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In addition, viscosity control is an important issue in the processing of
prepregs used to make composite materials and electrical laminates. The viscosity
decrease of the resin in the prepreg during heating must be sufficient to permeate the
composite material and make good contact with any materials with which the resin should
adhere and yet should be sufficiently compensated by sufficient advancement of the resin
to prevent an excessive amount of the resin from flowing out of the prepreg during
pressing of the prepreg.

These and other problems relating to thermoset resin compositions are

solved by the present invention described below.

Summary of the Invention

The present invention provides thermosettable compositions having

improved adhesion to metal substrates when cured comprising:

(a) at least one curable epoxy resin;
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A further aspect of the present invention is coated articles, fiber-reinforced
composites, prepregs, laminates and printed wiring boards made with at least one of the

above compositions.

Brief Description of the Drawings

Fig. 1 is a plot of prepreg minimum melt viscosity relative to prepreg
residual gel time obtained in Comparative Example C and Example 6 of the present

invention.

Detailed Description of the Invention

For purposes of United States patent practice, the contents of any patent,
patent application, or publication referenced herein are hereby incorporated by reference in
its entirety (or the equivalent U.S. version thereof is so incorporated by reference),
especially with respect to the disclosure of synthetic techniques, raw materials, and general

knowledge in the art.
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Unless stated otherwise, the term “lower alkyl” as used herein means a
methyl group or a straight-chain or branched-chain alkyl group having 2 to 6 carbon atoms.

Unless stated otherwise, the terms “hydrocarbon”, “hydrocarbyl” and
“hydrocarbylene” refer to compounds, monovalent substituents, and multivalent linking
groups., respectively, comprising carbon atoms and hydrogen atoms covalently bonded to
each other. They preferably contain up to about 30 carbon atoms. In some embodiments,
they preferably contain up to about 24 carbon atoms and more up to about 12 carbon
atoms, including branched or unbranched, saturated or unsaturated, noncyclic or cyclic,
moieties, such as alkyl groups, alkenyl groups, cycloalkyl groups, aryl groups, and the like.
Such structures or moieties may contain atoms other than, and in addition to, carbon and
hydrogen (referred to herein as "hetero" atoms) insofar that the hetero atoms do not add
significant reactive functionality to such moieties. An example of such acceptable hetero
atoms are ether oxygen atoms and secondary and tertiary nitrogen atoms. Unless stated
otherwise, such compounds, substituents and linking groups preferably do not contain any

hetero atoms.
-3-
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the hardener, epoxy resin and block copolymer components of the compositions of the
present invention having only two functional groups per molecule. Each of the two
functional groups is capable of reacting with an epoxy group at an elevated temperature,
optionally with the aid of one or more catalysts, such that the polymer chains, and any
branches thereof, of the epoxy resin component may be extended.

Unless stated otherwise, names of materials marked with the symbol “*”

are trademarks of The Dow Chemical Company.

Epoxy Resin

| The epoxy resin component used in the curable epoxy resin composition is
a polyepoxide. The polyepoxide compound useful in the practice of the present invention
is suitably a compound which possesses more than one 1,2-epoxy group. In general, the

polyepoxide compound is a saturated or unsaturated aliphatic, cycloaliphatic, aromatic or

4.
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tetraprosedisphenaidy, phervdiforomédehy@e rpatac resing plkyl-sutgengsdaphenol-
forrntaﬂi%hyde resins, phenol-hydroxybenzaldehyde resins, cresol-hydroxybenzaldehyde
resins, dicyclopentadiene-phenol resins, dicycldpentadiene-substituted phenol resins,
tetramethylbiphenol, tetramethyl-tetrabromobiphenol, tetramethyltribromobiphenol,
tetrachlorobisphenol A, and any combination thereof.

Examples of diepoxides useful in the present invention include diglcidyl
ether of 2,2-bis(4-hydroxyphenyl) propane (generally referred to as bisphenol A) and
diglycidyl ether of 2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane (generally referred to as
tetrabromobisphenol A). Mixtures of any two or more polyepoxides can also be used in
the practice of the present invention.

Particularly preferred epoxy resins include epoxy novolac resins
(sometimes referred to as epoxidized novolac resins, a term which is intended to embrace
both epoxy phenol novolac resins and epoxy cresol novolac resins) and epoxy bisphenol A
novolac resins. Epoxy novolac resin compounds have the following general chemical

structural formula (IA):
-5-



pol yepoxi de conpound is a saturated or unsaturated
al i phatic, cycloaliphatic, aromatic orheterocyclic
W@ 0oposn3d whi ch possesses nore than one 1, 2- epPXyUS2007/021672
group. The pol yepoxi de conpound can be substituted
with one or nore substituents such as | ower al kyl
groups and hal ogen atons. Such pol yepoxi de conpounds
are well known in the art. Illustrative pol yepoxi de
conmpounds useful in the practice of the present
i nvention are‘ﬂhgﬁrrbed In theoklandbpok of EpoxyOResins
Nebed| i

by H EO-l@e -amd-&H, Nevi( & I N 0X9@%-loy — CH,
McGaw{ HIl, New York and U. S. Patept 4, 066, 628.
S p oxi de conp Iss\whi ch can be

b [0f tfie preseht | on are

tle [l ow ng geps ormula: O/
erein Ris p substituted or

unsubsti tited aronmatic, aRi phatic, cycloalR phatic or

het erocyclic pol yvalent group and "A™ has an average

. f t . an 1 }hustration, of t.h
and HSRHESAPA LD o rlndt By b R uRRL St s
formiity(IBE used in the present invention, include for
exanpl e, the pol yglycidyl ethers, including but not
limtedHo Higycidyl ethers, Hyf KHesorcinol, cat edHol H
hyd@—q-u@eﬂ@,—-k@pl%henol , spherQ—ACHRi spheng—A® —'C—CHZ

(1, I'} bi s(4-hXdf oxyl phenyl] -1 -phegyt efhane), \ /
bi sphenol F, @i sphenol KJ_tetrabrddobi sphenol A, O
ehyde n esi-Rs, al kyl - st ut ed
R ehyde -hydrogyb nzal dghyde
cresll - hydr bxybenzal Hehyde resins, (|

=
nol resins,
t et r aby onobi
achl or 9BMsph

i
e I
nme Btlri bro

in the present | T

bi s(4- hy pr opane 1y
R-Teterrdf to as bis
n
O—CZ—(Ht—CH O—C —C—CH O CH)2 (}-3l CH
\/ \ /7 \ /2
O O O

wherein "R" is hydrogen or a C1-C3 alkyl, e.g., methyl; and "n" is 0 or an
integer from 1 to 10. "n" preferably has an average value of from 0 to 5. The preferred
epoxy novolac resin is when each R is preferably a hydrogen atom in the above Formulae
[A and IB.

Epoxy novolac resins (including epoxy cresol novolac resins) are readily
commercially available, for example under the trade names D.E.N.* (available from The
Dow Chemical Company), and Quatrex™ and tris epoxy such as Tactix™ 742 (available
from Ciba Specialty Chemicals). Commercially available materials generally comprise
mixtures of various species of the above formula. A convenient way of characterizing

such mixtures is by reference to the average, n', of the values of n for the various species.
-6-
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polyepoxide, or a mixture of those. For example, any of the cycloaliphatic epoxides

described in US-A-3,686,359 may be used in the present invention. As an illustration, the
cycloaliphatic epoxides that may be used in the present invention include, for example,
(3,4-epoxycyclohexylmethyl)-3,4-epoxy-cyclohexane carboxylate, bis-(3,4-
epoxycyclohexyl) adipate, vinylcyclohexene monoxide, and mixtures thereof. Examples
of cycloaliphatic epoxides include E.R.L.* 4221 and E.R.L.* 4299 commercially available
from The Dow Chemical Company.

Epoxy-terminated polyoxazolidones, such as those described in EP-A-
478806 are also suitable for use with this invention. |

To further improve heat resistance, the epoxy resin component used in the
present invention may comprise multi-functional epoxy resin having an average of more
than two epoxy groups per molecule. The epoxy resin having an epoxy functionality
greater than two may be derived from one or more of the hardeners suitable for use in this

invention described below, such as by reacting the same with epichlorohydrin, or may be
. .
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of twe grtrore @i el abau¢ epyxgsinse dhagnor praferecd dobodémentpthe mixture
comf):rriseeg g}')gx%rrg&}l gneorl]é/c%?es having an epoxy functionality of 2 and epoxy resin
molecules having an epoxy functionality greater than 2.

Epoxy resins suitable for use in the present invention include flame
resistant epoxy resins based on, or analogous to, the above-described epoxy resins.

One example of a flame resistant epoxy resin useful in the present invention
is a brominated epoxy resin. The brominated epoxy resin component used in the curable
€poxy resin composition of the present invention may be any brominated epoxy resin well
known in the art. Examples of the bromine containing epoxy resins of the present
invention include tetrabromobisphenol A, diglycidyl ether of tetrabromobisphenol A, and
other brominated epoxies such as those commercially available from The Dow Chemical

Company under the trademarks D.E.R.* 560, D.E.R.* 542, D.E.R.* 592, D.E.R.* 593,
D.E.R.* 530 and D.E.R.* 538, and mixtures thereof. A preferred bromine-containing
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novol ac epoxy resin, phenol -formal dehyde novol ac epoxy
resin, bisphenol A novol ac epoxy resin,
walr@gosopent adi ene phenol novol ac epoxy resi n, PCT/US2007/021672

tris(glycidyl oxyphenyl) et hane,
tetraki s(gl yci dyl oxyphenyl ) et hane, _

ePo e TR IR TR B iy PR Be bl Spobispheno

A suth asDHARINEHMi gh vi scosity,
tris(glycidyl oxyphenyl ) net hane, ) . )
t et r akKi i'{l@ p%p@syql(g;@y«lﬁ%ﬁylg)t@fh@aqai@seahmventlon may contain one or

' i am ' I . f d., |
mord SR L SO, B B R TR S 0 v
to mEROXKYthe TR, reRRRAOEpoXY IcBRpERINY dEtHR PYRLACH CREOH. ITeR! N
and bi sphenol A novol ac epoxy resin are preferred. In

comp¢sgtyprofongtiies enstaringorp bronzinated cpoxydiesiys [theptea it @méent of the
henol novol.ac epoxy resin is eferre I n addi tj.on,
epoteg P Br ey Gomay B Kiglemba s et Erbne L S Brefernbig fiom
i i i i io - 0
o181 S35 0 L S5 RS\ D450, iyfas v,
and greafneore pefemblydrane about tl hevtEp axabouesi wt.eonponent

conpris m xture of two or nore of the above epoxy
r eg.ip ns. %ﬁ‘h %émﬁﬁ‘?t%rdﬂlﬂt@ﬂ)@” Eding weRfHl indhe presand inviertion @so

incugjgﬁ&éﬁ%@ﬂ%@@%ﬁ@é&&%&% aﬁﬁyésggis@faﬁeedoﬁg%g an

tronality o poxXy resin nolecules

20022QI093 1 7,0WCL 20054118604, WS BLE403,200) ard WED 9304 SIS I0ABer examples of
suitable for use in the present invention include

phospherys cleggnkeqiainiag 6RYX ¥ tesing ysablsda theopresest inyentiangre those

ve- deschi bed .epoxy resi.ns. One exanpl.e gf a
obtahfd b o AT S PR b TS poriang S e e
epoxiidiy@pro@ict iof a Ph&sphoiuRk @le@tenepONNinlRTothpol A s ATONBL BBy dro-
epoxy resin conponent used in the curabl e epoxy resin
9-oxgd frhesrtiaphenanthrens- - @ddnsuchray SBarkorH @AY dogimagryially available

o SN, R REI a5 b P b SR STE TR
from Schill-Seilacher GmbH of Germany; 10-(2',5'-dihydroxyphenyl)-9,10-dihydro-9-oxa-
10-phosphaphenanthrene-10-oxide (such as "Sanko HCA-HQ"); bis(4-hydroxyphenyl)-
phosphine oxide; tris(2-hydroxyphenyl)phosphine oxide; dimethyl-1-bis(4-hydroxy-
phenyl)-1-phenylmethylphonate; tris(2-hydroxy-4/5-methylphenyl)phosphine oxide tris(4-
hydroxyphenyl)phosphine oxide, bis(2-hydroxyphenyl)phenylphosphine oxide, bis(2-
hydroxyphenyl)phenylphosphinate, tris(2-hydroxy-5-methylphenyl)phosphine oxide; or
mixtures thereof. The epoxidizing of the phosphorus element-containing compound is
usually carried out with an epihalohydrin such as epichlorohydrin well known to those
skilled in the art.

The present invention composition may contain one or more phosphorous-
containing epoxy resins. Different phosphorous containing epoxy resins may be blended
together to make up the flame retardant epoxy component of the present invention. If the
composition contains one or more phosphorus-containing epoxy resins, the phosphorous

content of the epoxy resin composition may be from about 0.05 wt.% to about 20 wt.%,
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i nvention include tetrabronobi sphenol A, diglycidyl

et her of tetrabronobi sphenol A, and ot her brom nated
wepmRies7such as those comercial ly avail abl e P€DDOS200E021672

Dow Chem cal Conpany under the trademarks D.E. R * 560,

D.EER* 542, D.E.R * 592, D.E.R* 593, D.E. R * 530 and

prefégalﬁy Bom abd8t 1 3RY; 18 ME 6wk DERR rﬁﬁ?fé@% F9th about 2 wt.% to

rom ne- cont ai ni ngepoxy resin use resent
about Awerloi on i ncl udes di gl yci dyl ether of
t et r abr gnobi sphenol A such as. D.E. R * 560. The
conposi 1 NSAESEE aBicationymay coMaingy ogbirationwd ans enmasyof the

' ] ins. Different
o RSl TR T 0 R B O
phospBds@s-donthiehgf dpaRE rdsisAhABR bnEHOKYreGTMROAMRNE-dedcribbe
present invention. If the conposition contains one or

phospherys-bewainngtaotpopossy resins, the bronine content of
the epoxy resin conposition nay be fromabout 5 wt. %

Hardeoerabout 40 wt. % preferably from about 10 wt.%to
about 30 wt.% nore preferably fromabout 12 wt.%to
about 2Hatgenass suitpdletps Hsipthis preentem ppmprsedileaiane 14

0 2 0 . raant, epox
pOlyl\r(gfadsr(l&r?é}g'S setul %J"F%ge“nfﬁr‘%‘-%qei’ﬁ &1 %v err?blgé)n uafpg%h?'(ﬁ%%%ré’ ups per
molephilesiakias QuSnCOMtha ek esceabls Yndi@ sl N o%%i ashydhi

di scl osed in US-A- 2002/ 01 19317, 1 18604,
hydremripong 4103, 220, and WO 99/ 00451. Ot her exanpl es of

phosphogus .el eqent - cont ai ni epo resins . useful i .

P RN TS AkRE P RSheTR RERY. PRenot
hard€Rexard c8mpeuris PR PPAY MEri€ bERBASMEN) Wi dH M e GRIFP ARG

i ncl udi ng t he epoxi di zed product of "a phosphorus

phenglie hydroxddr@B) gronps cpalple wfi teastingwitl efoxhOzroupsyat elevated
9- oxa- 10- phosphaphenant hr ene- 10- oxi de such as
tempg i, RN ORI RS SR O BBES 9SSR wsh as:
Ltd., o oY PRI lLydi " .
commer c?gelhl%)e@gevs glﬁlogéﬁédm%cégl%ip}ﬁ Pﬁ(ﬁssél5> e{gﬂi’?lereg%%ﬁngf
form@klelhpdey such as the phenol novolacs or resoles described in WO 01/42359 and Lee

& NGO, A N Bile  FED oseetiens Hatd: dbs-tihikeybenzoic acid
s e SIS s BIGTEI R 52
trihydrolyly dndel) yatrigXk §piileyadydy ybehzab (et sy kiomtnhasl Hyd eoxghgdrochinon); 1,8,9-
trihy%i#xzz%rﬁﬁrgggn% aﬁ%_ﬁo%v_nnzgtd?tﬂagglegryll,g, E]a(ljlfc’hegl]cgeg’(erio(l))),( on('j le,?_,lO-
trihydroxyanthracene (also known as anthrarobine); 2,4,5-trihydroxypyrimidine;
tris(hydroxyphenyl)methane; dicylcopentadiene phenol novolac; tetraphenolethane, such
as Durite™ SD 1731 from Borden Chemical, Inc.; and copolymers of styrene and
hydroxystyrene.

The chemical structure of some of the phenolic hardeners described above

are as follows:

-10-



hydr oxyphenyl ) phosphi ne oxi de,
bi s(2- hydr oxyphenyl ) phenyl phosphi ne oxi de, bi s(2-

whyasospphenyl ) phenyl phosphi nat e, PCT/US2007/021672

tris(2-hydroxy-5-nethyl phenyl ) phosphi ne oxi de; or

m xtures thereof. The epoxidizing of the phosphorus

el ement -ggnt gjjni g compound i, usually carri ed SHt
al i 2| |

wi th an gpi h@l ohydrin such as € rohy?ﬂ"
¢ sk led in the ar e pra:l

known oS

I nvent on fmay cont ai o

phosphoRkguss bt ng epoxy resins. Dififerent
phosphor ous cont ai ni ng epoxy resins be bl ended

t oget her t#¥bke up the flame retard poxy
conmponent of the present invention. | e conposition

contains one or nore phosphorus-contaifl ng epoxy
resins, the phosphorous content of thecogpoxy resin
conpos&;ion may be from about 0.05 w.%to about 20

W . % ptef er abl guf rom about 1 wt . oFHeydepabenydmethane . o
and nore preferdably fromabout 2 wt.%to about 5 wt.%

The present | tion may contain a conbi nati on of one
or nore of t ove- descri bed brom nated epoxy resins
with one g byt he above-descri bed

phosphor us- cont ai ni ng "epoxy resins and/ or one or nore
of the abov%- g&gribed phosphor us- cont ai ni ng
compounds. rdener Hardeners suitable for use in this
i nvent i on SidEbleiphendlic HabRmbrsARGuRAHEPERN@X M presented by the
hydr ocar bon, conpound capabl e of generating nultipl'e
fasratlak¥AYr oups per nol ecul e during curing of the
t hernosettabl,e material, or y(acid anhydrigf
€

hydr ocar borf. "Sui t abl e pol yh xy hydrocar bon

phenol i ¢ hardenegfrs. Phenolic]hardefers are confpounds
ei t her i cf or nmono , iah have an 2
phenol i § hydrdxyl (A©H) otoups_dapgbl g _of
wi th eppxy grdups d% elewgf d tdnpgratures.
phenol i c engrs includs/ﬁ ous |types of unds
such : m'
R4 (X)3 (X)4
or (IIB):




Phenol i c resins obtai ned by reacting phenols or alkyl
phenols with fornmal dehyde, such as the phenol novol acs
wo@roosesSBres described in WO 01/42359 and Lee &¢EUR100E021672

McGawHi || (New York, 1967), sections 11-14;
3,4,5-tri hydroxybenzoic acid (al so known as gallic

AP, R SRRl N 5 11

9, prétekabdy komvintoak; clrpdn atoyrisy Qrreplesen®id hydko&r®yl group having from 1 to
tr|hydrOXéanthracene(also known as dithranol or

10 carben gtogyss Rr sepessents gihydragen atom, 2o alky} gieyp hawipa fiohy hisehearbon

atorr% é[?qsplfe n%}g Xe?;gl%/ glﬁ]aed)eﬁcgeen)ﬂy represents a hydrogen atom, a bromine

atond, 'alcﬁ(o?MG afdhy, W@WHQ&%E%}% p HivaXd FeREN 3 b?éf@ra@lgqnteu carbon

novol ac; tetraphenol et hane, such as Durite(t
atonfsy @l IROregeaseith 8 vakalin therrange fearol 0 pollg)npm&rzdﬂy fromrede 8,

d h Th h | t f f
evergtiire IR ARG eridervt o Spbydom § s o
fol | ows: dkipnpln@ic Rariicich CHré’PébéB dvbIRL B gol A novolac or

pyrogal | ol Suitable pheno hardeners i hc
aceopoemvls abépnadeby emhdaysambn of phienolsabispifenol AB¢resdls, xylenols

ch eac i nde ntl re resents a
fﬁ@ gthsr B@VGH@“@N’E E’&Eﬁ%ﬁ end)Iser Brthe pregens invention, resoles
,ﬁ{}ﬁgeeﬁsgggypﬁgngm ﬁa{qgneé} carbon atons, Q represents a

dr

ocar group having from1l to 10 carbon atons, Q

r epr esent Prefetupty, ogepheadinhardéhes bepd irdthe lpEbsBﬁ\ih%tlf)ﬂ Blve
1 to 4 _carbon atons, or a henol group, each X

th%ﬁ%lﬁ%%ﬁtenycqléW%gr@hfw Y&ogen atom a bronine

atom a chlorine atom or a hydrocarbyl group having

froml to 9, preferablyrt to 4, carbon ajons, and ni
represents value in the rgpoe fromO0.0 O,
preferably [fromO0.2 to 8, eyen nore prefeg y from
0.5 to 6, _and The

bhenol A

: AN
phenolic
novol ac ‘m

OH OH OH
A . N — AN
R R—— R
F —c s F
Hz
H3C—C—CHg3j H3C—C—CHj; H H3C—C—CHj;
2
P P L -C P
R—— R—— R———
X B X 4, X
OH OH OH

wherein "R" is hydrogen or a C1-C3 alkyl, e.g., methyl; and "n" is 0 or an integer from 1 to

10. “R” is preferably hydrogen and "n" preferably has an average value of from 1 to 5.
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cresol novol ac obtai nabl e by condensati on of phenol s,

bi sphenol A, cresols, xylenols and/or other alKkyl
web@soss7ii th a formal dehyde. Al so, in the preRenUs2007/021672

i nvention, resoles may be used as phenolic hardener.

Preferably, the phenolic hardeners used in the present

if g\r/anr]It L\@?rﬂ%@f@iaﬂ? Qve{%ﬁbieg)%&&%s?}%?{ﬂ&ﬁﬁ otvre%%{néjrg%nula (IIC)
1ncludeﬁfoe Iemamﬂife Plﬁfdmfd’r(ggﬁf&rlgi Te@{t@"“@%ﬁ@@@@l wthﬁahgs a plllleRnlohc resin
is Qor an integer from o 10.

Obtameéif@meywh@rgmgéﬂddmie bying e et Vel sy 105

of f Co vai,l abl e uct
Vl Cos{tﬁs{ P@oé Egﬁ,& aar%otngﬂﬁ 5&/1 ﬁall yhe rﬁﬁg O‘Ill‘t8 available
fronﬁBﬁfH@'@YoFP@fsﬁﬂ@(Flﬂﬂm&for merly F’erstor p(tm) 85.36. 28,
which is a phenol ic resin obtained from phenol and

f or mal d€loyaecrtially au‘gillableaxm@ellal\lhigttheabcs’efgbmralrig)rpmlar(ﬂID)
. ,of 103 C t Vi ScosSi t15 s and a .
inclydgy, F%S?{BPIF{@’NH\% w@ °3 é%m 1 avgi %v%%gam Amgkavs Chemical

Yo I I

Indo R o laphf AU b nil *3%59? 7 BobYphfh iR
Chemival hﬂestrlés)ﬂnce)@asmfelapBPI\I- 17, which is commercially

avai | abl e from Arakawa Chemi cal | ndustries, Ltd., of

Japan, SREPRuBdsy, M%@Oﬁg%@tlaﬁmqlwp Bydrosyemaps pespaelecule

: e | so of Japa
dumg&rﬂlgdoggkctja%ﬁ@seﬁ%sygltg%él{’;ig e pecfefapl‘sl' o&@l%gpdmgwds and are
mor@prefpsblp eryl Hﬁéﬁﬁ@écﬁto‘ﬁﬁdtéi@cﬁ:ﬂé riRg. PkahpRs of compounds which

thernosettable material are preferably organic

fon%phmh@j Bardened upeehepsing innledeathendlic spegies pbtaiged fromehbating

1 S0 cli of . coppounds whi ch form
bend A il TPl P R Ry BRGSO
speci es obtained from heating benzoxazine, for exasple
as illust art‘iec;}.J .the follow ng chenfcal  _equation |
Benzoxambe Po ybenzoxa2| ne wherein n i Otyreater than
1; and Rland R' may be, in
separ at € he samsT‘dT‘f‘Perent, hpetoger Ml
gr oup @- - O such ﬁ met hyl, a [4
RH
— — n
Benzoxazine Polybenzoxazine

wherein n is greater than 1; and wherein R' and R" may be, independently and separately,
the same or different, hydrogen, an allyl group from C1-C10 such as methyl, a C6-C20
aromatic group such as phenyl or a C4-C20 cycloaliphatic group such as cyclohexane.

Examples of such compounds also include benzoxazine of phenolphthalein,
benzoxazine of bisphenol-A, benzoxazine of bisphenol-F, benzoxazine of phenol novolac
and the like. Mixtures of phenolic hardeners and compounds which form a phenolic
hardener upon heating may also be used.

Suitable poly(acid anhydride) hydrocarbons include copolymers of an

ethylenically unsaturated anhydride and a vinyl compound, copolymers of an ethylenically
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aromati c group such as phenyl or a C4-C20

cycl oali phatic group such as cycl ohexane. Exanpl es of
Ww@EewR/osBmpounds al so i ncl ude benzoxazi ne of PCT/US2007/021672

phenol pht hal ei n, benzoxazi ne of bi sphenol - A,

benzoxazi ne of bi sphenol -F, benzoxazi ne of phenol

unsafiPed fhydnde hittad élkQomM, Xha ﬁﬁ%i@&ﬁﬁﬁ@@éddﬁcﬂ%@d eners

and conpounds which form a phenol har dener upon
methybatlopentadigneal so be used. Suitable poly(acid

anhydri de). hydrocarbons_ i ncl ude copol yners of an )
et hyl en?@éqrr%d corelymgrsRlea cnisrisallyangiiarated\anhyqride and a vinyl

: ' n urated .
comfT e SORRLITEIC P a0 R0 SHGPLHRS B3N v
for eattiplef in WO 952040715 C Pedfopenitadhe frileiCheiyarid€ SogodRdry RIRle
of an ethylenically unsaturated anhydride and a vinyl

copobaigsd ohetyiene rndimalstoankpidridehaying aMiy drthel sangShAfrom 1,500 to
copol yners and ot hers as described, for exanple, in WO

50,0ekangisaanhydrids eongeng oS mprecthan hdme e Gomtipencialjexamples of these

AT LR SRL oG S SVPE 4B S ke
maleRarB98rid@dtiasopnnyz j 1le aﬁ&m.tl?féfs?&ftiy !&dtﬁé@ﬁlééaﬁ\é["\’tma?{ging

Commerci al exanples of these materials inclu

fromI6)@1D), to SFW0DOHR 1aEIbKrodD A finarvd P4 FshcBavi ng
styrenenal ei ¢ anhydride ratios of 1:1, 2:1, 3:1 and

4:1, r eBis&sradeepglymsricpliaaethydenicailty unsaterated aphysiride a0den

. Llable from ' f t.eaux, .France.
Y e e M S R
invefUhiey, d6r XBfpRI) b€ RADI@TPIA febitk BSARRY A1y HvaR4ble from Sartomer

pol ybut adi ene (PBMA). The PBMA used in the present

Comparye foi..o Exton, Peansy basiapl$. Ab& hRinabeitizdd pMlybwsdierss used in the

o TR S S5 Rl
reactgieél Wu@éﬂié‘h@%viﬁﬁﬁgleid'hnﬁ@@ridy &%ﬁmril})ieﬂ Y05l 738133 68-A-

prepared according to various known techni ques suc

4,60h844pnd e At HYPHHY but adi ene wi th nal ei ¢ anhydride as

S A 5. SRS ALY eI e Ee b g on i Brefeably a
least78! &d Qkn &loré pR#rabIY at Nt 90 PHEN SRR Brdener and/or compound
capable of forming a hardener having phenolic hydroxyl groups.

The hardener preferably contains not more than 50, more preferably not
more than 25, and even more preferably not more than 10, wt.% styrene-maleic anhydride
copolymer. In a preferred embodiment, the hardener preferably contains not more than 50,
more preferably not more than 25, and even more preferably not more than 10, wt.%
poly(acid anhydride) hydrocarbons, such as copolymers of an ethylenically unsaturated
anhydride and a vinyl compound, copolymers of an ethylenically unsaturated anhydride
and an elastomer, and maleic anhydride adducts of methylcyclopentadienestyrene-maleic
anhydride copoiymer, individually and/or collectively.

The weight-ratio of the total amount of (a) poly(acid anhydride)

hydrocarbon hardener to (b) phenolic hardener and/or compound capable of forming a
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| east 75, and even nore preferably at |east 90, wt.%
phenol i ¢ hardener and/or conpound capable of formng a
whardesisra havi ng phenol i ¢ hydroxyl groups. ThePdIHUS®NE021672
preferably contains not nore than 50, nore preferably
not nore than 25, and even nore preferably not nore
r a
P R e T R e ARt o EreBRE R Te md f 2

preferably mot grehtenthah ;3 amdevanrﬁélerpaéfemblymot graRr Uﬁtﬁrl 2038
and evepn_ nore pr ef er ably not mpre than 10, wt. %
pol y(acilge 8?1‘]49%F‘rf|1$j@)‘3fqli@kﬂ}’ Breser om the thmsqsab&mmmms

ol S WL A IR 65) BANATT g 0oy B 7

perceithmfdr dveg nﬂﬁéi p@ﬂ’er@lbl?%f EH@T&S é)@ft‘énfrﬁb% @S@ﬁ@}b’@ﬁ i HiSre preferably
adducts of nethyl cycl oFm{rta enestyrene-mal eic

up tcah?rﬁ/@nrr:m andisuetymere pretedibly upitd 140 penebho of ¢hel staichibmetric,
r} h o of the total anount of (a) poly(acid
amo%ﬂﬁ?\l\%d%g)cu@ F 5REPYEH har dener to (b) phenolic

hardener and/ or conpound capabl e of form ng ahardener

Trib ol i ¢ hydroxyl gr oups is pr ef erably not
r eat er referab t er.
g g \’?/}ébrl]&crrkécro 'TB' g(r)rglgpses ﬁlk)téa% ogg opﬁ:gﬁtbtfocgohereaﬁer

refeﬁé&to&@l“ﬁe BRIcks 5r HrBiyeTEDhid 1858 Bhe AddylidWlock, hereinafter referred
t her noset t abl'e conpositions according to this

to asi ‘M ehlorkyorsimplyc it Die tabldCbagpolmexplemoﬁerablyrmbsrannally, or

refe abl t |least..75 percent, and
Pfed§ f@Pfﬁ?OHS@?%?’b'ggt %@P&@HF“ s Pt Ewyagrsaaémaﬂy
amofPhb8s #- *13(5‘@' Y priferhBly %eiopér&%ﬁtmor@ Bfkf@r‘éﬁlg a OGC and yet
preferably up to 110 percent, of the stoic i onet r
morgprgenablyaled@C.t 0 cure the epoxy resin. Tribl ock

Copol [ bl oc r conpri ses at | east

one el a3henas bioc R ! Be iaREa1TCGh moapBet WA Rompg Sgat least
one MRS KSxMipI&d SRlidhes ﬁlciucﬁ%taﬁlﬁenleerg?ﬁ @9 ﬁ&lﬁ%lﬁ‘aﬁ l?i;ﬁ}‘ftgdrene,

herelnafter referred to as sinply .

1,3-pen@diene ok 3qihenydpod-puadiens pref erabl y subst antially, or
phous at anbi ent tenperatures or is

br o or abY ' UblSFRTIRARISY ba fERySHdLEm sonomeTifomprising
leastgfrr]l fa@(g?ﬂhé’th?a‘éry’la%@&mf ¥ 99 1R YEnPh B ERARL %re%ral')@(fesg’than -
40°C, and even more preferably less than —50°C. Examples of such monomer units include
ethyl acrylate (Tg = -24°C), butyl acrylate (Tg = -54°C), and 2-ethylhexyl acrylate (Tg =
-85°C). The alkyl (meth)acrylates of the “B” blocks are selected to be different from those
in the “M” blocks to ensure that the “B” blocks and the “M” blocks do not have the same
compatibility with the epoxy resin component.

The “B” blocks preferably comprise at least 80 mol%, more preferably at
least 90 mol%, and even more preferably 100 mol%, monomer units derived from the
foregoing preferred diene or alkyl (meth)acrylate monomer units.

In a preferred embodiment, the “B” blocks comprise at least one
poly(diene), such as a poly(butadiene), poly(isoprene) and their random copolymers, or

partially or completely hydrogenated poly(dienes). Particularly preferred are
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nore preferably at -400C. The "B" bl ocks may be

derived from nononer units conprising at |east one
waele@nes13Exanpl es of di enes include butadi ene, PEDPSBNE)21672

2, 3-di et hyl -1, 3- but adi ene, 1, 3- pent adi ene or

2- phenyl -1, 3- but adi ene. The "B" bl ocks may al so be

polyglﬁﬁdh&?& Ha(/f?l ATBROME!subihd $ 4¢ u. idhd, @ 1ch?1 3¢
E nore

(met hYacryl at’e havi ng ess’ t

apprmmfaealyatﬂoyd Ese t‘Ba Iblocksﬁﬁﬁ@be @aﬂhaﬁy en fdnyr}@dﬂfgeﬁe&écab l'y
| ess than -50 0C. Exanples of such nonomer units

i ncl udelneanggher atf-‘rfglreéiteénlwﬁgn%t @46}3” bingks Fomprisel a4 leastong

polyggaliib s ng v eabS o REP¥ Ry bdfurses BRI & o
Si(R)®yTe-]dinft§ 81 Which bR Gh@Re 1ridé’1\)/‘&ﬂlﬁnt1}MepF€s@xﬁ§§ dioce H§d+6€arby1

that the "B" bl ocks and the | ocks do not have 't
groug;mgh evapethyb gtqupyethyltgnoum @rQﬂyb grpup asdopromyd gnmpeﬂlb Tlih R and

f bl t |eagst 80 % .ngre
R eig0ps Bieliyy Sorrsehonciy ORS00 P b S BB y
represfits H%e%dylmeor units derl ved fromthe foregoing

preferre al kyl (neth)acryl ate nononer units.
In a pr@hefMédﬂcEﬂtbﬂﬂblrbemlbnvéd‘lfrom&odmlrmké‘omaﬁi‘ﬁﬁﬂg' g deadt 50

WG PEGTFBNE) e St MU BNk A @iepmonomers
consBRAbk Bty &rfle HATRLE E%X“?"épol%g’g?’z@gfé’%ﬁé%éa'vaﬁﬁgﬁa& T g ot

be reagtive. Sﬁmhlpdﬂ of réactiod fubuticehl grotps Meluze oRianeful@tidHal groups,
appr oxi rmt ely -900C. These "B" bl ocks may be partially

amingrfupgiiongl gr9eRsey Aoy, funwoalﬁbgrﬁeps Bhe reget vegmonomer may be

(metgﬁp rggﬁgdsrlal gﬁro Egab‘prhe p erw cgln%gw?%xtgg %paec]r)g}caa&lcbupon

hydr6198iB! Es@apley triclyde glycidyPideRachlateol teibuiyl héthadpyige. each
d R@and R ?ndependgn)glyyisrepre?ents a Cl-%8 hyé(/j&ra%car byl

gr oup, Eh@%@lwkﬁptef@rablg comprisetyngiotagtio pply(mpetbplyethacrylate)

(PM%{A@f g‘r %Bxiefﬁor{,eg %@gﬁ{%’%‘l’ﬂé{l S é’l(lﬁ?fﬁ gofgﬂrgsﬁ?é J%Stp&)g‘fvb fabl y

syndRAgdticRMIA. R represents a rret hyl group.

The “M” blocks have a Tg which is preferably at least 50°C, more
preferably at least 100°C, and even more preferably at least 150°C, greater than the Tg of
the “B” blocks. The “M” blocks have a Tg that is preferably greater than or equal to -
20°C, more preferably greater than or equal to 0°C, even more preferably greater than or
equal to 50°C, and even more preferably greater than or equal to 80°C.

The triblock copolymer may optionally contain crystalline or semi-
crystalline blocks, hereinafter referred to as “S” blocks or simply “S”, having a Tg or melt
temperature greater than 23°C and preferably greater than 50°C. Examples include blocks
derived from monomer units comprising at least one vinylaromatic compound, such as
styrene, o-methylstyrene or vinyltoluene, blocks derived from monomer units comprising
an alkylene oxide (preferably a straight-chain alkylene oxide, such as ethylene oxide or
propylene oxide), and blocks derived from monomer units comprising alkyl esters of
acrylic acid and/or methacrylic acid having from 1 to 18 carbon atoms in the alkyl chain.

These acrylates are selected to be different from those of the “M” blocks, so as to ensure
-16-



The "M bl ocks may be derived from nononers conpri sing
at least 50 wt.% nore preferably at least 75 wt. %
woreaoRps13met hacryl at e. The ot her nononers constPCTUR2097/021672
the acrylic block may be acrylic or nonacrylic
nononmers and may or nmay not be reactive. Exanples of
that [He8&P ibYRekE HAEthe CRA! bIGLIRUR o RGTHAE sRitd E&ﬂg t{bﬁﬂgwlﬁﬂﬂé pOXy
groups, am ne functional groups or car oxy1 Functionaf
resirgdomypmentIhe reactive nononer may be (neth)acrylic acid
or a hydrol ysabl e nononmer which converts to
(et h) ackhgl iS¢ blraks hayon T ihat sl prefesblymtdenst $¥C, moreprsferably
Woav) t hacrylate or, t ~but vl t hacryl ate. ..Ih
at e YO Y DRt ety RssF I AR bbb e i Ye B e <B"Btockcs.

The PO NoBRY priferadlRe/ey M, Sh thdMYEY froms08 181166,606.d
eerr‘oodi rreﬂr;rt ,e th>te1 " f/r bl 'ocks corrprriose at least 60 w. %

syndi ot a&é triblMMdpolhier iy dBhPeike MIBVM tAbibEkIMThHE lwd SM™
referably at | east 50C, nore preferably at |east

blockpafgle MaBdMetviblockonay beridénsicalunydifierenteZhey mbpaso e diffeeent in

.than the Tg of the "B' bl ocks,...The "M bl oc naye.
their iR sk b8 oDl afhe Aufk el TR mphomarer 166 B blefes of the
M-BORI EbRIcR eyaldl iderfiicrdratifréban or equal to 00C, even
: nore preferably greater than or equal to 500C, and

even noilke M-BFMrtaiblogk gopalymerstpnefarably coqtai attleas8 0D Git.%, more
The trjbl ack copol r mgy optionally contain .
e e S Y b oL RO & A oy M ks
and 4QE&F ?@ A58 nicte Péfelgi)l CKRaQ 30! ¥ t0D0 wikdY Pq%ge a@'egegably up
or ne eferably

t terperature gfeater than 23C and pr
to 8 gwedt, EB” bloeks.500C. Exanpl es i ncl ude bl ocks derived

fromnmononmer units conpri si nlg at | east ane .

vi nyl ar OHETREVE SRS tHIockssopRIyaST Say cemgrise S-B-M triblocks. The
-B- Y t acks der,i ved fr.em
A S R T T IR

to 8(aws ¥4, aicabpretdiabln uphdk 50 amnes o bleckss preferaisly &t 18¥dt 8RA.%, more
oxi de or propyl ene oxide), and bl ocks derived from

preforphly gleast A tve- % ormpio; 89 Wig”eamrid preferablsupto HowtYe, ¢BAblogks, and

prer B0 3N Dre TR Ol A0 fub 10 B SR EE R o

preférgblpapdsd 76 erent-Mrggrkshose of the "M bl ocks, so as to
ensurethat the "S" bl ocks and the "M bl ocks do not

have t h&hetidodkaepalyntsid preferatily havielrenvagexraverage molecular
weight (Mp) of at least 10,000 g/mol, more preferably at least 20,000 up to 500,000 g/mol,
more preferably up to 200,000 g/mol.
Suitable triblock copolymers may be manufactured by anionic

polymerization, such as via the processes disclosed in EP-A-524,054 and EP-A-749,987.

Optional Components

The compositions of the present invention may contain a catalyst capable of
promoting the reaction between the hardener with the epoxy resin and promoting the
curing of the epoxy resin. Examples of suitable catalyst materials useful in the present
invention include compounds containing amine, phosphine, ammonium, phosphonium,
arsonium, or sulfonium moieties. Particularly preferred catalysts are heterocyclic nitrogen-

containing compounds.
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resin conmponent. The "S" bl ocks have a Tg that is

preferably at |east 500C, nore preferably at | east
wao@easi3eyen nore preferably at |east 150C, grReX/E82007/021672

than the Tg of the "B" blocks. The "S" bl ocks

preferably have a Mvin the range from 500 to 100, 000.

The tri *Fh@G&al‘?Q@@isydﬁfn{gUBMecPf?%rﬂaF&n S%Metrﬁﬂlgk&ﬁgiﬁ'on
The two "M blocks of the MB-Mtriblock may be

averaggarot el thar abdivf 1 ecterethydidgey nmagty absmoleeuldi Aétevedtydrdgen
.their nplar, mass and c osed aof the same or different
moietigs, girlide hygypgen B‘Oﬂ}fﬁ@&&éﬂj 9rancaunge1uR & phepplic Rydraxyligeoup, or
' [ j £ F “hJhe: bl aock copal r
o cabBS S Rlnd L EEPL oDk SRS OB ARG

prefeadibly eatiry biniié ophosphih@mBiLtie;. 8 tiedhmBAIRMPARI o8 o¥ium
up to 70 wt.% "M blocks and at least 20 wt.% nore

moighies pigrpagfesablit quatemary 3mmgniwg au@rh@lfbmimmm@iem e |
f I to 8 % "B" b . ernative
Phe tr BrbolReBmd itlary pings i Py b vaed AL p s those
monilfwm Uy%‘lﬁn%é‘sq&@idg%ro%eﬁfcﬁﬁiﬁ o @J{aﬁlcgsﬁnéﬁfemvﬁtch heasdll éfthg/
. N -

‘ nore preferably at |eas w.% up to 80 wt
remaiwing apinsf yidedgen atomst repBCedty, Mitale shbstituests, puchfas hathogarbyl
.at least .5 . %, nore preferably at |east 15 w.%

radichls. 5 D topab Ao e elPAR R G Or Hiomgc dioyls Eisamples ok Brese
i f héts, 1,85L, 5%, Pl BR

iR SIS, | S e R TR PR (BRI el

diethanollgmind/triethplaksne, Titaitylamblepdimetiop bbysytansingrtaplesnginyine,

ave y? nunber - gver age nol ecul ar wei ght (

i My ) of at.
tricyploBety! aminsoByriippAnd Grineling, Breksried apings qr%a@ttr@bylgsmylglgalkyl
- 000 : . ar . .t 9,200, 000 g/ nol .
and @8{}? g&“%gt Sru%qu%:rkeﬂgg%gﬁngﬁgﬁgéﬁ%ﬂlggﬁﬁam}f actured by
dimealylopelchepg)annine, and ttheoalkylsdiglkars amiris, Such BS Medyb&isthanol

.disclosed in EP-A-524 054 and EP-A-749,987. Optional
amineg aachihg iialkanolamines such as triethanolamine. Weak tertiary amines, for
example, amines that in aqueous solutions give a pH less than 10 in aqueous solutions of 1
M concentration, are particularly preferred. Especially preferred tertiary amine catalysts are
benzyldimethylamine and tris-(dimethylaminomethyl) phenol.

Examples of suitable heterocyclic nitrogen-containing catalysts include
those described in US-A-4,925,901. Preferable heterocyclic secondary and tertiary amines
or nitrogen-containing catalysts which can be employed herein include, for example,
imidazoles, benzimidazoles, imidazolidines, imidazolihes, 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. Especially preferred is

2-phenylimidazole.
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The conpositions of the present invention nmay contain
a catal yst capable of pronoting the reaction between
wao bh@shswsdener with the epoxy resin and pronot i PQI/UN®07/021672
curing of the epoxy resin. Exanples of suitable
catal yst materials useful in the present ‘i nvention

i ncl Udemeft@éﬂ%%ﬁmfsméicgﬂa% i§@oﬂ?abo%??$)@%m/%'to about 3 wt %,
ammoni um  phosphoni um arséni um or sul fonium

basedwinehé sal wedgltt iof tHeaohpopitieh gprefechbbaframyabdst (AT &t % to about 2%
heteroc%clic ni t rogencont ai ni ng conpounds. The

wt % at b tp&d] amoyat ofipsimary amaneddNHe o snpmereertbans 006 pome by weight,

[ bout 1 '
prefi 8l BoLrBfk A O S8 TRl O ARRY Borg B g Py stepmore
preférllly WGEemBhRQ 80 pphO Mhe AR ALUHP 0 AL cBAAIE adIRYANHRs not more
phenol i ¢ hydr oxy &tﬁoup, or a carboxylic acid group.

thanH§pP0§ pemadxcvecighthpretenabhe netrmdons eanHI0A@pp ineré peeférably not more

I f ly tert] ' hosphi ne
than 8D P, Evelr B Rec SR oG s b an OB RB: o o ot 1 es
are prebasaibly, SIHAVRRR ¥r RELIOR ANLyiR Baapﬁ%!yga%@%%yed in

noi eties. Anong preferred teftiary am nes that
the cospasision ofithel presest iaventionpsspecialiyowhear theehybysi is@sheterodyolic
..an open-chain or cyclic structure which have al] of
NitrOgeRs CPRIARIT W&Wﬁﬁ%%@é elgrQseliG RipPerieepyning catalysts,
. i j . . 3 . r,adi . S,
iS4 PREGSY BRI USRSy NSRRI e s VBB e

526,488]iRPaAsAS 850G BAA - 908 D BE)S . 32 The @ swis el dsdBefuRIHAE present
. others, |, 8-diazabi Cﬁd 0(5.4.0) undec-7-en (DBU), '
invepggmipriude donexaspledialides, oxides, hydraxidasand alkoidssl ofzinsetin,

. ' ' ot L | am [ l.oh .
N T B T

tendtthBaverd Rldaybly weak @uRjugat biide. 20flextaimpd ¥f a AN RARIe 1§ HmB
as triethylam ne, triphenylamne, tri-(2,3-
chlogderet hyl cycl ohexyl ) am ne, and the al kyl di al kanol

am nes, ch, as t hyl djethanol am pes and the .
11 af kakBHEAPReGPT it ol EALERa pd ahFoteR Shapiydride ofa
Lewls@icld @boreHlifeleSampRy bR, fetad0HE 8&id ! 48 ptioRalBAMBSRted

solutions give a pH less than 10 i n agueous sol utions
borogine {suphee tremethoxy bemxings teimeint borgixiarel of tyethyldor@dne), an

o G P b B e s
boriPEMOthese Lewis acids are very effective in curing epoxy resins when combined
with the heterocyclic nitrogen-containing compounds described above.

The Lewis acids and amines can be combined before mixing into the
formulation, or by mixing with the catalyst in-situ, to make a curing catalyst combination.
The amount of the Lewis acid employed is preferably at least 0.1 moles of Lewis acid per
mole of heterocyclic nitrogen compound, more preferably at least 0.3 moles of Lewis acid
per mole of heterocyclic nitrogen-containing compound. The formulation preferably
contains no more than 5 moles of Lewis acid per mole of catalyst, more preferably
contains no more than 4 moles of Lewis acid per mole of catalyst and most preferably
contains no more than 3 moles of Lewis acid per mole of catalyst.

The compositions of the present invention may also optionally contain one

or more chain extenders. Chain extenders are compounds other than epoxy resins having
-19-



Exanpl es of suitable heterocyclic nitrogen-containing
catal ysts include those described in US-A-4,925, 901.
woe@Besm e heterocyclic secondary and terti arRCHDBI965021672
or nitrogen-containing catal ysts which can be enpl oyed
herein include, for exanple, imdazoles,
B B R P P M B E ol R AR Vi an ooy rou.
The fomcpitud] igneps iyrefeskdity sedactedofyorn phehdiRshydfykiyT, @hiigh, idSyanate,
. pyrazol es, quinoxalines, quinazolines, phthalozines,
thiolgandearboyetic agydigronps, Tiadencsipeal groupg praferablys@ipaise aldeast one

L e R AT

per thblesgef . Especially preferred are the
al kyl -substituted i mdazoles; 2,5-chloro-4-ethyl
i m dazolnsiudgd dmohg the prefigired chain exttendsirsiaz dlisphenadid bisphenol F,

] Xt 1 f. E f d
and (RGRPROPISAITEL &Y ; 2- et hyl i i dazol o) 2- et hyl - 4-
met hyl i 1}, d8gabsitions 2eHrik 1Y tHeBré@aChSe tﬂ)ﬂ%ontaining one or
Ty pre g

2-met hyl 1 m dazol e. Especi erre _
mor&ehaireenttnderdaapbeotithimed by abmbimingthe af leidien€ apoxlydin hikd at
from about 0.01 wi1 %to about 3 Wt % based on the
leastoge g’qllo 5?1113’ mgF With@ COBPREEPR FoainPieet mpdwe Wl PRoas mprsut
0 % T t f _primary
ardch, i B ARVl BORL VB AR 0

funcrioedliey glehtgr thah 210p peeférbislp aRAG mmoragf&eramlyfaereahby amtPéven
nore than 500 pﬁm even nore preferably not nore than

moreg;p)regaﬁthy east 4+ dihe mpdyatiqef lgaé@?wgmgha?mmfxd@: NHyeferably at
' t re
east 12t R0 55t B rata AL B i Rl e BT R 22050

pref@atslp up®s €:3pmetepratdrably@p torpee t han 1000 ppm ,
Preferably, a Lewis acid, or anhydride of a Lewi s

aci d, i $heiperapasitiing pé thei mesehkingerntisngnayi alsp exftionhldy contain one

resent inyenti espec. al when th atalyst is
or T e Py R B PRGBS AP i lged ed
phospR&:@5 BENGUiH @r Bdlid SHISPhcR @NEGRtAhing cERAPBINE! or eXhPB AfBonium
preferably used in conbination with Lewm s acids are
polyphwsplkatel suabras 5 Exolitr7 08P fram GREauISnbHPa phabpBitd @2 phesptiazenes;
. GB- A %4.214(%5. 3.. The Lec\{yi s aci ds usef ul 'in t he present

NITOZERERRtRIBHE: THE FAIRfEants 8PS ypiaists: o sawele plappes, melem,
cyantfélhQY] {96y amdist Ridkahd 2R aPesif Bose hitfbgen-containing compounds;

halogenated flame retardants; synergistic phosphorus-halogen containing chemicals or

compounds containing salts of organic acids; inorganic metal hydrates such as Sby0O3,
Sb30s, aluminum trihydroxide and magnesium hydroxide such as "Zerogen™ 30" from

Martinswerke GmbH of Germany, and more preferably, an aluminum trihydroxide such as
"Martinal™ TS-610" also from Martinswerke GrhbH of Germany; boron-containing
compounds; antimony-containing compounds; and combinations thereof. Examples of
suitable additional flame retardant additives are given in a paper presented at "Flame
retardants-101 Basic Dynamics-Past efforts create future opportunities", Fire Retardants
Chemicals Association, Baltimore Marriot Inner Harbour Hotel, Baltimore Maryland,

"U.S.A., 24-27 March 1996.
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titanium cobalt, manganese, iron, silicon, alum num
boron, and other Lewis acids that tend to have a
w0 edoansmed y weak conjugate base. An exanpl e of PEI/E1907/021672
halide is zinc chloride. Preferably, the Lewis acid is
a Lews acid of boron, or an anhydride of a Lewis acid
of boro ey ' t: ! i
opt i onal 15 B a A EbERBRoE ol Bres R RN nB e, Pflonally
continarother additives ofit depbratlgconvendomdl tipel igélnding HioleRXsths)izerdbther
optionally substituted oxide of boron, or an al g/y[
OTgapiG oA iROTEANE a%%YeSppléfr@NseWe%@ﬁ/iagefé% iflow modidicrse Uyclight
S ' [ arexvery, effective ii.n. curi ng epoxy ..
blocltE g Tl Re A5 WTHOH" Fi MR ot RlebleGiy i B e o BeHbea in
US-Ai3, 06583 &anh @Al Bﬁox@mﬁgpﬁéo%&ﬁﬁm?ﬁ SOV e (M&Bel Dekker,
Lewi s acids and am nes can be conbi ned before m xing
Inc. I19%8%. t he formul ation, or by mixing with the catal yst
in-situ cur.i ng, cat al yst conbi nat.i on, The

amount P fv?ﬂtga n}lfag(\ﬁ?g) Qé’é‘loagl%kﬂﬁ Wéb“ the comppytion P§/thﬁtpres_em
o T B 5y 2 ol DOSPASRIS
methoixy propylacaate DOV ANGILe RV Ahahethplethylketone (MEK), acetone,
e USSR A SO T LT Lt
eno B O A S PR R

generalst fomn Ofvetr%hb Yba 50 3it1%; proferablefrbiabodt TOWER t6abhR\W5Swt.%
acid per nole of catal The conpositions of the

t.
and pogegpaterably, BAm; BBAUEY ?S/Ost_@ abpiti 49ruil Yoy depsndiag an dhreeendruse
applg?ﬁé}gﬁﬁé B tr@ﬂg%l%?osg? | n extenders are conpounds

an epoxy resftn davi ngtwo functional groups
er J1o .ecul e which are capable of reacting wth an
M@W@ﬁ%@&—s The functional groups is preferably
sel ect ednf ELANERRIF thd iR ven VAl F be WSQFY AL i
thiol, and %}g% oxyl ioc gg%fg{egrou%g. ebf'b?]ctl oha %bmposne
mategratsthyteqimifues alellknownpn thedndistiygadtt asthyepudtiesiet, intoulding,

hydr oxyl group per nol ecule, and nore preferably two
encaﬁﬁ’iﬁ&ﬂn{ gr W&P&x&e RiFSBLRVEtonip paticylarly pseyl feeepating mytals,

suchte $oraRlcBh; ap%h@étfbn@,’qn%qgleﬁlﬁkiﬁé %-Qggc‘e%r})%ébq{egsAand laminates by

b1 sphenol
well-known techniques in the industry.

An advantage of the present invention is that the formulations can have a
minimum melt viscosity which is greater than that of corresponding state of the art
formulations, which provides more consistent laminate and composite thickness and
reduces resin waste due to resin flowing out of the prepreg or composite when
simultaneously heating and pressing prepregs and composites during processing. Prepreg
minimum melt viscosity determined by the method described below for a formulation
having a prepreg gel time of 60 seconds (determined according to IPC-TM-650-2.3.18A)
is preferably at least 20, more preferably at least 30, even more preferably at least 40, and
even more preferably at least 60, Paes and preferably up to 400, more preferably up to 300,
even more preferably up to 200, and yet more preferably up to 150, Pass.
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and tetrabronobi sphenol A The conpositions according

to the present invention containing one or nore chain
we@zienssrs my be obtai ned by conbining the atPCEES1007/021672

one epoxy resin and at |east one bl ock copolymer wth

a conposition containing a m xture of one or nore

har deneng oMt fvaREeLbf RN ?es@ﬁqh%n%fi??@l'ame "i’(?—ﬁ‘[ﬁtl tiohHas

m xture having an gverag functionality greater 9an

impr2vé acﬂmemb& tab neta subseastwiznZuretbineoptaef eitiatheyn@al subgsite.
, gl even nore preferably at |east 4. The nol ar
The fogmuintign Wisp garedrh aﬁ 8 CepRET Red sirenail ﬂeﬁegmﬁﬁémoabng/t%lﬂ’c -TM-

650 B85 wh or SRR B L AP LBl ol oy

at ledst 34, andryet mbﬁfﬁéﬁkﬂb}’y atleds0 14, N/cmI'he conpositions of
the present invention may al so optionally contain one

Exmggkgnre flame retardant additives including, for
exanpl e, red phosphorus, encapsul ated red phosphorus

or |i qui[“He mVestthn 1C| fmiﬁmﬁm&tru&d(b@mlﬁeafoﬂbﬁfmg@c@ﬂg L3 digat should
for exanp ammoni um pol yphosphat e such as olit

not bmegarflffdoem lmnamg ghtheqiernt @veiioap hiniess sigredsn dupteatrenyey;

conv?hﬁén%gﬁﬂhg%ﬂtﬁ| Arﬁ{l%gg'p% {ugh{aeﬁga”%ﬁ? I""gdg’g f Sy”erg' sts,
oc gnuric acid and derivatives of those

g&n- cont ai ni ng conmpounds; hal ogenated fl anme

retardants; synergistic phosphorus-hal ogen contai ni ng

Test

" wchem cal § or cdnpounds -contal ni ng sal s of organi c. _
a(X‘i"Gé |n§0§é¢?c me”t'azl‘ hydrat es ﬁ"le@”SbZQ 3, Sh3g

O oty g oxrde—ard nugncolun St

™17 1—U7ﬂ-d'€
D.E. EIS 438 er odeni(ly m) Mo 1fuf1?t6}ﬂa}\ﬁ?0txb’rﬁl§ml?4‘<ées®réﬁl%1= 188r many,

Dowafiél* IPM e pr(q h €1 aRipylendBly3bMAERYNRh! hydr oxi de such as

DowaTSEAA [ | PR 11 G K BRUAAIRE doci

Durie™ iSmony-|cont aijni ng. conpounds; and conbi nati ons

357 t her eof . Ex(éﬂrpl é’éraéhe@@ﬁthaa’@I@PEM?HEWrraIHQI ane

r ot or A Aol
retaraaht—aaatth—~ves—are 3| erR—+h a paper prncnnfnd at

Epil -
PoRTaHO T ApgarbintiheBashs Rpamaa: Rapt efforts

03 create fU qppor tuni t ar dant s

Preﬁj%:g?”; cal § Assod H«i\g HPV(H’%! }eklﬁ%ﬁﬁ\ﬁ‘ Lry Ogt(folrrrxllre]:ﬁy Pefac

453 el , B4l tq3bmr

i styrene-butadiene-methyl methacrylate triblock copolymer,
SBM E-40 (" 140% NV in MEK

i styrene-butadiene-methyl methacrylate triblock copolymer,
SBM E-41 ) 140% NV in MEK
SMA 3000 (6) |styrene-maleic anhydride, anhydride EW = 395
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U S. A, 24-27 March 1996. The epoxy resin conposition

of the present invention nmay also optionally contain
woehensadidi ti ves of a generally conventional tR@EUS2007/021672

including fillers, stabilizers, other organic or

i norgani ¢ additives, pignments, wetting agents, flow

nmodi fiers, UV light blockers, and fluorescent

addi ti ves. Exanpl es of sui tabl e addltlves are also

desq HET , . ‘

seco :

1988% Lk t he

co oo&ZPDn oft

pIEIE%I TOl

llBl Ilyl et IICI
1

( NOL* PMA),
met yI et hyl ket orfe ((89/EP bon@gﬁaone met hanol , anJI

co C reab Wem a vent—rs—used— the
pre ent | ﬁﬁﬁw #e%%ﬂvent preseft in

the |t haBB®ket ti g Gynesiabioaobdphbid AMGEIEW =i fvention
ener al | y forjm Ont . %ﬁo about 50 wt. % prefgrably

f r omrabout—16—wti—%-totabout—45—v

pr efler dBPy £ rom|a@t |tephgpylophosphassout 40 wt .

dependi ng on the end use application of the epoxy

resin conposition. End-Use Applications The

conmpositions of the present invention can be used to

make conposite materials by techniques well known in

the industry such as b¥XegubSouwsgepn, noul di ng,
encgpsulatlon or coating. The present invention is

(bhi'he Pawrhemigaldsampangs coating @k Grest Lakes Khamidabr

ca ating applications, and for kin

prggfggs and | am nates by well-kno O?@gW' %d§§§|n t he
(@ dastarNarzAGnsH druage of the pr €6LAtofinA b€ Phiedik, IFPance
that the fornul ati ons can have a m ni mum nel t

vi §66RIYY which is greater than Kﬁbﬁﬂ@ﬁmcbwnééﬁénding
(§} gge o(f)Ytolﬁ‘-Ie? 1rt1k1]c l%n hations, }Mgé)[ ﬁfg&gow d r§t Louis,

con ent nate 8 COfT'pOSI

(u)eguﬁieﬁ(]h@ﬁﬂl@lv[@@tg gine to resin flon@, mgsgut of t he
prepreg or conposite when

Test Protocols

Procedure for making laminates:

The procedure for making laminates used for the Examples and
Comparative Example; is as follows:

The respective varnish formulations are used to impregnate 7628 type
woven glass cloth. The impregnated woven glass cloth is heated (i.e., advanced) in a
vertical treater oven operated at 175° C. to form a prepreg roll. The prepreg roll is cut into
12 x 12 inch? (30 x 30 cm?) sheets. Eight prepreg sheets are stacked between two sheets of
copper foil. Each stack is pressed at 190°C for 90 minutes to obtain laminates having a

thickness of about 1.5 mm and a laminate resin content of about 43 wt.%.
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si mul t aneously heating and pressing prepregs and
conposites during processing. Prepreg m ninmum nelt
WO e@s0si3ry determ ned by the nethod descri bed per/vs2ohp021672

a fornmulation having a prepreg gel time of 60 seconds
(determ ned according to | PC-TM 650-2. 3. 18A) is
preferably at |east 20, nore preferably at |east 30,
even nore preferably at |east 40, and even nore
pr ef er albhy staitdare arthod® usddan shePrhnisled AdabdnipaativedE A dles to
nore preferably up to 300, even nore preferably up to

mea@@@cer&mprpg@m%a@ agfeHaysabl y up to 150, Pa"s. Anot her
advant age of the present invention is that the
formul ati on has i nproved adhesion to a netal substrate

V\lh ?W'eth cont%wplebﬂﬁeﬁretal substrate. The

nr [aa ] a Laon \Wwiho a r\nnnnr hQQl erﬂhﬁfh
T TTUT T OUTT \AUBAY RN

dPeriMn@-accor di d@StnoCOIrlt%@t mremg, 12' theaB(d Whght [resin
r23. 4640l y at | eadtcod@ntjnore preferably at |east 12,
VEN nore pret eratlé/eiglml east 14

r‘id et _TTDT.E.
retereésn-as (gaast NPERICEERAFRY %Byfﬁi?{sg el on
s further illustramibgdoys tiethotlaistdn degermienirgish pélaime

PRS0 P8 e RSy L e T o e e amp

t HePeak dtrengthlof paetdlic alad lmm@tem[@)ppé@eel
g?émg%é# @&bn%(@psﬁl sKey to Sources (1) The
wChemicat—Comnpdr,

OPROTRL65012.4949. A ﬁgﬁ E@EW@%??@M&MR I‘I)IQZEJIF%H T%%S
t of i na_of Put eaux,l nce GCermany (7) Arkemm, |nc.
LS. A (3) Dynea OGlads t%kﬁbﬁﬁmpe%ét@e%@ 0 factor by SC

gma- Al drich, | nc e,
HBC.TM- 6500 4160 Lig, it on il ST E%E&%&&fsg

o O —'cn el e} Q_"

mking | ani nates : Po%’éio%’rlgmf 2P 85

sed for the Exant

—:—mr—bh

Description of test method used to determine MMV:

MMV is determined according to ASTM 4287 using a cone and plate
rheometer operating at a constant temperature of 140°C. About 0.2 g prepreg powder is
molten in the rheometer and the viscosity is recorded as a function of time. MMV is
determined by the value corresponding to the minimum melt viscosity reached during the

test.

Description of test methods used to characterize laminate toughness:

Laminate fracture toughness: Measured in accordance with ASTM
D5528 using Mode I, tensile mode. For this test a 16-ply, unclad laminate is used in order
to enhance bending stiffness. A thin sheet of Mylar is inserted from one edge (~ 3 in. long,
i.e., ~ 7.6 cm. long) in the middle of the lay-up during the stacking of the prepreg prior to
consolidation. This acts as the crack initiator for the fracture test. Once the laminate is
consolidated, test specimens 1 x 7 in® (2.5 x 18 cm?) are cut from the composite panel

using a wet circular saw and then ground to ensure that the edges are parallel. Metallic
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r Conparative Exanples is as follows: The respective
varni sh formul ati ons are used to inpregnate 7628 type
wowewsnsgrass cl ot h. The i npregnated woven gl asBCT/US1007/021672
is heated (i.e., advanced) in a vertical treater oven
operated at 175 C. to forma prepreg roll. The prepreg

blocféél)%rh ttﬁe?l ghid b Qﬁﬁs&iekt infend 4nd RGA %vél%gge}?f togglsﬁ{%%ﬂlgﬂlggg‘ge samples

prepreg s s are stacke tween

are thapprégped ohto. a IEASS 19t seplo-hyglrqulie 36 tradie al 9Giked Qfadﬂl? rate of 0.2
mnutes to obtain | am nates having a thickness o

inch/spygute (9-Ssmpimignig)-al hedpadnndstroke signals areaacordéd dismgthea@st.
. % Tha st.and hod i.n th | es. and.
Conpar aDrOlRE il BEPmatede i iest Sefraf B Fiow ot
lamiAged Sld @NFlo @&%B&Ifsés Afthafs ﬁleﬁto.ﬁ@mg%ﬁ%d(ts%ﬂ%fved =3100

det er m ne det er m ned accord
rpm, 42-§dedursienyt eortoniledp Taveitedtodesrdne dri¢efromBeseationsy4 &blea drilled

constant tenperatyre of 140C._. About 0.2 repreg i
per SEENARG AR CHOIT Bh DM T B MOMLIehcang riehEcdegpe spatsr sestion)
q o . e i .
of e i P BSRakP R bild fund W rb (8 Fi4fl R Phged o
penetra@chefibets forngl 0 Menutess The Blaminafibh @oneddr ‘helt’ iskRadasured
used to characterize |am nate toughness : Lamnate
under p uepseopesBRgaler. Thedewerihe halogharaetan thecbetier the Aditapility.
D5528 ugy . Ie ... For thi,s test o
00528 Bl RyNRAR kot U8B 45 Ly S 57 appinaionof
the Iehdient i infphoe asB YR-GAdencs iapict Q@stMsi?@bgd hafith! % B, §E9| kg.)
I -~

.  fromone edge (-~ 3 in. long, 1.e., .6 cm long) in
indeptpe By graduallpfinarepsinghe distages tha gveighs dsapscthe hgighf attvitach

repre rior, 1o co lidation., Thi.s acts .as the crack
celaffBfbEHeis BelcfnRlPie SR etk iguting. £ ukiied P oe e
folloG@Ms&]uatled:ed, test specimens 1 x 7 in2 (2.5 x 18 cn@)

are cut fron1th% conposite panel using a wet circul ar

saw andEtH®BI1 gyounldd«dVensure that the edges are

paral lel. Metallicblocks are then glued to the

speci mewbegiid hel d overnight to ensure full cure. The

sanpl espare the

ser vo- hydraif&e tdg&bﬁggg’ﬁgorﬁg?npgc%l\&?@g%%oadi ng rate of
0.2 Hd = maximum height without delamination (in meters)

Wi = indentor weight (in kg.)

The greater the energy of delamination E, the greater the laminate
toughness.

Wt.% NV is determined by precisely weighing four samples of material
placed in an aluminum cups before and after placing the sample in a vacuum oven
operating at 150°C for one hour (taking care to avoid excessive foaming of the material
due to the vacuum). The weight of the aluminum cups is deducted from the sample before
and after removal of volatile components in the oven. Wt.% NV =3, (W2/W1 x 100)/ 4
(i.e., the average wt.% NV, which is the sum of W2/W1 x 100 calculated for each sample
divided by 4), where W1 = weight before removal of volatile components — Tare and W2

= weight after removal of volatile components — Tare.
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inch/mnute (0.5 cm/mnute). The |oad and stroke

signals are recorded during the test. Drilling - Halo
wa@ledoeosmi3mat i on: This test evaluates the drill apCT/U82000621672
| am nates and enploys a drill press with 1/8 inch

(0.32 cm) bit size (spindle speed = 3100 rpm in-feed
Test RtLaliPRegt rol l ed). Twelve holes are drilled from3
Sectitons (4 holes drilled per section; areas consi st
of ~ 2 [The forfnuldfioasnuedifooeorhgdratianesting@bd deseigedandables 1A,
center section) of the |lamnate. A visible penetrant

2A %né 38pbalow én%ﬂ&}ﬁ&i dataeobrained widh those fasmutationsis shpwaie gables
t fibers for ~ 10 m nutes. The
lB’%Iglag%gna%'?gﬁg zlgb%%e‘){ér "hal 0" is then neasured under a
Coppérpeeistrepg@hdsstng a ruler. The | ower the hal o dianeter,
the better the drillability. Delam nation energy on
i npact : TEn&rgylatiegs hseddor @mlmaﬂvedlepmnmaltstmngthftesmhg are

LG M I e N W

shoviin BARsNS dda©plbabance the weight drops, the hel ght
at which del am nation occurs is determ ned. The energy

of delam nation, E, is calc { using the foll ow ng

equation: E = 9.81 n132 * Hgﬁ%\?gv\lnereln E = energy of

del am, nati on on | ou e& = maxi mum hei
P

Wi t ho %%SITAW%%E AMHH%EMMPM E A)

) The greater thp pner v of delanmination E, the

gr eaRaw Mheekians nat et qugiasy. BW 1% NVxi3 fleEer i fepx 4
By pr eIS'ESﬁ'*y ghi ng fjour sanpt es of matertat praged
ﬁgﬁn %W ﬁ@g s beflor.and &S er |plogg ng ohg 27.3
W aver] operatling at [1500C for one
hourEéILaj(rmEM;aBe to ayoid exgessive|foam n; of the
(M4 wibaNvaNDOWANeLYaguumg Thevwei ghtyoef theszo | 27,
al um NUMpIGIARS i s deductled fromthe sanple before
PREFERE™ 4536U
(50 wT.% NV INDOWANOL* 323 30.9 29.6 29.7 29.7
PMA)
DURITE™ SD-357
(50 WT.% NV INDOWANOL* 1.7 1.6 1.6 1.6 1.6
PMA)
2-PI (10 wt.% IN DowANOL* PM) 1.2 1.1 1.1 1.0 1.0
BoORrIC ACID .
(20 WwT.% NV IN METHANOL) 1.7 L5 1.4 L5 L5
SBM-E40 0 4.1 8.1 12.7 0
SBM-E41 0 0 0 0 12.7

The varnish formulations in Table 1A are used to make laminates according
to the method described above. The data obtained with those laminates is shown in Table

1B below.
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and after
W. %NV =

r enoval

(V2/ WL x 100) / 4 (i.e

of volatile conponents in the oven.
the average wt.%

wolrgosmsi3ch is the sumof W2/WL x 100 cal cul at ePC¥/082007/021672
wei ght before

each sanpl e divided by 4),
of volatile conponents - Tare and W2

~renoval

where W
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make Tam nates according

As can be seen from the data in Table 1B, copper peel strength of Examples

1 to 4 is substantially improved relative to Comparative Example A while maintaining a

similar thermal stability and glass transition temperature. In addition, energy of

delamination and halo diameters of Examples 1 to 4 are also improved relative to

Comparative Example A.

Table 2A

COMPOSITIONS OF EXAMPLE 5 AND COMPARATIVE EXAMPLE B (CE-B)

 RAWMATERIALS W 4l GE-Blil|wExS
D.E.N.* 438 (85 wT.% NV IN MEK) 5.0 4.6
EPILOX™ B45-03 (70% WT.% NV N DOWANOL* PMA) 44.1 40.8
SMA 3000 (60 wt.% NV IN MEK) 58.3 53.9
BORIC ACID (20 WT.% NV IN METHANOL) 0.2 0.2
2-E4MI (20 wT.% NV INDOWANOL* PM) 0.1 0.1
SBM-E41 0 7.5
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to the nmet hod descri bed above. Data obtained with
those lam nates is shown in Table 2B bel ow. Table 2B

WOEOWRARATY VETEST DATA As can be seen fromthe PEt/ESI007/021672
Tabl e 2B, copper peel strength of Exanple 5 is
substantially inproved relative to Conparative Exanple
B whi l eTH@'\/%ﬁh%%lQﬂ(ﬁis'Hf}Iﬁﬁle Qxe&%gecﬁgoqgéﬂe I%Jﬁm%ﬁ:g according
gl ass transition tenperature. rocessa

to tht arethddadesaritedwubede. Daita claniped aith\teosp rlzﬁﬁﬁaa&@m dhotwi in Table 2B
testing are described in Table 3A bel ow and the test

eloyat a obtained with those fornulations is shown in
Table 3B and Fig. 1. Table 3A COWOSI TI ONS OF EXAMPLE
6 AND COVPARATI VEEXAMPLE C TdHe ZBThe gel tine was
about 286s for Conparative Exanple C and about 253s

for Exanple 6. ProducOoRraRATIREGRSEDARN | ami nate: The
var ni sh descri bed above was used to make | am nates for

Testing AT ane m—as—“fvr_mmp—ﬁxa
B_and Exanpl ZE%TS The data obt ailned y—applyipng th 52;

above test [ig@t©col to the |am/nates]obtained w thoghe

formulation Tabte 3A TS showr T Tabte3SBbetaw,
Table 3B oo%ﬁAFQA}n VETEST DATA The Dréégssi nal wi ndo\R3i s

det €oppERGEEERBTRENGTH (Mcie ni nijmum prggpreg nelt 197

vVistosTty (MW)—as a functtonof —theprepreg get—ti+re
(GI. Aplot of this data is showm in Fig. 1.

As can be seen from the data in Table 2B, copper peel strength of Example
5 is substantially improved relative to Comparative Example B while maintaining a similar

thermal stability and glass transition temperature.

Processability

The formulations used for comparative processability testing are described

in Table 3A below and the test data obtained with those formulations is shown in Table 3B
and Fig. 1.

Table 3A

COMPOSITIONS OF EXAMPLE 6 AND COMPARATIVE EXAMPLE C (CE-C)

 'RAW MATERIALS

! é | UCEC P Exel

D.E.N.* 438 (85 WT.% NV IN DOWANOL* PM) 36.0 344
EPILOX™ B45-03 (70 wT.% NV INDOWANOL* PMA) 9.8 9.9
PREFERE™ 4536U (50 WT.% NV IN DOwANOL* PMA) 30.2 28.7
TBBA (60 wT.% NV IN MEK) 15.6 14.9

BoORIC ACID (20 WT.% NV IN METHANOL) 2.9 3.0

TPP (100 wr.% NV) 0.1 0.1

2-PI(20 wT.% NV N DOWANOL* PM) 0.5 0.4
DowaNoL* PM 4.9 2.8

SBM-E40 0 59
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It is usually observed that the flowis optiml when
prepreg MW is between 50 and 150 Pa"s for a prepreg

W@I008/058@ seconds. The incorporation of the SBMT/US2007/021672

t ougheni ng agent in Exanple 6 increased the prepreg
MW for a given GI by about a factor 2 when conpared

S BRIy s

for Bxampds @t i ve Exanpl e C because of too | ow MW.
Consequently the | am nate thickness was better
cont r ol Pedugiéon ehespipree asd laglivateve to Corrpar ative

Exanpl e S|t ons acco i . '
i nvent i gﬁ 5?1815593%1%6‘?8 OYCo5tS ‘ﬁﬁé EPe&“g‘f @%%%t?safpéges%?ﬁjm the
¢ REniER sk RE CHRRMESIVeEARIpN Bahd Exh@pieat es, prepregs,
Samand printed wiring boaréﬁffr Theyxarg]eparti cularly
useful T bc data IobtaglegirbgrappUmg‘the abrse tést praadi¢ad @o the laminates
ctrl am nat es rinted wiri boar ds. CLAI M5
Obta\ﬂﬁ& %ngﬁorﬁsm Ea gh%?h?(‘j@e‘fltTé‘B 633 B.belpwsi t i on
havi ng |rrproved adhesion to netal substrates when
cured conprising: (a) at |ehsliledBe curabl e epoxy
resin; (b) at |east one hardener, each hardener having

less than 1 prinmary aGoseaghinoupTesrDAPA ecul e and not
nore than 1 secondary am ne group per nolecule, the

ﬂgﬁrqgggﬁﬁﬁp qcnprl sl ng @E §§3‘1‘ @n@ ,pol. yg&u’?ﬁ%’#ﬁ,@ .

g
%@ﬁ@i Ryroupd. p6 (Bbt & LMM‘d(RAqsg uGThg) of MV (PAes)

\ therrrpsettabl g majgr all, oF ggl y(am\d gnnydride) g

eannl vy Pa)

hydrocarbon—otther—thanra—bi cuu ot r—a—€opey-er—~ed
an ethylenically $lsat dr at ed! alnhvdrl de 1%hd vi nyl6

conpodind and ([2) @5copal yner6lgf an ¢t hydseni ¢ally 69

unsat yrated arjhydride gnd an el ast ofrer; 50and (c) afy7s

Feast—one tr1btock copotymer—conprising—at—teast—one
el astoneric block and at | east one acrylic bl ock.

The processing window is determined by plotting the minimum prepreg
melt viscosity (MMV) as a function of the prepreg gel time (GT). A plot of this data is

shown in Fig. 1.

It is usually observed that the flow is optimal when prepreg MMV is
between 50 and 150 Paes for a prepreg GT of 60 seconds. The incorporation of the SBM
toughening agent in Example 6 increased the prepreg MMV for a given GT by about a

factor 2 when compared to Comparative Example C. Flow of Example 6 was optimally

controlled, while flow was too large in Comparative Example C because of too low MMV.

Consequently the laminate thickness was better controlled for Example 6 relative to

Comparative Example C.

The composifions according to this invention are useful for coating metal
substrates and for making composite materials, laminates, prepregs, and printed wiring
boards. They are particularly useful for making prepregs for use in making electrical

laminates and printed wiring boards.
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2. The conposition according to claim1l or 2, wherein

the elastoneric block of triblock copolyner (c)
w@owpiosses pol ybut adi ene. 3. The conposition apCDU8I0NY021672

to any one of the preceding clains, wherein the

acrylic block of triblock copolyner (c) conprises

pol y(met hyl nethacryl at elop, fgvpghe conposi tion

according to any one of the preceding clains, wherein

the triblock copolyner (c) further conprises at | east

one aromati c _hydrocarbon bl ock. 5. The conposition
WH/&E&@%WE]B I37 aim 4, wherein the aromatic hydr ocar bon
bl ock of triblock copolyner (c) conprises polystyrene.

6. The tonposaithemmosattabde chmgpsitivnaiayingrigpedveti Adhesion to metal
recedi ng cl ai ns,. wherein the pol yhydroxy hydrocar bon
subsiates whem fwed COMPESAYT i ses at | east one pol yphenol . 7.
The conposition according to any one of the preceding
cl ai ns, (adher ef lnast hee conplogpakycmpiabl e of generating
mul ti pl e hydroxy groups per nol ecul e during curing of

t he the(bypsent Rabteommherdendr, @hch( RardeiTiaviRSledd thaas tprimary
one benzoxazi ne. 8. The conposition according to any

amingrgrogt peraolseele aafl mgt g10s¢ Hhan Inieserdany aminepgybyy aeri molecule, the

hydri de). hydrocarbon of , hardener (b) .conprises
naraUE clpktRE SO R SoLBSHRE Thshsbeiter Shmpeuest depple of
genekQAin2Nnulipte BfdroRE de@RepirNBokbae Buringh&lrfigNof BRXdhermosettable
resin (a) conprises a nultifunctional” novol ac epoxy

materigk jon polyGacidrghydodp)dsidracerboactierdhanga blendof (Dreecopblyntee of an
recedi ng.cl ai,ns 1erein the weight-ratio of the
ethy BYaR R g R ol au By Eorieirdadnd (A  eapabimer of an
i . d/ or compound
ethyf%ﬁfcgﬁ?ﬁﬁs&&até@ﬁenrl‘g/ht 180 hﬁcp?ri"?l%ﬁgﬂ%

capabl e of gen Ing nmu roxy groups per

nol ecul g dur | ring.of, the.thernosettabl terial .

is not. gPeat éﬂ%?qgﬁle fg%lo c‘ii‘?po%rgerccc?ﬁﬁ)&?frﬁ %ﬁe§E8B? gpfgmeric
block en@ablebenddcrilisblpsiecedi ng cl ai s,

2. The composition according to claim 1 or 2, wherein the elastomeric

block of triblock copolymer (¢) comprises polybutadiene.

3. The composition according to any one of the preceding claims,

wherein the acrylic block of triblock copolymer (c) comprises poly(methyl methacrylate).

4, The composition according to any one of the preceding claims,
wherein the triblock copolymer (c) further comprises at least one aromatic hydrocarbon
block.

5. The composition according to claim 4, wherein the aromatic

hydrocarbon block of triblock copolymer (c) comprises polystyrene.

6. The composition according to any one of the preceding claims,

wherein the polyhydroxy hydrocarbon of hardener (b) comprises at least one polyphenol.

7. The composition according to any one of the preceding claims,
wherein the compound capable of generating multiple hydroxy groups per molecule during

curing of the thermosettable material of (b) comprises at least one benzoxazine.
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wherein epoxy resin (a) conprises a flanme retardant

epoxy resin. 12. The conposition according to claim
wdalgosmkesrei n the flane retardant epoxy resin CRPOPUSRET021672

a brom nated epoxy resin and/or phosphorous-cont ai ni ng

epoxy resin. 13. The conposition according to any one

of the rece‘i‘h?%oﬁip@bﬁ%gfé&%ﬁ e dé)rz{%; ?1%1”& il ecedtmgoclalms

i m dazol e catal yst "an oric a he co

whe{rc dredpoig(atid aidydiade) Hyidrddagbonr sfoieeddhgr Ql%%dﬁﬁprns%@fy%n@-malelc
t he conposition contains not nore than 0.5 wt.%

anh}’ﬁfl frary ami ne groups. 15. The conposition according to
any one of the preceding clains, wherein the
conposi i on Tbet@mpesiton avoowirtghan ally whe %6fSthe opréedding claims,
am ne grou 16. A process f.or making a coated

whergin ?F&xg P%‘inﬁfjseé@a‘{‘}‘lﬂ ngHoRH MP¥QIAC Gpaxy resin.| east

one conposition according to any one of the preceding
clai ns and héhe icompokigios orreding td ehe one afuthe prbcazdmg claims,

e ROAL el BEBES ! Sl Sk G5h SRR 5 hcaron

hard%etr htoa(bl) ?Héfoh@ NEArGQIEP Ofiddr oﬁbrﬁﬁtﬁlﬂﬂ digbikOo ?ggrrlt?{l}ﬁlgg fmultlple

cl ai ms o 15 and heating the 1 npregnated 4
hydrbxy gramp$ ipbe molezulef durigdeuwrimgpafstht ehemmbsatfableliBaterifleis not greater
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13. The composition according to any one of the preceding claims

further comprising an imidazole catalyst and boric acid.

14, The composition according to any one of the preceding claims,

wherein the composition contains not more than 0.5 wt.% primary amine groups.

15.  The composition according to any one of the preceding claims,

wherein the composition contains not more than 1 wt.% secondary amine groups.

16. A process for making a coated article comprising coating an article |
with at least one composition according to any one of the preceding claims and heating the

coated article to cure the coating.

17. A process for making a fiber-reinforced composite article
comprising impregnating a fabric with at least one composition according to any one of
claims 1 to 15 and heating the impregnated fabric to form a fiber-reinforced composite

article.
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21. An article made according to any one of clainms 17
to 20.
WO 2008/051373 PCT/US2007/021672

18.  The process according to claim 17, wherein the fabric is a woven

fabric and the fiber-reinforced composite article is a prepreg.

19. A process for making a laminate comprising (1) pressing a stack
comprising at least one electron-conductive metallic substrate and at least one prepreg
according to claim 18 disposed on at least one surface of the substrate and (2) heating the

stack to cure the prepreg to form the laminate.

20.  The process according to claim 19, wherein the laminate is a printed

wiring board.

21. An article made according to any one of claims 17 to 20.
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