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In the first aspect, there is provided a thermosettable compositions having
improved adhesion to metal substrates when cured comprising:

(a) at least one curable EPOXY resin;



In a second aspect, there is provided a process for making coated article
comprising coating an article with at least one composition as defined
above and heating the coated article to cure the coating. In a third aspect,
there is provided a process for making a fiber-reinforced composite article
comprising impregnating a fabric with at least one composition as defined

above and pgating,the, InQIEOnAIES AOLE 40,10 RENIAGR 1 primary

composite article. In a fourth aspect, there is prowded a process
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peel strength of at least 10 N/cm when cured.
In a second aspect, there is provided a
process for making a coated grticie comprising coating an article with
at least one composition as defined above and heating the coated article to cure the
coating.
fn a third aspect, there is provided a
process for making a fiber-reinforced composite article comprising
impregnating a fabric with at least one composition as defined above and heating the
impregnated fabric to form a fiber-reinforced composite article.
In a fourth aspect, there is provided a
_ process for making 2 laminate comprising (1) pressing & stack
. cﬁﬁmﬁsﬁxxg at least one electron-conductive metaliic substate and &t least one prepreg
as defined above disposed on at least one surface of the substrate and (2) heating the
stack 1o cure the prepreg 1o form the laminate.

In a fifth aspect, there is provided an article made as defined above.



The disclosure also provides a process for making a coated article
comprising coating an article with at least one of the above thermosettable
compositions and heating the coated article to cure the coating. Another
embodiment of the disclosure is a process for making a fiber- reinforced
composite article comprising impregnating a fabric with at least one of the
above compositions and heating the impregnated fabric to form a
fiber-reinforced composite article. This process may be used to make
prepregs, laminates, and printed wiring boards useful in the electronics
field. 1, , A furthecampeadinentalitheadisclosure is coated articles,
fiber-reinforced composites, prepregs, laminates and printed wiring boards
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composite article. This process may be used to make prepregs, laminates, and printed

wiring boards usefu! in the electronics field.

A further embodiment of the disclosure is coated articles, fiber-reinforced
composites, prepregs, laminates and printed wiring boards made with at least one of the

above compositions.
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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,
BeidlDalorigioupsihargkgronps, and the like. Such structures or moieties
may contain toms other than, and in addition tp, carbon and hydrogen
(referred to hdfeln'ad P8 é’reﬁgﬁ%ﬁi%&fﬁﬁ?ﬁ fﬁ@ﬁ@iéﬂ?%‘f%/ﬁ%’&%’ﬁgt
radithsigpifitanbredatvenfUagtionadity. t:sugheracietigsaApiesample et suen
acceptable hetero atoms are ether oxygen atoms and secondary and
IYER ?f} nitrogen atoms. Unless stated otherwise, such compounds,
i n groups preferably do not contain any hetero
ghid.eseriptongl Ahe XL 0" or "hetero-atom” refers to one or more
non-carbon B@@mpmeﬁlawt&i Farhk, ﬁi&ﬁimdcﬁcalﬁm30mems of M@Ipsﬁnt
stated otherwise, ctive mopnomer" as used means a eﬁ{:emlc
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used herein, the term "hardener" r &ers é?compounds having more than
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kigrouRsofthg-epoxy resin component of the compositions of the present

- invention and compounds capable of generating more than two functional
groups per molecule during curing of the thermosettable compositions
according to this invention, wherein the functional groups are groups
selected from hydroxy groups and acid anhydride groups. The functional
groups are capable of reacting with epoxy groups of the epoxy resin
component, and optionally other compounds having functional groups, at
an elevated temperature, optionally with the aid of one or more catalysts,
to form a crosslinked thermoset material. The terms "crystalline”
and "semi-crystalline" refers to a polymer or oligomer that exhibits an
X-ray diffraction pattern at 25C and possesses a first order transition or
crystalline melting point (Tm) based on its differential scanning calorimetry
heating curve. As used herein, the term "chain.extender" refers to
compounds other than 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 |,2-epoxy group. In general, the
polyepoxide compound is a saturated or unsaturated aliphatic,
cycloaliphatic, aromatic or heterocyclic compound which possesses
more than one 1,2-epoxy group. The polyepoxide compound can be
substituted with one or more substituents such as lower alkyl groups and
halogen atoms. Such polyepoxide compounds are well known in the art.
lllustrative polyepoxide compounds giseful in the practice of the present
invention are described in the Handbook of Epoxy Resins by RE. Lee and
K. Neville published in 1967 by McGraw-Hill, New York and U.S. Patent
No. 4,066,628. Particularly useful polyepoxide compounds which
can be used in the practice of the present invention are polyepox ides
having the following general formula. 0 A\ (CH2CH CH2-0)n- R wherein R

is a substituted or unsubstituted aromatic, aliphatic, cycloaliphatic or
hetaroecvelic nobhWnwalent ararin and "n" hace an avverande valiie of from 1 to 7



Examples of diepoxides useful in the present invention include diglcidyl
ether of 2,2-bis(4-hydroxyphenyl) propane (generally referred to as

wbisplaenelA) and diglycidyl ether of 2,2-bis(3,5-dibromo-4-hygirexyehenbisr:
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. Unless stB@EiiMﬁéWo@A@%UﬁQﬁiﬁﬁxﬁ‘dﬁ%ci&ﬁ@E@o?EQS);%mary in the
novolac resins (sometimes referred to as epoxidized novolac resins, a
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perc@ROMHET@SALIRNRIRAG resing) and.aRoxy L Risphgne A novolac resins.
Epoxy novolac resin compounds have the following general chemical

structural fotitargrAtiop/ EbB0EmELS 7ameT AasizebrIoREsm). and
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000 H2¥Hr2bh i\ CeER 0 B aHIDYE g @ M2ight-percent of a
material after solvents are removed in a vacuum oven at 150°C for one hour.

If appearing herein, the term “comprising” and derivatives thereof is not
intended to exclude the presence of any additional component, step or procedure, whether
or not the same is disclosed herein. In order to avoid any doubt, all compositions claimed
herein through use of the term “comprising” may include any additional additive, adjuvant, -
or compound, unless stated to the contrary. In contrast, the term, “consisting essentiaily
of” if appearing herein, excludes from the scope of any succeeding recitation any other
component, step or procedure, excepting those that are not essential to operability. The
term “consisting of”, if used, excludes any component, step or procedure not specifically
delineated or listed. The term “or”, unless stated otherwise, refers to the listed members
individually as well as in any combination,

Unless stated otherwise, the term “lower alky}” 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
atorns, 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 nitrggen atoms. Unless stated
otherwise, such compounds, substituents and linking groups preferably do not contain any

hetero atoms.
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000 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
w0 tadednespreferred epoxy novolac resin is when each R is prafgrably g 1672

hydrogen atom in the above Formulae IA and IB. Epoxy novolac

resins (including epoxy cresol novolac resins) are readily commercially

available, Toe exampledidss thadradenamas:PbdNe"davalahles ramehgoms,

Dow Chemical Company), and QuatrexTM and tris epoxy such as

espepialiicii s Buitible #EF Ciba Specialty Chemicals). Commercially
available Wataraks @eRBIaNY COMPBLISE MIHERRP ¥aHiaUS SRACIES,Af the

above formula. A convenient way of characterizing such mixtures is by

cherrigal g PRSE AV rEgR e, WiiBoRitTaRe dhnaTdr tReevei s Spetiosy
mo}é’d@@l’é@%gﬁ%@@m@@ égﬁiﬁ§ g@[}ﬁ%ﬂ@emdance with the present

invention are those in which n* has a value of ffom about 2.05 to about 10,
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examples of preferred novolac resins.
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are ERAbbnod iepttin e vaithsipcas Brastracd dhioypheyfoliowingngenerglsfetomlan gty
helV ' j defined: [ ined above. . he .
O e A g, opional i e
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wandfidhepeEHERbame i RN SYARNANs cAbaxBle. DS R
epoxycyclohexyl) adipate, vinylcyClohexene monoxide, an mixtures
heatipg pisfeExamples of cycloaliph_atic epoxides include E.R.I__.* 4221 and
=R L A2, canuRipiaY R AE 1AL DAY eRER, MR han
Epoxy-terminated polyoxazolidones, such as those described in
the lapisngr goeyarsiniseidiinebRopohre withptmstitvefthemompositioBef the
presSHIRREITAI QUM ALl P NRIAAE: 1R SRAKK RSN GRIRENENLUSAAIN the
present invention'may comprise mul ‘functiona epoxy resin having an
funcigaphgreeisirorertidn aiveasiogyviffoupenoey grolgcelen El@pbiopmesinure,
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are tRdsfaprss shikeOattichamégdSonasins. include, for example,
cresol-formaldehyde novolac epoxy resin, phenol-formaldehyde novolac
EpogpBesittesin, bisphenol A novolac epoxy resin, dicyclopentadiene phenol

novolac e@ﬁé%;lsemegré&@xtfggefémp&em@1&1%@&8% resin composition is

tetrakis(glycidyloxyphenyl)ethane, tetraglycidyldiamin henylmethane,

a polyARRiifaurEs trivoR X Sraverthusdslitalie reraction gfrbd weefeoninvention

is sullAPe Ligh yiscosibeHataleidyloxy m%%m%t@%% group, In general, the
tetrakis(glycidyloxyphenypethane and

polytetragh eaidian ifcuiphesipthes tizmbiatedofbatéd cycloaliphmivjewrofitic or
cost performance, cresol-formaldehyde novolac epoxy resin,
phenol-formaldehyde novolac epoxy.resin and bisphenol A novolac epoxy
resin are preferred.



In view of dielectric performance, dicyclopentadiene phenol novolac epoxy
resin is preferred. In addition, it is preferable to use a
winwtifurgtianal epoxy resin having a narrow molecular weighpgistiiBuiios 1672
(e.g., a Mw/Mn value of from about 1.5 to about 3.0). Ina
preferred embodiment, the epoxy resin component comprises a mixture of
heteboigylidrorepohifde ey RpaxysiesiRshii 31vare-srefs ieshs MbRdimEBhoxide
the mixture comprises epoxy resin molecules having an epoxy
compRiEAN SPPUIPL BORY M MieiesteltHeningsh asdexpiatict ereig and

halogeaat@iihanugh polyepokRRRAFASINSRUITALIEIRLYSS I the RreseMirative
inventjon include flame resistant e!J_oxy resins based on, or analogous to,
1

PO A6 Vo ARLEHIS b hedirrstice of thegpresentdmiisision arfiaivseribed in the
Hari@stagt R yRiesip sisefe indthe,presretinventiasds:a Prominater epxy

resin. The brominated epoxy resin component used in the curable epoxy

Hill Klgy dowiohies Fakaidiaséhitmvetion may be any brominated epoxy
resin well i g:AtT JGIAAIRS eLNe bEATVAS S0nP G800y
resins of the present invention include tetrabromobisphenol A, glg yC|cFyI

pracifiket! Sheatredsro o isinere palyaperstpehdrom hated eprgesrsudfasula:
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.A.* 538, amj;_[gxtu _thereof. A preferred
bromine-containing epoxy resin used in the present invention includes

diglycidyl ether of tetrabromobisphenol A such as D.E.R.* 560.
WheSg A S SRIGHE L EC GRS 011 BRIt MRS cHTagEboRtsmcane or

heterogyelibresningted gpay\nasirshiditigrertRonINateoRRYIMSesIng Yy be
blended.together to make up the flame retardant epoxy component of the

s RO i TP NG AR DTS ShidiPY o RROSY eSS bhaaxfesused in

the JRERYY #BSIRSANREIRINBE GBI ﬂféBSlﬁ;]%M&PéiﬁéQ'ﬂEﬁﬂiW%Pe
.. from gbout 5 wt,% to about 40 wt.%, preferably from about 10 wt.% to
it 9 4 Y RchePFEHGREI FSH BBV D67 BSOS WEmbeaeich,

bispleatas) ATO(e, PistieranhirFompROAUT- 1M YD i ARIUE IO, bisphendl €,
tW&IEI%me retaBrdant epoxy resins useful in the present invention also include

SOt OnRiY KseRlArsa IRl A8 ot leserbstimipd phenol-
form@igcﬂ)?{ﬁor%@ﬂsl%éi?oiwgr%gw&ﬂaﬁ@%dy§%g’%geg-%gdﬁﬁ?ﬁéégaldehyde

. 99/00451. Other examples of phosphorus element-containing epoxy

resing G RRtni Te M e tirve Ak areniRg s obrhntidet sl rbsaidesing a
tetraPROSBIIE Gl QBN LRNLARERRBRAMAG Ingludion e sBaxdisechol,

ot agqroduct of a phosphorus element-containing compound such as
T

EoiTphrBe Sx AR EL R ikioRARtFiRne- 10-0xide such as

"Sanko-HGAmsesunersiaitday aianie renssaekoialnddl meflaRAN AL/
"Struktol| Polydijs PD 3710," commercially available from Schill-Seilacher
etheré)gfr%l’;rlaf;@—éwﬂmphenyl) propane (generally referred to as bisphenol A) and

diglybQHPsiiedibyHoKpNE N bIcPnd0sd] Qﬁﬁ}ﬁtﬂ%@p ;
N yo?gf(ije (such as '}%@anko HCA-HQ'%?%?4-%§)%ypheny - glﬁgggé?glgé@x&as
tetrawpfﬁg@ﬂﬂg,ago%ﬁgfﬁﬁmﬁpm@rotjgﬂfg;polyepoxides can also be used in
the peimRthyHHRISHsbvdievignyl)-1-phenylmethylphonate;
tris(2-hydroxy-4/5-methylphenyl)phosphine oxide tris(4-
hydroxyphBRESIRIRE ShFaE X B RE R ARG SIRERY ST lepl psaphine

(someisides Rif(Red i XyBhRIMHINARYARRASRNIBRIE Y, which is intended to embrace
tris(2-hydroxy-5-methylphenyl)phosphine oxide; or mixtures thereof Trﬁe

both EBAXTATAHY GIAHFSHEE IR SRISaRMm EFfEROHAS g csompRrep sy birafipnol A
novol@ HachoUE Vith aaeRib %%YQMEEHH@S%WQ EQ)EW&%%%%&MQ% &8

those skilled in the art. The present invention conposition may

strucpgat diHTBE Gfhore phosphorous-containing epoxy resins. Different
phosphorous containing epoxy resigs 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.%, preferably from about 1 wt.% to about

10 wt.%, and more preferably from about 2 wt.% to about 5 wt.%.
The nrecaent invventinn Mmav contain a ecomhbination of one or Mmore nf the



The chemical structure of some of the phenolic hardeners described
above are as follows: OH--OH pyrogallol Suitable phenolic hardeners
winelisdesgempounds represented by the formula (IA):  or (JIBx:H04esiers
_,X.(X)4 in which each A' independently represents a hydrocarbylene
group group having from | to 9, preferably from 1 to 4, carbon atoms, Q
represents a hydrocarbyl group having from 1 to 10 carbon atoms, Q'
represents a hydrogen atom, an alkyl group having from | to 4 carbon
atoms, or a phenol group, geach X independently represents a h%drogen
pomine af 1?6rh a ghloripe atom, dha hydrocar(g)_xlc%rou
from1to 9, preTeranycf{%o 4 bo%“étg%s Hhd m' repregents a va fJe in
the rangexfrom 0.01 to 10, 8 eyen more preferably

n

and bisphenol A novelac epoxy resins have the following general chemical structural

formula (IR):

nggCH ogzcc OSZESC
e e — —C ~C—CH
\O/2 \/ \0/2
2 B 7Yy 7N
R— R R
L — L W
Ho
sC—C—CHs
=
R...._._._..._._
\\ |
o—e By
\/2

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



The phenolic hardener is preferably a novolac, bisphenol A novolac or
cresol novolac obtainable by condensation of phenols, bisphenol A,
woresrlgs :grenols andlor other alkyl phenols with a formaldehyge, /AlsRqifbic72
the present invention, resoles may be used as phenolic hardener.
Preferably, the phenolic hardeners used in the present invention have the

Prefiatienipgshernicad sisuaissaliennuladHElWhareiRe Redsydroges ar foke

. -C3 alkyl, e.g., methyl; and "n" is O or an integer from Ito 10. "R" is

in ehenabty yabsgen K abrabrefer doipeidd e rigEwiiveionidinu 16 to

abo®t 5. Commercially available products having the above general
Formula (11C) include, for example, PrefereTl;l%;?rmerl PerstorpTM)
85.36.28, Wich is*dSreRdit rediropramsaciadn PyRabEdm The Dow

Chefﬁ[éﬁﬁ@&h}fgi%gﬁ‘éiB%i‘%ﬁ‘!%‘ﬁ%@ﬂ%‘%ﬁ%@%Qﬁ&omt of 103 C., melt

viscosity at C = 1.2 Pass.and a functionality in the range from 4to 5

available fESAIDIAEA BoPsIRlefsRRCRMERAYY resins inClodmB@IMAIRE™ YLH-

120 vaiiable ipavela aving dheaeque AeneTald ormMad Uy INOLIAS ("

_example, BPN-17, which is commercially available from Arakawa
Daiipranibey 16 Gstrsdcal tadustrirgdan, d#bN-850A and N-865 available from
Dainippondeand dnemical bdusirie g}ﬁchaé 01 JaRAR- e ractice of the

Compounds capable of generating multiple hydroxy groups pef molecule
presgpfiay TR gisiardoglarmbs enabiéematerial eaieppréifecablydorgemicts of a
satuRRBRGHRASH AR ﬂa@ﬁﬁg’gﬁr&&?gﬁ?gﬁ g%'d@@%? {9sssLIe.a heterocyelic. won

ring. Examples of compounds which form a phenaolic haraéner upon
ring Heatkigripkd aeldgkeriofi &y fecfeBovindresdchadrfoesling benzoxazine, for

example as illustrated in the following chemical equation :

BenzoxazinePolybenzoxazing wherejn n i§ greater than 1; and wherein

Wand R" may be, independe (t%( ‘ ately, the same or different,

hydrogen, an ally' group from dhi as methyl, a C6-C20 aromatic

group such as phenyl or a C4-C20 cyeloal %hatic group such as
cyclohexane. Examples of such compounds also include

wheRERFORAEIRE ALASHOIRIRI. heszoxaglng of bisphenol-A,

benzoxazine of bisphen enzoxazine of phenol novolac and the like.
Mixtures dihsteenlsiditiztieemrsidnthaphepouodsepridtefardicapidnalic

e ] Iso be used. Suitaple poly(acid
oL ISR RARASRDOID) AR o s SRS RRNEEG
descihsdrbiediahh§olide may e vissd tothppuenchtéopaliimerd ohatiiustration, the

i ride,and an elastomer,. and maleic
ol 2 R DY
(3,4-copyipnreebut imetiiPiéreatiycursatohatedeanklyaiideabis 4 viny|

i S - ic anhydride (SMA).copolymers

oo N e e Al S S LS e

of cysiipad mbatiakgiexaddsyideigd b Folyhére Inuld deRobpolpstecenhstyiene Aatlable
fronm@gﬁ&pﬁggg&p@gﬁga%};\ﬂw in the range of from 1,500 to

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 compénent 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 epichlorchydrin, or may be
, 7



50,000 and an anhydride content of more than 15 wt.%. Commercial
examples of these materials include SMA 1000, SMA 2000, SMA 3000,
wandosMAs4000 having styrenemaleic anhydride ratios of 1:1 pidaidsh@Rd 1672

4:1, respectively, and having a Mw ranging from 6,000 to 15,000,

available from Atofina of Puteaux, France. Preferred copolymers
brarhad @idwjenisalbrunssisated aphydridaiond aoelBsipms inplde.

maleinized polybutadiene (PBMA). The PBMA used in the present
anhyduidasa fhidyars Rieadinenpeur e radihs BomikRé#Sially available

from Sartemes fampaRyaRGioRliEXIAN RERDSYIVARI A Hedahy Feb%‘esoln

maleinized polybutadiene used in the present invention may also be

formplaphyde npcdraimpiy varbudredvipretariyde secapdiy reactitispheno!
' it ' ' ihed.in US-A-4,028,437,

Aﬂ n%@sb{gﬁ%%i%g%i?ﬂ éhrzlid g}%ﬂéﬁg}é%{%%%ﬂﬁé%‘@ﬁ?g %xgg%%é’r preferably

tris(glysteihexanoeay bmstheast isuakifoel picsferatsieay | sastizs fetng! peidy diareno-

diptRiiRiahihatleast . eeBenolCRRKPaEL Aol FRRRANI SRR RIE

of forming a hardener having phenolic hydroxyl groups.
haviRg fjehetssesibrabiplebimididexyobmshntthansOtetrdts phefciably prety préane
and 'NAA SR BOMENERIRRIR RIRIERRY potiagiedfan 10, wt.¥ styrene-maleic
anhydride copolymer. In a preferred embodiment, the hardener preferably
contains fdatsdrelher Herimorenprefersidifonormonstharn @5¢ apdgvesin,
hedBOIGRERIRIBAY NOLMOLS DR 4, cd A0naAndel g
phe hydrocarbo%?sl% such as c%%!ﬁymersa 0 %%Bgt y eéggw%ﬁgﬁ?ﬁa@a‘ mare
prefegttldride and a vinyl compound, copolymers of an ethylenically
unsaturatgd anbydridg and. omer,.and maleic. anhydride adducts of
. methylcyclopentadiene%tyre%%r-%a t@fé“%fnﬂ%‘ir‘/ (r]llo e‘é%gbﬁ? ehr?r}ﬂdrll\ﬂﬁﬂg )7‘ poxy
resirpiigsiaottbctively. The weight-ratio of the total amount of (a)
poly(acid gnhygide), hardener t04{b) phenalic hardener .
and/or compou _nl chlggggi%% % %?%ﬁ%gsae Wg}gf&n)cgenai CpoXy resin Eavmg 2
narrPY OB LRY IREHUES0bT0R16 72 havdebr Yrdvingf floenabicubydi exybout
3.0)9roups is preferably not greater than 1:1, more preferably not greater than
1:3, and even more preferably not greater than 1:10. The
hardener I8 pretéeaioh qorbadimantites ttpmyoseiaiols pompasitipnses a mixture
of AEGPIAING dPHUSHAYE AN, A0AMONNE I 3L I528L PG DEICERL MO, i iure
preferably at least 75 percent, and even more pre?era{B y at least
comprefefRONp WHISOPereenhaviomapraferafiyoicie 15 H2 reertpandresian
L1 APQLE preferably QB REis r%, ) taichiometric amount needed to
me cure the ep;éoxy ';:ébs%% Trit%ock go S?y?g}e%a%%' The triblock copolymer
comprise&paigastionsugiddeonTeric biobk phovedftercrsfenreditolagans
1plOLksQu sl ‘B.iand acrylic block, hereipafter referred to
i G R TR e R
substanti&ly: erasaetorhintaty, rasmrphaus atambisttténtpe mtuees iavéation
is a Wsierally ? Halky I -10C, more preferably at -20C, even
B more prefé%&‘gﬁ %%-30(?,% ?r%d%%%ﬁ%%é%‘?gg%ﬁ? at 928@.115%&11 %l?ﬁémg ¢
epoXyloTks yaapbitdervatdmasandnventpunity deraprising atledsponerdienecl]
kn v@(mé%%o}gg 8 ing Y tadiene, isoprene .
i e L L e G SR T P
mvetsn B lbitsdks shayralbioibe rdé vetighond yhethené tairitsccoshpgisingbA , and
thelSaskone alkyl.(n crylat ing a Tg,less t -20C, more preferabl
e A e A R R ™

Compaoh ndeoimeiradsitsaifis|Tde RthFhacH/BR. (T2 IRAM, *ity) Bdkykatesohy
5 3D th I lat = -85C). T. Ikyl th ylat
D A RS T8 o) Tt et

of the "B s are sélected to 0se€é In
to ensure that the "B" blocks and the "M" blocks do not have the same
compatibility with the epoxy resin cgmponent. 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
conolhvyimare ar nartiallvy or comnletalvy hvvdroocenated nolv/fdienac)



polybutadienes having a low Tg" such as 1,4-polybutadiene, which has a
Tg of approximately -90C. These "B" blocks may be partially or fully
whydiggenated. In another preferred embodiment, the{B/ihlagksri672
comprise at least one polyorganosiloxane. The polyorganosiloxane
preferably comprises multiple [- Si(R)(R")O-] units in which each R and R’
eporpdependently renresentsacki-a hycec by araum SUSh@m 8- M H¥bhenol
group, ethyl group, propy! group, isopropyl group, etc. The R and R’
A S”ﬁpo?f‘p@ rBfer represent methyl groups and more preferably each R
and R’ represenisasmeMAQ@iRURg to the prdes My Rlosks,mawhederived

from monomers comprising at least 50 wt%, more preferably at least 75
morgRrgsnindal FRAsIHAER et TP O tHERwrb Rery covistituan §aficadegliozether
to mBlRCKMAYRGRCLAG AN REBR BIR RN BB R AN ALRAY Nohbe

reactive. Examples of reactive functional groups include oxirane functional
COMBRENGS, Wéﬁf@ﬁ@ﬁ@ﬁwr@@@wr&t%bfawmmim@mw@mt of the
eporPREIYEIRARAMEK MAYINSUNEIREYG acld abalusiolyeaplennanoRs,

which converts to (meth)acrylic acid upon hydrolysis. Examples include
abm@%iﬁ@«r}’m@tﬁb@w%ﬁeﬂ@%mejwﬁqmﬂa&mebwt 12 wiPheo Mol 86kst. %,
and RUEfSrRRYcOTRHRESYRdiiActs eb(metyimgthasrylate) (PMMA). In a
preferred embodiment, the "M" blocks comprise at least 60 wt.%
syndiotactibPiamaretardant ey thairslosii havbeapTgenhicheisiprefrably
. I 1 t e more preferably at
inchiile'BAST %@esﬁtmstgghpeb%%gﬁé Qg%ﬂ%?o?(}:%% %(ﬁg;QR}TQ{ é,’?ﬁé%g :

least 150C, greater thart ave a

2002r¢) #1915 pré&reibiyl §Péade tibdh ot G0 tend 2O, IO preftailyxamples of
r r : ven: erably greater than or equal to
oo B S A R e
obtapipsldukesopisiinaraphysopoion alsnuorteontehystalime rousd incbrystaliine
j as. 'S or simply "S" Vi Tg or,
e 0 T AR T T O v
9-oxgiAraprestinehssanthouies deevidd SrsmantirokeHiits compeisingpttersble

from%yén@@,r %Q&a,tB‘fSQ R,O&n%’tﬂﬁ?& %§9{£%,ﬁ-}@et&}4§%&%& iorv ilable
vinyltoluene, blocks derived from monomer units cdmprising an %sz{yffene

fromoigHa! (P edfetes |G a st sifGeehain; dinRredkideo sysleasd))dhyletieydrie® oxa-

| ' . rived.f ner.units gomprisin
B e A A -
phosphihoaxatoniss(? thedatky bbbmyh pitedénacryideediarglsdl bdtia thyleoxy-

iffer f the, "M blocks, sp.as tg ensure -16- that the."S" .
P e R ke T ot oo e TA Rl TS i
hydrexipbenzBphosphpermende, bis(2-hydheyiBtigihoksiyipeepligdhatds, bis(2-

hvdrBESIgE 3k more.preferably at least 100C, even more . .
v e B A A e e B g or
mixtptot ke mefcrabigphaidkzinyiod thethkosphge:frekm B0 ¢onlf0i 0P mpound is

foe trnl I : rise M-B-M,triblogks. The.two "M" hlocks
s e R e o ok
skillgfiffefbatin their molar mass and composed of the same or different

monomers, The "B" bl f the M-B-M triblock may be identical or

ciferent. 7 DS B e s apgprous
contdgasg tPowy. Y6simoiei feefarablyspitdeast hhmindtg apote 86sing. Mg abelbieated
togetgxe

refer u 79 wt.%, "M" blocks and at least 20 wt.%, more preferabl

s e e ey S RS PPt oo tde

compisgrnativelyirthertribiookr€ppoiyhoersraytsampripexS-BsMstribdotkssphbeus
S-B-M copolymers preferahly contain at least 5 wt.%, mgre preferaply at

cont g R 3 L0 GO RS B drermE e ootk S DL o
preferably at least 5 wt.%, more preferably at least 15 wt.%, up to 80
wt.%, more preferably up to 50 wt.%, "B" blocks, and preferably at least
20 wt.%, more preferably at least 40 wt.%, up to 80 wt.%, more preferably
up to 70 wt.%, "M" blocks. The triblock copolymers preferably
have a number-average molecular weight (Mn) 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

manitifactiired hyy anionic nolhirmerizatinon <irich ac via the nroncaccac



Optional Components The compositions of the present invention
may contain a catalyst capable of promoting the reaction between the
whadenerwith the epoxy resin and promoting the curing of thecapas§esMI672
Examples of suitable catalyst materials useful in the present invention
include compounds containing amine, phosphine, ammonium,
prefpbphonidbbualsenii ebsulionimeiekiese RATsAa HareIeNad wt.% o
catal E}s are heterocyclic nitrogen-containing compounds. The
abmg}g%, ts (as distinguished from hardeners) preferably contain on average

no more tiraa oo 1nackNeEQIaR MAISMH RSl MAULRYE. ACHYRe of the

hydrogen moieties include hydrogen atoms bonded to an amine group, a
abovSHIETETIE RV REIRINIFIGHOSY Beamuiyirnasirepeupt herhmerer thed
phospiRa 20aRRASPYIBe MaiRles b FalRlvs s ae Jreterabiy 1ertiafy.gmine or
phosphine moieties; and the ammonium and phosphonium moieties are
phosphofaisa R G iaRE FRIAPEMIASonium and phosphonium moieties.
Among preferred tertiary amines that may be used as catalysts are those
Hardepero or polyamines having an open-chain or cyclic structure which have

all of the remainingamine RYAIROBNIAIAMS AERIRESH R SUIRRIS one
substituents, such as hydrocarbyl radicals, and preferably aliphatic,

polyRyIBsy BHARC P aro AoatROFAGiCaRE P el B bP gaak inlw e i i@eps per
mol&@@@ﬂﬂ@%ﬁf}irﬂg%ﬂ@@é@@@@tﬁe%ﬁ@ﬂ%ﬂfﬁ@l#@%@)anw&)
diethanol amine, triethylamine, tributylamine, dimethyl benzylamine,
yArgesHEsylamine, tricyclohexyl amine, pyridine and quinoline. Preferred
amines argiheii P/EHE}(S;|%W&£H%§ﬁ&bé@}&ﬂ@§oi§é‘ﬁ&@&em Phenolic
triethylamine, triphenylamine, tri-(2,3- dimethylcyclohexyDamine, and the
hardgieg BB RBP i EShsURA MBaMR Ay aRoMarial wiikhdsan e than 2
pherBiRHRRRANINEHHULBRAT LISIBRNY ARG WRAK J5HIAN AR INES 8T d
example, amines that in aqueous solutions give a pHless than 10 in
tempgERTGEs i el shanderesdariudgiver aite inss efleeiypoeidseh as:
EspecialImﬁw%&ﬁ%@mmﬁfr@%%%&?&% imetiylamige and

tris-(dimethylaminomethyl) phenol. Examples of suitable

formpidelrrds archsdhe nbespt arvatpeneakpselan drsae tpd e WELLHYEASH and Lee

& N&SHA-hE3RR01 Rielerahiahede %@%ﬁ?@@%@ﬁ@@%ﬂﬁ%%@de fz?é’crid

nitrogen-cont_ainir]% catalysts which can be employed herein inc or

(alsoknayipias a2 béhRmIaLYBtest irieealitidives kimitazellnbd;
trihy@XABAESIDY P @Q;ﬁfﬁﬁ@%&ym{ﬁ%p?ﬁ%%@m%1%@3&8%&%%1101’1); 1,8,9-

pyridazines, pyrimidines, pyrrolidines, pyrazoles, quinoxalines,

mihygiareBhrssnpitpalisnnessifee or ffifaes thireanaied), rdbls)-
wihylidRlazines-pbenazinesPhReRMEaZBes) PeRathiadnes X Halines.

indolines, pig)eridines, iperazines and combinations thereof. Especially

tris(hyilsfaryabeayd wahans doysansriadisne abened ngwepi seaphstnjethane, such

as Diffigazals;1and phenybabstidadimidazales andymiresdharegl Fyen
more preferred are N-methylimidazole; 2-methyliniidazole; 2-ethy1-4-

hydropgRRfidazole; 1,2-dimethylimidazole; and 2-methylimidazole.
Especiallyprefeiachis &R0 yiidRAN e phenolic HRI! ANEUDE 91{}0\'6
the catalyst is from about 0.01 wt % to about 3 wt %, based on the tota

are a§ EUATST the composition, preferably from about 0.1 wt % to about 2% wt
%. The total amount of primary amine (-NH2) is not more than 5000 ppm
by weight, preferably not more than 2500 ppm, more preferably not more
than 500 ppm, even more preferably not more than 50 ppm. The total
amount of secondary amine (-NH) is not more than 10000 ppm by weight,
preferably not more than 4000 ppm, more preferably not more than 2000
ppm, even more preferably not more than 1000 ppm. Preferably,
a Lewis acid, or anhydride of a Lewis acid, is also employed in the
composition of the present invention}-especially when the catalyst is a
heterocyclic nitrogen-containing compound. Examples of heterocyclic
nitrogen-containing catalysts, which are preferably used in combination
with Lewis acids are those described in EP-A526,488, EP-A-458,502, and
GB-A-9421405.3. The Lewis acids useful in the present invention include,

for example, halides, oxides, hydroxides and alkoxides of zinc, tin,
ttaniim cobhalt manacdaneace iron <itlicon aliimintim boron and other



The compositions of the present invention may also optionally contain one

or more flame retardant additives including, for example, red phosphorus,
wengapssigied red phosphorus or liquid or solid phosphorus-centairigrer 172

compounds, for example, ammonium polyphosphate such as "Exolit 700"

from Clariant GmbH, a phosphite, or phosphazenes; nitrogen-containing

fire retardapts amgior gynergists, for exgmple melamines, melem;,,cyanuric

acid, isocydnuriclacid and derivatives of thy ifrogen fhing
compoun@s N o5e g flame retardants; gistic

Ntaining chemicals or éompelinds Containing salts

aluminum trigrdreixide and magnesium hydroxide
30" from Martinswerke GmbH of Germany, and

as "ZerogenTM
eferably, an

Martinswerke GmbH of Germany; boron-containing @@mpounds;
antimonygcontaining compounds; and combipations thereof. Examples of
suitable additional fflde retardant additives g’%ﬁ?&é’ﬁqﬁ“ﬁ%‘eﬁ%@
presented at "Flame retardants-101 Basic Dynamics-Past efforts create
future opportunitiire Retardants Chemicals Association, Baltimore
Marriot InnerOH P , Baltimore Maryland, U.S.A., 24-27 March
1996. The epoxy resin composition of the present invention may
also optionally ¢ontajp other additives of a generally conventional type
including fillers, stabilizers, other organic or inorganic additives, pigments,
wetting agentsyiftie prodidiersauiightdslodkersnpochiisorpssemed by the
ﬁ%'ﬁﬁ\ée( gamples of suitable additives are also described in
US-A-5,066,735 and in CA. Epoxy Resins, second edition, pp. 506-512
(Mercel Dekk&r-nc. 1988). S@Ndnts may also optionéii{be used
in the composijtion ofi?e present inveftion. Suyjtable solvents |nclude

propylene ethylether (DO * PM), methoxyp
(DOWANDL* PMA), methylethylkétone (MEK)j acetone,
combinatipns thergof| When a soN\e tis gised n the pres@t invention, the
amount of ht prgsent in the th ettingj compositio e present
inventi miﬁ;generally form O Wt(%)to about 50 wWI'%; prefefably from about
10 wt.% t6 about 45 wt.% and mofd preferably from abou 45 wt.% to
about 40 wt.%, depending on the end use application of the epoxy resin
nposition. End-Use Applications The compositions of the
r (IIB}: : . - : . .
present invention can be used to make composite materials by techniques
well known in the industry such as by pultrusion, moulding, encapsulation,
or coating. The present invention is particularly usefu] for coating metals,
such as for can-coating applicationsﬁfnd for making(g?biaged prepregs

and laminates by well: n techniques in the. try. An
advantage of the prgsent in that thg for Lﬂﬁtions can have a
minimumH@rv’r?ccESi‘tyw i anrthat of-gorrespQiding state
of the art formulations,/whi cons t laminate and
composite thickness/Aand reduces resin waste dug to resin flowing out of
the prepreg or co(rMsite when sj eously heating and pressing
prepregs and composites during/frotesging. Prepreg minimum melt
viscosity determined by the metgod d&bed below for a formulation
having a prepreg gel time of 60 s n_d}(ﬁe\tgrxi ed according to
IPC-TM-650-2.3.18A) is preferably at least 2&;Yyr¥bre preferably at least 30,
even more preferably at least 40, anfd even more preferably at least 60,
Pas and preferably up to 400, more @_?ferably up to 300, even more
preferably up to 200, and yet more preferably up to 150, Pa’s.

Another advantage of the present invention is that the formulation has
improved adhesion to a metal substnate when cured in contact with the
metal substrate. The formulation when cured has a copper peel strength
determined according to IPC-TM650-2.4.8C that is preferably at least 10,
more preferably at least 12, even more preferably at least 14, and yet
more preferably at least 16, N/cm. Examples The invention is

further illustrated by the following examples that should not be regarded
ac limitina nf the nrecant invventinn | Inlace ctated to the contraryvy Ar




Source Description D.E.N.*438 (1) multifunctional epoxy novolac resin,
EEW = 180 Dowanol* PM (1) propylene glycol methyl ether Dowanol* PMA

wlllogrepyene glycol methyl ether acetate DuriteTM SD-357 f@rmsmmmzlﬁn
tetraphenolethane (TPE), OHEW = 140 EpiloxTM B45- 03 (2) brominated

epoxy resin, EEW = 450
in which each A’ independently represents a hydrocarbylene group group having from 1 to

9, preferably from 1 to 4, carbon atoms, () represents a hydrocarbyl group having from 1 to
10 carbon atoms, Q represents a hydrogen atom, an alky! group having from 1 to 4 carbon
atoms, or a phenol group, each X independently represents a hydrogen atom, a bromine
atom, a chlorine atom, or a hydrocarby} group having from 1 to 9, preferably 1 to 4, carbon
atoms, and m’ represents a value in the range from 0.01 to 10, preferably from 0.2 to 8,
even more preferably from 0.5 to 6, and yet more preferably from 1 1o 5.

The phenolic hardener is preferably a novolac, bisphenol A novolac or
cresol novolac obtainable by condensation of phenols, bisphenol A, cresols, xylenols
and/or other alkyl phenols with a formaldehyde. Also, in the present invention, resoles
may be used as phenolic hardener.

Preferably, the phenolic hardeners used in the present invention have

the following chemical structural formula (HC):

OH OH OH
| = H,C )\[ CHy,—+%" |
w N
R R R
e —n
or chemical structural formula (IID):
OH OH OH
S B N T S
R= R R
= —~c e ZF
Hs
H3C""‘C”“‘CH3 HgC‘“""C_CHg H HgC‘““"C“‘“CHg
2
= = —C =
R R R—y—
R u A i T
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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PrefereTM 4536U (.2\ "-") phenol novolac resin, OHEW = 105 (formerly
Peracitml 4536U) SBM E-40 (7\) styrene-butadiene-methyl methacrylate

wiibloglsseopolymer, 40% NV in MEK SBM E-41 (7\") PCT/US2007/021672
styrene-butadiene-methyl methacrylate triblock copolymer, 40% NV in

MEK SMA 3000 (6) styrene-maleic anhydride, anhydride EW = 395 WO
2008/ 051@&5@@%@?@03@8&@7@@&5 having the above general Formula (1IC)

include, for example, Prefere™ (formerly Perstorp™) 85.36.28, which is a phenolic resin
obtained from phenol and formaldehyde having an average Mettler softening point of 103°
C., melt viscosity at 150°C = 1.2 Paes and a functionality in the range from 4 to 5 available
from Dynea OY of Helsinki, Finland.

Commercially available products having the above general Formula (IID)
include, for example, BPN-17, which is commcrcially available from Arakawa Chemical
Industries, Ltd,, of Japan, and N-850A and N-865 available from Dainippon Ink and
Chemical Industries, Inc., also of Japan.

Compounds capable of generating multiple hydroxy groups per molecule
during curing of the thermosettable material are preferably organic compounds, and are
more preferably aryl rings fused to a heterocyclic ring. Examples of compounds which
form a phenolic Hardener upon heating include phenolic species obtained from heating

benzoxazine, for example as illustrated in the following chemical equation :

- -

R!f

Benzoxazine Polybenzoxazine

wherein n is greater than 1; and wherein R' and R" may be, independently and separately,
the same or different, hydrogen, an allyt 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

13-



Key to Sources (1) The Dow Chemical Company,(5) Great Lakes
Chemical U.S.A.Corporation, U.S.A. (2) Leuna-Harze GmbH, Leuna,(6)

womlipasgiRuteaux, France Germany(7) Arkema, Inc., U.S.Ap(3),Ryi68921672
QY of Helsinki, Finland(8) Sigma-Aldrich, Inc., St. Louis, (4) Borden
Chemical, Inc., U.S.A.MO, U.S.A. Test Protocols Procedure for making

unsaamainateshyBid piadad wiestommakinglaminaiesdisech fntneExamples
and %om ar&ative Examples is as follows: The respective varnish
meﬂ%lr% fﬁfﬁgﬁ% Y&used to impregnate 7628 type woven glass cloth. The

impregnatadiaeveroplase alotT in haaed;tkay alansrd)dhaNeIigal o vinyl
treater oven operated at 175 C. to form a prepreg roll. The prepreg roll is

comppy Rt §Rde P TRRAD pEICCBDYERES CHdéscenphisis srstodisees drscribed,
for estaskRY heweenbeorshestselaonpendoilRach-stack &Sceﬁ%%gﬁgrﬂ ep e

for 90 minutes to obtain laminates having a thickness of about 1.5 mm

copalypess| Qfifatac e e ibtdaiss e ma ddw\ndhe range of from 1,500 to
51373RCT/US2007/02167 Jhe standard methods used in

50’0§§)e x?m%]%%dgr% %?S?ﬁrga?gm% T Y QYRS ST o) r?ém%i@fﬁ e

mateaia saadbitivie COTest MethoeD PidpertpMeaslitdda 4000 having styrene-

maleic anhydride ratios of 1:1, 2:1, 3:1 and 4:1, respectively, and having a M,y ranging
from 6,000 to 15,000, available from Atofina of Puteaux, France.

Preferred copolymers of an ethylenically unsaturated anhydride and an
elastomer include maleinized polybutadiene (PBMA). The PBMA used in the present
invention may, for exampie, be Ricon® MA resins commercially available from Sartorer
Company, Inc., of Exton, Pennsjflvania, U.S.A. The maleinized polybutadiene used in the
present invention may also be prepared according to various known techniques such as by
reacting polybutadiene with maleic anhydride as described in US-A-4,028.437, US-A-
4,601,944, and US-A-5,300,569.

The hardener preferably contains a total of at least 50, more preferably at
least 75, and even more preferably at least 90, wt.% phenolic hardener 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 methyleyclopentadienestyrene-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

~14-



IPC-TM-650- 2.3.16.1C Resin content of prepreg, by treated weight [resin
content] IPC-TM-650-2.3.18A Gel time, prepreg materials [prepreg gel

wimekAnalegous method used to determine varnish gel time por/usz007/021672
IPC-TM-650-2.3.40 Thermal stability [Td] at 20C/min, heating ramp
IPC-TM-650-2.4.8C Peel strength of metallic clad laminates [copper peel

hardeHENgNiAE PRl dBEyIM-65Qrduh2h ArefeldRIC trdelaminglion Tk
Method) [T260, T288, T300] IPC-TM-650-2.4.25C Glass transition

prefpathbeatFsatridhand st BEDBer Tt aabhpkerErmE il a
heating rape RhrdQE&/MipAOdIP Jrpinaie shyithA-RRating s @5?1%38§1t10t15

20C/min, Desantlon of test method used to determine MMV
according to this invention an amount of at least 50 percent, more preferai}ly at least 75

percent, and even more preferably at least 85 percent, up to 150 percent, more preferably
up to 125 percent, and even more preferably up to 110 percent, of the stoichiometric

amount needed to cure the epoxy resin.

Triblock Copolymer

The triblock copolymer comprises at least one elastomeric block, hereafter
referred to as “B” blocks or simply “B”, and at least one acrylic block, hereinafter referred
to as “M” blocks or simply “M”. The triblock copolymer is preferably substantially, or
predominantly, amorphous at ambient temperatures or is preferably substantially
amorphous at -10°C, more preferably at -20°C, even more preferably at -30°C, and yet
more preferably at -40°C.

The “B” blocks may be derived from monomer units comprising at least
one diene. Examples of dienes include butadiene, isoprene, 2,3-dimethyl-1,3-butadiene,
1,3-pentadiene or 2-phenyl-1,3-butadiene,

The “B” blocks may also be derived from monomer units comprising at
least one alkyl (meth)acrylate having a Tg less than -20°C, more preferably less 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-ethylhexy! 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” biocks 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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MMV is determined according to ASTM 4287 using a cone and plate

rheometer operating at a constant temperature of 140C. About 0.2 g
wBreRkeg pewder is molten in the rheometer and the viscosity j§-40¢Qs6ed 1672

as a function of time. MMV is determined by the value corresponding to

the minimum melt viscosity reached during the test. Description of test

pozymttmﬁzyﬁmﬁg ShavacerizeHamninate IMARNGaS: which ha's%nié%fe

fracture tou% ness: Measured in accordance with ASTM D5528 using

apPiRgERE ML fe rhibehs. Portta: foser besepiyalin e ibnhihiesssatedd in
order to efhanaePeRdinggiNGRanth méhgetb@éé}é'mm?rk@é%[tegs rom

one edge (- 3in, long, i.e., - 7.6 cm. long) in the middle of the lay-up

POLYQERAG IHESRECKING B RS GRISHAI BT RO Oy slideniorss Thitabtd-as the
si(rgrackanitistes fRnshe lragivie 63t Qnss,tha dam) %S?e&%n‘is?@ﬂ ‘i"é%dd%%csatrbyl

speciméns | x 7 in2 (2.5 x 18 em2) are cut from the composite pan using
growwe%%almeﬁax}v@ﬁmwmbm porersgeuthataprepd gesuaretparéiteR and

r* Melic.hlagks, ?eg@ﬁpn%m i ﬂﬁg SRegine %e%erg held gsim'%'ﬁto

ensure full cure. he samples en grippe d onto a
repregavie hydiaplisreast frame at a fixed loading rate of 0.2 inch/minute (0.5
cm./minutey),. The-lga glggﬁl re recorded during the tes
Drilling - Halo determ(%r%'}i%r? kc?Setest ei\sla Lates the drfflmglll%ngfa ! ?eaSt >0
W% mipratess &mbbraplesss asdw%ores@hultma_tlemﬂatgo%mermﬁm

con g R B L o S O SR ot

from 3°sections les per section; areas Consis
be rqadiven .Eﬂwﬂe&fpim@ﬁgm Rudgecanbizoanteisdetion)iodth &lamiimaterdups,

it Sy r the hole wall interior and allowed to
s B e e
(mefheprrhcasitted uhdboly wm@swpeanmﬁ@la a:uimer@he (owendbeTedoid upon

hydrg@gf'set%{ ?19? 5%5&9@ Cgcg%y%b “ é sta%iate or xqg !ﬂﬁtl{ mefha glon an

impact: Energy require renc ination & laniina
impact. A"BIYKBG’ btishe pinipabi testepisusedlivitivic by ((AeBilknethacrylate)

enepeTs B araskalyngreasing he dstance the weight drops, (e heigh

at whi amlnatlon occursis defermined, The energy o lifation,
syndi®tisieaBMibtéd using the following equation: E = 9.81 m/s2* Hd * Wi

wherein E Lener of ination on |m act les maximum
height wit out%%e%imlngﬁld}]ﬁ%%% eter % ‘é‘grkc# g?/esig (Cﬁ i?é)r) The
prefyypbdtat theseHElYy, ofid et@mmatmﬁbrtﬁtéygrebmt 56 96 minater tibkig Itiﬁnafg of

the B BRI e U e B RIE S S8 A AN IR SRR T -

placed in an aluminum cups bef ter p samp
20°Qa&9m¢9ﬁe&b@pe¢%¢@@tﬂ@0@dﬂrtot@é@]@ﬁrmétakmgmaiteaﬁd)agmmier than or

equa@c(&%s@eaﬁ(aaévégqa% dé fjlg f%[ f?ut%rt%the vacuqrw §Q$t weight of the

aluminum cups Is e sam e ore an er removal of
volatile carhpémtdntk |¢Dméymmme\z9m%¢¢w:y ¢wwmsmmd dr @emj-the

AYRRIR R \z’g@ sumc FVW2/W1 x 100 ca ted for each
“ sample thsdeé\l\{ﬂa ere Weglg it oresﬁlgr%/va of GO 16 or melt

temmmp*@rgmr tﬂiaréb‘iﬁﬁdﬂ&p:eﬁem@htgﬁﬁe:r@mm\mmf vBlatitglee ﬁnpmtde s cks
derwe-&?gm tolz%%%a Qsd c@r%%%gmg at least one vinylaromatic compound, such as
styrene, a-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 alky! esters of
acrylic acid and/or methacrylic acid having from 1 to 18 carbon atoms in the alky! chain.

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



The formulations used for comparative testing are described in Tables IA,
2A and 3A below and the test data obtained with those formulations is

wehaweniaztables 1B, 2B and 3B and Fig. 1 below. Copper pegl-stengihor 1572
test The formulations used for comparative copper peel strength

testing are provided in Tables IA and 2A below and the test data obtained

that WETSrosiederaidationsiisishowridndables B and 2Bhelavdabie e epoxy
_COMPOSITIONS OF EXAMPLES 1 TO 4 AND COMPARATIVE

reS”E‘i?m_@’LeEtA (CE-A) WATERIALS, .3 Ex.4 D.E.N.* 438 (85 w-r.% NV
IN MEK) 3212 8022k have a Tg that is preferably at least 50°C, more preferably

at least 100°C, even more preferably at least 150°C, greater than the Tg of the “B” blocks.
The “8” blocks preferably have a My, in the range from 500 to 100,000.

The triblock copolymer may comprise M-B-M triblocks. The two “M™
blocks of the M-B-M triblock may be identical or different. They may also be different in
their molar mass and composed of the same or different monomers. The “B” blocks of the

M-B-M triblock may be identical or different.
| The M-B-M triblock copolymers preferably contain at least 10 wt.%, more
preferably at least 15 wt.%, up to 80 wt.%, and more preferably up to 70 wt.%, “M” blocks
and at least 20 wt.%, more preferably at least 30 wt.%, up to 90 wt.%, more preferably up
to 85 wt.%, “B” blocks.

Alternatively, the triblock copolymer may comprise S-B-M triblocks. The
S-B-M copolymers preferably contain at least 5 wt.%, more preferably at least 15 wt.%, up
to 80 wi.%, more preferably up to 50 wt.% “S” blocks, preferably at least 5 wt.%, more
preferably at least 15 wt.%, up to 80 wt.%, more preferably up to 50 wt.%, “B” blocks, and
preferably at least 20 wt.%, more preferably at least 40 wt.%, up to 80 wt.%, more
preferably up to 70 wt.%, “M” blocks.

The triblock copolymers preferably have a number-average molecular

weight (M) 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.

Optronal 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.
-17-



27.3 27.3 EPILOXTm B45-03 (70% w-r.% NV EN DOWANOL* PMA) 32.0
31.129.9 27.2 27.2 PREFERET" 45361.1 (50 w-r.% NV IN DOWANOL*

wBMA3433330.9 29.6 29.7 PCT/US2007/021672

The catalysts (as distinguished from hardeners) preferably contain on
average no more than about 1 active hydrogen moiety per molecule. Active hydrogen
moieties include hydrogen atoms bonded to an amine group, a phenolic hydroxyl group, or
a carboxylic acid group. For instance, the amine and phosphine moieties in catalysts are
preferably tertiary amine or phosphine moieties; and the ammonium and phosphonium
moieties are preferably quaternary ammonium and phosphonium moieties.

Among preferred tertiary amines that may be used as catalysts are those
mono- or polyamines having an open-chain or cyclic structure which have all of the
" remaining amine hydrogen atoms replaced by suitable substituents, such as hydrocarbyl
radicals, and preferably aliphatic, cycloaliphatic or aromatic radicals. Examples of these
amines include, among others, 1,8-diazabicyclo(5.4.0) undec-7-en (DBU), methyl
diethanol amine, triethylamine, tributylamine, dimethyl benzylamine, triphenylamine,
tricyclohexyl amine, pyridine and quinoline. Preferred amines are the trialkyl, tricycloalkyl
and triaryl amines, such as triethylamine, triphenylamine, tri-(2,3-
dimethylcyclohexyl)amine, and the alkyl dialkanol amines, such as methyl diethanol
amines and the trialkanolamines such as triethanolamine. Weak tertiary amines, for
example, aﬁaines 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, imidazoliﬁes, 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.

-18-



29.7 DURITETm SD-357 (50 wT.% NV IN DOWANOL* PMA) 1.7 1.6 1.6
1.6 1.6 2-PI (10 w-r.% IN DOWANOL* PM) 1.2 1.1 1.1 1.0 1.0 BORIC

wOGIE20:w.% NV IN METHANOL) PCT/USZ007/021672

The total amount of the catalyst is from about 0.01 wt % to about 3 wt %,
based on the total weight of the composition, preferably from about 0.1 wt % to about 2%
wt %. The total amount of primary amine (-NH,) is not more than 5000 ppm by weight,
preferably not more than 2500 ppm, more preferably not more than 500 ppm, even more
preferably not more than 50 ppm. The total amount of secondary amine (-NH) is not more
than 10000 ppm by weight, preferably not more than 4000 ppm, more preferably not more
than 2000 ppm, even more preferably not more than 1000 ppm.

Preferably, a Lewis acid, or anhydride of a Lewis acid, is also employed in
the composition of the present invention, especially when the catalyst is a heterocyclic
nitrogen-containing compound. Examples of heterocyclic nitrogen-containing catalysts,
which are preferably used in combination with Lewis acids are those described in EP-A-
526,488, EP-A-458,502, and GB-A-9421405.3. The Lewis acids useful in the present
invention include, for example, halides, oxides, hydroxides and alkoxides of zine, tin,
titanium, cobalt, manganese, iron, silicon, aluminum, boron, and other Lewis acids that
tend 10 have a relatively weak conjugate base. An example of a zinc halide is zinc
chloride,

Preferably, the Lewis acid is 2 Lewis acid of boron, or an anhydride of a
Lewis acid of boron, for example boric acid, metaboric acid, an optionally substituted
boroxine (such as trimethoxy boroxine, trimethyl boroxine or triethyl boroxine), an
optienally substituted oxide of boron, or an alky! borate. The most preferred Lewis acid is
boric acid. These 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 alse optionally contain one

or more chain extenders. Chain extenders are compounds other than epoxy resins having
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two functional groups per molecule which are capable of reacting with an epoxy group.
The functional groups is preferably selected from phenolic hydroxyl, amine, isocyanate,
thiol, and carboxylic acid groups. The functional groups preferably comprise at least one
phenolic hydroxyl group per molecule, and more preferably two phenolic hydroxyl groups
per molecuie.

Included among the preferred chain extenders are bisphenol A, bisphenol F,
and fetrabromobisphenol A.

The compositions according to the present invention containing one or
more chain extenders may be obtained by combining the at least one epoxy resin and at
least one block copolymer with a composition containing a mixture of one or more
hardeners with one or more chain extending agent, the mixture having an average
functionality greater than 2.0, preferably at least 2.2, more preferably at least 3, and even
more preferably at least 4. The molar ratio of hardener to chain extender is preferably at
least 1:1, and more preferably at least 2:1 and even more preferably at least 4:1, and
preferably up to 1:3, more preferably up to 1:2.

The compositions of the present invention may also optionally contain one
or more flame retardant additives including, for example, red phosphorus, encapsulated red
phosphorus or liquid or solid phosphorus-containing compounds, for exampie, ammonium
polyphosphate such as "Exolit 700" from Clariant GmbH, a phosphite, or phosphazenes:
nitrogen-containing fire retardants and/or synergists, for example melamines, melen,
cyanuric acid, isocyanuric acid and derivatives of those nitrogen-containing compounds;
halogenated flame retardants; synergistic phosphorus-halogen containing chemicals or

compounds containing salts of organic acids; inorganic metal hydrates such as 5by03,
5b30s5, aluminum trihydroxide and magnesium hydroxide such as "Zerogen™ 30" from

Martinswerke GmbH of Germany, and more preferably, an aluminum trihydroxide such as

"Martinal™ T8-610" 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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The varnish formulations in Table IA are used to make Iaminate_s
according to the method described above. The data obtained with those

wianiRaies s shown in Table 1B below. WO PCT/US2007/021672
2008/051373PCT/US2007/021672 Table 1B COMPARATIVE TEST

DATA TEST CE-A Ex. 1. 2 Ex. 3 Ex. 4 VARNISH REACTIVITY (S) 220
247 275 The epoxy resin composition of the present invention may also optionally

contain other additives of a generally conventional type including fillers, stabilizers, other
organic or inorganic additives, pigments, wetting agents, flow modifiers, UV light
blockers, and fluorescent additives. Examples of suitable additives are also described in
U5-A-5,066,735 and in C.A. Epoxy Resins, second edition, pp. 506-512 (Mercel Dekker,
Inc. 1988). |

Solvents may also optionally be used in the composition of the present
invention. Suitable solvents include propylene glycol methylether (DOWANOL* PM),
methoxypropylacetate (DOWANOL* PMA), methylethylketone (MEK), acetone,
methanol, and combinations thereof. When a solvent is used in the present invention, the
amount of solvent present in the thermosetting composition of the present invention is
generally form 0 wt.% to about 50 wt.%; preferably from about 10 wt.% to about 45 wt.%
and more preferably from about 15 wt.% to about 40 wt.%, depending on the end use

application of the epoxy resin composition.

End-Use Applications

The compositions of the present invention can be used to make composite
materials by techniques well known in the industry such as by pultrusion, mouiding,
encapsulation, or coating. The present invention is particularly useful for coating metals,
such as for can-coating applications, and for making B-staged prepregs and laminates by
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-650-2.3.1 8A)
is preferably at least 20, more preferably at least 30, even more preferably at least 40, and
even more preferably at least 60, Pass and preferably up to 400, more preferably up to 300

3

even more preferably up to 200, and yet more preferably up to 150, Pass.
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208 250 Tg (C) 173 175 176 178 174 Td (C) 340 339 339 341 340
DRILLABILITY - HALO DIAM, (cm)

WO 2008/051373 PCT/US2007/821672

Another advantage of the present invention is that the formulation has
improved adhesion to a metal substrate when cured in contact with the metal substrate.
The formulation when cured has a copper peel strength determined according to IPC-TM-
650-2.4.8C that is preferably at least 10, more preferably at least 12, even more preferably
at least 14, and yet more preferably at least 16, N/em.

Examples
The invention is further illustrated by the following examples that should

not be regarded as limiting of the present invention. Unless stated to the contrary or

conventional in the art, all parts and percents are based on weight.

Test Materials

D.EN.¥438 - (1) jmultifunctional epoxy novolac resin, EEW = 180

Dowanol* PM (1} |propylene giycol methyl ether

Dowanol* PMA | (1) |propylene glycol methyl ether acetate

HeTM STy
%‘;‘te SD (4) | tetraphenolethane (TPE), OHEW = 140

1 ™ -
Epilox™ B45 (2} [brominated epoxy resin, EEW =450

03
Prefere™ 3) phenol novolac resin, OHEW = 105 (formerly Peracit™
4536U 4536U)
styrene-butadiene-methyl methacrylate triblock copolymer,

SBME-40 7 140% NV in MEK

- styrene-butadiene-methyl methacrylate triblock copolymer,
SBM E-41 O |30% N in MEK K ’
SMA 3000 (6) jstyrene-maleic anhydride, anhydride EW = 395
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0.890.81 0.75 0.77 NOT MEASURED ENERGY OF DELAMINATION ON
IMPACT (J) 0.496 0.587 0.631 0.677 0.724 COPPER PEEL STRENGTH

wONeRs1373 PCT/US2007/021672

2-P1 {8) |2-phenyl-imidazole

2-E4MI (8) |2-ethyi-4-methyl-imidazole

-- (8) }boric acid

MEK (1) |methyl ethyl ketone

TBBA (5) tetrabromobisphenol A, OHEW =
274

TPP (8) |triphenyl phosphine

Key fo Sources .

(1} The Dow Chemical Company, (5) Great Lakes Chemical
U.S.A. Corporation, U.5.A.
(2) Leuna-Harze GmbH, Leuna, (6) Atofina of Puteaux, France
Germany (7) Arkema, Inc., U.S.A.
(3) Dynea OY of Helsinki, Finland (8) Sigma-Aldrich, Inc., St. Louis,
(4) Borden Chemical, Inc., U.S.A. MO, U.S. A

Test Protocols
Procedure for making laminates:

The procedure for making laminates used for the Examples and
Comparative Exampie; 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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13.815.6 15.918.2 16.8 As can be seen from the data in Table

1B, copper peel strength of Examples 1 to 4 is substantially improved
wiehatiyestg-gomparative Example A while maintaining a similggthegnab o172

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) MATERIALS .

D.E.N.* 438985 Wearbmnrifons mekiysts BempasoxripBasas ¢iogwmples to

mea¥¥re 26t INoBOWANOLS BiMALA4.1

IPC Test Method Property Measured
[PC-TM-650- Resin content of prepreg, by treated weight [resin
2.3.16.1C content]

Gel time, prepreg materials [prepreg gel time
IPC-TM-650-2.3.18A Prepree rals [prep .gg i ) .
Analogous method used to determine varnish gel time

IPC-TM-650-2.3.40 Thermal stability [Td] at 10°C/min. heating ramp

Peel strength of metallic clad laminates [copper peel
strength (CPS)]

Time to delamination (TMA Method) [T260, T288,
T300]

Glass transition temperature and cure factor by DSC
[Tg} determined on films with a heating ramp of

10°C/rmin. and on laminates with a heating ramp of
20°C/min.

IPC-TM-650-2.4.8C

[PC-TM-650-2.4.24.1

IPC-TM-650-2.4.25C

Description of test method used to determine MMV:

MMYV 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
5528 using Mode L, 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,
Le., ~ 7.6 om. 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 % 7 in* (2.5 x 18 em?) 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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40.8 SMA 3000 (60 vr.% NV IN MEK) 58.3 53.9 BORIC ACED (20 wT.%
NV IN METHANOL) 0.2 0.2 2-E4MI (20 WT.% NV IN DOWANOL* PM)
w8 1654h5BM-E41 0 7.5 WO 20081051373PCT/US2007/0216£2/m1s2007/021672
The varnish formulations of Table 2A are used to make laminates
according to the method described above. Data obtained with those

bipd@ﬁ%&?ﬁ% 9 I shakI8 2B RRIBWI A TRBIRIZR to ensure full cure. The samples

are then gripped onto a MTS 810 servo-hydraulic test frame at a fixed loading rate of 0.2
inch/minute (0.5 cm./minute). The load and stroke signals are recorded during the test.

Drilling — Halo determination: This test evaluates the drillability of
laminates and employs a drill press with 1/8 inch (0.32 cm.) bit size (spindle speed = 3100
rpm, in-feed rate not controlled). Twelve holes are drilled from 3 sections (4 holes drilled
per section; areas consist of ~ 2 inch (~ 5 ¢m.) from left and right edge and center section)
of the laminate. A visible penetrant is applied around the hole wall interior and allowed to
penetrate the fibers for ~ 10 minutes. The delamination zone or “halo” is then measured
under a microscope using a ruler. The lower the halo diameter, the better the drillability.

Delamination energy on impaet: Energy required to reach delamination of
the laminate on an impact. A BYK-Gardener impact tester is used with a 4 Ib. (1.8 kg.)
indentor. By gradually increasing the distance the weight drops, the height at which
delamination occurs is determined. The energy of delamination, E, is calculated using the
following equation:

E=981 m/s? » Hd « Wi

wherein

E = energy of delamination on impact (in joules)

Hd = maximum height without delamination (in meters)

Wi = indentor weight (in kp.)

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 (faking 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 =¥ (W2/W1 x 100)/ 4
(1.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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COMPARATIVE TEST DATA TEST,CE-BEx. 5 Tg (C)190193 Td
(C)368363 COPPER PEEL STRENGTH (N/cm)8.010.7 As can
whemeanifram the data in Table 2B, copper peel strength of Exampiessiezicr2
substantially improved relative to Comparative Example B while
maintaining a similar thermal stability and glass transition temperature.
TestHIeceasaRBy]ts The formulations used for comparative
processability testing are described in Table 3A below and the test data

obtained vt IRGREAHAMUNSEO A ICOLPRAASIHE Teabng ats drtrhgd in Tables 1A,

2A 23R GOBRDISHI QN B Ol tAMRLE L A MEsE BMEARAL MERSAYPESE S
CE-C) RAW MAT ERIALS ..., X. D.E.N.* 438 (85 WT.% NV EN

1B, Nowdpig 369344

Copper peel strensth test

The formulations used for comparative copper peel strength testing are
provided in Tables 1A and 2A below and the test data obtained with those formulations is

shown in Tables 1B and 2B below.
Table 1A

COMPOSITIONS OF EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLE A (CE-A)

D.E.N.* 438
(85 WT.% NV N MEK)

EriLox™ B45-03
(70% wT.% NV INDOWANQL* 32.0 31.1 299 27.2 27.2
PMA)

PREFERE™ 45361J
(50 wr.% NV IN DOWANQOL* 32.3 30.9 29.6 29.7 28.7
PMA)

Durrre™ §0-357

(50 wT.% NV iN DOWANOL* 1.7 1.6 1.6 1.6 1.6
PMA)

2-PI (10 wT.% N DowanoL* PM) 1.2 1.1 1.1 1.0 1.0

BORIC ACID
(20 Wwr.% NV IN METHANOL)

SBM-E40 G 4.1 3.1 12.7 0
SBM-E4! ' 0 0 0 0 12.7

32.2 30.7 294 27.3 27.3

1.7 1.5 1.4 LS 1.5

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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EPILOXTM B45-03 (70 WT.% NV IN DOWANOL* PMA) 9.8 9.9
PREFERETNI 4536U (50 wr.% NV IN DOWANOL* PMA) 30.2 28.7 TBBA

wbRWHAeNY IN MEK) 15.6 14.9 BORIC ACID (20 wi.% NV W1/182007/021672
METHANOL) 2.9 3.0 TPP (100 wT.% NV) 0.1 0.1 2-PI (20 \gr.% NV IN

- DOWANOL* PM) 0.5
Table 1B

CoOMPARATIVE TEST DATA

= Tgsr CCBAT PUEXTL L BEX2 ol Bx3 ] Ex4
YV ARNISH ,

REACTIVITY (5) 2260 247 275 208 250
Tg (°C) 173 175 176 178 174
Td (°C) 340 339 336 341 340

DRILLABILITY — No

HALO DIAM. 0.89 0.81 0.75 0.77 - su;m
(M) A
ENERGY OF
DELAMINATION (.496 0.587 0.631 0.677 0.724
ON IMPACT (J}
COPPER PEEL
STRENGTH 13.8 15.6 i5.9 18.2. 16.8
(N/cm)

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.

Tabje 2A

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

M L
D.EN* 438 (85 wr.% NV in MEK)
Ep1ILOX™ B45-03 (70% WT.% NV INDOWANOL* PMA) 44.1 40.8
SMA 3000 (60 wT.% NV v MEK) 58.3 53.9
BORIC ACID (20 WT.% NV IN METHANOL) 0.2 0.2
2-E4MI (20 wr.% NV v DOWANOL* PM) 0.1 0.1
SBM-E4] 4] 7.5
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0.4 DowANoL* PM 4.9 2.8 SBM-E40 0 5.9 The gel time was about 286s
for Comparative Example C and about 253s for Example 6. Production of

wirepsegangd laminate: The varnish described above pyasiisee i 1672
make laminates for testing in the same manner as for Comparative
Example B and Example 5. The data obtained by applying the

above testpeaigeRdiadhedRminatgsreblained withethe ﬁﬂ%f%ﬁ%@@according
Table 3A is shown in Table 3B below. Table 3B COMPARATIVE TEST
to the jepjpiod describeq abionscLialioPlainebiviis e iamiasy isichanyg tadable 2B
beloRinimum prepreg melt viscosity (MMV) as a function of the prepreg gel
time (GT). A plot of this data is shown in Fig. I. It is usually
observed that the flow is optimal whenygepseg MMV is between 50 and
150 Pa's for a prepreg GT of 60 seconds. The incorporation of the SBM
toughening agent in Example 6upareased thepnepreg MMV for a given
GT by about a factor 2 when compared to Comparative Example C. Flow
~ of Example 6 wasgptimally controlled, while flow#as 100 1drge M, 5
“Comparative Exampte € because of too jow- My Conseqtrently-the
laminate thickne&d \irds hetter controlled for Exa _?e 6 relative to
Comparative EXanls C. 368 363

COPPER PEEL STRENGTH (N/CM) 8.0 10.7

As can be seen from the data in Table 2B, copper peel strength of Example
5 is substantialty 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)

D.E.N.* 438 (85 WT.% NV N DOWANOL* PM)

EpiLox™ B45-03 (70 wT.% NV INDOWANOL* PMA) 9.8 9.5
PREFERE™ 4536U (50 wT.% NV IN DowaNoL* PMA) 30.2 28.7
TBBA (60 wt.% NV IN MEK) 15.6 14.9

BORIC ACID (20 wT.% NV IN METHANOL) 2.9 3.0

TPP (100 wr.% NV) 0.1 0.1

2-PI1(206 wr.% NV INn DOWANOL* PM) 0.5 0.4

DowaNoL* PM 4.9 2.8

SBM-E40 0 59
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The compositions according to this invention are useful for coating metal
substrates and for making composite materials, laminates, prepregs, and
worotedamirng boards. They are particularly useful for makingeproptess iphs72

use in making electrical laminates and printed wiring boards. CLAIMS
WHAT IS CLAIMED IS: 5 1. A thermosettable composition having
improved agligsion o et sHBsHaIs WFA{{@QW@E‘% about 253s
éa) at least one curable epoxy resin; (b) at least one hardener, eac

for kxamakef-having less than 1 primary 10 amine group per molecule and not

more tharp;mi%gq{yﬁ%ygg gfggtllzﬂrﬁg%gnolecule, the hardener(s)

comprising at least oné polyhydroxy hy rocarbon, compound capable of -
generating utipisihgehaisegrips pes molecuteaiatigicaiemnpofething in the
thermosettable-material, 0 (o drid drocarbon other than a
Samblend of (1) a copo yme? o?g%%ﬁﬂ@%@g%%ﬁgﬁmd anhydride and a
vinyl compbandiantti)ed bppohimeg dfeabdbethylpnicaly wnsaluraiedes
biafRRYrdS. n tomer;,.and , . C) at.least gne triblock
° acopolymer%%grlﬁ%ﬁg%%gtl ?i%@%%é é g&%‘?nge}ﬁ?ﬁ%o%égr%g 1;;Q&’Vl'east one
acrylic block; wherein the compositioln&ﬂg)i{3 ides a prepreg formulation
having a prepreg minimum melt visc t least 20 Pa-s at a prepreg

gel time of 60 seconds; and whgrsin the co ?ﬂ n provides a

formulation having a copper 20 peel strength or at [east 10 N/cm when
I OMPOSIT cording- o tlaimy, - trwheremmrthe———
SR -(% ke ”i ;;Yé’mﬁm A
) akbiding o MY ¥rBshing [prédedihglclalvie iiRersin
tribloek copolyrnerye) comprises pply(methyl 2.8
methaerylate). 254. Thggomppsition ageording|to apy; ong of the | ¢
!orecedjng clalms_, Wwhergin the Tribfock rppotymer (c)égun'mer wmp:geb at
feastopre aronTatio hycirorgrbgrbtock—

50 107.5

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 compositions 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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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

30 the polyhydroxy hydrocarbon of hardener (b) comprises at least one

polyphenol. -30- 7. The composmon according to any one of the

preceding claims, wherein the comfidukb*apable of generating multiple

hydroxy poops per molecule during curing of the thermosettable material

of éb) comprises at Ieast one benzoxazine. 8. The composition

%F? ¥ of the preceding claims, wherein 5the poly(acid

anhydride) hydrocarbon of hardener (b) comprises styrene-rnaleic

anhydride. = PETRREONTSOENON I BRAIRG YETARYPE felsmisR o metal

preceding claimshatarteithepoxyetasimytakegmprises a multifunctional

novolac epoxy resin. 10. The composition according to any one of

the precedifig claims,avireseimtiamiigtnagticsfithe total amount Of (a)

poly(acid anhydride) hydrocarbon hardener to (b) 10 phenolic hardener

and/or comfund caphBfeBrReerirRe nfarpkaryaropgriulsssp@en 1 primary
azﬂm@ulgaw@&ma@wmﬂﬁﬁm%ﬁm%ﬁﬁw@Hﬁ@%—%ﬁaﬁs{ HaBeute, the

b The composition according to an one of the preceding
BN TR U 1 (B S Gkt SpB o peble of
gebralihe oompesitigriracgopdingstaetaimittvivhirgin tbe-flame refargafhosetiable
mzltéﬁﬂo&l rﬁ%%&%%?zﬁ%d% Xg (')régxtggne f%%gl%gpddo of (sll)fla copolymer of an

phospho ous-containing epoxy resin € compo

thdedirathy vowhyaseh @ﬁﬁéﬂm@@dmwmsommdcmp(@@ apolymer of an
etﬂmgﬁﬁﬂ’i? &Q@%&@W@% an elastomertfnd he composition

according to any one of the preceding claims, wherein 20 the composition

contains nakmore than Qdmant. %m@rlmawc&mum@cgyﬁwps comprisingD- 2k N@east one
d&g&g@g@l%&gg&g |pgsgo any cedl clalms wherein !tégu

composition contains not %eorerj{r?ﬁj hE %ﬁ%rgé%n r%siﬁ%)ﬁ%ﬂ‘f) ©F & prepreg
formulation having a prepreg minimum melt viscosity of at least 20 Paes at a prepreg gel

time of 60 seconds; and wherein the composition provides a formulation having a copper

peel strength of at least 10 N/cm when cured.

2. The composition according to claim I, wherein the elastomeric block of

triblock copolymer (c) comprises polybutadiene.

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

the acrylic block of triblock copolyrner (¢} comprises poly(methyl methacrylate).

4. 'The composition according to any one of the preceding claims, wherein

the wiblock copolymer (¢) further comprises at least one aromatic hydrocarbon block.

3. Thc 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.

-30-
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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 25article 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 1rpndRgaing e dnaregpatel akriste;miopmading claims, wherein

fiber-reinforced composite article. -31- . 18. The process . . ) :
thecROFRAI L aRRRIE PF SRERERE (B HR0T BYEra i STRTPRp CalRp ifeduring curing of
HibEraiiaread campaSi@risieHissasRiapEtene benzodSiks process for

making a laminate comprising (1) pressing a stack comprising at least one

electron-corgluctivecmetetidsubstraténgrd atjeast oh prepredjraccoidingwherein

to claim 18 di t least ¢ f .

AT SR AP s b or s s e s LRI BRI appyrce.
process accrdifg, t,6laim e YhsrainLthe Japinaters @ protathWling:s, whersin
board. 21. An article made according to any one of claims 17 to

epRyy Tesin(e) AMGEFHISeHG BRSBTS HAY FRE TN FT8%ed adhesion o

metal substrates, when cured comprising; a) at least one curable. .
epoxy resin;i%‘ %)%’Ff‘@ﬁ%‘{} hé C§F§én e%r?g'g‘ h %nggeélp Eeg\e/%ﬁ%glglsasqﬁaﬁﬂmém
thik prédpary-aim g aupl peroms] o€ (e prig(od mdnelthin Hydecerigaryardener to (b)

pg%r}‘i{)':/ %&g&ﬂ&ﬁ%@%%?%&ép%@ UYSHRI(H g%@&‘@g%éﬁﬁé%ﬁ&%}@ groups per

oxy hy arbon compound capablé of generating multiple

Tijelrdryiuien pE e oh iR EienasR iy eurne oY theherrabEtabie’ material;

and - (c) at least one trihlock copolymer comprising at least one . . .
elastomeric b]Io@%ﬁ?ﬁf%‘&gf‘c?ﬁ‘é"éil}?ﬁié%?&é’kg%h"é%g}ﬁ Fﬁ%c%%?ﬁ%%giﬁgh wherein

ey ke daprepipgstemiidaionthauingpopyepsag Minimum melt viscosity

of at least 20 Pa.s at a prepreg gel time of 60 seconds; and wherein the
compositionigrdie e mpenfaratsAEdnn 3o Coppel petheisingin Hpme retardant

eﬂn%‘}?t AN/GImPARE GUERSkninated epoxy resin and/or phosphorous-containing epoxy
resin. ‘
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 compbsition according to any one of the prec;:ding cl:ﬁms, 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
imapregnating a fabric with at least one compeosition according to any one of claims 1 fo 15

and heating the impregnated fabric to form a fiber-reinforced composite article.
231-
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18.  The process according 1o claim 17, wherem 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 swface of the substrate and (2) heating the

stack to cure the prepreg to form the laminate.

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

wiring board.

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

22 A thermosetting composition having improved adhesion to metal

substrates when cured comprising:
(a) at least one curable epoxy resin;

" (b) at least one hardener, each hardener having less than 1 primary amine group
per molecule and not more than 1 secondary amine group per molecule, the hardener(s)
comprising at least one polyhydroxy hydrocarbon compound capable of generating

multiple bydroxyl groups per molecule during curing of the thermosettabie material; and

{c) at least one triblock copolymer comprising at least one elastomeric block and
at*least one acrviic block; wherein the composition provides a prepreg formulation
having a prepreg minimum melt viscosity of at least 20 Pa.s at a prepreg gel time of 60
seconds; and wherein the composition provides a formulation having a copper peel

strength of at least 10 N/om when cured.



