PHBR d1785/60 gl kyaeutemmeshdatedl henol novolac
7

B R OBl g s

mlﬁﬂnw with @wezgs aaﬁage mbpoliyr Waighit fremHOD frd 6000 @sial golydispersity
based qn a cresol mxture with a wei ght average

from B4 Bath qethgrf sty ieguaiablsiien Cyoup, a company
hezﬂglluéﬁgérgfg{ ?futsélelsf 'B%‘E(}@rnt fhddts a@ﬁfl!&e,%CEgﬁﬁﬁHr& PRUR 535 a@bfpany

rom UCB oup, a conpany quartere
incBrpgsaed 8, GBelagy uUbthearedole ttemabhindsiaahidabld XBBMEH OB 1&1@1}1 for example

PHES BLRIT 20k VBRI ECek TRENGRLR o JSapFRUSUR PR 711

PHEIRENODRAP PRI 2 G EbiBINGDRR 78R ﬁi@NOﬁ'ﬂﬁN@RU%PBH@mDUR PR 565,
PHENODUR PR 711, PHENODUR PR 612, PHENODUR PR 7

anPPERNOURURRY PAS 377ﬁ3HEN(I)UR PR 565,

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 the group HP=0O, P-H, and P-OH. 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.
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and PHENODUR VPR 1775. O her resol e conpounds

avai |l abl e from Bakelite include for exanple BAKELITE
WER09/pEB11TA, BAKELI TE PF 9075 DF, BAKELI TE 990PLBUS2008/077521

BAKELI TE 9435 LA, BAKELI TE 0746 LA, BAKELITE 0747 LA,
ThB8AKahbHo s Pl Bs-téataiBig b mpau 6 did fdrah] y BAEpbids t8@RBIoBowing

BAKELI TE 9241 LG BAKELI TE 9989 LB, BAKELITE 0715 LG
Forpydpq {*pHo4§58DLB, and BAKELI TE 7576 LB.

O ganophosphor us- cont ai ni ng Conpounds, Conponent (A)

TheRd¥ ganophosphor us- cont ai niRfg--cRRpound, Conponent

(A), may be selected from cors]pounﬁs havi ng the group

HP:b, P-H, and P-OH The phosphorus atom nay be bonded

O pwo rBepar a‘F_@nﬁnﬁlg@}%C mpetp es_gr may be pgpgdad (kb

one| organi c noiety. en bonded to one organic noiety,

the bonds may connect with the sane atom of the

orgéhic noiety to forma doubl e bond or, preferably,

may be single bonds connecting the phosphorus atom

with different atons in the sane organi c noiety. The

or ggmophosphor us-cont ai ni ng g@hpogpPd preferably

corresponds to the followng Formulae (X) to (XXl I):

RARC- RDO=P- RBFornuld (XY!/O=P -- OFornmula

Xl H,H - RD = P 5 F | Xl = Po1rn O
I(:or %r)uf 9 (iﬁ F%Olaqﬁe}iﬁ‘—rgr mi 5??%‘3/?”‘%3%& Fofthila fxIm

OH OH
Formula (XIV) R*PH,
Formula (XV) (R*0),P(O)H
Formula (XVI) R*P(0O)(OH)H
Formula (XVII) R*P(0)(OH),
Formula (X VIII) R*RPP(0)OH
Formula (XIX) (R"0),P(0)H
Formula (XX) (R"),P(O)H
Formula (XXI) R"P(O)(OH)H
Formula (XXII) R"P(O)(OH),

RA and RB may be the same or different and are selected from substituted or unsubstituted
aryl or aryloxy groups and hydroxyl groups provided that not more than one of RA and RB
is a hydroxyl group, and

RC and RD may be the same or different and are selected from hydrocarbylene and

hydrocarbenylene. RC and RD are preferably each independently, more preferably both, an

arylene group.
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Formula (XV) (RAO 2P(OH Formula (XVl) RAP(O (OH)H

Formula (XVI1) RAP(O (OH)2 Fornmula (XVII1) RARBP(O OH
Wo-2000045817 XI X) (R O 2P(O H Formul a (XX) (R')2PeQy/HS2008/077521

Formula (XXI) RP(O(OHH Formula (XXIl) RP(O(OH)2 R
PhandpHespitiyie Beantdremprensd Formdiaf(XéV g niiplend @ardeetbdl photghite or

.fromsubstituted or unsubstjtuted ary] or arylaxy
dirgFBYIBROSRAL Ky BRYPIC %@b@ufﬁr(&)’sd@&nt/#a?smw Adfe than
AOOHR, iqay

(C%g%? g(@gﬂ go&]r%lﬂdié(fa?h r eﬂf{ﬁg%%l : are seqhggggg&#j ?g@nc Heif®
(C4HRIP @D ED By |i e meceamplh yHF aoad bexy 1Tk ned dR@thyldhd®phimée acid

r y each independen nore preferably both,
CHRBEDPEL of FSpP BRERSTBHBLENIRE | < An exanpl & of

Formula (XIV), diphenyl or diethyl phosphite or

di met hyl phosphite is an exanple of Formula (XV),
In pheefrrgshaossidimens, the iotzanOphespIRiray-c A ipingscomparnd Xaamipanent (A),
cor?éspgﬁcqsg)g( lg?l% g&%gfo]&%&ﬁg%g@%&%@?{ugan@&ﬂl) (tg (kk)vafIQ (O
di meghyl phosphinic &cid (CH3)2P(O
la (XVII1). In|a preferred e
sphot® '

ning €&
cdrresponds to one of Ehe follo
F la (

| &

sl s an exanpl e of
di ment, the
Conponent (A,
ng cheni cal Formul a
|
) F%O(E'rul a (XXI'V)
H

Ry Ry R7 Rs

Formula (XXIII) Formula (XXIV) Formula (XXV)

R4

R4
Rs R, Rs R, Rs
R3 RS R3
/ ) / OH / (0]
| e R |
N pP——0 N P, 0 N pP——0
Ry | Ry | OH Ry |
H H H
Rs B, Rs

R7 Rs Ri

Formula (XXVI) Formula (XXVII) Formula (XXVIII)

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

Rs is preferably in the range from 6 to 100.
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Formula (XXVI) Formula (XXVII) Formula (XXVIII)

wherein each RL to Rs is, independently, a hydrogen
w@e@aeis1a hydrocar byl group that optionally nRgI/US2008/077521

contain one or nore heteroatons such as O N, S, P, or

Si, provided that not nore than 3 of Rl to R4 are

hydr ogen at ons and t or nore of Rl to R38 may

In j BioK@Rretreg FabarBRFHE ¢ r(he graagppHOSkBY C%%lgméfempeund Component
I“%@%%] m1ﬂom|n Rl to Rs
(A?s pr Oggggﬁ%gﬁﬁlthe ranégigron16 to 100.1n a nore
preferred enbodi nent, the organophosphorus-contai ni ng
conmpound, Conponent (A), corresponds to the foll ow ng
FormuRa (XXI X): wherein RO represents H and each R10
|ndeprnden&g represents a hydrogen atomor a
2 group that optionally may contain one or
¢roatons such as O N, S, P, or Si. Two or

h,as "Sanko- HCN' which is conmercially
uble from Sanko of Japan or "Struktol Pol ydis(tm
20", which is comercially available from Schi l
& Sei | acher of Germany; dinethyl phosphite,
Fognyh&XXi®¥hosphi t e, et hyl phosphoni ¢ aci d,
di et hyl phosphi ni ¢ aci d, net hyl ethylphosphinic aci d,
wheteemR) r qpi@SIfD:h bharsl each &0 indegeptieplyospilesanitca hydrdgen atom or a

hy%ﬁgng?llcﬁrg F (Ia?tio%'a CI d, ﬁggtgﬂ%/%@hos ol}é: gfe‘t'gro\allitowsl suchas O, N, S, P,

or 9F. INPRIASR P RYSmMEP BE 11"1'Hdrt8 ohe HP&H&C{O fSRBRG oA clic groups.
is preferably substantially free of brom ne atons,

nore preferably substantially free of hal ogen

The al())ove pref%lgrted b8 1menpgrganopthogp@orus contalmﬁg compoun(ds are described in

more detail in EP-A-806429.

The organophosphorus-containing compound, Component (A), is preferably 9,10- dihydro-
9-oxa-10-phosphaphenanthrene-10-oxide (also known as "DOP"), such as "Sanko- HCA",
which is commercially available from Sanko of Japan, or "StruktolPolydis™ PD 3710",
which is commercially available from Schill & Seilacher of Germany; dimethylphosphite,
diphenylphosphite, ethylphosphonic acid, diethylphosphinic acid, methyl ethylphosphinic
acid, phenyl phosphonic acid, phenyl phosphinic acid, dimethylphosphinic acid,

phenylphosphine, 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.
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To prepare Conpound (1), Conmponent (A) and Conponent
(B) are first blended or m xed together to forma
WO 2@e#38e7 conposi tion. Then a sufficient tenpePEI/USWO$/877521
applied to the reactive conposition of Conponents (A)
Readtibn(dB)Cohntponantt(iAd twetht Gemp@rat (B)n bet ween t he two
conponents to form Conpound (1). Conponent (A) is
ToRi&faed @binpoird@d Cohipon&aTAY WCoﬁlﬁbndn'ﬂ (B dredigdtibhded or mixed
vessel at an elevated tenperature, i.e., a tenperature
togghentasiormmapacte gegpeseortdinen asuffisicst masrapugreagnbied to the

rea&t}]%p djjng&o es gg)g%g %nﬁﬁ){n%tg 2?)(35“%{)@) Q‘% ﬁ{l&gtgp‘l]e%egcftl%ﬁtbg{weten L two

cotlpempas ifbind Coinpome! dj.ur e of the starting materials
and the phosphorus-contai ni ng product having the
| owest deconposition tenperature and for a period of
time sufficient to a react the HP=0O, P-H or P-CH
Coﬂﬁoﬁéﬂt?ﬁg %fprgéf%%nﬁmed(vﬁ}h MbiBordne (R0 aPAbh Qfés s@f at an elevated
Conponent ('B). time of reaction’is typically from
ten@@rafimgut. @ sa tempmtlhro @resiter phasf 2y dedgraes Gebsmns1 piedarably grep@r than 150

hour s .and nor er ab hour rs. . 1he
aegtECIBRS o7o% Relth bt sbih P ar et el Aty odfdS ne
deéb@ﬁﬂdsﬁﬁn@éﬁlpérﬁ\tukh@f tBOSE@ATS ite¥d$ 81d the PREYPAbIY-coRRining product

water is present in less than 5 w percent, nore
ha‘ﬁﬁ&ﬂ@ﬂé‘ﬂﬁﬁé deeayapasiion tempgrapyes anshior ameriphet tipe syféicient to a react
the I—?%’S d Iﬂ’aﬁ c())%gt (Pﬁ%ﬁézlgtl )epr% l\}v\e/ glﬁa%%gntﬁg gxﬁtcl)ﬂﬁ r(l)gie qﬁ%te&es oef%:omponent
(B¥ oira& tﬁne dfy@icaoi Bttgpisalbhfras 30thidites 6 @b feeferdlyafom 1 hour

byproduct of this reaction generally helps drive the
to %g r?@Wi@@“U@ﬁ%*%%ygﬁnlﬁﬂ%HbFeégﬂﬂé in the reaction

vessel is therefore preferably reduced to a pressure

bel ow at nospheric pressure, such as a pressure of 0.1

bar or less, to help drive off the al cohol or
Thbyqatr:tiduoﬁ the atesanttievqnépmmprefelyé)ﬂpwrtihfeomhoWh?;— aeertce on @ater

deco osi tian te he rea

CeoRy TS e BAGT Ry e AR 3 M B G TP eVaT gioplEaess than 3 wt
perREftanH Endst peFali® 1dsHtHaRQrwt percent) because water may tend to react with

Component (A). Removal of alcohol and other volatile byproducts such as other solvents
formed as a byproduct of this reaction generally helps drive the reaction to completion. The
pressure in the reaction vessel is therefore preferably reduced to a pressure below
atmospheric pressure, such as a pressure of 0.1 bar or less, to help drive off the alcohol or

byproducts at a temperature below the above-mentioned lowest decomposition temperature.
The reaction vessel may optionally be purged with a gas or volatile organic liquid to further
assist in removing byproduct (s). gas or volatile organic liquid is preferably inert to the

contents of the reaction vessel.

Component (B) is usually dissolved in an organic solvent, well know to those skilled in the

art, such as butanol, xylene, or Dowanol PM (trademark of The Dow Chemical Company) ;
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assi st in renoving byproduct (s). gas or volatile
organic liquid is preferably inert to the contents of

W@ b@9neset i on vessel . Component (B) is usual | yPCT/US2008/077521
di ssol ved in an organic solvent, well know to those

and fart bfettle isolvedteanbt rersored eftherldiit l&aobr, apmeg‘IEacuﬁl‘n to the solution

| PM d k Ch |
betgRe agtion Pt CABPEETS bat- TRAr 5 of Ehsps ob CONEPRel (Aeand

Coﬁ{fpoﬁ&ﬁ'(ﬁbﬁﬂo&é%é&@ibh%&&?e R Aok C;RﬂtaQ?fOfe the addition
Component (A). The order of charging of Conponent

(A) and Conponent (B) into the reaction m xture is not

CopgRBTHER L T gHEEF Somn %fﬁ%  Pifighl RiSHH o fom 10:1 10

I: lb ﬂ&ferﬂfl??@hﬁ@' Vtof I: 8Mnoie ﬂre from 210re 1PDefhB§téf¥rably in the
from2: 1t 2, nost feré%ly in the range

range Gyl @ 8 11 bated chdsieh-ai Eorant cEohd emsabent of
the conposition. If desired, other materials such as
catal ysts or solvents nmay be added to the reaction

If d¥sitéd) lothed inate@npoitien s (Adlyandr {dByentsli@y be added to the reaction mixture
hosphor ous- cont ai ni ng product of the present
0fEﬁV@ﬁ@@6 ) @Wsh$Bund (1), resulting fromthe reaction
bet ween Cbnponent (A) and Conponent (B) has a
phosphorus content of preferably at |east 4
Thwph@ilphemﬁs-cemthmug}doﬂm ef ﬂfeqfrﬁkmhlnyemionl @ampmﬁld (I), resulting from

Co d
thegfé%ﬁgwahgg%%g PR 0 %El%ﬁﬁgrgtéﬁ Chesst pr RITo8P uar)cqnifa%qof
pre@eﬂa@ly%t RAG 4"@51§htpﬁé%f:§ft ahl¥ndre QRrbrabg. a@ | @Q&gﬁg?&@éﬁt The

Component (1) i's preferably substantially fre€ o
phémpbarius eosttors, Campbund (b gpnafiléy aibpss fserbdttadipatdeyt, pregerably from

of. hal oge ound. (I has Mettl er.. soft
5 @8RG EEE BB grodRb B Pttt berdaee Crtopeat I R RMiel
suttRahey fritdaNbrbaRGitoRR hnRmedie (r}))eé%ﬂbllyesﬁsstaﬂt@my%’%@%@h@mgen
nore preferably | ess than 2000C. Thé product

atoprsef erably a solid at roomtenperature (about 250C)
for better storing,

Compound (I) has a Mettler softening point generally greater than 100°C and preferably
greater than 120°C; and preferably less than 250°C and more preferably less than 200°C.
The product is preferably a solid at room temperature (about 25°C) for better storing,

shipping and handling.

Generally, the resulting Compound (I) from the reaction of Components (A) and (B) may be

a blend of one or more of different oligomers.

Flame Resistant Epoxyv Resin Compositions

The phosphorus-containing compound, Compound (I), obtainable by reacting Component
(A) with Component (B), as described above, is used to make an epoxy resin by reaction

with an epoxy compound (herein referred to as an "epoxidized Compound(I)").
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shi ppi ng and handling. Generally, the resulting
Conmpound (I) fromthe reaction of Conponents (A) and

w@ Blovesg1be a bl end of one or nore of differeneCT/US2008/077521
ol i goners. Fl ane Resistant Epoxy Resin Conpositions

Wlﬂh@ldﬁ@ﬁ)ﬂbmﬁm s-lowait mb]&buﬂgr weighotpostjdifsdrPonphnd (), may be obtained

suc?g)s%l N e fg%y rorégglgag(l gss tﬂp O?rﬁgén %@tﬁ@@b&gﬁ%&vgher molecular
we{g%% b )@yre&ﬁ@ﬁ{ch%s\é"hﬁﬁng h RN v&‘e@émg e£tplet‘h§1'1 I7‘00 may be

refe d to as an "epoxrdi zed Conpound(T)").W
ob@pied Iblyoca@hyg Kii) the zdvolvomsphMu&cumtammwogrmoueqb,c&ordpmd (1) with

. 0 taln suoh fo
GG P PRy FRBo e PaGT S ot NePE ErEDGNhore. <poxy
gnﬁ@gpgﬁngkbggular MEIght epoxy resins such those having
nmol ecul ar wei ghts of greater than 700 may be obtai ned
by reacting (i) the above phosphorus cont ai ni ng
Forg %Xr‘?pn%lg)u?i 3he'hcro§rs%nﬂq} e {Jﬁgs rus cgntaI)n Ona}g:;)elplé)fe(gSt 808 de\;\gpoygdlzed

aving a Ong,

Cobploénd @pax ybtgfn@bﬂlai)yﬁeictlﬁg klﬁ'CalHoee dEQFibek plﬁm;k)ﬁorub-bentalmng
crossl i nkabl e hosglorus cont ai ni ng epoxy conpound,
cogpeide CoBgro qtllgast re PRk | FARBP IRV IngaReF ey lhe

S A B RERTPAPGLE SRS RpBLoBTRO syl i v
epcmyr gotprae 1,2-¢poef grauipk yinatndrelasichlpoByepnwide cpmedardalaleya
| east 2, epoxy up nol ecul e, wherein. the
%&ﬁéwrglp iR AL, Bl PP ot o SREFEMCIiE fmpound which
poRRINRERth HEorcTRQ s ﬁe%lﬁ?éilﬁg c&ﬁpé{ﬂﬁ%taH 'b@fs@t%tltuted with
al'i phatic, cycloaliphatic, aroratic or heterocyclic

ong omnombwttu@hs pubsedsvarniieylt Bach polgepoxRieappoppugdoup well

The e i de. conpound .can be substiiuted with
tngiys P 5 B PG L e Ao TairRaRe mefee e present
invRRHMERS M 6Libe@ P MiRdBs ¢k WFepox ik RRWRs b? H. pera¢ End K. Neville
[llustrative pol yepoxi de conpounds use in the

published it Dagbyt MeGpveblelhtNew York and U.S. Patent No. 4,066,628.

Any of the epoxy resins which can be used in the above compositions to practice of the

present invention include polyepoxides having the following general Formula (XXX):

/\ Hy

(H,C— CH—C——0O}—R;

Formula (XXX)

wherein "R3" is substituted or unsubstituted aromatic, aliphatic, cycloaliphatic or
heterocyclic group having a valence of "q", "q" preferably having an average value of from
1 to less than about 8. Examples of the polyepoxide compounds useful in the present
invention include the diglycidyl ethers of the following compounds: resorcinol, catechol,
hydroquinone, bisphenol, bisphenol A, bisphenol AP (1,1-bis(4-hydroxylphenyl)-1-phenyl
ethane), bisphenol F, bisphenol K, tetrabromobisphenol A, phenol-formaldehyde novolac
resins, alkyl substituted phenol-formaldehyde resins, phenol-hydroxybenzaldehyde resins,
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i nvention are described in the Handbook of Epoxy

Resins by H E. Lee and K Neville published in 1967
whgooko@sa- Hi |1, New York and U. S. Patent No. PCT/US2008/077521

4,066, 628. Any of the epoxy resins which can be used
creisdl-liyldeoaibenvaldhppossins, alisyclapeptadiehe-pierafl rdshs, gpic gdepintadiene-

i nvention jnclude pol yepoxi des having the fol | ow n
SubsE T hepah?ﬂrlatecrﬁmhﬁﬁgqu ,éet{%%yqv&f@é?rﬁobl}@é@@mﬁs
tetSHRE I BERRRPhHBE YRR HIRDhRE QR LhE angkérﬁﬁﬁaﬁ&] thereof,

cycl oal i phatic or heterocyclic group having a val ence

"q" preferably having an average val ue of from

of "q",

1to | t bout. 8. Ex .t | i.de.
Exdghis 0 at e et R e iR oMo BuRh e B R ERGALOR jpgtude a
dig Gy @ity bf Bikprensl Afhaling ah begv@qumh@@ %ITZEW) between 177 and

resorci nol, catechol, hydroquinone, bisphenol,
139 padg hgride DRw bhepivahopmpany under tiediademngidiriddy Rphhhe halogen-
- phenyl et hane bi sphenol  F. bisphengl
e BRSO BRa L phmB i RS s R RN SR ras - el 1232
phéabIS elealdhy torgalbimicbbhipethdsheatdsedl of URS delivtieNd. 6%5U4RS$31;
phenol - hydr oxybenzal dehyde )
cyqleaiphaticeroxins: MfropRDmshy el dutigdenetbagryigte ethers and styrene.
di cycl opent adi ene- phenol resins,
di cycl opent adi enesubsti tuted phenol resins
Prdfetredapre i dppk hole gbepolindstietlndaegiory Inot ehesa buchms ). BAEGE ,or D.E.N.

434 fir By io GRS PA e RSR B P AR DSl SPOAIDPGY 3peh o

QUPRTERCIS16£349RAURHS a UsBbMIfrdh G&%&gfﬁﬁ@épo&y %@ﬁbb&i&s, such as
i nclude a diglycidyl ether of bisphendl A having an

TASPOXy748undahek of WhayBeigy EWortismwidinsdl7 Switne12089; qokiflized

. T W M cal pan nder th r rk.D
bisplog0l §a5veiags e GueRPIES: My ioge onaeey Ebcidy! ethers of
tetRPhOYAE el @ligfy%idy%t!h&% AbEph&fRd ;idioltidyl ddatrest big{shenol-F; and
_5,112,932,ip osphorus el enment contail hi ng conpounds
dighycidyl e8wes efhydrogginopat ent No. 6, 645, 631;
cycl oal i phati c epoxi es; and copol yners of gl ycidyl
nmet hacryl ate ethers and styrene. Preferred pol yepoxi de
In 66 @ObLHIBentNthe WHlt PRE:EIEPYRY a6HpoEIdSs Aredoly BoMNlad@Sins

or D. E. N
(sometimes referred to as epoxidized novolac resins, a term which is intended to embrace

both epoxy phenol novolac resins and epoxy cresol novolac resins). Such epoxy novolac
resin compounds have the general chemical structural formula illustrated by Formula

(XXXI) as follows:

Q
ool Nou, o— bl e, ool e,
= | (H:2 | =~ “ (H:2 = |
A N X &\
R, R4 R,

"o

wherein "R4" is hydrogen or a C1-C3 alkyl, for example, methyl; and "r" is O or an integer

"o

from 1 to 10. "r" preferably has an average value of from 0 to 5. The preferred epoxy

24



439 (trademarks of The Dow Chenical Conpany) ; cresole

epoxy novol acs such as QUATREX 3310, 3410 and 3710
waraphssiz from C ba Geigy; trisepoxy conpoundBCT/Bsah8/077521

as TACTI X 742 (trademark of Ci ba Gei gy Corporation of
noBasetesinSwwhzie ' R&hid prefeiraplyx Ithidzegkn ks p ivethe labdvenBaratudc S X XT).

di cycl opent adi ene phenol epoxy novol acs; gl yci dyl

et hers of tetraphenol et hane; diglycidyl ethers of
kaySHckk%'l'écl redns ﬁh&ﬂlchﬁ% gﬁéx r&%ﬁ ﬁo@fla@ﬂe&ﬂ@%@ lreaﬁﬂy @&ﬂmercmlly

digl yci dyl ers o roqui none. In one enbod
avmhwknﬁswxpnpkemdedhepa&ymnmﬂﬂbﬁﬁdiuad@nab&iﬁhn@Mmﬂ@ﬁwnncd

Copenpls g BT BIRTER Ak TR T MR T nth GBE B, Bgerias o
coRRRARI geAOMPY B6mpASH M t@BHoLRLMYSs SRR lof RWBLRAE Formula (XXXI)
resins Such epoxy novol ac resin conpounds have the

angye Aetrehieshway ef¢hasiotarizing sich froxydsas by rqﬁst’pn@ttedhmverage, r', of

thegv%@%l_sl l&@r g?% ?lar?oilrs fsgflicl‘,iﬂe% referre% eﬁo{gy ;(B\f%::ijac resmé’ Por 6196 n accordance

withith€ ket iB@hféod Ore thbse i whwh&f lﬁfsatbda](uel'tﬁiﬁcallﬂoad €0,a96rc preferably
value of fromO to 5. The preferred epoxynovol ac resin
fropsl fghen "R4" is preferably a hydrogen atomin the
above Fornmula (XXXI'). Epoxy novol ac resins (including
epoxy cresol novolac resins) are readily commercially
Additminhbdxaeplds@f eposanqaineaining ebmpbﬁlds ruaefel imathe prekert.ifVention are the
t.rade

k of The Dow Che I d QUATREX
reag{Aep Rig) rtkogﬂQeRq?(y gal\gﬁg}l%@ q%l?alléjng gp@%/tégyy %Bqafyegroups and a chain

ex®RdL b akriBld &W@Q@O&qn%@bﬂ&er{%ﬁ'}@i&@ﬁ EBcPﬁEU&e%@rﬂ?efd in WO
vari ous species of the above Fornul a XX%

99004Vlensearitin ﬂmwrcﬁenmhawmmnes uz cptgzymylsonyxmaw eckiuctsomn €pOoXy-

erbat e aoute B AR o Bl NSy 2 ale @evanate

coﬁlﬁéuﬂdﬁ Qs tihiReteRERNHRINME Fh) etxﬁﬁlplércﬁﬁl%fylﬂléﬂ{ﬁfétdlﬁﬂcﬁhﬁte (MDI),
ose in which r' has a value of fromO to 10, nore

tolpenefdeisedyiapatp(Idah) and somers thereof.

The polyepoxide useful in the present invention is preferably substantially free of bromine

atoms, and more preferably substantially free of halogen atoms.

An example of polyepoxides that are useful in the present invention and that are
substantially free of halogen atoms are the phosphorus-containing epoxy resins described in
U. S. Patent No. 6,645,631. The polyepoxides disclosed in U. S. Patent No. 6,645,631 are
the reaction products of an epoxy compound containing at least two epoxy groups and a
reactive phosphorus-containing compound such as 3,4,5,6-dibenzo-1,2-oxaphosphane-2-
oxide (DOP), or 10-(2',5'-dihydroxyphenyl)-9,10-dihydro-9-oxa-10-phosphaphenanthrene-
10-oxide (DOP-HQ).
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Addi ti onal exanpl es of epoxy-contai ni ng conpounds

useful in the present invention are the reaction
w@e@diess? of an epoxy compound containi ng at | REBHUS1008/077521

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
Haee@¥y - pol yi socyanat e adduct or an epoxyterm nat ed

pol yoxazol i done as described in U S. Patent No.

The afbhtat R 3rdehh@ doSRCYABR LRy SVMROKRRIAS: whidh RSl #AHE ERoup and
i ncl ude for exanpl e di phenyl net hane dii socyanate

a sqilpiobie growp,uedeés phefesddy areaend (DI ymawt of Some k@ tot He megght percent

o BrEPaliF SRS tenl FrrodE BRETPE e BUERGIARToL g coretre

coipsGti¢. dhe hakleersypetamly ekt ahd @Rr@hllyabelgen at ons.
An exanpl e of pol yepoxides that are useful in the

PaRicERAY kuiiNERiiARrémdliPBhe 8F BoRUSE ARdnghbdiphdn§Ruhone; 3,3
hal ogén atons are the phosphorus-containing epoxy

dianesodiphatgbolphbed 2HphenylSlforah @ntindisulpBar6451é3 br ddimetives
ol.yepoxi des di.sclosed in U. S Patent . 6,645, 631
e R R R et gieER e tetfinound
oS st S BT P SO
ha%g@e(rg 111@11@'651%% €Qirhp1@ H%@af?ir\‘f@§mgﬁgl_%i%p}f%ﬁﬂll‘QEﬂiﬁPmbA)cHr hardeners

5'-di hydr oxyphenyl) -9, 10- di hydr o- 9- oxa- 10-'phosp
thah eghlyheaityrmuenere epOxyossistten {UODRs HOdakeledensherTeneis acids, particularly

N N T

preferably present in an amount of from 10 to 30,
wei ght percent nore preferably from 15 to 20 wei ght
percent, based on the total weight of the curable
NS The hardener is preferably |atent and
thermally stable. Particularly suitable hardeners
Th¢ petinpeletienencisomenprise varieys adddivnalogitiohdropmpenésh onduding

catgl’ygts, dyes, fillers, rheology modifiers and toughening reagents.

The features of the various embodiments of the present invention can be combined with one

another.

Preferred embodiments of the present invention will now be described with reference to the

following Examples.

Examples

Example 1

A curable epoxy resin composition was made by mixing:

100 +£5 parts by weight of DEN438, a semi-solid epoxy novolac resin which is the reaction
product of epichlorohydrin and phenol-formaldehyde novolac and is commercially available
from the Dow Chemical Company;

33 £3 parts of a phosphorous-containing phenolic epoxy resin, which is a methyl-
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di am nodi phenyl sul phone; 2-(phenyl sul fonyl)anili ne;
sul phani | am de, or derivatives thereof. 4, 4
walc@aesdl phenyl sul phone is particul arly pref ePeBUS2008/077521
O her suitabl e hardeners which can be used in
dicxapiiyisphdrpenanirée-dxide mbaified dispheddl-A-hawvdaoer s i ncl ude,
for exanpl e derivatives of nethyldi phenylaniline (NDA)
326?“%%?8’%@691‘115?@ Ml ytically cure the epoxy system
such as imdazoles or other lewis acids, particularly
4 o p pat domeayinidgzel acerdeiatos; such as BF3MVEA
(nonoet hanol am ne) and BF3 etherate. Optional
25 ebrppun Bevandli® Pdbmposp tlemreglyen nadtleyd eenpri se vari ous
addi ti onal optional conmponents, including catalysts,
1 syemartsfBdricekdd; andeol ogy nodi fiers and tougheni ng
reagents. The features of the various enbodi nents of
20t @afis aREHYl-ethyLReoh@n can be conbined with one
anot her. Preferred enbodi nents of the present

Thé BYRREHRR ofttlel coRPondifts Aesedni iRk Miblidahsieence to the
foll ow ng Exanpl es. Exanpl es Exanpl e A curabl e epoxy

resinm composi U@, YRS Made by m xing: 100 ¥5 parts by

Mgt OF }J':'\'4-5§ohd§_ SEMgsREn’ U EDOXYRIIQNRY AG/iL&ERY T
DV gk S tMe T €& 4JPm Pogsct Ol epr i Or ofyar rir_arn

ia 1 el b st i A H 11

I = ar U 1TU daiftu 1T 95 UuTritrer ijari
Z}gﬁ%g %0'3 gés'hr oM S%%’S%mw %%:“}. cat—Conpany;—33 +3yparts
> Bl G PEgaRharotsseont aifis pg phenot e cpoxy resin,
D gﬁaﬂ; net hyl di oxaphosphor phenantrene- oxi de
BIUL ézg% Pprsphegot=A—mgvotac; 32 parts
m@ha81 nodi phenyl sul phong;
Dowanol™ PM 10
MEK 0 20
166.1665 | 241.6 ~3000 mPas

Appearance Turbid Solution

The varnish formulation was used to impregnate glass weave (7628 style from Porcher /
finish 0731) and the impregnated glass weave was run through a horizontal treater oven
(Caratsch / 3 m oven length) at a speed of 1.3 m/min and at 175 °C oven temperature. This
operation removes the solvent to produce a prepreg which can be used to make a laminate
by stacking 8 sheets of the prepreg between copper foil (35um thickness) and subjecting

this stack in a press to a press temperature of 210 °C for 90 minutes at 15kN/m? pressure.
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4 + 0.5 part 2-phenylim dazol accelerator; 25 +5 parts
Dowanol (tm) PM a propylene glycol nethyl ether; 1
wWGe-Q08/0gm1ts Boric Acid; and 20 +5 parts PCT/US2008/077521

met hyl - et hyl - ket one. The exact ratios of the
The osyphingniminaes fhwethe ifolldwieg tidrhawisnigs:t abl e: The
varni sh formul ati on was used to inpregnate gl ass weave
Hamndd $1 oitibd O MExkGe@ldRarativelCbrittaiSte|lkdudrdnhent IU@itst [N ETest
Rvipmegnat ed gl ags wedqve was| rud through a hor| Mot
treatef oven (Caratsg¢h / 3 oven || engt h) at spe
AFTTre3|mnmin and at 1750C pvé&Ct @nperature. [This
Mpsewat | on renoves2®h¢ sbPvent ¢ producela priepreg
%ﬁ@ﬁ ¢an be used to|nmeke al | am ngte by $tackjng 8
B.I. £ bl ) b £ H L
pealansa | OF L e PIERERY PEGCFT COPHeT T O Rimo M 5|
thi ckngss) and pubjeg¢ting this stgck in fupegss to
PPIsRS8h | efperatau| €7@ [210 00 Tor 90 m nut esmai| 22kN|
pressull rFEhess8iCesul Mg | am hates have thebfagh] owi ng
Peelhangle | ftirdeeiees | OPRe |t est npt hods |gsébnck JN@"D ddé {
resul tf;siiﬁjj%rggg abdVe [t abl e pre thd | PC s{&Hd4r d
testi ngpiek whi chh are apail ablle from | PC
Fl{MAdlicy, PC. OT g) . {onpafat ive Aple€ 1 'S FRAED
(Qameak qti ve Exapple 2 is POIR@dant]120(d) Wiiedh
fegivher ¢i al |y avdil ablle from | sol a [USA Cof por a

—I%Eﬁﬁé% dats Sanpl-es—-s—taken—
las A N

|
bd

he

ane
are
tion.

A
oI 1 es

The

L

F.ESHLt $ i sh derwri tlers Laborat
Thpbr @G

bry. As cC

seen,

Exanpl

€

1 has

a pe

el

stirsengl

h adscgre

At zn

harvsl |

[ 11pch

after

hg&l N

02hov

10

2520C.

ed—as—a
L atart
LrMIA ©Cgper
cantdns
p fTMA S p@n
[rgmoxedr i
TMA (Copper
‘removed)
1% wt loss
2% wt loss
3% wt loss
5% wt loss

hi s
MO0
a
T3t torram
, Conparati
[l fonpar at i v
ion |13 1 i

DS ti
r LAl LC
Miguiss | 24241 1 o
A B 7Y
has al MOT
Hginwges MID4.v

ret ardant |
2.424.1

hat t hi
ol
Al so ha
2000C
ve Exarn
e Exany

S Not

dagon at
Teapgaiyg
fpgﬁrlre [
TEHPET ¢
DSC. B
vadoue
of 150

meteri ;

ans t

TTCXT

1

s conp
(he mat
s a gl
WTeTT 11
ple 1
le 2 h

flane

on can be
fs—al so

|

bl ue

~
pa

|

333.46
358.30
379.86
394.59

[°C]
[°C]
[°C]
[°C]

285.05
347.87
373.99

387.15 | 545

The test methods used to produce the results in the above table are the IPC standard testing

methods which are available from IPC (www.ipc.org).

Comparative Example 1 is FR406 and Comparative Example 2 is PCT-GE-120(d) which
are commercially available from Isola USA Corporation. The comparative data for these

samples is taken from results published in the Underwriters Laboratories directory.

As can be seen, Example 1 has a peel strength of greater than 11b/inch after ageing for 10
days at 252°C. This means that this composition can be classified as an MOT200 material.

28



The conpositions according to the present invention
can be seen to have inproved maxi num operati ng
WQ 209pe#8tUr es whil st at the sane tine provi di NnRCT/U82908/077521
retardancy.Clains 1. A curable hal ogen-free epoxy
The esitdriat sl 4o oretadapr Esiuﬂgle Ifrlana4Q dlass B@nggoe enipeyture of
t of henol e, condensati on product; from
g“Tﬁ”ﬂB‘é% dgﬁ’ HPKB?HWS %gcbf a phosphor ous- cont ai ni ng
phenol i ¢ epoxy resin; and from10 to 40 percent by
wei ght of an aromat i har deni ng agent having a

sul phone group and an am ne group. 2. A curable
Bytrahtgércdmpaateyediosanids il hacoMIQE valuonf 435 aidComparptive Example 2

nai Bl b €OET Ry ARBETY Cup S AR

hal ogen-free epoxy resin conposition as clained in
Caim1l or Caim2, wherein the phosphorous-containing
phenolic epoxy resin is formed fromthe reaction of a

Thﬁ) ﬁ@maw%o@ﬁs&%rdmé? HORreIFNBINNFA IR 86 SCEJAhaY Himpryoved

i GRRR DRI R, ARRSRRRURCGRY Bolldih ARRPRURuncy.
organophosphorus conpound having a group sel ected from

the group HP=(0O; the group P-H and the group P-CH
and at | east one conpound having Formula (1):
[R(Y)YmMmX - 0 - R')n Formula (lI) wherein R is an

al kyl or aryl group having from1l to 24 carbon atons;

Y is selected from hydroxy, carboxylic acid,

carboxyl ate, acid anhydride, am ne,
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-SH, -SO38H, -CONH2, -NHCOOR , phosphate and

phosphi nate groups; X is a hydrocarbyl ene group; R' is
whyweogsn’ or a hydrocar byl group having from 1PE€DUS2008/077521

carbon atons; R is alkyl or aryl group having from1l
Cldims12 carbon atonms; and mi, mand n are,

i ndependently, equal to or greater than 1. 4. A

CRMPOSA tcl@BledflddeaifrRREpbXly ARY @REHoditiof cainPEsihgt 0 3,
wherein the conposition additionally conprises a

cur i ngreméftto 80 parcersryossightan aa%w@cplaﬂulciﬁédd@ eprglagsagae pesduct;
the prf?(ﬁrﬁqbqg t4ﬁ %@cgﬁt SIO\UH df %%hoééh?})% oh&iqén(?% gﬂeg%ﬁc epoxy

by wei novo

partslbmnmak@ht of the phosphorous contalnlng phenol i c
epoxy resin an from15 to 30 parts. hy weight of the
ar omatirem Aty éﬁ Pﬁ‘ﬁe%fd’é’n‘t’elg]@ of An appis Hrgsmingsagenthayiig 2

i N anys Qenkr E%mpgﬁgggg ﬁéalns wherein the

novol ac epoxy resin iIs pr in an anount of from 50

tp 70 M%hr%@{ ?c{%%ﬁ rHeg §0xﬁe§ﬁ%ﬁﬁa\/\%1tlgﬁ a??]ta@écad 1Ma1|npl, wherein

any one 0
phosphhe phisrot aldtkydei cogdepi‘seuimi prod@dd @xy néveddcreposy psés ent
in an anount of from 15 to 20 wei ght percent. 8. A

CRMPOSA tchiRBledfaldgeifFRRGpbXy RRY @RfHoSitioh RS clRIR&EHIA18im 1 or Claim
clainms, wherein the aromati c hardening agent is

present: wh¢rea1m therbaprhosgustqopiainisg peendbic wepghiesipdy tosmed from the
9. A
C% 'toﬁ %ﬂ%@%@%@ mﬁre‘% na@i%l% % gﬁé‘s}'}ﬁ%@? tcl&%gﬁﬁ‘ﬁ{g% ofpound

of grea erein
conpri \sloaelhhloe phusphbroongdsdihing Go@boaditlyis thiereadtionl prodm®:t of:

at least one organophosphorus compound having a group selected from the

group H-P=(O); the group P-H and the group P-OH and

at least one compound having Formula (I):

[R*(Y)m]m(X - O -R”), Formula (I)

wherein

R’ is an alkyl or aryl group having from 1 to 24 carbon atoms;

Y is selected from hydroxy, carboxylic acid, carboxylate, acid anhydride, amine,

-SH, -SOsH, -CONH,, -NHCOOR', phosphate and phosphinate groups;
X is a hydrocarbylene group;

R” is hydrogen or a hydrocarbyl group having from 1 to § carbon atoms; R 1is
alkyl or aryl group having from 1 to 12 carbon atoms; and m', m and n are,

independently, equal to or greater than 1.

4. A composition as claimed in any one of claims 1 to 3, wherein the composition

additionally comprises a curing agent.
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| to 8. 10. A nethod of mmking a prepreg conprising
the step of inpregnating a reinforcing web with the
wW@opo4ist1 on of any one of Clains 1 to 8. 11. PCTES10081077521
of maki ng an el ectrical |am nate conprising the steps
heatcbmgoditien pr @pined inhnCbird of the ptededing elajrey atnuprising:
artlaIIy react the e oxy conponent of

S uf ficient  to
t he coﬂméptt? SR Pty Wakeshhef %ﬁ BOGHAG ISy Fe¥srs of the
Pr epr egoi5ho 30 P%lrtﬁﬁ% {‘Vb%ﬂlﬁ bPh€ 91?%%%0‘6? cORL&d égeﬂhen@ﬁ@epoxy

heating the so nate” at el evated pressure
and elresvated tenperature to form an eI ectri cal

| am : . bl e iti
coror g s BAFACAT Bk P By R P,
phenol al dehyde condensatl on prod from10 to

ger cen%cavpawl@lhes Gfimgd ﬁﬁé@pﬂ‘%ﬁ‘aﬁ} eE@ﬁ?‘HP&FHﬁnﬁa%ﬁfﬂnﬂ the
epoxy I{OQ/% @'e @ﬂgregllhq IJCQC & ﬁliparﬁgﬁrﬁ%?g OPIYS(Y\E)I mel %t %ﬁcent.

aromati c ng a avi ng asul phone group a

a'fn ne olg 8 ﬁ%ﬂgg sgﬁéﬁf £seé1£5n{eﬁ%n 81%;1'81965 J)ftthg Brecdf?’dlﬁéJ pl%.hl%‘] wh%lréu)( the

free
phosphorous-containing phenolic epoxy resin is present in an amount of from 15

to 20 weight percent.

8. A composition as claimed in any one of the preceding claims, wherein the
aromatic hardening agent is present in an amount of from 15 to 20 weight

percent.

9. A composition having a glass transition temperature of greater than 200°C,
wherein the composition comprises the cured composition of any one of Claims

1to 8.

10. A method of making a prepreg comprising the step of impregnating a reinforcing

web with the composition of any one of Claims 1 to 8.

11. A method of making an electrical laminate comprising the steps of:
heating the prepreg of Claim 10 to a temperature sufficient to partially react the
epoxy component of the composition;
laminating one or more layers of the prepreg with an electrically conductive
material; and heating the so formed laminate at elevated pressure and elevated

temperature to form an electrical laminate.

12. A curable epoxy resin composition comprising:
from 40 to 80 percent by weight of a phenol aldehyde condensation product;
from 10 to 40 percent by weight of a phosphorous-containing phenolic epoxy
resin; and

from 10 to 40 percent by weight of an aromatic hardening agent having a
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sulphone group and an amine group, wherein the composition is substantially

free of halogen.
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