COVPCSI TE COMPOSI TI ONS BACKGROUND OF THE | NVENTION Fiel d of the Invention
The present invention relates to thernosettable conpositions for

conposi t e’p 2andegmBe specifically, the present inventi omrcralSatiessdiol

t her nosettabl e conpositions for conposites and el ectrical |amnates; and
the conposites and electrical |am nates made fromthe thernosettable
conpositions. Description of Background and Rel ated Art For

el ectrical |am nates and conpg@Mp@gITEb@mmgtmomgat do not change
properties with chang| ng envi ronrrent al conditions, such as humdity and

t enper at ur : , ee desirable properties for aryl

gl yci dyl ethers— s are high glass transition

t_enperaturg (lT& grfat er than 190 C by dynam c mechanical thermal analysis

wi th dicya , | ow mononer viscosity (less than 200 nPa-s at 150

C), and high epoxy ui val ent E es o t he resen i nvention
oxhi bit vi Sconr 11 vs T N AL RSy ses & SRS HBb Oy AR v s B R

t her noset ﬁ aﬂcamgroekgsmw/np QhQﬁBTth lamamEEvéﬁatésap ﬂ%ﬁn@ﬂ&&@&cﬁﬁﬁﬁosﬂi@hﬂbf s) OL .
greater than 1 equi val ent Tgs are neede

for appli céi?%‘?%tewgngc?ﬁ%l @B%%%Iaég %P‘inp‘bgéte%%é‘ﬂ&%eéﬁwfﬂdgfﬁin@ S padplErat ur e,
for exanpl qleltﬁerglowtﬂaﬂ@@@ngds[twgt board that cycles between anbi ent and hi gh
tenperature many tines during its lifetinme. The properties of the conposite
degr ade pr ¢ekdiption st BackbowRl iaRdLapeiature of the Tg, and in general high
Tg's offer a wde range of use tenperature. A variety of nethods
are used to prepare Iﬁ“d?@E@&bil&:&mn@t@ﬂaﬂd%‘d’m‘pbﬁﬁﬁ%&Mod’e&&h;ﬁﬂo@Bﬁhﬁﬁ’g@ cally a
necessity. For exa a conmon process for conposite part fabrication is
to enfuse &GREILGS ngﬁhaéléﬁﬁ snvfgongepiplrondigppsy Wﬁagﬁ‘l‘mlﬂﬁé ApHEMACRHUEC S ty | s
too high tReryfdefRblePahfRymiMble! préb%rtfi@fd?ﬁﬂﬁg}ycﬂel%ﬂ\/érssﬁ)?&ie&e)’a Pﬂé‘au@ﬁsrh%
benefits. For exanple, adhesion to fiber 'is’usually better

vi scosity higbighss Bensiieséenpsratira§Ts greainphiovidd "ariy dyhamie asichaniahthpimabr cal at e
into fiber apéﬂ{;k% With dlcyandlamlde cure'f ! %'d%om%%%)ﬁsﬁf‘@és@&aﬂ‘béd&niﬂé gti't 1%6\1’%) give
thernmosets wwth a relatively | ow concentration of hydroxyls in

backbone. kydhighkypoxyagevilon medhd UEiontgs of/ihe oeebdny anamuqn@xlméamsmn@s @i‘n epoxy
resins, su ' ' I t de is a

di rect relg |gsf11 W:Iﬁpﬂbsg%n\%gﬂh’%g@g& acg{élf‘iéllieéﬁ%{r}%%%ﬁ@l% ‘%%Esr n@gﬁecf and wat er
absor pt i on EEW ghpaxateguivabg oveghisonf greatemblesiMaidnes/dgnivelepiegieal. | y i n

el ectrical |am nates because the properties such as dielectric performance,
change w t h changi ngHighffgdare ypeeded for applicationfvdee the @nrmsiye willye egposed @y |
ethers tha hi eve t hese erti.es . indi t . not t et them
al | proper |g§§e%?er§Ft e p?eqn?ﬁrlnt%%ar%lﬁt\c%é)a%é?tkaﬁ)ré %ees etweenuam%ﬁfl% oult to
achi eve. Fhrgheempfqmiterﬁ n@ng tlnrammgsts nmtmg:y The lprdpeg]hs dighe &rﬁp@sms@grade

pol ygl yci d func cia henol

Por i Hohy i RsOETEaS e Skt bR TR B R0 0sf e PEE Bl anpi s
of such novol@esmpdratrechave viscosities of |ess than 200 nPa-s are not
capabl e of achi eving high Tgs conparable to the epoxy resins of the present
i nvention. For exanpAearidd; & hetidds4dBusedid ﬂré}dﬂsﬁdompoﬁte@,mdaﬂdiv eipaxiyy novol ac,
has a viscosity of ;é 0 nPa-s bFut t he Tg(;1 t he di cyandi am.de-cured

ther noset F?l%ﬁ}‘%}yﬂl ]@anecessuy or example commeon process I‘COIIlpOSlte part

fabrication is to enfuse a mold that contains a fiber preform. If the resin viscosity is too

high the fiber perform will be deformed. Low viscosity has other benefits. For example,
adhesion to fiber is usually better for low viscosity resins because wetting is improved and

the resin can intercalate into fiber bundles.

Finally, epoxy resins with high EEWs give thermosets with a relatively low
concentration of hydroxyls in the backbone. Hydroxyls are formed during typically curing

reactions of epoxy resins, such as with dicyandiamide, a multifunctional amine. There is a
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Accordingly, there is still a need in the industry to devel op new thernoset
resins useful for coatings that are difunctional and provide thernosets

wi th a bawverea/w8e4pr operti es including high Tg (>1500), PCowSrenos@En1
viscosity (<150 nmPa-s at 150C) and high EEW (>190 g/eq). SUWARY OF THE

| NVENTI ON The present invention neets the goal of devel oping
formul ati ons useful for |am nates and conposites that exhibit toughness,

hi gh Tg (>19ERCTEHPNHEP BEHPEVETRYt (oPEREH U 4iamOothie) VAL REsEPE der i ved
from a | owpyiisgasi d¥orplicnlie ndtERabke @lespeefdI i elbin@h] EEWa(3 $9Qua/89) resin.

Thi s has been acconplished through the use of resins and hardeners that
cont ai n cy®IWwariRaFiss as ficlepfeic peréqprss, chimhgeswith ehapgisg Aymiddescri bed in
Formulas | and Il and by the phenolic hardener described in Formula I11.
Lam nates and conpostheasarpmapharyhgleddn ethervimashisyedhase piopviiele | ow wat er
absor Pt i onndrfu:BY HEPhétin R Hsh 08 pbeYandh Al d8.sH Al B rahedohar dener,

| ami nat es can be prepared t hat absorb l'ess than 2.5 wt % water (expressed as
absor pt i onprapettikersideficiliktoraglypye. Wiot melegp@es@nmonfatﬂawéy@)fhlgh Tgistouse  (One
enbodi nent C r

conpositi oﬁ%gﬁpﬁ%ﬁ%ﬁe}?%@h@y @H&}Oglgltﬂro?y %)I{O %ns%g%%@sﬁl ggér%@?lm efé)%%l ) at | east
one t her rmgevolaroeswhmh@m’ﬂp@wtas epnxy @b¥glacat Howastr, etmmplwoﬁ sagh atg/emcs dnt

e dener . 3P 2y SR AT SR TP L E Moo
conbi nat i omeoefpo()m)esms Eﬁ"gh@p&remnt iheasibn. aBauwkarhple, ITE. Niﬁ\d4£(8b)m mdugatyarandgt ake of

| ess than about g odi nent. of the present
i nvention |§°X(§|n|9§%1?ce astaowfsce?ﬁ’l{yn%iftﬂgo o S(PBH%S gglng}cé‘ LY FYR an epoxy
resi n conpasinhbeniseprigsent ed by the foll owi ng general chenical structure
of Formula I, such as for exanple, epoxy resins prepared froma

di hydr oxydi pheny! - cysdcoaliksy) ehegOirpolindeed iRIRIRLRYy Baledede) ndWibehdsl\ - 1 R2 (
) ReRa C]_":z%esms usel?zl for coatings that are difunctional and provide thermosets with a balance of
properties including high Tg (>150°C), low monomer viscosity (<150 mPa-s at 150°C) and

high EEW (>190 g/eq).

SUMMARY OF THE INVENTION

The present invention meets the goal of developing formulations useful for
laminates and composites that exhibit toughness, high Tg (>190°C can be achieved with
dicyandiamide cure), and are derived from a low viscosity, (<150 mPa-s at 150 °C), high
EEW (>190 g/eq) resin. This has been accomplished through the use of resins and
hardeners that contain cycloalkanes in the backbone. These resins are described in
Formulas I and II and by the phenolic hardener described in Formula III. Laminates and
composites of the present invention can provide low water absorption. For example, when
using dicyandiamide (dicy) as a hardener, laminates can be prepared that absorb less than

2.5 wt% water (expressed as absorption in the matrix resin without glass or fillers).

One embodiment of the present invention is directed to a curable resin
composition for composites and electrical laminates comprising (I) at least one thermoset
resin composition; (II) at least one curing agent or hardener; and (II) at least one
reinforcing material; wherein the composite or electrical laminate has a balance of
properties including a combination of (a) a Tg of at least about 150 °C; and (b) a water

uptake of less than about 2.5 wt%.
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R3 (X)mMR4R Ra Formula | wherein Ra is a hydrogen or nethyl group; Rl and
R2, independently from each other, each represents a hydrogen atom a

hal ogen, wo=0h#e8d4at ed or unsubstituted al kyl group, a ®abatseelosdonpr
unsubstituted aryl group, or a substituted or unsubstituted aral kyl group;
a nitrile group; a nitro group, a substituted or unsubstituted al koxy
group; X is CH2, CH(R3), R3)(R4); mis an integral nunber between 8
and 20; R3 and R4, ftmlrféﬁa% imgntfof %Pé%télﬁ iRfeRen is éé‘“c"r‘iedrtébar“@%%‘?ﬁt%ld

hydr ogen afcuﬂbosaemtﬁg&ﬂmr@aﬂg&? kdsti @ehpBinsepRsdhtdawy et Blidving g6RER, a
substituted or unsubstituted aryl group, or a substituted or unsubstltut ed
aral kyl gr ebgmicy pugiue of Hepnjultlegjsh ah%??ﬁ?@l})&e vRdxyaesipsgrsrereddroabdut  10.

Still anot gy SrRaMdRRtyRhkhASRpEsRAT 1 nvention is directed lam nates and
conposites pryepar ed from advanced reS| n conpositions represented by the

ﬂ)oxy resin of Formula [_1‘1 or tl'ﬁs phenolic resip;of Forgula Il1I. Formul a
a I
§—/ {IJ c [HO i {D\ /<|H Q
R3/ (X)m\R4 Rs/ (X) R4
Formula I

wherein R” is a hydrogen or methyl group; R' and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group; a
nitrile group; a nitro group; a substituted or unsubstituted alkoxy group; X is CH,, CH(R?),
or C(RH(RY; m is an integral number between 8 and 20; R* and RY, independently from
each other, each represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl

group; and n is an integer having a value from O to about 10.

Still another embodiment of the present invention is directed laminates and
composites prepared from advanced resin compositions represented by the epoxy resin of

Formula II or the phenolic resin of Formula III.

OH OH
| |
—CH,—CR?*—CHR® —Z-EQ—Z]—CHZ—CRa —CHR?*—O
P

O.
el

Formula II

wherein R?, Rl, RZ, R3, R4, X, and m are as defined in Formula [, y is an integer having a
value from 1 to about 20; Q is a hydrocarbylene moiety, and each Z. is independently

selected from the group consisting of O, S, -NR", wherein R” is a hydrocarbyl moiety.



wherein Re', Rl, R2, R3, R4, X, and mare as defined in Fornula |, y is an
i nteger having a value from1l to about 20; Qis a hydrocarbyl ene noiety,
and each woisims@pendent|y sel ected fromthe group con®CItisegoosei01 S,

-NRb, wherein Rb is a hydrocarbyl noiety. Fornula Il wherein R1, R2, RS,
R4, Re', X, and mare as defined in Formula I; p and y1 are integers from1
to about 20; Qis a hydrocar byI ene noiety; each Z is independently sel ected
from the group copsisti of® 0, hyds}pcar byl

Sen - NRb, wherein is®
moi ety; and-21dis*Zmo(DRT. @E@@R&&T@@\J @RT@ F@Nbecnfrd] 2
According to t he presente {Jviention, a curable resi (c)) osition (al'so
referred to herein as a ther settabl e conposition wor N rdenabl e
conposi tion), useful for conposites and el ectrical |aninates of the present
invention disclosed herein, nmay corrpfﬁd'rﬁglaé[h) at | east one thernoset resin
conposition; (I11) at |east one hardener I'11) at | east one reinforcing
material, Wiersi @, g ek, Wsk AR AERCks Rfinldif F'bﬁﬁdl!\'l&agarndﬁoﬁlg)mt alef 1pi1e Of the
conp03|t|ons escri bed by Fornu , , e conposite or
el ectrical lltaaboyai® (hiae hadlbaarbyic@ rmwtdefsapln ébﬂ igdgpenfratly pdetdddeinutieng a
combi nat i o @f b PG 675 ARROTALLANRANY 0Bl A Rerd LRRS 12N, L enper at ur e

(Tg), and it proper term "curabl e" neans

that the C%ﬂﬁ%ﬁtﬁ]b%hécﬁuﬁ‘ﬁﬁ\?b% £ R&IGTeP] ected to conditions which wll

render the TOMPOS] et state or condi ti on.

) ) cordi e prbsin a ctirable resin iti r ed, .
wst E |e:1grgnt oﬁu;eg c'?lronéalraf/‘Cf ségiﬁcgﬁ\f] la(gnbpaég%e E't éﬂgﬂ Resi n
or pl asti cso lwepeuntsrmiicihld qomphgiion ¢r|haalen®ﬂfa¢oalpasiti¢ni)nfussfuétbraomp@it% are
P e I L POSTRSFRLIS SR SIFAUET, o

heat, cat abys thI;mc(Sét rsmmaom;iolsmr)n qHendleatl omhardsner Al eat ldaeu ang rdinflokeyngcur ed,

t her nosets ¢ t be. re whi ch are normally
ther nopl astETRAEEEE GEBFetleRot i roRat 3t SRl S Tmeiog w th- ot her
mat eri al s. 'described by FormulA$ T, Mo ugihl, bitethp c@s@Riite bindl@nidaDAmiite Ak abalande©f

rei nforced co ositions ani ngf ul nmeasurenents of thernpset properties of
the conpositf8RCELPeRBEs Wﬁ@elf‘\%ﬁaﬁ%‘a‘ﬁ‘tna?%‘eo r@i’vﬁ%"rféé??éﬂtonﬁflgg‘éﬁtg BWth these
data the pﬁ@ﬂ@tﬁ&ﬂt@fgp@a;tufemgg)cg@g)@uﬁ@&caﬁqﬂép@me@at es can be cal culated by a
wei ghted average of the properties of the thernpset and the reinforcenent

material . For exanplehe iaf @uraBRS fieiisi B theoMPaS UGS cApibikiof BlindsudRaikcing a
clear casting with no reinforcement. The freshly Pre pared castin

wei ghed an®® ?ﬂné@éas which wilkreadgnihe foBppsilien 9@ cymd er fsFaseliilg & Cowgome. ght
gain is then calculated as a percentage of the ori g%nal wei ght. Thernosets
of the present inventhedsibieHted] or erapsehs defived Bk e Whiddgiaan 29 in this

test. Whittington's Dictionary of Plastics (1968) on page 239 as follows: "Resin or plastics

compounds which in their final state as finished articles are substantially infusible and
insoluble. Thermosetting resins are often liquid at some stage in their manufacture or
processing, which are cured by heat, catalysis, or some other chemical means. After being
fully cured, thermosets cannot be resoftened by heat. Some plastics which are normally

thermoplastic can be made thermosetting by means of crosslinking with other materials."

Although the present invention is related to reinforced compositions,
meaningful measurements of thermoset properties of the composition can be made without
the reinforcement present. With these data the properties of the composites and laminates
can be calculated by a weighted average of the properties of the thermoset and the
reinforcement material. For example, water absorption is measured by first preparing a

clear casting with no reinforcement. The freshly prepared casting is weighed and placed in
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The Tg is neasured using Differential Scanning Calorinmetry (DSC). This is
an i nportant property of all thernosets. Above this tenperature the nodul us
drops presppontioesddg, and every property changes signifi eamtusgo1olssiol anm nat e
and conposite applications, high Tg's (> 130C) are usually desirable. The
Tg is highly dependant on the details of the formulation (especially the
choi ce of the hardener when epoxies of Fornmula | or Il are used, or the

choi ce of @ptaV aeRVErAdiCalor # poyrs Tlacaygight gain is then calcukdedpsg- He’FCﬁilt?%%g

enbodi ment gy @ﬂé oh BalPl @SR NThd VN d1QRb priddft ihNGLiIPSElibif €SEMbSRPRAS bf QN
conmponent (1) t he thernosettabl e corrp05|t|on of the present invention

may be sel é‘l?ﬁl&% inflgyp teganpl e, fromthe foll ow ng: (1) An epoxy

resin represented by Fornula | which is pr@ggred froma o
di hydr oxydi phenyl - cyt1eo#! ik axesuedispg htterempR Runing SalprinRyy {DEL s is

(V1-7CRa- 12 g’}lﬂo)lﬁ}lt prggertgf o} alRERA SR Above (R térjhﬂg?’au(rgqﬂg%%dﬁﬁis drops

precipitously, and every property changes significantly. For laminate and composite
applications, high Tg’s (> 130°C) are usually desirable. The Tg is highly dependant on the
details of the formulation (especially the choice of the hardener when epoxies of Formula I

or II are used, or the choice of epoxy when Formula III is used).

As non-limiting embodiments of the present invention, the thermoset resin
composition, component (I), of the thermosettable composition of the present invention may

be selected, for example, from the following:

(1) An epoxy resin represented by Formula I which is prepared from a

dihydroxydiphenyl-cycloalkane compound:

DB D

RS/ (X)m\R4 RS/ X)m\R4

Formula I

wherein R* is a hydrogen or methyl group; R! and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group; a
nitrile group; a nitro group; a substituted or unsubstituted alkoxy group; X is CH», CH(RY),
or C(R*)(R"); m is an integral number between 8 and 20; R* is a hydrogen or methyl group;
R? and R*, independently from each other, each represents a hydrogen atom, a halogen, a
substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted aralkyl group; and n is an integer having a value from 0 to about

10.

In the Formula I above, the substituted or unsubstituted alkyl group, a

substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group for



Formula | wherein Ra is a hydrogen or nethyl group; R and R2,

i ndependently from each other, each represents a hydrogen atom a hal ogen,
a substi twbediiarwsaasubst it ut ed al kyl group, a substitut edTars2ammesdist it ut ed
aryl group, or a substituted or unsubstituted aral kyl group; a nitrile
group; a nitro group; a substituted or unsubstituted al koxy group; Xis
CH2, CH(R3), qr R3)(R4); mis an integral nunber between 8 and 20; Ra is
a hydr ogen RoR 1#84 FN§PW&ﬁOTRQWQﬁHmRﬁMk?Hﬁﬁﬂéﬁﬁéﬁt@V”%ﬂ%%ﬂ@éﬁ# B¥her, each
represents o2, ipdrQgan, M08 alky1Ha! 288N CR SIS dréuHt 60k OF-CHRSIRS Lidup! ed al kyl

group, a substituted or unsubstituted aryl group, or a substituted or
unsubstituted aral kyAs @bi@MBﬁ pr@ﬁh?edrthé @poﬁgrésﬂlk %Q?(Frmlﬁﬁav[' AR Rixt@b e fromO to
about 10. For nul a ove, the substituted or
unsubst i t uBgenagryith g@rws n %ltl@ugistﬁlﬁ shoried nmbghyithatl pradeninges/ |Fogr oup, or a
substi tut egorﬁ os#te §¢B?§£tiotnghﬁgm%l% f%lﬁhcagﬂbﬁ) %h&lﬁrsolvgt t%pl%ﬂaqcé &%h%b’[gélrs' tuted
or unsubstltu ed al koxy group f may | nclude, for exanple, a
Cl- C8 al kylnxp lsalnrdgﬂlr@lxly bgqagwheyan@ease:ﬂ@ vaﬁcyftltyg)rf @L@ﬁorrmﬂat@ncm (a2 cageal kyl
group. i al are a
T xtare of tSioeyshufonlfBEGCRY s RERRRIG Ll G0 FPORY, MBS PRI IREIA D, 11020
predonlnatéQwn%omwammmp@ﬁﬂ@ﬂﬁbpﬁh@ﬁ@imﬁ@ that involve fabrication w thout
sol vent, the presence of oligoners (n>0) is undesirabl e because they
i ncrease the viscosﬂﬁyfhﬂ%WheedqxnuhahhmanMﬁpnmp@em&dsmﬁmmméﬂﬁandentration
of ollgone fer h W% nLe han 30
W% and m)sotse \F))vlhfe%gl (r% T eauthI a%c?nfdé\%og/e %phggols wRﬁg ?ﬁ%ﬂ%tr 1C daxées%: e@ epoxy
resin conposemhamebé@ﬁ@ﬁﬁ@hadmumFEmmmuLa 1, such those which are prepared
by reacting one or nore bisphenols with a stoichionetric excess of one or
nore of the epoxy resins of Fornula I:

o R R
N OH OH
HRaC/ CR_CH,—0 . O—CH,—CR—CHR —Z-EQ—Z]—CH;_—CR —CHR—O o—CHZ—RaC/—CHRa
R? ( ) R*
X
R3/ \R4
y
Formula II

wherein R?, Rl, RZ, R3, R4, X, and m are as defined in Formula [, y is an integer having a
value from 1 to about 20; Q is a hydrocarbylene moiety, and each Z is independently

selected from the group consisting of O, S, -NR", wherein R” is a hydrocarbyl moiety.

By “hydrocarbylene moiety” as used herein it is meant any divalent radical
formed by removing two hydrogen atoms from a hydrocarbon. More specifically the
hydrocarbylene moiety is a divalent moiety selected from the group consisting of an
unsubstituted or substituted alkyl, an unsubstituted or substituted cycloalkyl, an
unsubstituted or substituted polycycloalkyl, an unsubstituted or substituted alkenyl, an
unsubstituted or substituted cycloalkenyl, an unsubstituted or substituted di or
polycycloalkenyl, or an unsubstituted or substituted aromatic ring. By “hydrocarbyl
moiety” used herein it is meant a monovalent radical, more specifically, any monovalent
moiety selected from the group consisting of an unsubstituted or substituted alkyl, an
unsubstituted or substituted cycloalkyl, an unsubstituted or substituted polycycloalkyl, an

unsubstituted or substituted alkenyl, an unsubstituted or substituted cycloalkenyl, an
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Formula Il wherein Re', R, R2, R3, R4, X, and mare as defined in Fornula
I, yis an integer having a value from1l to about 20; Qis a hydrocarbyl ene
noi ety, awo 2enaiesdd3i s i ndependently sel ected fromthe grPorwse@ndsani ng of
0, S, -NRb, wherein Rb is a hydrocarbyl noiety. By
"hydr ocar byl ene noiety" as used herein it is neant any dival ent radical
formed by renoving two hy drogen atons froma hydrocarbon. Mre specifically
t he hydr oc#PBFERE] Apjubttijuted dipr gplysycdiikenyi @tap vagibaiitpied of FSMHY®ES gr oup
conS|st|ngagguggnugsubstltuted or substituted al kyl, an unsubstituted or
substituted cycl oal kyl, an unsubstituted or substituted pol ycycl oal kyl , an
unsubstituted or subpfd )%Qmﬁbkﬁ&MEMl@BaH@ﬁHQ@&iaﬁkﬁﬂmﬁ&n&wgﬁﬁﬁkﬂhed
cycl oal kenyl, an unsubstituted or substituted di ycycl oal kenyl, or an
unsubst i t UHTSEN @F N5 SIS GROBYITeaIG b thbyc%rpwghphmyllcmla%l&aﬁuypoqﬁé igBeym ysed
herein it iSnRAMR WTBAOYAN GO LuilB & fpouf@ b RPAELHEAL Kore 3K ONOVAl ent
noi ety selected fromthe group consisting of an unsubStituted or
subst i t ut edeagtiveylydrogen uﬁ@ud@smpkmledvmrensthbsqapmm@droggzlttt@allwwwaWlth
unsubstitu 1 t. V.
substitutehgg]?q(‘ld QEE%E%%§%bQ%%¥ute t%g% %?%?&?e g%%%oé%ﬁ§%§on an
unsubstitum@dadmu@wmsmwhwtéﬂadyomﬂxmmkyo@mtbahkenykynﬁmsamﬂquMDst|tuted or
substltuted ar i . resin of Faornul is an
advanced epox qgg%?ﬁgﬁmggegFmﬁ#gﬂgdKﬁy??%ﬁ¥%a?%8ﬁé o?h%%m%HmMmQ&dFeS|ns of
a di hydr oxythirgenyghedadednoal dare resmppalund cen eperformddorsinglkaown wietbod{.b) one or
nore suitabl e conpounds having an average of nore than one reactive
hydr ogen atontper ndbeﬁmksofmhemﬁbmmﬂheanamﬁku@ebgmomgmmtmEGnmﬁﬁzreactive
wi th an epox in.said resin sin. d t he
ndvancenent gzl O Brra R e BB o S CBRRL R ik s he
lénﬁmg epoxyica@skylk, acﬁlwchlpgtmds Bﬂcﬁon@oafmlcentamhg o](cﬂe g%m@ryglyﬂmeatrhaﬁ@e gigup g g
i hy roxyaronat|c conpounds. The aration of the aforenentioned advance
epoxy resi BYOIGateps? rIE‘aﬁngBPSpBW S&E gry FEHHERIAM Ofte Prggc hydroxy group,
Exanpl es 0fné feosRARMMAEcBaY hfidhnd RarBYENid 9eid @foufDir@dnt PRMoRORY di & Girdupe
hydr ogen at om per nol ecul e |ncIude dlhgdrox yaromatic, dithiol,

d|suIfonanﬁﬂ%omﬁﬁﬁﬁfﬂé”ﬁF“HWEEWBBWVPP@>@@F&lgﬁﬁﬁounds or conpounds
cont ai ni ng one pri mary anlne or am de group, two secondary amine groups,
one secondary ami ne Hiedalyp afrile %WﬁmbWQ%WF%@nﬁyﬁ?%%ynﬁF%ﬁﬁn0%ﬂ@“§éﬁondary

an ne gr oupyd QmQﬂﬁnﬁ@ﬁﬂﬁ&%hhﬁﬂ@@?@xﬁ&gﬁ BéraBNBoRRBARI0G: 1Ny by group
and one car%oxyllc acid group, an |nat|on t her eof . The

ratio of tREdeRisEuY Hemiabeyt QfQSéxi@ﬁle@éOéfl sk Bore wEsferale (o wabpatPel Ohly dr ogen
atom per 1l geUl €54 qliPReROPMe F8SHHE h&&o@;‘%@%ﬁb&%qﬁﬁ&l@ﬁt@? ﬁfétepgm@el 1to
about 0.95:1, preferably from about O to about 0.8:1, nor e
preferablygﬁmemiwbsmvwaﬁmo lto about 0 5 1 eqU|vaIents of the reactive
hydr ogen at om per equi val ent of the epoxide group in the epoxy resin.
The advancenent reac e@ﬁvmyn@ér@émuetw qon yckad i he peasense oF agprre9ER of a
SoLvent it \PhiSiAPRLLEALKDT Ol EAN AT FhikRlncolIf BRYBRRETROL 1 eact ] on
may be conducted at at) eric, supera nDsp eri c or subat nospheric
pressures aﬂmmedeGW@eﬁh@ursswnmnﬁmbﬂwab@dmﬁmﬁﬁmnmtmb@uts@@@C preferably,
f rom about a 0 f Ly, t t o about
200C. té%ﬁ&égﬁ%gg#)néﬁggﬁhéredﬂggﬁ%@f §%§9¥Hgﬁg (%ﬁggﬁé%%Qgégctlon
depends upd#PCamkbn&egnﬁhﬂﬂsﬁbmabmﬁﬂﬁ@(abub@néﬂﬁCoyed, t he chem ca
structure of the conpound having nore than one reactive hydrogen atom per
nol ecul e enpl oyed, aﬂdthGemhwdmmahmﬂueummdwnw@ﬁmmhmmﬁmakyﬂﬂemmm.enployed.
e e M Y e s B g B Ty HRRDRRGnl R

more than one reactlve hydrogen atom per molecule employed, and the chemical structure

of the epoxy resin employed. Higher temperature may require shorter reaction time

whereas lower temperature may require a longer period of the reaction time.



In general, the tinme for the advancenent reaction conpletion nmay range from
about 5 mnutes to about 24 hours, preferably fromabout 30 mnutes to
about 8 hwonsil/msd3nore preferably from about 30 m nut epCraisaiionseidl hours.
A catal yst may al so be added in the advancenent reaction. Exanples of the
catal yst may include phosphines, quaternary ammoni um conpounds, phosphoni um
conpounds and tertiary am nes. The catal yst may be enployed in quantities
from about 0.01 to aB&ekera,; the figederdhy VIS HERBBAGHODCOPIEIONAHYIREE. 5, and
nore pref efRf dbobt PMRROHW atBulht Hodrsahetétaby @orﬂ%&@@é mded M PRSRY upon
the total weight of the epoxy resin. her details concerning an
advancenen@n¢@%ﬁﬁ@%ﬁ?ﬂﬁ§éﬁ@lﬂmﬁﬂﬁhéwaWFﬁngWé“&HVaned epoxy resin product
for the resin conpound which may be enployed in the present invention are
given in U S PatentARalyS mraalero added IHEWABGEReTBANt EPeHaR. REamples phythdHenr y
Lee and Kr 'c%al@@c‘ﬂwlyl 1§clude%9§p%9fe§’-tqﬁgellﬁ§1r QJ.IHHII(QIYUHE @(grﬁ‘ﬁd%ﬂﬁ:se phosphonium Exanpl es
of the aromatic di" and yhydr'oxyl contalnlng conpound I hcl ude the
d|hydroxydﬁ@héﬂwﬂS@Wdﬁ@mWWan@§ dbe ¢ajdybt fnap e eployekie wiantitiod frem gpout
cycl ooct an ,
vl ooct aduai ! SIEHBN00 TonEXRLARRERRRRRTS, WV FNERRTAUFEARIIEN |
t et r abr onoBi0Sphemol 1.Apehgd by gugigholreed wes diractorabiveighatatt detepbxy resin.
2, 4-di met hyl resorci nol; 4-chl ororesorcinol; tetranethyl hydroqui none;
bisphenol A (4 4 -ig@@mapwmsd@wemhgh@de@wmﬂmmhﬂdhmydﬂbMy@hmh@nyhﬂethane;
-t hi odi n ul f onyl nol ;
4. 2 di hyar Sy BB R B R o RS S e LR ot
1, 1-bis(4- Ip;edtfrm)&wpiﬁmmwif) gitemphéhy.|RatehaNe;5, 7864620 badHandbook of Epoxy Resins by

4- hyd h th 4, 4' -di hyd di ph |
G sul 1) der AR o Kﬁaﬁ” PR %eﬁwffecéened. phenal ;0
3,3 ,3,5 -tetrab ' i.de
33 Ll et hoxy- 4, 4 7B ) TR AERBAT BRNaT AT AP RYBPESYBPBRG e
3 4( 4d|h hédﬁl@@h}@lkcﬁ@&pmyhyﬁcﬁda:lﬁa?@nﬁnve@ fAdm diehydtiaxyhie oz@niobi aheine,

1S rox ere al at e;
N, N - bi g ( 4° é&!’]@f}?{%}ﬁ%‘lé qrglgclzagﬁqﬁ %Il(g)ﬁpta%ecanone cyclooctadecanone,

bi s(4'-hyd l’c@@i&éﬂéc@h@ﬂé’ Ia)la aneplt Maleat with ﬁheﬂol‘ iy dmoKiyFRanyA . e o gaEhe;
bi s(41- hydr oxyphenyl) -1, 4- benzenedi i mn
1,1 -bis( 4rﬁ9@rfk9kfbtﬁ@}?§»|2)ﬁc%eﬁﬁgﬁsgﬁénol p‘h?lﬁ?%ﬁﬁ‘?}@i“ﬂ]oFetralﬁﬁtpb]@éqrf"&mone

2,2",5,5 - bRprabYA é@xygbﬁmé&uiphmg 4Wd1§}(dﬂ&§'a%¥@ﬁ§&}di&”9t hane;

dlcyclopentadlene henol ;" tricycl opent adien henol ; and any conbi nati on

thereof. 44 thlodlphenféx%ﬁpﬁgnyaflpheﬁ@l A Suéfﬁwlﬁwhv@hﬂb‘os%warewa@@yh ncl ude
4,4' -di car Bexydi @@ﬁ@ﬁ}o&%&men&n@ FPstElaill}ld?o Shddyn)i1SRRANNRAC aci d,

1, 4- cycl ohexanedi carboxyl i ¢ aci d Xane |carboxyI|c aci d,
1, 4 but anedidchis bﬁﬁ%ﬁr@xmwxyﬁphfwlSdﬁem@@emd@met;ér‘lbd»bydméydamedyl

s(car bomfseﬁua@yﬁ % ;ﬁt %ﬁg&hg&x;h -Ebélfogﬂ&lgﬁéﬁﬁ%%eﬁy 13)C YRR AL

55 -tetranet I car
di car hﬂ@gg@pa}h@hgﬁp’@nﬁy]i Stdilnbdme;-4,4'-isopropylidenediphenol;

b i s(4-caf t cIo .
bt S 2 R O£ 0BG AT isilnone 4.4 fimydiopyhenzaniides
d|carbbmykmwhm@@mﬂwyhﬁmhemhm NTGAﬂM@hmhm%@héwbmnnhbmnmﬁne

benzani | 0X hen nzoatedlcarboxyllc aci d;
ot DB sy < B RN eor
npl es obisthaydobxypaad 1 pok %Bﬁbﬂ@lﬁhﬁﬁslIlﬂlﬁb(ﬂd@drbxﬁjhb%ﬂk@ﬂ@lﬁﬂxhﬁﬁ ol ,

1, 4- benzenedj t hi o rca tod| gne,

-dlnercapthk Lﬁypr6¥3§@kﬂéﬂgﬁsd H@W@ gyh?ﬁka ﬁ%&hylstllbene 3,3 ,5,5
- tet r amet hyds(fafoxy floiphsankRdiipiesthiadibaddisiab hRyanggiddunaliphenol; and

1, 6- hexanedithiol, 2,2" -dinmercaptodiethylether, 1,2-dinercaptopropane,

bi s( 2- mer cAPY eRtRATPE thefeofle, tri s( mer capt ophenyl ) met hane,

1, 1- bi s(4- nercaptophenyl cyclohexane and any conbi nation thereof.

Exanpl es of the di- P§§ﬁ1hégdPW%Wﬁﬂﬁy@3%“&H%ﬂWWobenzene

1,3- dlaﬁlnQQeﬂ&ﬁﬂ@xwﬂménﬂh@ﬂhﬂ9Qﬁﬂ%ﬁﬂﬁea£d4s Fhard Ledi phenyl net hane,

4, 4' - di am nodi phenyl sul fone, 2,2'-di am nodi ﬁenylsulfone

4, 4" -di am nodi phenyl oxide, 3,3 ,5, /5 8-tetranethyl-4,4"'-di am nodi phenyl,
3,3'-dinethy1-4,4'-dianinodiphenyl,

tr

3, 3
4, 4
1, 4-
1,1
1, 3-
4, 4
4, 4
Exa



4,4" -di am no-al pha-net hyl stil bene, 4,4'-di am nobenzanilide, 4,4

-di am nostil bene, 1, 4-bis(4-am nophenyl)-trans-cycl ohexane,

1, 1- bi s( 4warmnapb&syl ) cycl ohexane, tri s(am nophenyl) nmet lr@majsS2010/056101

1, 4- cycl ohexanedi am ne, 1, 6- hexanedi am ne, piperazi ne, ethyl enedi an ne,
diethyletriamne, triethylenetetramne, tetraethylenepentam ne,

1- (2-am noet hyl ;OEI perazi ne, bi ;}am nopr opyl ) et her, bis(am nopropyl )sul fide,
bi s(ani nomdtyr rapeshenansylioac 1&@@@6&%%@9@|%]ﬁek§nbyﬁpmﬁ@xy inhd any

conbi nat i oRcitiNBERRpentadienedicarboxy EASIPES@arBbx H&lygfﬂeﬂﬁﬁé/ nonoam nes incl ude
ani line, 4-chloroaniline, 4- met’hyl ani | i ne, 4-met oxyanlllne

4- cyanoani Ili Inis(4zaoginhenyhigy dehiexiige 3,3 43, A neritdsipH iy dicaxiogidipheny],

4-ami nodi phenyl ARLIAGha- ﬂleﬁapismgﬁeofﬂwé@ Ul hen@%&lﬂ@ Qpenone,

4- am nodi phenyl 4-am nost i I bene, "4-am no- al pha- et hyl sti | bene,

met hyl ani né,l’ @Lsmanbﬂxaphemvlt)cry@b)hexaberié dlnarh@wy‘l mﬁihm@en@y@llcﬁhféwb@m%e,

am nonor bor a L nat i fp anpl es of
t he sul fong%lﬁgﬁgbﬁ%%&fuggd% nJ( gtﬁko 5(?9'4 benzfnﬁg?(efgﬁrebﬁx hc Onami de,
4- chl or ophéryblsul bemantediesrbdxybe amm;@mgdbsrwﬂfcalrbamlntapldzhnmmmmhomam de,
4- cyanosul fonarf’n de, 2, 6-di net hyphenyl sul f onam de, 4-sul fonam dodi phenyl
oxi de, IHfonam dod| phenyl rret hane, 4-sul fonam dobenzophenone,

4- sul fonyl am dodi ph fona ostl |

4~ sul f onam do- al phac iyt oF HesEART AR ISR etk e b mivigh

Exanpl es ofl 4tmZ@ﬂdlﬂmﬂhzemedhmercapxbdlplleen@hmuhammh@nhhercaptmhphamjdImmle] ,

S e e N T A B

but yl - 4- hy dp4exy RRédaneEhiod- 1p61myﬂedﬂhi¢y dmyﬂdibdptdalﬁa,thylether

4-(1-(3- am henyl)-1-neth phe 4-

am nophenyl| ;}e(i)ﬁ‘ﬁ’icj“lﬁfﬂ%rﬁﬁne bdsy(% &neé 8&9% E%éﬁ*%?apto?henyl)methane

4-((4-an nqghﬁgmlrﬂetrmrp@)w&@n@mohéﬁm@ranaqaﬁ&nﬂﬂlha(tﬁnméehro@xyphenyl)m%‘t hanone,
4- ((4-am nophenyl ) sul f onyl) phenol

4-(1-(4-amno-3, 5- di@mmb&wh} ahd pEILANingd ibivbde B2-Gradiikbeamphienol ,

N- et hyl - pam nophenol , 4-am no-4'-hydroxy-al pha-net hyl stil bene,

4- hydr oxy- 43 %rﬁfinﬁ'éené?nﬁhéf‘réltaIWP%MeB‘éﬁé‘ déﬁﬁrdn%@leﬁﬂ%ihﬁ% i on thereof.
Exanpl es ofy 4 h?anﬁﬁﬂd%@@l&%ﬂé O aﬁihﬂ%dlplﬂ@dﬂs@ﬁo@e' am pRkeRehenydekide,

3-am nobenzoi ¢ aci d, 4-am nobenzoic acid, 2-net hoxy-4 am nobenzoi ¢ aci d,

3, 5- di met hy$-.54- sﬂﬁﬁaﬁlé@éh%|@ala@p@lph@yb9él ﬁﬁ@s&w A SirnHeiseeaylc aci d,

2, 6-di bromg-44: d?a%ﬁ@glgﬁhz&btﬁy@&lb&e 2204t ¥l ofsBRiabenz Qfaﬁnrﬁ‘)gﬁlgene

3- pheny1- 4- am nobenzoi ¢ acl d (1-(3-am nophenyi)-l- met hyl et hyl ) benzoi c
acid, 4- (1-1(44b1%(ﬁ1anmpméwﬂ))tanhyyq1@@nm» bléﬁﬁﬁammDQMMynbbﬁ@n@xy) benzoi c
acid, 4-(( i d.

car boxyphelr%ril ne&ﬁ%no#é&ﬂ%%’ ﬁ@%&{ﬁga %@h@f %%@%?%ﬁlw célaézg}ed

4- (1- ( 4- amethgleBedsamide, bln@nmqahamyl&)tmithﬂateltqyﬂaamﬁwte)ra@h}aermpmaumohenz0| c acid,
N- et hyl - nobenzi.c aci ar box Jylstilbene,

4- car boxy- A%Tﬁ%l%ogﬁlgﬁ aoHe rblS? Htlm?pﬁ%pﬁ'g)ethe E HXHOP@%@?EF%QI yci ne,

4-am nocyc Ibmt‘madﬁmm)rllmowtnane acy {b;s(%amnmmm@mpr@am: o] any combination

4- pi peri di necar. boxylic acid, 5-am nophthalic acid, and any conbi nation

t her eof . Exarrpl es of the sul fanilamdes include o-sul fanilan de,
m sul fani | am de, 2- met hox enzo aci d

2, 6- di met hy1- 4- sul fgkﬁ)gl E)S g{ﬂe gﬁfnﬁgfbrg?{]é)éwg%s 1ncf’%1rcpe amPne %chﬁ)roamhné

3-net hyl- 4-4&hlét1flﬁdilﬁ]‘ﬁ€d@-nﬂeﬂﬁ)§tydiﬁlh%n¢ eydpaniline, 2,6-dimethylaniline, 4-aminodiphenyl

5-nmet hy1l- 3- s Ifonam obenzen

3- pheny 1- 4 98P f6HERP Bhefalﬁ}?ﬂ}?B%er?i‘Eﬂ‘édlp%nﬁ(li“h?‘%ﬁ SEMEURSMOE PRy 1) - 1-
net hyl et hyWaanhddipeny144- ﬁéﬁb&rlﬁdhhf@ﬂﬁiﬁbdthﬁﬁbﬂy)s@ﬂ%ﬁé ngsiylliniiBe,

4- (4-sul f onam dophenoxli yani |l ine, 4-((4-sulfonam dophenyl)thio)aniline,

(4-sul fonaﬁ%%én%r?s(t e&ﬁﬂ‘h‘%?ﬁiﬁléﬂ%‘}e) mistohendaaine, Li‘m(ll(ozilorbomane and any

sul f onam deghsRydonsiEgny! ) ani i ne,

4-(1- (4-sul fonam do- 3, 5-di bronophenyl) - 1- net hyl et hyl) -2, 6-di bronoani | i ne,
4- sul f onam do- 1- N- et hyl am nobenzene, 4-am no-4'-

sul f onam do- al pha- net hyl sti | bene,

4- sul f onam do- 4' - am no- al pha- net hyl sti-bbene, and any conbi nati on thereof.



(3) An advanced active hydrogen-contai ning conposition represented in

Formula 111, which is prepared by reacting one or nore bisphenols with a
st oi chi orwoOnpti/ded48ci ency of one or nore of the epoxy resrns2ab/ofannul a |:
Formula 111 wherein Ra, R, R2, R3, R4, X, p and mare as defined in
Formula I, yl is an integer having a value fromO to about 20; Qis a

hydr ocar byl ene noi ety, each Z is independently selected fromthe group
consisting of 0, S, -W}es\%@ﬁéiﬂfpn%“qgélnélu%ﬁg‘%‘élé\ﬂf)‘wamﬁﬁ?i ety; and Z1 is
Z-H. 4-methoxPenty BLIMEhamiVedi ORBFRNG REIORLEIY 4-baiebphWLasAnAYd, M et y”
are used as hereinbefore defined. Any one of the thernobset resin

conposi t i oftsngiedeiopaidasosyaneimifeninidm 2 Selimethghepdspbionamide( 1) of the

ther noset t ghl,g, CAMMRSINELABXQE, 4 B8RLEEENbhPYRhON. can include any of the
t hernoset resin conpositions described inh co-pending U S. Patent

Appl i cat i ort-s8denaalidaenzophyn@as 4agHonydnhidetliphengly énulfmpmidesilessiet h by Metral et
al. (Attorne 5 5 i ed. in by reference. The
met hod of E&ﬁﬁ@%@ﬁf}r ?1 ga Iélgt?ﬁfg)‘gtﬁﬁe)% & {H%)Qaqlgg&gllglgguo glgegéﬁdl?bed in the above

co-pending U.S. Pat e@}a lo% &étdin%})geg]us%cl%'o—ﬁﬁi{nﬁjﬁ%ngl,glglaminwhenol

Conmponent (1) may be cured 1n acco nce wth we noimn techni ques used by
t hose ski | Ipeghingphting, Zamtthofy-4¢-tiydrogyacdine,ni-diordiyl-# hedopsatline s tyedohsxpdh as

ePoxy T €S 0 kSIS LA, EHAMRE ILNG Bufurlig.agant, component (1)

Wi th conpon e approp ratio; I'ng the
t her noset t 8hthenyd-drpdsixyamiinec &4 3-ahingplche)-nxdiuwl@hdiphewipofient s (1) and

1) to curin ondi tions. . Th ri ng agent., .conmponent (11),
Lol 2o 1 e orpatr gD HubyiSioleherpinonneintd S agtdf bR the
t her noset It i@b&ﬁir@pﬂiﬂ_ﬁ?ﬁ@tﬁyﬁﬂmy}ﬁf_&y{yl:)lﬁ%tﬁ;ﬁioﬁ& Ete(m-aﬁlmbp@nﬁllrj@lf_emyl)gmaml,t h o?] ed c _u(r]I ing
agents we wn in the art in [ t are not limted to, anhydrides,
cgr boxyl i c4£a(&‘|rg §I,nm<'9fﬁ’$fg$6‘8ﬁi?aﬁw 'ﬂ“‘ﬁﬁ&k&%@@ﬁ’ﬁ%ﬂﬁ?&%‘}d’d\&iw&y&' or ?1/1 xt ures
thereof . ThgidophdHol, ALhiiR@4 AYRIRSxy-aAshaliSRll 1186RL M-hyRirdxyienadh-diphal so incl ude
catal ysts or co-catal ysts used either alone or in conjunction with one or
nor e ot her MeYpisipengehd &y combination theregh app| es of the curing agent useful in

the present invention include any of the curing materials known to be
useful for curing eposeprleesf he gaistogarbeye arifly Brgde Sgamohezeiciagls i ncl ude,

for exanpl 8,anRRiA/BIRid, RANNABARic R, Y%@ﬂﬂﬁ?‘ﬂﬂﬁnoﬂ%ﬁ&d@&&ﬂ@l,S,-c_liﬂlQ!hyITeri c
t hi ol , polycarboxylic acid and anhydride, polyol, and any conbi nation
t her eof or “t#EneeREic Tihrcyslpeeki-emehrmPEscidf 2 bHErQe-Figingyemoid ncl ude

di cyandi am,dg, s pRGNALMABYAGE Seid I SRAGNLLmABAYAL 268, 4-AN8NAlindaYRh AL Of

di cycl opent adi'ene, styrene-nmaleic acid anhydride (SMA) copol yners;” and any

conbi nat i omethydatlsdibenzpregtih #-et (‘exampphegylpfthy lrenzemradeher may i ncl ude phenol
novol ac, cpesal. . I $ nEl 1A Gl . bnat eof .

D cy may bo g SPEHR bR RROAn Tty A B S e IR e
present i neahtiyphenyDinethahas, 4-Hé-aadvahéemdeul iy prenvoidrnd, 4dEHaypednedbi ng si nce
dicy requires relatively high temmeratures.for activatjing. its curi.ng

or oper £ os SRR Pttty EERERONLER i A FRebE i befi il st or e
at room t edpariai-drerfebaitha 2xQ)ylstiftetde, @tk -am e -atphainghypstdient.e of a

oo COTPIRLLL 0 Sk PSS BRD S  YOAL LSSRA0 AR ot

4-piperidinecarboxylic acid, S-aminophthalic acid, and any combination thereof.

Examples of the sulfanilamides include o-sulfanilamide, m-sulfanilamide,
p-sulfanilamide, 2-methoxy-4-aminobenzoic acid, 2,6-dimethyl-4-sulfonamido-1-
aminobenzene, 3-methyl-4-sulfonamido- 1-aminobenzene, 5-methyl-3-sulfonamido-1-
aminobenzene, 3-phenyl-4-sulfonamido-1-aminobenzene, 4-(1-(3-sulfonamidophenyl)-1-
methylethylDaniline, 4-(1-(4-sulfonamidophenyl)ethyl)aniline,

4-(4-sulfonamidophenoxy)aniline, 4-((4-sulfonamidophenyl)thio)aniline,

-10-



In general, the concentration of the curing agent, conponent (l1), present
in the thernosettable resin conposition of the present invention may vary
dependi ngwonotihes@ad use application. For exanple, the aooarstolofsaari ng
agent used may vary fromabout 0.1 to about 150 parts per hundred parts

t hernosettable resin, by weight, in some enbodi nents. In other enbodi nents,
the curing agent nay be used in an anmpunt ranging fromabout 5 to about 95
parts per Hﬁﬁﬂ?@ﬂmﬁéﬂﬁ§y9ﬂé?%%@%@%ﬁ%ﬂ%@#@%%ﬁﬂ by wei ght; and the curing
agent may RerdaRthobRen mﬂ@@# hilfn@ngi 0@ Lo aRRYs-dfloh SprRRANE - 90 parts per
hundred parts thergnnggttab gfres?n{q%y.mei ht,yFn.yetQ%tﬁg? enbodi ment s.

| n anot her MEfydivMeh6-dgromepailpe ¢k afonpmider t N viethybompeisarne.(4-yminay -be cur ed
i - accor daRge,\intdd- MalmSRIWMIE DR BHER AU S EHn Y i BAS S iRidilesd i ahNe art
of curing conventional epoxy resins, including for exanple, mXing
conponent (opbiagtiadekaeditbed above with conponent (111) at |east one
thernosetting resin other than the conpound of conponent (1) in the
appropriate ratio; addAsuddyaeed agive hedregearcaps@inggohgogdenioptietentsd itonpri si ng
t he m xtur - ] [ i-5i.0 . hi s
enbodinent?bﬁﬁgggg&&%%ngggé+%%§£g€gm%%?%%H%ﬁ?%%g$%@§3$%h5§ﬁgﬁ&?ﬁepinstance
wher ei n t hdelcaengp nbarte of njoreoitha¢nvsy resas bf H@mfulardct i onal i ti es that can react
with the thernosetting resin without the use of a curing agent. The
optional curing agent may be any of the curing agents descri bed above.

The ot her thernosetting resin useful as conponent (111), may include, for
exanpl e, at |gast onedthermpset resin conponent sekect ed fronkepoxy resins,
i socyanat, —é‘l‘g@%ﬂal&ﬁl’—oj@%h C)LLljz—%RaIcgz§jZ€Qs— }CIP —leancgnlzaioc Si YCII—HQ )éia_icg zr—ﬁQEizlns’
styrenic resins, polysten/resins, Vi yFeéter res c i'cone resi

mel ami ne resins; and T xtdres thereof. Preferably,ﬁa%%e% Xy resinis

enpl oyed as conponentﬁ(IIR) which is different frowaohm nent (1) in the

t hernosettabl e resin conposition. Exanpl es of the other

t hernoset resin different from conpofghbia@) ., suitable for use in the
present invention may.include epoxidi zed bi sphenol A’ epoxidized

di hydr oxydi"HREHYR - Rydl oall: Rarte Psiie i 48 aedsdiepdiinZoamplp §ph &l inlgges havideiecanone;
epox'd'Zedy@ﬁ@ﬁ@hﬁﬂn@&&ﬁb@ﬁg&QH&Mh%MBQEkQB@E%,é&ﬁhié&d _9&&@&%&&x&ﬁ?n0|
novol ac, bi sphenol A novolac, or epoxidized bisphenol dicyclopentadiene
novol ac; epoRi E zwdp bensisineolddrit AV meindblien bl dregarttyl mwicharedZbis Zptkencl A
novol ac; epoxi di zed phosphorus-contai ni ng bi sphenol A, or any conbi nation

t her eof , where "epoxihgitetay*hydspragydane snoiqtezande hydrodattlyl eiconlasr ehddr i n (or
rel ated magerialirdRrif@nvert each phenolic-OH to the glycidyl ether.

The other thernosetting resin, conponent (l11), may be present in the
thermosettabl e conpoghlififbr e FrfiBRE R BhipOfidr B8schifaNpBAOWicP i ! % Of
the epoxy in the formulation, pre erabﬁy ss than about 50 nol % and nore
pr ef er abl y s¢resss compan@0 (el the thermosettable comippsigereofgheresenedvatibodiment , t he
ot her therr LN [ . 0 | Iy ent

i nvention ﬁﬁ@ﬁ%gg%9g@§ﬁg§g#&§%§$g%%%§9$g%¥ﬁ$hﬁﬁ34%%gw$ﬂgggﬁgﬂ%§§in" herein
means a conyplicatiomBercth NooSSH5sES, itlndéomevenonie hyicwithhly Mypaket af K Sugpseyper

nol ecul e, i, e, t st_one 2- epox rou er cule. In general, the
epoxy rosi PoEtsBLARR refES byt R P RLE Hrfrd

cycl oal i phabinponear @natis€decritedt ©the ayeleico-peadipoursd Pabittpppasise Sees Nat | east
one 1, 2_e§%éﬁ %%Pup. Such conpounds can be substituted, if desired, with
one or nor 8RR ‘substituents, such as hal ogen atons, aliphatic or

cycl oal i phatic hydro ro ,_ether radicals, |lower alkyls and the |ike.
By Daer b i th et o awaeoRBD e et aecSior e Migikn i focffues bed

su tﬁst i ]E uentb$ tlﬁ;l’sieslélllﬂbliﬁ &i&tahﬁif kyrindQionVeadcial Hﬁrrﬁ@s&heiiﬁﬁu@lplw@pdﬁy @siayps and

ot her functional groups, The epoxy resin conpound may al so be nononeric,

ol i goneri ¢ U4 ‘g?h’iéﬁa e, pixgng P thee é%%‘wo?l@g‘?eﬁt (ﬁﬁy‘quggoglgprget QHinthom a
monoepoxi depprapichieaai 4@ sulfedil he tfdncichgiatoniRiXiyn EaahrikingdhPRly@poxi de; an
advanced epoxy resin; or mxtures thereof. An extensive enuneration of
epoxy resi feMpents(D prd (héo prgsntdifiofjent i on is found in Lee, H and
Neville, K., "Handbook of Epoxy Resins," MG aw Hi || Book Conpany, New
York, 1967, Chapter 2, pages 257-307; -iincor porated herein by reference.




The epoxy resins useful in the present invention may vary and include
conventional and commercially avail abl e epoxy resins, which my be used

al one or wo2eomssaat i ons of two or nore. In choosing ep®XY/USR&00S61DDr
conposi tions disclosed herein, consideration should not only be given to
properties of the final product, but also to viscosity and other properties
that may influence the processing of the resin conposition.

Particularly suitabl E&HBRS/24°BS FORPREBUH) (Y5 KETBR{Q 1sedSPREF CBPe based on
reaction pra@Heb&ndfus@el ivitinairhetabvRLsahRtn, RRERNRce@)6! S@lbRNBbLC
carboxylic acids, aromatic am nes, or anynoghenols w th epichlorohydrin. A
few non- | i MHO5¢ AIYINERBAW Welhknowinde theae, ingledings Rutrast eot liglis ke aeNlydadasi gl yci dyl

ether, Dbi sphepahicheidl Ikl Dpodidd ShendiREOMEORAL, pdiyBlsYG ¥ lur&tiRelor, and the
triglycidyl ether of para-am nophenol. O her suitabl e epoxy resins known to

the skill edhaerkeruringeiendéayusadhdrgn ipngddreite alsd ingvide bitdyvhyrdoicatalyistsh
o-cresol afgdy &ESARGLIY El bnuBARAKIMAYEE BER ould chiinaHl: 8 POSsi bl e to use a
m xture of two or nore o ahy 0 he above epoxy resins. The
epoxy resins useful 4 At i rat | t he

t her noset conpositiJ%@nﬁgﬁﬁgﬁg%ﬁﬂ%¥kg¥?ﬂﬁgﬁgggﬂgg%gg?gﬁﬁgﬁgg%%gﬁﬁggciaIIy
avai | abl e preoducg satcRals keovamolbe usdbulEoRuriiyeB&Y resih Bas&l conio38ans. Buéh R TM
334, D.E Ry JM880,, 0 5 NoTM 430,00 BN TN 438, D B Tm 798, o D.ER
TM 732 avail'abl'e ‘Trom The Dow’ Ehém ca’ Conpany” nay be us8dYPAS an

i |l ustrati pnlyokrit théol prodsembxylivweeidtand aphytitide, @plgxly andesy rRombingirmahdredfor t he

oresent | IYETLOIMIE B8 Syl 1 58P0k 58, B o R EESY, im0

density of ndvolfesgpheml- AQdvelacs phamel gdvalac epaixytlspestadind, katen€anldieacused f or
the epoxy resin.c nent can be D.E.R. TM 330, D E.R TM 354, or D E R Tm
332. anhyd“d‘ifslmg) %OBPltYHIBTsea‘E‘ﬁGX;?Of%WFPé‘ Rrresiy Profqred ramplessdfie | nvent i on
are di scl oagdendd maf Ml gﬁ@ioEnolea&- créB! @Vb1abassphend® ABdidP 2ind 4ayl 63, 973,

6, 887,574; 6,632,893; 6,242,083; 7,037,958; 6,572,971; 6,153, 719;

5, 405, 688; cpngiy theerli on WO 2006/ 052727; U.S. Patent Application
Publ i cati on Nos. 20060293172 and 20050171237, each of which is incorporated
herein by reference.DwynmybeOnemﬁ%@£¢$@@%ﬁm®ﬁéf@ﬁﬁ%?¥¥§§ﬁﬁ§f9§éﬂﬁ! in the
present i nyeRtddchond PG/ 1@k ke divamaReploviliiY @.98FcuBRL siBRONYy Rgutesal ent
(g/eq) to about 20,000 g/'eq and nore preferably from about 500 g/eq to
about 5000 rgitegly hagh aRaerales &oict HENg B sHTREWIPERisH S B1us HECYARa Pagklcd

mol ecul ar yej &Qﬁn&@tﬁh@%sﬁ%&f'stgl%drzlpfo%h}{ Ihﬁhr&ﬁl%%o‘aﬁﬁs"@ﬂUAc_Ycﬁ‘Ji&ﬂHy,(tﬂé eq)

di vided by the average nunber of epoxide groups present in the nolecule.
Exanpl es ofumfigapoidle des raggesbmipodifon dsegsh@ysean bej cavenicndn madidied hengpoxy resins

having an EEM 8L LA AL ODuahofhy e, AROY 000, of eg. In

general, the viscosity o € epoxy conpou used in the present invention

is fromO0 nPas to a%%&@ﬂp@%&@é‘lﬁrm@%gﬁ fit g\m&% 2 LR A3 éggﬁ’g%nls f about

1000 nPas, and nost p era rom about to about as.
Qt her epoxyhertbgimesctigblefrasin @spatitibreaghe pment inegntos ety vas idapanfling ongenent

(I11) incl %ﬁc?us%rlg&gc%én‘?“ % e Y AoV PRSI Ef:gélgtl 28 ﬁ A Vary OOt ot
phenol novolac, romne-contarni ng epoxy resim, a phasphorus-contai ni ng
resin, andOdamabnat b®pstsphetivadfed parts thermosettable resin, by weight, in some

embodiments. In other embodiments, the curing agent may be used in an amount ranging

from about 5 to about 95 parts per hundred parts thermosettable resin, by weight; and the

curing agent may be used in an amount ranging from about 10 to about 90 parts per hundred

parts theremosettable resin, by weight, in yet other embodiments.

In another embodiment of the present invention, component (I) may be cured
in accordance with well known techniques used by those skilled in the art of curing

conventional epoxy resins, including for example, mixing component (I) as described above

-12-



More specific enbodi nents of the epoxy resins useful in the present

i nvention may include for exanple an epoxidi zed bi sphenol cycl ododecanone,
an epoxi dvoediiics@hienol A novol ac, an epoxi di zed bi sphe®alr/US2010/056101

di cycl opent adi ene novol ac, an epoxi di zed brom ne-cont ai ni ng bi sphenol A
novol ac, or any conbi nation thereof. I n general, in one
enbodlnent conponent élll may be present in the curable conposition in an
amount of Mad<ompanenaElAt 1Eet %@%@%?S@ftegéﬁrryothfrré@e thecompepyslel 60 wt % and
mor e pr ef etahhohent G38 HRBOAAU B0 BARE hefrhBR AL BmURIGAL of 't he
conposi tion. ers can be used in the fornulation for a

vari ety of CPuPpHREEe mextens ofsorpredpty (Ihandt (He to vaag eepditionadiidhing cost

reducing t BgnGaRLAL Gl %ﬁﬁngoi oA BRlop B AR B0 art ARGnd ARLAYI MM e | ame
retardancy. Exanpl es of #e prgferPed fill'ers may include silica, talc,

al um na, qaampqnentrﬂmntafnls aqwetivedagtidadlitiss thaedealrdaccwiiolhd dresnosaitids agin

Comi nat ! O BIAOLw oF A 0! 1 ABSLARARN Y deahd o Y cbil] L0

alum numtri roxI d mag e |un1 r oxi |n|te such as al um num
or zinc ph@gmmdwmesdmmwaboehwite In general , for
applications where a filler is desirable, it may be present in the

t her noset resin is fﬂ@mﬂ&bd&ﬂmﬁmﬁngeﬁﬁentmi@cabmummgﬁﬂpamgemmuby&meight,
pref er abl y’ Qe a? easl{ n tg ose erfpstn to?n %bg elgcge r(;n(fentx b Sings 1sg"ﬂr ﬁaltm)r €
preferably, %roﬂra out " 1y°® percen A uf perce%ry t"*even more
preferably xesfrrsg(meabmnyhczeslmephmnhc IIGSInfabﬁlth BRinparyced rebys \peiygshftr resarsd nost
preferably, om about. 20 per.cent. to about 7 y t based on
Phe toral  WsBRE Brns ucondribe ety o st nBERE RirdY P 8 eneral 1 y
in a partiep&yfresimsangldyasassidnpyRindge) paichicdiferdhiTrnstaipdaelovigout 1 mm
preferably bel ow about. 100 mi cron, nore preferably bel ow about 50 m cron,
and rost pHEFEesght eﬁ@PGﬁW&%ﬁﬁP’lo m cron, and above about 2 nm preferably

above about 10 nm mor e above abo and nDs ref erably
above about 50 nm Barhples 5 tef“‘i’l‘?g’ flté‘F‘i’i‘i‘Oé?té d FreP ‘?ﬁ‘fj‘?f%‘??ﬁ?&( )ngll‘él?lf’al
useful for fGaRPASHE fre@nt BV @LiLA hﬁ@Imch@meﬁ%ﬁzerd%spﬁeﬁooAnyéo&tdlzaa of the
present invention nay include any of the fibrous reinforcement materials

known in t HEvdioRyqiphepuldiyRlyakkae Séﬁlh?ﬁﬂpé’“ﬁ‘é?@?%ﬂhe&ﬁGy%lﬁﬂdﬁ%’flf”&? £rEliedi n the

form of woygthofidREVofac (REGFuiFRGRE) shéRboxiikbd pHchbia®Aho, biph&ibs £Ct i onal
fiber, rovrng, random fi ber or filament, inorganic filler or whisker, or

hol | ow sphap¥lacopipexidizpd hisphenelelicyriopentatiergaeetiacaprarilzedbedige fi bers such

as carbon Qgﬁtﬁﬁiﬁéﬁoﬁ}éheng%%ml%t@é’éps &ﬁ&l%h&\%iac“éﬂo%lze&g QPnorkRt ton, aram d,
graphite, polyal Kyl ene terephthalates pol yet hyl'ene | ypr opyl ene,

pol yesters Comﬁdinar’@&sph@ﬁbr\natanmnomlrreart@@fthereof where ‘ epéxmﬂahgﬁeeaentg haped
I nor gani ¢ Bl G c‘iﬁbr&%rﬁflﬁ '(()Jprél%d H%%P@?}d c%ﬁv&k’éatcﬁ‘ﬁﬂéeglggé’-b}ﬂo the .

rei nforcenment materi may “a be use e aspect s I'norgani c

mat eri al mglycidgtdtomde i nor gani ¢ cl ays such as nontnorillonites, fluoronicas,
boehm tes, and the I|ike. O her exanples of the fibrous

rei nforcement mat er i Blepthes éfeuhoskwing rdyam, commbbe (BI) sody bﬂ:}abseheimthrat e or

t ified
by he. | nt SFRECT S CoyfleskOgpl GREHhul MIETH AN R AR RBGn et T ¢
O her fi br durswiagibmfpoefeiably layathan aladut fynolse, aad hiopepreferabi lenﬂrthmg 30anolgxanpl e,

carbon/graphite; boron; quartz; alum num oxi de; glasses of various nodul
such as 'E' and 'S In@ndpsﬁﬁmdembmhmHMdmeo&msmhmmemﬁmambhdeﬁMMBers

ipers. sache@utlbards PRt Tt AL Sy Sndihmi B Ga CBRPA i ng

fibers, suesirishefdinXhédnt b Lohpouad emmeshiponkssdMrie & inlore dtinglaspbrydgodiisiper s, such

o0 AL O ST 8L L OB S RO B0 ST 8,1 ber
compound may be a saturated or unsaturated aliphatic, cycloaliphatic, aromatic or

heterocyclic compound which possesses at least one 1, 2-epoxy group. Such compounds

can be substituted, if desired, with one or more inert substituents, such as halogen atoms,
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The amount of reinforcing material in the conposite or electrical |amnate
conposition may vary depending on the type and formof the reinforcing

mat eri al wodotimes&spect ed end product. In general, the trherusesensgonposite
of the present invention nmay conprise a fibrous reinforcenent material or
an aspect shaped inorganic material, in an anmount of fromabout 1 W% to

about 90 wt % preferably, fromabout 10 wt%to about 80 wt% and nore
pr ef er abl y AliphegaPapsleeligiohwl ey Sprstetes ragiwdsplewstelbs tdhs bcalB¥aei ght  of

the conmposidye@Nwith reference to subWt8hed, 18s fBAHRfHAL Gl RehsHRERS hdkuRlanfid 1R HS
rei nforcenent nmaterial conponent is a fiber, it may be present i'n the
t her noset t &scéveeig) the gpawrlsreups Anbetheriiancyprad @rpups. nhhepPoesin cnP@Rdunt  of
f rom about 1 uth ¥ hidnBGHL oibihidir ROIEHESARE Ve EATrARPHEy RONH FiapAbOU
80 wt % and fore preferably,” from about 30 % t'o about .7y0 wt % based on the
total wei ghtmappenonilecodiprssidei omulti-functional epoxyThen.fa fobregomdy abedwineedd or
unsi zed. 11 i Z | 71 ng. fibers.d pically a
ayer 100 (80900 et PR EeffS 2B el BAAMARAY ARy B Serl Bl B2,
for exanpl eresentcovaphdnngfomgénmtleel dbmd dNentlle, antiHarstbadk @ EpgenResior” a
conmbi natio er The fi ei nforce Y. _have vari ous
Forms. and VT80 Berk Gamaam oM dtnir ho SIS DpeETae T st eor
Cont i nuous hefetnaydefieamearg may be used to fabricate unidirectional or
angl e-ply conposites. Continuous strand roving nay al so be woven into
fabric or cloth usi rthedipbfyeresint usedingbe pagint mserploainny vegtand includno,
crowf oot, and 3t-.di {Tagl:asi onal . O hek1 Ior ns of. COﬁt' nuog)se fj%ltb?r r el nf or cenent
are exenpl CPTERIBY PHgopueraqlly QX lagleRpty eUns. X IRy PO PEGA YN A ' apes and
fabrics.  combinations of2w®c® Miord) U@ Bodsing@psxysuiihatol eonipakitibiv dsdldiv@rdréion may
include mlled fibers, whiskers, chopped fibers, and chopped fiber mats.
Vihen the r EPRIBFEPRI MY PRIy bF &ivr lBRero G0 fing %ff;{%g&paﬁisgé%nt in the
t her noset t at&ity @8d HhEPIRRRick HAOMAY infliencP HRSRMesdifMEMd 108n tém@Rit@ADUNt  Of
fromabout 10 wt% to about 90 wt % preferably, from about 20 wt %t o about
80 wt% and nore prefAYABIY SUAOAPABOTEINSENAREYE ths SEBISH T OROT HEDFASBd on the
total wei ghtac@én Srb@ucEITROS Fnk@Shal alcohols, henols,%&@Hﬁ%ﬁﬁidﬁarb%%&ﬁc%lcﬁ,
di sconti nuous reinforcing materials include m|led or chopped fibers, such
as gl ass afMF aines.9F knBapkenpls pathepichieralydnmp| & fof nep-linivios amberhoess
r el nfor i ng Rk bk Blundpf. Bischbiel bl R Qher SH LTI GRN L RGLLNI T )
NYAD G SPECI AL(r), trademark of Nyco. . A conbi nation of
cont i nuous dghdidil sbemuidibouglycidybetberphparheminpphenion @ther syrahde enorpossinse.  For
exanpl e, a i i ' ' | T owl 0
chopped st FIRAFRBEUUNG fTftert 1 FAERUNALIRE Blp @b el M| E05818E g
her ei n. respectively, pheiml apvaacs o s alsi prgsiblle ftd eseambixtuppeswo br mpteer snnely al so
be used. anrea éang)l e reIsi(fllg/ers of different types of reinforcement nay be
used. In ait°cPart PRt & ors, for exanple, the reinforcing material may
include a fiber and Eheepoey resitCinefus inthdNvEEX( inyerf(ion adeneprkpandtioboPant )
honeyeom Gor & selontbol M SHhS BT, Hay RO SIS RN SorRerRRhy Yahigh! or i de.

products. For example, D.E.R."™ 331, D.E.R."™ 332, D.ER."™ 334, D.E.R."™ 580,

D.EN."™431, D.E.N.™ 438, D.ER.™ 736, or D.E.R."™ 732 available from The Dow

Chemical Company may be used. As an illustration of the present invention, the epoxy

resin component of the present invention may be a liquid epoxy resin, D.E.R.™ 383

(DGEBPA) having an epoxide equivalent weight of 175-185, a viscosity of 9.5 Pa-s and a

density of 1.16 gm./cc. Other commercial epoxy resins that can be used for the epoxy resin

component can be D.E.R."™ 330, D.ER.™ 354, or D.ER.™ 332,

Other suitable epoxy resins useful in the present invention are disclosed in,

for example, U.S. Patent Nos. 3,018,262; 7,163,973, 6,887,574; 6,632,893; 6,242,083;
-14-



The thernosettable electrical |am nate conposite conposition of the present
invention may further conprise one or nore optional added conponents such
as for exaopba/oesc4aat al yst, a flame retardant or a sol veomr/us2010/056101 An
optional conponent useful in the thernosettable conposition of the present
invention includes at | east one catal yst. The catal yst used in the present
i nvention may be adapted for polynerization, including honmopol ynerization,
of the at 04805506 TEARIMoLartP eSO idkrian Vo POoBatary st used in
the presenty § mieat AGRiciBoh IRSli@BRNSY 20060283 1236l baisoPeiYeeAcH feviadh ik east
one thernosetting resin and the at |east one curing agent. The
cat al yst usgeproraesl hereinpit ieb¥ice.conponent i n the thernosettabl e conposition
of the present invention may be any catalyst well known in the art used for
this purpose. For exHwgidy ﬁléeewapwtusr%ymitmrwet igypeuRdsEdht ai ni ng
am ne, phogRAl Hut IBLERAGKELLy Db AR (e WRRLLID 0RRASPAA o rofibfoni um

noi eti es, substituted derivative thereof, and any corbi nation thereof. Sone
non- 1 i mti mgmesbanpll8w/egfto athpait A0/ ags tAsipsed heirein thetidran IFFW gelars © g amirigsn may

i nclude, f - | - L HE L anmoni um
chi or' de: | el E D R R AR TR DTS

Pat ent No. adgr@25u8ber ofiepcodpgratsedesheneiba npjecnlef éxanples ofiddpdaided wsful
triethyl aminn S raers]f(:jntar\]/ nt?o(r)lrtatr)é tﬂagioggn réshnes!ﬁlg\(/)l];l' an EEW of fro a-(l;lI}t el/ee(i;[)i on of the
catal yst use af TR the presen‘f TAVERt T on' ' i's nollE ITm ecP an orﬁ]m)nly used
cat al ysts hbout ép@ixyegyst ens can be used. Al so, the addition of a catalyst
is optional and depends on the system prepared. Wien the catal yst is used,
preferred exanpl es dh geatral gisviscasy ofibe t@rxly icamyoumdiupeisn themrgamohesation

ST N T T ST S—— O

tri propyl amhdgpsttpidtlably r@m adeut Zmp@tibybdunbOrzPise, benzyl di met hyl am ne,
m xtures thereof and the like. Especially preferred are the
al kyl - substi tut ed i nhtlazpbesiesids beeut hoitdeade @i liyermoset &aiaof egmsunent (111)

phenyl -substituted inj.dazol es, and a i xture thereof . Even

mor e pr ef el RbioHt déhygfox'?ﬁBheé%{%’F%ﬁ‘a% R sriizeg PhanqbngyPliS et

i nvention ibRGhikkl€ontQiing XX r@in? 2 FRSsPidrud-Eangadif fsinlarAlReMpinalidis diazalre,

i m dazol e derivative, 1,8-D azabicyclol5.4.0lundec-7-ene (DBU), 2-nethyl

i m dazol e - epoxy regbi spetaitCdmbodiitdhtsas (HeRpbkyTivkibd skl aviae bakdne from Hexi on

Speci alty Chem cal s), and any conbi nation_thereof. I n general,
t he concentVaR{WyfinglHee lonegmplaanspeddiged bisphepr cydedoderdaencadt e resin
conmposi t i 0Rp&idildIBbiPheHe AtnolHUE RH bRIXidIBY bYPphdnol@RENEHREAdIOR: AdVBlaBNE Use
application. The amobunt of catalyst used may vary from about 0.1 to about
20 parts p&PoXidiFrdrtaemiparconaining birpaot ABPeclace 87 Hly cppbipatigjHbereetn some
enbodi ments. I n other enbodi nents, catalyst may be used in an anount
rangi ng from about 1nteieaoong smbedinentomprpei (LY M3k Pe BresaneiiBs et t abl e

resin, by \Wei8RtompEHidniRm ARG ofedsAnARBHE: shQvRAbiferRy, 1V RHL 8bupart s
thernosettable resin, by weight, in get ot her enbodi nents. The specific
a

amount of @80afeyand meregrefaspbly leps than aBgu 6@ Wi frdpsed on et telehiveielel adshiser i nent al |y
t hrough si rg@lngosqtpogge finding experinments to devel op the optinumin
properties desired. An optional conponent useful in the
thernosettabl e CO”pofﬁilérk Ofh Rl yst '8 o ﬁﬁ&{l&udn%e;{'&drﬁ dégﬁllpHg%,ssu?ﬁ ad €ast one
chain extender. Exanples of the optional chain extender useful as an
addi ti ve i modHping Srepbesilegdyorederdfing dest, adegagithe cpafbeientonh theryal iexpsanside aad
di hydr oxydi. V| -Cy S [ I e o, ki sphenol
b b e R S T Sl S R
di cycl opentbhdiienquataymlcadaniprromrdasts cosialic powderd) kspdrgrrombihagenctheras!.
t et r abr onobi sphenol . A (TBBA);..Rrom ne-.cont ai .ni ng.bi sphenol A .novol ac;
bhosphor us FCONPST TRk PR AT OGra AL R RS Ses i Pher o
I n gener al hydrhedagiodphimited suophd Dmainumhvarinc ehdsphidieds, oils@dhmite.t he conposi ti on
may be present in an anount of |ess than about 50 wt % preferably, |ess
than 30 wt% and nore preferably, |ess than about 25 w % based on the total
wei ght of the conposition.
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Exanples of the flane retardants suitable to be used in the present

invention may include a flame retardant epoxy resin such as brom ne

cont ai ni NyoepmXpsEasi ns or "brom ne-free" epoxy resins ATISaGI0A56101

phosphor ous- cont ai ni ng epoxy resin. Exanpl es of the brom ne

cont ai ni ng epoxy resins of the present i nvention may include

t et r abr onobi sphenol A, Ci et her of tetrabronobi sphenol A, and ot her

br omi nat ed epoxi es slaéﬁneég %ﬁb@%‘%bﬁrﬁh@?élfﬂlﬁf is bl iEmay Bipressat ipdly

Chem cal CoBan: MO iifhGoduk ISIRLKSo b & 88 nDER, SRR, R 592,

D.E.R 593, D.E.R 530 and D.E.R and ntxtures t’her of referred epoxy

resin contébﬂﬁﬁ@P%ﬁ@ﬁﬁh@mﬂﬁehmﬁﬁnW%@”p@%@é%ﬁPﬁﬁV@HYﬁﬁﬁlﬂﬁetUﬁ@@mﬁiﬁlyC|dyI

ether of t %B&ft‘lgg g@f@@ﬁ %f? %@ﬂ e&nsrh'&l@ %?erg%lg ££3m 2l 20 percent to about Two or nore

di fferent brom ne-containi'ng epoxy Pe5|ns may be bl ended together to nake

up the fl af pere¢m bpaeighe pokipog empondnt raf ahdve2(ppaganto abpudaperant bYhe

brom ne co : } m about 5 percent to about 50
Ve \,\%m I%agéd {’3‘?@? go? ﬁéighf&‘ He é%gt %Ju?

percent by rom about 10 percent to about 25 percent by

wei ght, and nore preﬁ%rﬁ?}*%i %geﬁe% ﬁp%h&%m%% BE! £&iHas hPaRPALbarfitie PEr CENL DY

wei ght based on the tota rom ne-contai ni-fng epoxy resin.

Anot her exdmmmaoobdawhbanﬂInmtmrﬁaMbﬂebwuymueﬁwmmuweﬁumepmﬂuﬁéypﬂewent
nvent ] on. Lo 30 ML 16 o SrerrRm Yk S SHANLAR A BRRIARAL S cont ai i ng
epoxy resin ] uS=Cont i i ning resins “incl ude met hyl
dlegC|dyIppﬁﬁﬂﬂh@hﬂeebmeﬂhym,mp@hyﬁfmymapM@gphﬂﬂamﬁtamtmpypmﬂngﬂy0|dyl
phosphonat ut yl ﬁ | yci dyl phosphonate, vinyl diglycidyl phosphonate,
phenyl dlgFVPw&b¥ usha honate and biphenyl diglycidyl phosphonat e; nethyl

SR A O e DR e R R RGN s SRR oA

al 'yl di gl ymhielyté raefaasphadtien opthe pydserd hrgzlemﬁ.‘dndmiy 1ﬁ&1@@epii@foe the prbrek hoxyphenyl

o br Dpy1 o ARBR oo SR G e et RaR G RGO

phosphat e, ipie mﬁntdtlv@ﬂblgtaysm Ghyak, rﬂhﬁﬁ&hﬁh@ muttffﬂeghef@ludwtreamglptbet €oving,
trls(egC|derth% phosphate yci dyl - phenyl et hyl g%KC|dyl phosphat e,
1

benzyl di gF3pEPenf et%”ﬂﬁﬂ%%pﬁ%@%“CgWﬂoéﬂ ‘ﬁdﬁﬂ@ﬂ%wﬁﬂ@Fe er suitable Mor e

exanmpl es OfeiARSRNALIOHT nfa® McRIdRiIiBErs SR cABS AFapHRY), RS0 @la8€ L&dmfckom t hose
described in U S” Pat. No. 5,376,453, U'S. Application No. 2002/ 0119317A1,

U S. Pat. Rlongaymsceamp, arzpg. p@l@umly@atq%mrmthamsgmlw@m all of which

are incor p‘ﬂf)l?g%? 1B Bb1Pesh¥s, afd Bly&dGRination thereof. AL her exanpl es of a
phosphor ous alnlng epoxy resins useful in the present invention may

include those obtainggydy ¥ct%ﬂ%€& tHoZdaR nHROTRRR hMSi R A TRSYer O NiBbRIfHI
conpound i ncl udi ng the epoxidi zed product of a phosphorus

el enent - Comrgnﬁ@rqqglentgmw Ady alse he msed. The aspect shaped inorganic material may
9,10-di h d [ . B HCA, '
comer ci al ‘%1‘%'8 aitibﬁ%%tft &QQ ﬂ@ga’gb%ﬁlf g{%'%nﬂ‘%f% 9%?}"?}?1%%6%3? ﬁglni EQ PD 3710,
commercially avail a . i - u

bd)t%el]c th},algggtl_ th%: %%PJO @@&Eerﬂ%&;ﬁﬁ{eﬁﬁ@ﬁ eful for the Cllﬁable

10( 21, 51-di hydr oxypheny1l - oxa- o sphaphenant hr ene-
10- oxi de (supmwdémmnsean«um&ﬁﬂe¢mywmmﬁnsﬂM@hwdmpkwphemymprbépﬁune oxi de;

1 iyt 1 BRSSP Bospn ne ox o

t 4- hyd henyl hosohi
i e DY s oy RO AG Bt tat@g%q&%yP&ﬁﬁydg)feﬁe%tﬂ osphi ne

tris(2- hydpmkwﬂ5amnthMpMemwm@phnmpmmmemnghdesobwnmuymumm$uﬂhar€bmxlThe

epoxi di zi ng.,0 H, B osph o ? Nt gont inin nd is. %enera
S I% S ICO car 1((::pn car bers con a1n1 1tan1 ommerc1a
carried out™ W a suc as epl ¢k oro

available flbers may 1nclude organic fibers, such as KEVLAR® (trademark of Dupont);
aluminum oxide-containing fibers, such as NEXTEL® (trademark of 3M); silicon carbide
fibers, such as NICALON® (trademark of Nippon Carbon); and silicon carbide fibers

containing titanium, such as TYRRANO® (trademark of Ube).
-16-



The thernosettable resin conposition of the present invention nmay conprise
at | east one or nore phosphorous-containing epoxy resins. Two or nore

di f f er entwphosiplsgsseus- cont ai ni ng epoxy resins may be bl endas2ai09sdiher to
make up the flame retardant epoxy conponent in the thernpsettable resin
conposi tion. The phosphorous content of the epoxy resin
conposition may be from about 0.05 percent to about 20 percent by weight,
preferably, from abolle 2moyarfasjpfofngapyenial ipthpepRiite prelsudighlmingd mor e

preferably cofipQMoaRRMNtvall: RpBREGER (hd §p@RRUbrp o PEE &8MbrelY: niRé B ndgsed on
the total wei ght of the ‘phosphor ous- cont ai ni ng epoxy resin. The

br onmi ne- costRECHsH sed Ripduy. Ieasperalaig temosshesspiesitortf shackspienl InYaRgoRpeXy resin
may be used,ahoue, fitpbus FiFetehRAGHAE 2l oPdn £PLRAG l%lfgﬁhlé)hl'a{%hamfhfhnf | ame

retardant epoxy resins. The non-flame retardant epoxy resin nmay be a
hal ogenat edmowitivé frombadnuttrvifii teebow §8 % prslemblyT henrrbautoloninie sheltogenat ed

epoxy 1 esi )Yy hey m&%re% lfﬁ)‘m ?ooﬁ (P\Hfﬂ% a%8£'tt7%'\ﬂ “&sﬁo‘?{t}{e fgg! n. The

non-fl ane retardant poXy re non- ogen ed epoxy resin
such as t hevedihgbfitbe chyphpositiber of b| sphenol A When hal ogenated fl ane
retardants are used, the halogen is present from about 5% to about 25 wt %
nore preferabl y frorfWhéh tﬁl@r@ﬁfoxmr%maﬂdﬂ poistiroyrreiéreinient matomal tdmpehent %

Exanpl es of va Buseful ol Bhe thegm)settab e.el flrl cal |l am.nate
CI,. 1 mo)h %Qre%eﬁt in the thermosetidable reésin com os1t10n0 %reseint 1nv ntIO{l
conposite conpos present inven i nclud her s

such as t hasa amunestdiab hlymauawt’f/“abi &omm% ]Smfd?alﬂg,rfr(ms aHoluom WWE toDow

I genor al {OTRBY PG HOGRTT AT 0y AREF 1N P Rt Bt AR on o

t he presentweighvenhé dinpmyios.onpri se a sol vent corrponent in an anount of from
about 5 wt%-21- to about 80 wit% preferably, fromabout 10 wt % to about
60 wt % and nore prefierfabisynayfeaeabouisiz2) Whéh tho fiaho ute sbOdWhsinased on the
total weight of the co nosett abl e conposition

of the pre rfﬁ’efsr}%/ﬁ’ccfiﬁoﬁﬁ?f 1‘%ﬁ6‘1 %Rﬁ)él%ﬁ’f‘ikoﬁ\é&g%@td?%‘?f%ge& - F PYBES

convent i onaladyYeffordmiple, & BRIHTRS &lch@ Ribe e Sinfi-sB)SE h&MNE o W EdmiSatich @erexanpl e,
epoxy resin systens. The thernosettabl e conpositions of the present

invention may opti onplel fibeERM@csmad tialy haes/aacd ofmsf hid 184 SboMdheluoas & usef ul
for their intended uses. The type and anount of the addltlves and/ or

fillers us@HCPHDPRHS, ?fﬁémﬁﬂg%?qsél%ﬂrf‘é) T ggl?tﬁluel@lﬂ;fé%q OVeA DY 1P uﬁsélﬁ% HEPTIEHE t he
i ntended u$BidRbcdolf ok RRNAPSbMALEs. I EstitiBuSRRIRARI rbiiRdmay also be woven into

fabric or cloth using different weaves such as plain, satin, leno, crowfoot, and
3-dimensional. Other forms of continuous fiber reinforcement are exemplified by braids,

stitched fabrics, and unidirectional tapes and fabrics.

Discontinuous fibers suitable for this invention may include milled fibers,
whiskers, chopped fibers, and chopped fiber mats. When the reinforcing material is
discontinuous, it may be present in the thermosettable resin composition of the present
invention in an amount of from about 10 wt% to about 90 wt%; preferably, from about
20 wt% to about 80 wt%; and more preferably, from about 30 wt% to about 70 wt% based

on the total weight of the composition.

Examples of suitable discontinuous reinforcing materials include milled or
chopped fibers, such as glass and calcium silicate fibers. An example of a discontinuous
reinforcing material is a milled fiber of calcium silicate (wollastonite; NYAD G

SPECIAL®, trademark of Nyco.

-17-



For exanple, the optional additives and fillers useful in the present

i nvention conposition may include, but not limted to, silica, glass, talc,
met al powstereii/desd4ani um di oxi de, wetting agents, pignmenPsT/usedionseigl agent s,
nol d rel ease agents, toughening agents, coupling agents, degassing agents,
flame retardants (e.g., inorganic flane retardants, hal ogenated flanme
retardants, and non-hal ogenated fl ane retardants such as

phosphor us- cont ai ni n cpRaPIE#GoR) of Fontingeps apd (iseryEipeous hers fgpy op piedrie the

flexibi i zighge ag§idkite. HoaGkdnfprd, agvoa&ﬁmﬁl sk 8 dohbBfaBon SUNFACH 88V anil oW
nodi fiers, fillers, pignents or %oss control agents, antioxidants,
mat ti ng agéﬁh@ﬂ@@ﬁq%@fmﬁﬂpﬂ&WUW§ﬂﬂ%ﬁFNﬁ@nﬁWWP@ﬁFB$§30®ﬁ@ﬁﬁﬁﬁ1astlcs
processing aids, W blocking conpounds, fluorescent conpounds, W
stabilizers, inert fAhylaikconprisingdidtereat eyl divermaay alatr 9sdddaBE s, i npact
nodi fiers 'e%lllﬂ—fg'lrﬂgrst(ﬁ] @[ffg%lt %Eé & r&ﬁfo}degeﬁﬁnam%séﬂ Xﬁl‘dfr&%fttnﬁ&ﬂﬁfoor

Additives and fill'ers may al so 1 nclude funed 'silica, aggregates such as

gl ass bead@Xmm@¢YME®H@m¢mgH@@ﬂh&h@hEGU®U1@@*amb%@n@SU%UEWéﬁﬁﬂEX@é5|ns
phenolic r %t? él@ﬁ]arkg)rf %pbﬁt?hoﬁé%%wm Qfo%ulﬁl (;foireqﬁade%l? Fagig{m\é&lalpé gments,
viscosity reducing a ron nitride, mca, nuc ting agents, and
Stabl||Zer$pW&MEth0ﬂmerS Fillers and nodifiers may be preheated to drive
of f nmoisture prior to addition to the thernosettable resin conposition.
Addi tional ly, these Bptthamatcta@ddektrtvied lammyath evmepaite eff@sitionnf thherepamoperti es
of the compositiaon or nd/ n | d taken into
account mﬂgh% %?ﬁﬂ)g?ﬁ%ﬂcgﬁ’l“ngegg?’mcﬁg&MH edgdg%)rgnggggflon pr oduct .
The above bxamﬂtacmmhmndﬁdnenxhénmxemwmwmy and not limting. The preferred
additives for the, formulation of the present invention nmay be optim zed by
the skilled arti San An optional compoiRmehsefud bl tie thehneosawkdid dougssitised ther t he
present invention i al ys erat or.s nd

ot onal |y TEeiuim s S A Bt o R aba B Y el R RS PRE R aBR ane s,
wetting agam@%aad@hﬂahpmﬂmmﬁdmmﬁiﬁmmﬁmQMDmepﬂwn&uhh@rsfmpngmnmbﬁ; dyes,
stabilizers, UV-absorbers, and toughening. agents i s kno e art,

it is pOSS|II§FIB°St661ngé‘Ef81 dtlapatiyelay é‘t‘fsie‘gﬁltﬁi‘)%??é‘? LVeion %\g’gla?lf’é’Fed BFoxi des,
cyanates, gRéRIiSH kSeenlihid AZdaR@se t@ﬂdoda@iﬁi% Q6AZAn0 @ife, at RAstWAL burd agtier
oligoners or polymers such as pol y(phenyl ene oxide). The
concentration of therrddiatysonaful addbpiod@sompor@analii@l thinbediamen about 0 wt %
to about 50 wt %  preferably between about 0.01 wt% to about 20 wt % . nore
preferably CHRPURN ohHispresentaBy ckion gy lé?oaé‘éitcati]?ﬁtv\‘%%knﬁwa ihihe frt B?eélff%rr%’él y

bet ween ab@uirod. Fovt:Hnipk, %Q%lyﬂnwl%elb@es&%p@ﬂnds REnMYRing Aikf pdignihQt al
conposi tion. Bel ow about 0.01 w9 % the additives generally do not provide
any f urt hehe®iogylicingENgen. AEmaRtuay @hesphemen reoniva moi¢tise spbréisteddesdyte; and
above aboutnef0rWhdeny KEnRELBR HelBE $IMRY rR)Yl%ﬁHﬁg BLARARLE BY dssts@ddhti ves
remai ns relatlvely const ant Cur e conposi tions may include

f rom about U®.presegy intsalien Hay m@méwﬁorpﬁéa@@metl@@ttﬂpbwalphawhpmpmes in some

enbodi nment of rom
about 0.1 ?8ug %@%ﬂ EFB§@1%%%%%HF%%&SP%%Eﬁ&%ES]t|ve ngﬁﬁmgg%hy out 0.5
t o about 21BS.\Paeicanso.ge26801, ingorpanaied heaeldby refarsnde nimpézoles:; eethdarhindi amdnt s.
The curablg aﬂﬁpiﬁghﬁ%ﬁm f the present invention disclosed herein includes
(1) at | east’ one ernmoset’ resin conposition; (I1) at |east one curing
agent; and (I11) at i‘h%%gfect%’ﬁ%f { (08 TR E Dk @by lnw%?\%oﬂls’}lot th% osite
or electrical |am na as the W ng properties a east
150C and b):oranmltyelsecbdw@rsmfompomj sysess cirhiznused. 5Alab, %1e addltsmméa eatlggdiisTent s,

curable co 03| ns di.scl osed herein ad ncl.ude a filler, a
flame retaf an m%‘%%?mfon&ws “mnpmgm? hmggﬁcmg, é@ﬁgg%hescrlbed
above. examples ofGaal@ﬁtahdlgde tedagahencs ONpdsHItS, Ofg&n(ﬁﬁhyisﬂhﬁlei,&th Bltsadm Xxi ng

t he above conponents in stages or simultaneously in the desired anbunts to
formthe curable comﬂbgmkmﬁmﬂcﬁh@m@amn@aanﬁayemumhamhaﬁﬁukahmpm or
conposition.of .the pres i nvention d.to e the curable
oo t1 ofrediinge HiaERmmERy SRin oA BT et RBRE i ot 1 on o
t he present |nvent|on can be cured under conventional processing conditions
to forma thernoset. -18-



Fi ber reinforced conposites, for exanple, may be formed by hot nelt
prepreggi ng. The prepreggi ng nethod is characterized by inpregnating bands
or fabri csoabiiowsd4dnuous fiber with a thernosettabl e resCcm/useomposéidi on as
described herein in nolten formto yield a prepreg, which is laid up and
cured to provide a conposite of fiber and thernoset resin.

Ot her processing techni ques can be used to form caonposites containing the

t her noset t ABKEres dereet ashBolke Fonssially Brefcgsd arels k- sulpsgruteddaydszeles:s i | ament

Wi ndi ng, solsv@iroRLLRN GRAhdY; afsheRMLLb4RQNnRlIL ok, RLE Ay RIAFEHSIDY
techni ques 1 n which the uncured thernosettable resin may be used. Moreover,

fibers in the form of,hunml SerfRY cRBodRBIE WL Edtar) N uitdBRYS Al hloghmDset t abl e
resin conposition, laid Upgl@é: filament wi nding, and cured to forma

conposi t e. invention include fprexgpiple “empdyl imediraele. TRivprdinidegolpmpidgeole or med by
curing the g Abl § L DALMSEhl AR EndeS)- Mo GPIROSLhLADS 6L OSEA BEPI N, |1
ot her enbodi nents, conposi'tes may be forned by applying a thernosettable
resi n conpadduct ovrchtag ERONePMION ¢dvadabisfren iHgkion Spednley hgpnidaispraadmait i ng or
coating the xﬁﬁ’iinmo(?ftﬁér&g material, and then curing the curable

t her nosettabl e Tesin coirposi ti on. Curing of the thernosettable

resin conpositions di e LN LLES 81RE e of at

| east about 30C, up%?glléeg%htge g%%?tﬁflgﬁgﬁé% ?%%gsqg#esﬁlﬁ Hﬁtth %s up(gst@%a% our S,
dependi ng agsint dvepokigemplishd prafeineinyention mag eary deprmding on tig ead eft appiedon.and t he
catal yst, | d. (£ any. lLn other. enhodi pent i r.at a
Conpe at ur deEgE pLLadi sihef (38 GTERE I X Soouf ALH0S B s

Post - t r eat menhesena@je ReinUsedeigy, wabihe eisbiglimpost Intoteatmbntiiserns, datalgstichay bei ng
at tenperatures .between about .100 d 200 According to one
enbodi nent H’Sf‘set%‘ﬁ‘éa‘b%%“é]ﬁ{an%‘ﬁ%Erﬁf’“i agﬂ‘?tn’ttﬂéﬁ%‘ﬁ%é??@&eéh‘&%ﬁl%&éﬁfi ons, i.e.,

cur abl e or theanhcenaid £sie YOS ghitj MdSron0ibouhBiopibesiatpattdyee Rthdded ghirs cl osed

herein, may be useful for making electrical |amnate, for exanple, for
printed w }ll?eﬁ‘aoSBB%?%I?“PF‘YXB)’@QF#%dﬁte‘)ﬂé%@g?%ﬁ?ﬂs- estpﬁ‘éL%F%BWP HelyShni nat e
conposite GIIBS fiv@nsyS@empfidysRSleletningd edpe@atnt@nehidigs BpRIiragRMARKLt i on; and
(I'1) at least one curi ng) agent; (lI11) at least one thernoset resin

di fferent FFREHEBISOMRPP Hoptimuyyingropeissdesgpd fi||er; and/or (V) at |east

one high strength fibrous reinforcenent material. ~ One common
probl em of the PWB n%‘hﬁ?té’éﬁllff)fnﬁ@‘}eﬂ‘é?sﬁaﬂ Ebth?/ﬁﬁfni“&ﬁ%blet‘_}?&?%%@t ofthi n
material  WptdedtiBn@nd8Qudet 8NSdst bR hhi@PREA&L UL ankpl&of iR dphatal tign hi gh Tg
thernmoset resin material tends to have | ow toughness which causes brittle
failures dGrPRigT e pamuAddEtvain thg COpsiton Qiic@resent dNERPTHBDENEEIF hot  be
produced Wd¥h@ﬂf&xfd}ﬁ1eﬁyﬁycf5gﬁzaﬂe%%&ﬂ 1S RGP LY Bl i biheHoL s made from
the thernoseftabl e conpositions of the present invention, however, have

hi gher t oudissiaskanzifel phéngs ngyotpgiseieh 4s pppsnetiA deydlicatyiphgnoy dicplopsn@dicns cal

| am nate a eations, .. AS;.: - | lve Av@M nat es for
use in theBg+dé%t’ ?fc())%?%es&%ﬁ% ﬁlg%sl?@ﬁ%ﬁ)%r‘% Slugltlj B fril/br?rg(r)bl r ?ﬁ({l %d(lrv%BrAl) ng boards,
ar e pr oducédnpye-tonisgn bisphegolad neiotecoploispigrusetoerinalg aiphbncd Apeivglagrormat ri x,
such as the_t : | e resin conposition of the present invention,

f ol | owed b)%mf gogﬁbg%‘%?%h%%ﬁgt rix being cured wholly or in part.

For exanple, the curj I L on.of . th . le.c [t may be
conducted at a terrpeIIF1 %tg Iﬁerrg?t%g%(ﬁdétrl%ﬂ (&tl%géel? %ggﬁgi%ﬁ%eg&l | ggf%gﬁog ug)ﬁt 250 C,
pr ef er abl y nhgtbapenen boat an8OnGfdesd ttab abdut 20019, praforablyptesf da@bl) ytobetndeen

about 100 C and about 200 C.. The_ t] of cyri the thernosettable resin
conposi 1 o Ry R H<su aball & MR B b et g el BB EURR: ange f om
m nutes up to hours, genera the reaction ti IS re than .about 5
T utes and | ess  ndanbae % hOS raSaGHLRLe b b Be DR BT A ut es
and about @nagenolgle adhcheran@apreedarrasih yuchat weeaiineadoatatnidepok Niekiasoland about 3
hours. The ,curing cpnditions of the thernosettahle resin can al so depend on
the conponeRPRiNFILy, CRRY "3y SBEt S SPAPSPRBHBS RUNAIUNG ERASY "B t he conposi ti on
such as a catalyst, if used. In other enbodi nments, curing nay occur at a
first tenperature followed by a second tenperature or post-treatnent, such
post-treatnments ordinarily being at tenperatures above 100C, preferably

bet ween about 100C and 200C. -19-



In sonme enbodi ments, curing nmay be staged or "B-staged" to prevent
uncontroll ed exotherm Staging, typically referred to as "B-staging", for
exanpl e, woebudessdauring for a period of tine at a tenpecatuse@ofdssdibbpwed by
curing for a period of tine at a higher tenperature. B-staged curing nmay
include two or nore curing stages, and nmay commence at tenperatures bel ow
about 180C in sone enbodi nents, and bel ow about 150C in other enbodi nents.
A reinforcing mater |%ﬁan}P?ﬁ§P§6’ﬁé’f%nWCtnFﬁuén%)%ﬂof‘Y Eising ot e BEFS¢EEIVANY® usual |y
referred tghfef@idR @RibidnfbisPREB! & Aiglydi@y1RHEEoBe®IbrOth&kphbdol AdaRRskd from
prepregs, oné or nore |ayers of prepregs are |am nated mnth for exanpl e,
one or nor érqn@pfé%emﬁleasq@bta&ihpﬁeccomeéwlw avgilghle f5em dbp e Chemical

Ther noset (1)35.'1%/ YR 08 A RLIRI 1K KC YO, @ﬂgwﬁzcymbk@z DIERSEb EGOLH resin
conp05|t|ons f the present iInvention as described above. e resulting

t her noset re&DASR §88;tahé mprterseherephvemtlicned ¢rayy componeming tréremposedtin or a

t her noset r N LG nt materials,
aspect  shapid Ry Bane! Hapad Al fbfor B AP L RN o

"t her noset D.BR. 36her noset network structure” used herein refers to a fully
cured and crosslinked thernoset resin structure. The

resul ting conposite bro etiremtldifmnt bamimatm@tapfing ¢dpexpreese ntay bavkendddon

di spl ays exce | ent her I ertie uch a t.qughness and
rechan cal (Gerergmt SR TR AR R cnBORRER M o B B ARy R B

It has beemﬂdmﬁmaxmmednhmqkhgnpmeﬁgﬂmfhmwﬁnmt@pmt&ﬂhn%bﬁSOpmrmnby

Several | moraveavape el eBoydOTRE i At SRR R ey HE B Boent

i nvention \p&waam@tfpalra@duttla péRbiMenhbcanal pgptranie)} welgﬂitafagtamﬁrtﬁe @Atieighcdiai n
extenders. Faor exanp ared to conventional thernoset resins, the

t her moset HEdIrEINGEC ‘Etf'f@mﬁtﬂg@%(rff’sui‘ nvention conprising the

di hydr oxydi phenyl - cy¢l oal kane conmpounds of the present invention have the
fol | owi ng i nproved p& £rasep! fiﬂ%{?ﬁf PUAPAYY fepi8 U WP t5PEpeRtt i es such

as hi gh t emper@inus & "sbabiel frdeY efR¢l rédinbuiastd S SphlotdukicBigaidiRB $hdxy resin, (1)
an inproved nechani cal property such as inmproved toughness - based on

di f unct i on&FapRls ?féDhﬁﬁHthOP%sﬁPIE%l%% FRAR Terdsdnalydeandh Righisidst hosioaEyvel y
t ough; ethyl &)ly&@yl ﬁEB:Ep%&iiie tph%rm% %Qﬁﬁ%fﬂp‘ﬁoﬁﬂ@ Bu@BdiglylagNebsBbRsS

transition tenperatures of greater preferably greater

than about Vwbdléymélﬁ]ophﬁﬁ}hén%? @h@rya@gvc@wb@whopmﬁnchtmwyllc@gjy@dﬁnd above
when cur ed W dhodicHRRdi @piyday 1phosr$hate<e%ﬁy1 alglwcw;%hdaméihtprogy@éllg@mppe

property (5 hi gh noisture reS|sta ce or,” inother words, a l'ow wat
upt ake);  phosphqte)n-utyl gigdycidiil ehasphatd, @Obmmlsdlglmlﬂﬂlpbgspb@tm aipil diglyeidyl ( Dk/ Df)

property; %g%ﬁ - i | ow vi scosity
of | ess thgﬁggg Ph?éghﬁgéﬁgpgggppre?era(yg&%ggé&gﬂ%#ﬁgﬁkg%ﬁi20 nPa- s.

Wt hout | i miethomgphtehg qlglxacs@sdmhwsmhzéﬂtprmnp}ﬂ@cyakngnybdlglytﬂdglq:hwphatte is t heori zed
that the addition, of th

e n the
d|hydoxyd|Blyﬁyﬂgkmygk?%an%yyg gc?ghgeﬁhebmh %@”#ﬁ ‘9& ithe
bi sphenol ~ghayphae, bl)iS(gltyeﬂylethm) phirspince Pmdy&$h@yl aByll gﬂycmtyhphqspteasee heeybf the

dihydoxydla (@ §¥ b tanedco o%n g%m gture i ncreases the gl ass
transition Fiﬁ% wre ?ﬁ? 8? ' Wos¥ Pesi ns conpared to conventi onal
resins which conpri Sl@[or%' exel E:cs)lof p%osp\fl%;[olugggntwmtng Oe%gx} peesmg'lrI@/y be ser:]gcted

from those described in U.S. Pat. No. 5,376,453, U.S. Application No. 2002/0119317A1,
U.S. Pat. No. 6,403,220, and PCT Publication No. WO 99/00451, all of which are

incorporated herein by reference.

Other examples of a phosphorous-containing epoxy resins useful in the
present invention may include those obtained by epoxidizing a phosphorus element-

containing compound including the epoxidized product of a phosphorus element-containing
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The increase of the glass transition tenperatures of a host resin
conprising the dihydroxydi phenyl -cycl oal kane conpounds of the present

i nventi orwoopewedal |y in the range of from about 10 C troTAalseun/ 0301 C or

hi gher depending on factors such as type of hardener, resin, and catal yst
used in curing the resins; and the curing conditions. The Young's nodul i
of a host resin conprising dihydroxydi phenyl -cycl oal kane conpounds is al so
found to b&OPBYWSH S%m%grlé)diﬂty(squ-%@ﬁ%io-ewaipg?%gthﬁngﬁﬁéww sgdrasvatikoes

wi t hout t hepad kydmhébgily TUgble HR S2aRPShpdn08s sehikdbheIRAESI8RY 14, nvent i on
exibit a higher Tg. It 1s theorized, that the addition of the alkyl ring

bet ween t h&€oBMsisidlyayailgblsdiosn Pehilt-peilaghas pHEesaay pifehy Hdikxdeoxyahdoahe. conpounds

may | ower the; S -1 4. NKi i 1ent.0:hi ' i i rance and
t hus, pr ovilgglgfyiﬁﬁsp?g%degw%%%%gg?gﬁtﬁqgE%E)Sr?rgggs??g{‘osl §E@§s}iﬁ;§ Hstggh as epoxy

resins. EXAWPLESoxyphenyl)phosphine oxidre tris6l-hyslnygheny Bphsisel neerddas dimaliadli ve

I f i t A | ' ' t t
e conatr ubH oS Bei e BRGRL.: LIUERIAA0 45 R Ehin b0t 1
desi gnat i onsidaged-hydrodyphdngD)plmaphige exidarpis€shyaraxypbepyapheedpiveplenanoxade,

follows: D, E R TM 330 js a diglycidyl. ether of Dbi en A havi ng, an epoxy
equivalentbﬁg?%ﬁ¥a?@éﬁvb§§ wg%%P%??eﬁ?gg*ﬁﬁﬁxﬁgdnﬁﬁg%anbgfﬂgﬂFé“ngn]The
Dow Chem cal mGoupathyreolD. The RpoxIdikind Of ihs peosgha@hydémyit-cadthiaing obmpound is

t et r abr onobi sphenol /A wi.th an. t about 4 / supplied by The Dow
Cheni cal C@Wﬁ%ﬁﬁ?ﬂﬁ$Wﬁﬁ8&‘*ﬁP © gﬁgﬁ?g}VEWFggﬁﬁvgg%ing propyl ene gl ycol

met hyl et her, suppILﬁ% @¥ The @pm/ChenicaL anEaQ%; Plenco 13943 is a
phenol novol ac epoxy eSS GAF FEB QPP BB A%t e BAYITHRR PPAGORTSE Al
catal yst" haSlesst 68d @lnyst phimpigorafs-@hiayliderdppheryihf Dsphans aifeeind acet at e,
available from Al fa Aesar; EPON TM Plg% %s % cat al yst availa@%ﬁzfron1kbxion
Chemi cal ; PBPSEJOrORT SREEMRHTPOSY B4R Hia4 Rf Risndodipggihes fofpke up dhe amn c

Mechani cal rd¥yahit $hsky colpbnensandgehikedabkaiemini@biiSeanni ng Cal orimetry;
"EEW stands for epoxy equival ent weight; "HEW stands for hydroxyl

equi val ent wei ght; "Brehosphb@0dSonkedt o2h&BIARY kesinBodpaalieh mbyie: Both bbou " ABO"
inplies an acetone solution that has an 80 wt % solids concentration; "TBBA"

stands for O0SPFEERiSHBAUE Fhessennt By WeightcPrelssdlva Fomapbrytdl ReFrenvig ittt of 272,
suppl i ed by FheedBWwehaMas@nofeditiamWly, KéR A6kl 02DeRESRO SRR 5 Perdy 8 aC
har dener having a bi sphenol A content about 21% by weight, commercially
avai | abl e &sigkBraseian the {4ty pyeradt sithCRMPRAPUS(PRBIINESIPER) Fesikz92755 is a
bi sphenol A novol ac hardener based on KBE F4127 has | ower bisphenol A
content about 17 % biheiEpme-corigpite cppxalresyyn airdhe plssehorqusiePRSINGEY cepehi cal

(from Kor eq)in @RfhdREd ABhe, KBRiL4 %Zthiels, ofcdrbBRIGAR oufdr AGY. BLAE rdiRiLener based
on KBE F4127 has | ower bi sphenol content about 17 % by wei ght,

commer ci al kyoxavedinsadhe nen-8ameesitasdanChrorry eesin rody era dngerdied, otfiethio| | owi ng
standard a AN ]| 5 i | es:

EEW was rreggdtﬁ/l }é%l %géyxyggsg%ﬁggrg?Ir)rlgF%?gnetr@y%g@%ﬁgpg%‘y%%g%agrb%’g{l%rn@éa [ gs (about
0.4 ny) wi thloGngcdutqpmng értosy resinadihd npm flhne rqprdane ey ofsint way deteyd amoni um

brom de in _glacial a %%p cid. Vi t enpl py s indicator
accor di ng tnng %@%ngeﬁg N rrr%% %Jah %t}ﬂg Eh%iy(:ldypétﬁer o\f\@l%pheg}))l A %er?
halogenated flame retardants are used, the halogen is present from about 5% to about

25 wt%, more preferably from 10 to 20 wt%, and most preferably from 14-20 wt%.

Examples of solvents useful for the thermosettable electrical laminate
composite composition of the present invention may include glycol ethers such as those
commercially available Dowanol™ P series from The Dow Chemical Company, ketones

such as acetone or methyl ethyl ketone (MEK).

In general, the thermosettable electrical laminate composite composition of

the present invention may comprise a solvent component in an amount of from about 5 wt%
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The glass transition tenperature (Tg) was neasured by Differential Scanning
Calorimetry (DSC) from50 Cto 220C with a heating ranp of 20 C /m nute.
The reactwoizoy/w864a resin sol uti on was neasured by pl acipog/us2eanpdiel of t he
resin solution on the surface of a hot plate at 170C. The reactivity
measurenent of the resin solution is reported as elapsed tinme in second
required for gelation ("gel tine") at 170C. The softening point
was det er mithaioat §f Ve Rrleebly dronr syt i vHe & Hedt ¢hyt s apdete peferRiynut e from
room t enpefRiiiBul WARYE 104Bofels08%R%HARd6n the total weight of TREIROELGY | Metric

Anal ysis (TGA) was used to neasure the deconposition tenperature Td. TGA

was performed by usifig (RerhB&idBe 95:8NdsIRh OF the PRAEN RendfABRARhdOM TA
Instrunents which is fitted with an auto-sanpling device and connected to a

personal conprmkdditreranddiicgxenvansgnaiy dourd arithgrersetabic ey ticas vidpier e.  The
deconposi t 'f&%xaﬁﬁg,e%ékﬂeﬁnl%tm T%%%%ttﬁ?@%ﬂ%ogﬁoﬁs%flt@ srdavh650- 2. 3. 40

with from50C to 700Cwth a heating ranp o /mnute. Td was determ ned
at per cent inventghtmeyorpsiofadly ceprinadfieyesi aged/ ophars whish arcjuseful fogghepdnterdlod or 10%

wei ght | os ' ' I 1ok - : - Advanced
Reagti on o?l geéi ;Egﬁghg)?ﬁc%@%ﬁuggo %‘%:%ﬁlg}nvg%\n cﬁ?ﬂ@é@%d Lﬂ[,{?%é%%ﬁ%@aﬁe fesin A 66.8
grans (g) sampdsgionfwibidgping nothegytended ostedfamothern(o38@bR resro¢ompasisodi ssol ved i n

133.1 grans of DDE.R TM 330 (371 8 mmol) in a 500 m gl ass reactor at 140C
to forma m xture. Tieerdngtleis: optisna eddiedsand BTs aseth] ithbea peSOt mveidtiogr ans  of
an Al catalyst solution 0, % sol i ds,.i n..net hanal ad to.the m xture
fo atart piamhoRRatihBabdbulbBAnS TR DRI M8 BRAGS difubl® T80
The advancdibxideaettiimnagens, danerte dolotibg @entt 504d rdedso agenAdivegiceidg Resikn A
After 1 hour, .the A vgnced Resi nf@ wast ﬁhe%r cterized ti%cﬁt' on. The EEW
of the AdvaRPIRS AETPNIRASHeACHEY TRPSATHAHEY % dpIratie R BYE ) Feq

( EE\A\Y heﬁl’ Y halopdhteg/Flathy retdrignts gndiiont Hago ghshtanaek Rasdants Audkas pheabaiied by DSC
with a heatin

ramp of 10C/ m nute. The Tg was 54C.. Conparatjve Exanple A
A 52.5 g séiﬂ‘ﬁ%@lné ab‘i%bgié?fbﬁcaﬁné%d&Stﬁ‘i’fﬁ#}“@ﬁ%“’@?@%&%&dtauciﬁ‘}l)ft‘ﬁg?%g&ggr ams of
D. E. R Tm 33Qbifi4d, -srfa0mks) bW ndbdHRes, fMller8] G fent £ Cl &Y, gdts cbARE agdiie m xture
was cooled to 80C and then 100 m || Egrams, of an Al catal ést solution (70 %
solids in ﬁ%tf%é‘ﬁﬂ?s)m%&%g AR GUIiRE PRGIORY QEriednkipitasy, gP¢rmopksisgPIPREE RNt

reaction ohidRiSPRRIRKg CohpduldPrEeBscediBRBounlBeUV 6@ AN iNGSHIRA, fibRds out  at
150 C to form Conpar a%l ve Advanced Resin A After 1 hour, the Conparative

Advanced REIMRICAMGRE, Bharddtseripaedmesifier inchiding shermpplasipppigeles.|9ad Conpar at i ve

Advanced RegidirefiRRIRT AGfhidfds QRA FifiGs b hids ingﬂdéfvﬁﬁneﬁ@gicg,#ggregg@%a?%r y =552
g/eq). The Tg of the Conparative Advanced Resin A was astred by DSC with

a heating ghapbeafs, polgretritiupreethyiine, phdyohepsinggglyester resins, phenolic resins,

graphite, molybdenum disulfide, abrasive pigments, viscosity reducing agents, boron
nitride, mica, nucleating agents, and stabilizers, among others. Fillers and modifiers may be
preheated to drive off moisture prior to addition to the thermosettable resin composition.
Additionally, these optional additives may have an effect on the properties of the
composition, before and/or after curing, and should be taken into account when formulating
the composition and the desired reaction product. The above list is intended to be
exemplary and not limiting. The preferred additives for the, formulation of the present

invention may be optimized by the skilled artisan.

Preferably, the additives used in the present invention include catalyst,
co-catalysts, accelerators; and optionally other application-specific additives such as flame
retardants, wetting agents, defoamers, adhesion promoters, fillers, pigments, dyes,

stabilizers, UV-absorbers, and toughening agents. As is known in the art, it is possible to

22



The advanced bi sphenol cycl ododecanone resin (Exanple 1) has higher resin
Tg than the advanced bi sphenol A resin (Conparative Exanple A). A higher Tg
for a reswoommek@3beneficial to the resin's storage st &biriusegrookdanpl e 2 -
Curing the Advanced Resin of Bisphenol Cyclododecanone and D.E.R TM 330

A 20.0 g sanmple of the Advanced Resin A (EEW = 520 g/ eq) obtained from
Exanpl e 1 above was m xed with 0.48 grans of dicy and 0.25 grans of EPONTM
P101. The fikplfeheiaesedifegronosrersrupiirdheserxalie Yenasrnlagidy Radne A The

Tg of the GHI &G EeSinks, A WIS ad RS Wi SSnddY ol Fefy ! fuch adFal (bRGy [ca0Bxia),
10C/ m nute. The Tg of Cured Resin was 141IC. Conparative éxanple B

20.0 grams of the AdwanesdnRasinhrheEBEWGRE Aadird)s RREANPRIwEhambEoTpar at i ve
Exanpl e A above was m xed with 0.45 grans of dicy (EEWE14 g/eq) and 0. 26

grams of EPCN#Reehout S0 wi%, preferabisthetyicn pieus O sviEup ebput 8¢ Wio st at 200C to
form Cured p}%%%m{ Betwd Db bGr (s (4f RhbRESs B, %@émaﬁgﬁe%r%y s S
f 100 g of d was 115C.

heating ranmp o mnute. The Tg of Cured Resin B w
The cured PdsitistogbordnyfeebagedaamdhOaerphirad thevetaoapesitoB Bhowabdwe Tgs f or

Cured Resi d i - LD, I ) and
Qured Resi B p2HRREE RN Y oD UREARROR LRI G, 0,
sim | ar EEWSsulldne the@i@oset prgdicofand dwvb algphehel% . ohepropotdecmpomvemeit busighat es
that Cured, R sin(ﬁ.has an.inqrea ed ;gupver Cured Resin B of 26 C. Exanple

€S€C a atrvely con

3 and Conpgya ive %ﬁﬁﬂ%?qém
Curable compositions may include from about 0.1 to about 50 volume

percent optional additives in some embodiments. In other embodiments, curable

compositions may include from about 0.1 to about 5 volume percent optional additives; and

from about 0.5 to about 2.5 volume percent optional additives in yet other embodiments.

The curable compositions of the present invention disclosed herein includes
(D) at least one thermoset resin composition; (II) at least one curing agent; and (III) at least
one reinforcing material; wherein the composite or electrical laminate has the following
properties a) a Tg of at least 150°C and b) a water absorption of less than
0.5 wt%. In some embodiments, curable compositions disclosed herein may additionally

include a filler, a flame retardant, a catalyst, a solvent, or other additives as described above.

Generally, curable compositions may be formed by admixing the above
components in stages or simultaneously in the desired amounts to form the curable
composition. The components of the formulation or composition of the present invention
may be admixed to provide the curable composition of the present invention; and the final
curable formulation of the present invention can be cured under conventional processing

conditions to form a thermoset.

Fiber reinforced composites, for example, may be formed by hot melt
prepregging. The prepregging method is characterized by impregnating bands or fabrics of
continuous fiber with a thermosettable resin composition as described herein in molten form
to yield a prepreg, which is laid up and cured to provide a composite of fiber and thermoset

resin.

23-



The toughness of two resins (Resin C and Conparative Resin C) was neasured
by DVA. The cured resin of Exanple 2 which conprises Resin Cis an advanced
bi sphenolwoyoliogedaecanone resin prepared using the procedurus2omw/osdanpl e 1.
Resin C was cured with Plenco 13943 using the procedure in Exanple 2. The
cured resin is referred to herein as "Cured Resin C' (Exanple 3).
Conparative Resin Cis a conventional bisphenol A DER 330. Conparative
Resin C was cured wi QHOATReHNL8GNTIUEheandr ysedds iy QpippEteesrdinipg dien C
(Conpar at i yigrE¥RIMIEreGh LoMpbsitihnt BRCIBIAGEHHT §0PExaRHP Aldlch@inERranelvenB. |
Cured Resin C and Conparative Cured Resin C have sinmi|ar glass transition

t enper at ur ETPIRGPingtangd [HBliusien are, yPTEid ProetseiRg &sBnigfes iwhigh hpaneyged r esi ns can
be conpar e, DEGAHARe L08R nfe§ D Red AN GrefleMibaS i PIhB3sint JdASdiLd RLY SLREH at ur es
(Tg). Toughness may be defined by a drop in Youndg s nodul us
(E'). The b theewicnred germosstablsiesihcofipesdishulbiddwdyddaaen wagling, prkayrad of t he
gl ass tran?(;}o'hgch}n &E&?m 130C. The Young's nodulus (E') of Cured Resin C
decreases from aboutr 5 X 109 Pa before the Tg at 130C to about 3 x 107 Pa
after the Tg at 130 - Ung: ' f d Resin C
in the rubber nodul Eg S(r)rgﬁargb dé?%%%’h%&?sgg%ﬂg@%@%%@%ﬁﬁ%%&%@wung' S
nodul us ( EQeripsepatde edintcompdriess jlistlbad htfeat [oHthGSoempadandnisecdupostesReyi n C i n
t he same rubber dul us rapge. r di.ngl red Resin. C has. an inproved
toughness By FeeiB Brtint R DReu ARaRGRE S 0 B BT E 0T Bk Res n ¢
whi ch uses bainpmymrihg onehtidy thptvinfolcinA.material, and then cuhg thesudbls of Exanpl es
of the presllef’nt invgelnti.on show. t hat an epoxy resin conprising a diglycidyl
ether of a'HSEFSXYEPBIENYYLel oal kane conpound has a hi gher resin gl ass
transition tenperature. (resin T n_a. conventional. epgxy.resin such as

t hose based on bi spﬁ(i:\ Oiﬁfgléeé%éé{%@? &5 ngaoﬁwgpﬁkof%}e@h%fd@' A) . The
cured epoxyequisd dteMperatie: quaegzesﬁ hbdud 8@, LP b HOAVES0A, dreHeebdsCf e flutgd @S S
transition tenperature (cured Tg) than an epgxy resin conprising a

convent i on&! M¥pbL§Pepding gn g]ﬁé%eﬂmgg?“ﬁt?q% f?ﬁ‘é‘fr‘é‘?d? %e(cgl‘é‘ég %?&H}ﬁfgg a?dsﬁlﬁd

Conpar at i veatyanpudBk anyl @ ofidF db&PAXNs, LaSi Al octiteut Ri@FRAKure BVAMakON al so
has i nproved nechanical properties such as toughness conpared to a

convent i onaP0 &p B perlsichmindlfs &g 9 oush st iretigitganebsuscd gV e h&ydf ore, the

epoxy resi RoQfirehiiRnRIRELRY Bé?ﬂgeﬁttén%ﬁriﬂﬁés hIPERAVB6UL N BFICSinanoget. 0 | npact (see
Exanpl e 3 and Conparative Exanple C). Exanple 4 - Lam nates Produced from

Advanced Bi sphenol Qy&b AOANSoIRESH: Bf R hlesdh irddMARCABmBIsstRBRNO!
Cycl ododecanone with D.E. R Tm 330 A 99.88 g sanple of bisphenol

cycl ododec &S8P0 57 AFRYIC palrdesriie dompps9os, 88thg pEent Tvemiaa. dreloryd 330

(2.22 mol) piRidnRPBe Merlk@FSRaklBafHeaBhmtdQ, @r&ﬁrrf&@é’, mr%rimeHWﬁ% bohRR

m xture was cooled to 80 C and then 231 ng of an Al catalyst solution (70 %
sol i ds in REVBanblonewambodinideidotthe ¢lprsrieal Janumate commesiteecOniPEsiAgN ¢ANKTINESe Wi t h

the Al cat i d : action of
t he bi sphe?&%ﬁ%ﬁ?%%é ec%érlll\’lgﬁrg&gs%ﬁt %&gqg?%q%st %I%qu% %g@@}??ﬁq g t%%t at 150
C f or abouthetmpssuresin diffepentiram cAdwamoed); RASianleit one filler; and/or (Ve ldaE\Wwhef t he

Advanced Resi ur i ti.on, was 297 g/eq (EEW heory is 302
g/ eq) . The% gqg&g[ﬂﬂgﬁiﬁsvrgﬁéée%ﬁﬂ%éﬁnﬁte@' measured by DSC, was 13 C

One common problem of the PWB manufacturing using conventional
thermoset resin material with high glass transition temperature (Tg) is that the high Tg
thermoset resin material tends to have low toughness which causes brittle failures during the
manufacturing, for example, a clean hole can not be produced within the PWB. The
resulting thermoset resin products made from the thermosettable compositions of the
present invention, however, have higher toughness and thus provide improved drillability

for electrical laminate applications such as PWB.
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75.0 granms of the Advanced Resin E (EEW = 297 g/ eq) obtained fromthe above
reaction and 29.5 grans of Herinol KBE F4127 (HEW= 117) was solved in 75.0
g DowanolwoObhBMes@3f orm a Resin F. The reactivity (i.e. pgelustonwmséint second)
of the Resin F was adjusted to 280 second by adding 400 ng of the 2-M

solution (20 % solids in Dowanol Tm PM. Part B. Prepregs and Lam nates

Prepregs were prepared by coating 47% by wei ght of Resin F prepared in Part
A above (cal cul at ed SEnCHYMtI2@BRER fr usq inghe chlﬁn@%)@%%fdl PRt ) on 53 %

by wei ght %fint%&l Wirghg o281 Hresrd e @b ithROLHaRRY a edForbin infildrial 1€ a SO MENT
(Dowanorm PM in Resin F was evaporated in an oven which tenperature was
set at abouialigsuct af gie tagsmosetiablejasipcaBIPpBdngH e esepriaynegy followed by The

prepregs pLeRR AU e &rddsadit 8r ARAuce | am nates w thout any further
nodi fications a@qﬁ‘rol I owse:wgg gheetsy(reaclﬁ 20 cmx 20 cm) of the prepregs

vere pressed for 1 hoptyal,@Reulridd Q% ddd &t RWmBERESe YbhFbsRIBIRYHE at
about 0.7 bar to formthe lTamnates. Exanple 5 - Brom nated Advanced

Bi sphenol cyrduoidd dectamperetuReggngrally, between aboup\5¢n'(x pig abopf 25950, grelgnably based on

100% sol i d ocDi r R. TM 560
(based on 2000 Loy LS RnalRbn Yk Bo R A ARt G ek o Ty P
sol vent wag0@Har fledimaofauriegit drermddeaatie sebinrcempesstionanayde fopr t o 60 C to

di ssol ve the bis lggcp%lﬁogxgtlmqg\% anone afrr1d trile D.E.R TM 560 | hhe Dowanol

e |
Tm PM sol veRt: e mRPTr e Wad IReN RExTed” 1H™'s BT oReR e grams of

Al cat al ysteasdruih®n nfof®th%n st@lul 5 sinuesred kaniahy) atwddabhdues, pleéerahlxbaween The

m xture was, heated conti nuou untiil the ol TM PM | vent started to
bor ae Tadndf 30 BlmtRhd BREYR htut b ot e AR R v it SRS 8

cycl ododecap@in8 haid, Thecddnfcbhditond 60thwasrntaetibidresintaddlsol@pedd dnahe about 150
m nutes to forma brom nat ed Ademced Resi G The braom nat ﬁd AdVﬂnced

Resin G wa$ 'BBYICEY Ve tagy PRIGIAL wipapaiifdged to the compositionich ittt he Tg

of the bronmignad e oy aNEREMERS cirife W8I & ciRR s Wik ® enaef@ird idlgwt @b he net hods
stated above. The results are listed as follows: the EEWwas 297 g/ eq

(EEW heo - Seqondismpgialiiy orio8t-Faaimet syglpopsiratments ordinarily bemg al SpaFrRNES ed

Advanced Rgsd 1G0BSreksRly bQwbal dhost 108t thd@prall ation with hardeners,
XZ92747 and XZ92755, avai?/abl e from The Dow Chem cal Conpany.

About 59.95 % by WeiM@Bmeémg&ﬁm@ﬂtgr&m@gtﬁgkM\{%@@@ﬂ‘ﬂ?@cﬁ'é@’% Bicat ned from
t he above reaction and 33.29% by wei ght of XZ92747 and 6. 63% by wei ght of

XZ92755 wemBcasgplasexpihenn. 180ging, typigaghfefesfedzo p “Bsginging ofPr c2onms dMlides i n
Dowanol Tm EMngt ®rd PerIBads lifnd Iy ﬂceﬁlrpgﬂd{u?é foﬁ@wed by curing for a period of time at a
higher temperature. B-staged curing may include two or more curing stages, and may
commence at temperatures below about 180°C in some embodiments, and below about
150°C in other embodiments. A reinforcing material impregnated with a partially cured
resin is usually referred to herein as the "prepreg”. To make a printed wiring board from

prepregs, one or more layers of prepregs are laminated with, for example, one or more

layers of a metallic material such as copper.

Thermoset resins may be formed by curing the curable thermosettable resin
compositions of the present invention as described above. The resulting thermoset resins of
the present invention may comprise a thermoset or a thermoset network structure with
fillers, fibrous reinforcement materials, aspect shaped inorganic materials and/or other
additives. The term “thermoset” or “thermoset network structure” used herein refers to a

fully cured and crosslinked thermoset resin structure.

25-



The reactivity of the resin fornulation was neasured three tines with an
average result of 249 seconds. The Tg were neasured by DSC (film by
scanni ng waaoti/oses3f rom 50 C to 220 C at 200/ mi nut e wi t RCanuSamenagel r esul t
of 120 C. The resin fornul ation was subsequently cured on a hot plate at
170 C for 10 mnutes and 190 C for 90 mnutes to forma cured brom nated
advanced bi sphenol cycl ododecanone resin product. Exanple 6 - Formation of
an Epoxi di zed Bi spheH@ireafesanaetssbriectia byHertor! by resabieediibne Mdi fi ed
Epoxy Resi Rjsplays excellent thernfeP@XdHAREN PRopRbiclisaNRNBbd USARICAGGRORAR MBS
carried out By reacting the bi sphenol cycl ododecanone w th epichl orohydrin
with a rat iséength, whde mainginighhigh Bisirerl sib#liyy. hydr oxyl (- OH) equi val ent)
according to the follow ng procedure: . . Atw liter, three
necks, round bottomlghasdscr discoreied eghe piseat wverion thah e dyerexydiphanyl-

cont rol | ed N§alikE HRMIhEs Yafe @B&ﬁ&ﬁ%n%ﬁ Brolfag s@eﬁ@nga}%d%ae%@%@none
(176 g, 1.0 hydroxyl equivalent), epichlorohydrin (694 g, 7.5 noles) and

i sopr opanolthefIB7Rt ysinQef the preseghinvefion wacregringhradito hgrdentpnglgddolicThe r eact or
was mai nt ai ' h ngﬂ iLionally
equi pped wkgﬁggﬁ%gh é%%%?g%%g$%t§?ﬁ%§$g%’- aE%?gg&ﬁﬁgﬁﬁ%§@?§?ggg% ‘ai sen
adapt or, arthegh@miosad:sims Of tgeres¢m knyent{ch coRipifRg ths ddydroantipt@ngltdycloalkams senbl y
(PTFE paddl e | ass. .shaft.  vari.able e not or) . initial .sodium

hyar ox, de- SorpfrdESiBoRktan HERLPRhGedRe Pl o s el s AnB e e e m
vent ed addintairoginihg itnetheiqyreper@O-s3h avhiphtt@speraitne stabdity dndrachigh ocdssrlmkings
stirred toggive a slurry of the bisphenol cycl ododecanone in the

epi chl or ohyd™ % and i sopr opanol . After 20 minutes of

post-reaction, irrin s stopped. An aqueous | ayer, and .an organic | ayer
here formed. i abRBR s B AR S SpeovEa T PR e R R R Bt ng and
stirring ofiftf@iond gamisGvilhaye crodging desay ardihtefdOreltively apwhse addi tion of a
second portion of sodium hydroxide (20%in water, 80 grans) was conpl eted

over 20 m nut es(Qpan lmeproddnbeaingl pigpelrtp @udheasaei ghetiglass atanS@orGemperatures of
Simlarly, after 20 mnutes o st-reaction, i Lri was st ed; and an
aqueous | ap&fCagn ?P“b?%&ﬁf ere}ea% gr\%t?fetﬁ?fb*’?’ﬁﬁtd%T{%ea %%Pé%ﬁr&?eff%g%m%{s
renoved fr @mntaBeutMHXLULRL abdNEWIRINGRAIGrithal§and@agidaashed with 3-4 portions
(250 mlliliters each) of deionized water until a pH of 7 of the organic

| ayer was achi eygd highet lamdigviafah@bkiptipe§ (digh MbPRAR ©sibtaytelor, s biRgr @ Maxi mum
oil bath tenperature of 75 C was used to renove the bul k of volatiles
presence i WfHe? BPgUHFIUPI3Ger . Further rotary evaporation at 125 C for 2-3

hour (16 nbar) %@ve 230,9rans ofggpoxidized bi sphenol cycl ododecanone,
which was a tralRpapwundiclepicoppyany/dissipaiiog faciprd DKAXUPOPH: #1%ui d was

solidified to a brittle solid at roomtenperature bout 25 C), Exanple 7 -
Advanced Broningggﬂwéﬁﬁﬁ?qﬁﬁgWﬁ”ﬁ%@ﬁghhﬁvoﬂdW§H%@d# %@??@m“%iﬂEB%¥?dized
Bi sphenol gyehemedBcRaans B0 1DBRA s, A 7.63 g sanple of an

epoxi di zed bi sphenol cycl ododecanone product (EEW 236 g/eq) obtained from

Exanpl e 6 above and Withdut Ghiify B prEBBAin(EHEW 27y Bhe theo§Bic 8% &3 e@ie ol ten
in an alum num cup on a_hot plate to obtain a honmogenous m xture. About
0. 0049 gr ath¥ adflitiap ohe alkylsinahsbvesa diedipbenohgrondmp Jerbibidex ydishenyle. An

advanced r@aqgdiRRe HrudiEnBpRXLE &6t RicaPHanobisesIQHaesaneREniRIAdUct and
TBBA was carried out at
and, as a result, the presence of the dihydoxydiphenyl-cycloalkane compound structure

increases the glass transition temperatures (1'g) of the host resins compared to conventional

resins which comprise bisphenol derivatives without the alkyl ring.

The increase of the glass transition temperatures of a host resin comprising
the dihydroxydiphenyl-cycloalkane compounds of the present invention is generally in the
range of from about 10 °C to about 100 °C or higher depending on factors such as type of
hardener, resin, and catalyst used in curing the resins; and the curing conditions. The
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120 C for 1 hour to forman advanced resin. The advanced resin was then

di ssolved in 2.98 grans of acetone (80 % solids in acetone) with dicy to
forma resoronossasse. The resin m xture was cured on a rotr/ysk@vesani 170C
for 10 m nutes and 190C for 90 m nutes to forman advanced brom nated epoxy
resin product. The reactivity of the advanced brom nated epoxy
resin was neasured three tines. The resin had an average reactivity of 205

seconds. TNEUTYS BPdyIhe! ahast tesipaemprsing silpyirasy diphgny-eygagkanaspmaoundh ias

scanned 2 tjshBsunfi (@R BReleohPard Uredihs & felsHo My ﬁenoirﬁlﬁﬁ'rlvﬁ@\%'s Ridgd qgn average
Tg of 168.3C. Fil m deconposition terrperature (Td) he brom nat ed epoxy

resin was kit dbys th@@@ﬁ@@&l@?@ﬂﬁ&l@tpéeswfenw@@wm@a lslg%ﬁréfa Hpbve. The

resul ts of tﬂe'&ﬁze-ﬁdthgﬁﬁé&t{d%%%%leaaﬁlgyl ﬁﬁgwwé& tﬁ@ﬁsﬂ&h&%\{ﬂu@gm @ble 1. Table |
Wei ght Loss (% Film (Td) Tenperature ( 2 250.0 5

dihydroxydiphenyl-cycloalkane compounds may lower the cross-linking density due to
higher steric hinderance and thus, provides improved toughness to thermosettable resins

such as epoxy resins.
EXAMPLES

The following examples and comparative examples further illustrate the

present invention in detail but are not to be construed to limit the scope thereof.

Various terms and designations used in the following examples are explained
herein as follows: D.E.R. ™ 330 is a diglycidyl ether of bisphenol A having an epoxy
equivalent weight (FEW) between 177 g/eq and 189 g/eq, available from The Dow
Chemical Company; D.E.R. ™ 560 is a diglycidyl ether of tetrabromobisphenol A with an
EEW at about 455 g/eq, supplied by The Dow Chemical Company; Dowanol ™ PM is a
solvent containing propylene glycol methyl ether, supplied by The Dow Chemical
Company; Plenco 13943 is a phenol novolac epoxy resin, available from Plastics
Engineering Co.; “Al catalyst” is a catalyst made of ethyltriphenylphosphonium acid
acetate, available from Alfa Aesar; EPON ™ P101 is a catalyst available from Hexion
Chemical; “dicy” stands for dicyandiamide; “DMA” stands for Dynamic Mechanical
Analysis; “DSC” stands for Differential Scanning Calorimetry; “EEW” stands for epoxy
equivalent weight; “HEW” stands for hydroxyl equivalent weight; “2-MI" stands for
2-methyl-imidazole; the suffix “A80” implies an acetone solution that has an 80 wt% solids
concentration; “TBBA” stands for tetrabromobisphenol A, which has an equivalent weight
of 272, supplied by The Dow Chemical Company; XZ92747 is bisphenol A novolac
hardener having a bisphenol A content about 21% by weight, commercially available as
KBE F4113 from Kolon Chemical (from Korea); XZ92755 is a bisphenol A novolac
hardener based on KBE F4127 has lower bisphenol A content about 17 % by weight,
commercially available from Kolon Chemical (from Korea); and Herinol KBE F4127 is a
bisphenol A novolac hardener based on KBE 4127 has lower bisphenol A content about

17 % by weight, commercially available from Kolon Chemical (from Korea).

27-



297.7 10 300.9 Exanple 8 and Conparative Exanple D Part A. Prepreg
Procedure Prepregs were prepared by inpregnating glass web
(Por cher wopebha/MB643628/ 36 ami ne sil ane finish) with a vacmitskowiozdiore. One
varni sh m xture (Exanple 8) was nmade fromthe advanced brom nated resin of
Exanpl e 7; and another varnish m xture (Conparative Exanple D) a
conventional epoxidi zed bi sphenol A advanced with TBBA. The prepregs were
formed using a CaratEtedo¥iwipg stepdagt aplygeahsgupyenthanddpgghads arprised indheg
Lay-ups" wekgnpegpared by pouring the varnish onto the glass web. The
varni sh was spread across the glass web before the gl ass web was passed

through the treater oW wk$ncadh& ByeSddloriRiCHRALE dr YRRy YAR shiipRs Rassed
through the treater; and heated at” a tenperature of be%ween 1/5-180 Cto

formthe r&ungivigh Gt dppeaghloricagidiin e nresangsf eetupptbagmpeaium bromide in - A

| am nat e Y"?F&cﬂ[ £RAL £, USLRG Foll! £2nloyRi BRR&GR o d-CsRuRakS ASTRRSYEsand
copper foilF on the top and bottom The 8 plies were préssed at 20 N cn®

fromroom tethedrature to 190C with a heating ranp of 3 K/ min and kept 90
m nut es. The following Table Il shows a conparison of the
properties of |ani natheslasatiansitionierapesaiuie ¢ h)iven alcappehiydpitiewnidl Sgtamsl A

advanced ‘é“c%lfbg;&ﬁgﬁél?&é{,‘ﬂg 1361 s AR (Ra@idah BT ARKEAyAREE 11 OM an

epoxi di ze odecanone product o anpl e advanced with
TBBA (Exanpl e 8). The reactivity of a resin solution was measured by placing a sample of the

resin solution on the surface of a hot plate at 170°C. The reactivity measurement of the
resin solution is reported as elapsed time in second required for gelation (“‘gel time™) at

170°C.

The softening point was determinate with a Mettler FP80 with a heating

ramp of 3 °C/minute from room temperature (about 25 °C) to 200 °C.

Thermo-gravimetric Analysis (T'GA) was used to measure the decomposition
temperature Td. TGA was performed by using a thermo-gravimetric analyzer TGA2950
from TA Instruments which is fitted with an auto-sampling device and connected to a
personal computer. TGA analyzer was operated under nitrogen atmosphere. The
decomposition temperature Td was measured according to [PC-TM-650-2.3.40 with from
50°C to 700°C with a heating ramp of 10°C/minute. Td was determined at percent weight
loss (except otherwise mentioned, i.e. 1%, 2%, 5%, or 10% weight loss). The typical

experimental error was = 1 °C.

Example 1 — Advanced Reaction of Bisphenol Cyclododecanone with D.E.R."™330

A 66.8 grams (g) sample of bisphenol cyclododecanone (189.8 mmol) was
dissolved in 133.1 grams of D.E.R. ™330 (371.8 mmol) in a 500 ml glass reactor at 140°C
to form a mixture. The mixture was cooled to 80°C and then 100 milligrams of an Al
catalyst solution (70 % solids in methanol) was added to the mixture to start the reaction of
the bisphenol cyclododecanone with D.E.R.™ 330. The advanced reaction was carried out
at 150°C to form Advanced Resin A. After 1 hour, the Advanced Resin A was

characterized by titration. The EEW of the Advanced Resin A obtained from the titration
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Table I1 Conpar ati ve Exanpl e D Exanpl e 8 Fornul ati on Epoxi di zed
Bi sphenol A Advanced with TBBA Epoxi di zed Bi sphenol Cycl ododecanone
Advanced wot2n1 TTBBA3 PCT/US2010/056101

was 520 g/eq (EEW eory = 551 g/eq). The Tg of the Advanced Resin A was measured by
DSC with a heating ramp of 10°C/minute. The Tg was 54°C.

Comparative Example A

A 52.5 g sample of bisphenol A (230.3 mmol) was dissolved in 147.4 grams
of D.E.R.™330 (411.7 mmol) in a 500 ml glass reactor at 140°C. The mixture was cooled
to 80°C and then 100 milligrams of an A1 catalyst solution (70 % solids in methanol) was
added to the mixture to start the advancement reaction of bisphenol A with D.E.R. ™330.
The reaction was carried out at 150 °C to form Comparative Advanced Resin A. After
1 hour, the Comparative Advanced Resin A was characterized by titration. The EEW of the
Comparative Advanced Resin A obtained from the titration was 569 g/eq (EEW geory =552
g/eq). The Tg of the Comparative Advanced Resin A was measured by DSC with a heating
ramp of 10°C/minute. The Tg was 49°C.

The advanced bisphenol cyclododecanone resin (Example 1) has higher resin
Tg than the advanced bisphenol A resin (Comparative Example A). A higher Tg for a resin

can be beneficial to the resin’s storage stability.

Example 2 — Curing the Advanced Resin of Bisphenol Cyclododecanone and D.E.R."™330

A 20.0 g sample of the Advanced Resin A (EEW = 520 g/eq) obtained from
Example 1 above was mixed with 0.48 grams of dicy and 0.25 grams of EPON™ P101.
The mixture was cured for 2 hours at 200°C to form Cured Resin A. The Tg of the Cured
Resin A was measured by DSC with a heating ramp of 10°C/minute. The Tg of Cured
Resin A was 141°C.

Comparative Example B

20.0 grams of the Advanced Resin B (EEW=569 g/eq) obtained from
Comparative Example A above was mixed with 0.45 grams of dicy (FEW=14 g/eq) and
0.26 grams of EPON P101.

The mixture was cured for 2 hour at 200°C to form Cured Resin B. The Tg
of Cured Resin B was measured by DSC with a heating ramp of 10°C/minute. The Tg of
Cured Resin B was 115°C.

The cured resins of Example 2 and Comparative Example B show the Tgs
for Cured Resin A (advanced bisphenol cyclododecanone resin, Example 2) and Cured

Resin B (advanced bisphenol A resin, Comparative Example B) with a similar EEW. The
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use of the bisphenol cyclododecanone illustrates that Cured Resin A has an increased Tg

over Cured Resin B of 26 °C.

Example 3 and Comparative Example C

The toughness of two resins (Resin C and Comparative Resin C) was
measured by DMA. The cured resin of Example 2 which comprises Resin C is an advanced
bisphenol cyclododecanone resin prepared using the procedure in Example 1. Resin C was
cured with Plenco 13943 using the procedure in Example 2. The cured resin is referred to

herein as “Cured Resin C” (Example 3).

Comparative Resin C is a conventional bisphenol A, DER 330. Comparative
Resin C was cured with Plenco 13943 [herein “Comparative Cured Resin C” (Comparative

Example C)] using the procedure of Comparative Example B.

Cured Resin C and Comparative Cured Resin C have similar glass transition
temperature (Tg) at about 130°C. The toughness of the above two resins can be compared

because the resins have similar glass transition temperatures ('Tg).

Toughness may be defined by a drop in Young’s modulus (E’). The two
resins get less stiff (modulus decreases) as a result of the glass transition at about 130°C.
The Young’s modulus (E’) of Cured Resin C decreases from about 5 x 10° Pa before the Tg
at 130°C to about 3 x 107 Pa after the Tg at 130°C.

The Young’s modulus (E’) of Cured Resin C in the rubber modulus range
(after Tg reaches 130 °C) has a lower Young’s modulus (E’) (improved toughness) than that
of Comparative Cured Resin C in the same rubber modulus range. Accordingly, Cured
Resin C has an improved toughness by using bisphenol cyclododecanone over Comparative

Cured Resin C which uses a conventional bisphenol A.

The results of Examples of the present invention show that an epoxy resin
comprising a diglycidyl ether of a dihydroxydiphenyl-cycloalkane compound has a higher
resin glass transition temperature (resin Tg) than a conventional epoxy resin such as those
based on bisphenol A (see Example 1 and Comparative Example A). The cured epoxy resin
of the present invention shows a higher cured glass transition temperature (cured Tg) than
an epoxy resin comprising a conventional epoxy resin based on bisphenol A (see Example 2
and Comparative Example B). The cured epoxy resin of the present invention also has

improved mechanical properties such as toughness compared to a conventional epoxy resin
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Tenperature Tg (C) 130-140 167-169 Deconposition Tenperature Td (C) 315 298
Exanple 9 - Synthesis of Epoxidized Bi sphenol Cycl ododecanone A
two |iterwothrigesésdcks, round bottom gl ass reactor equi ppedsasiiosaot
thernostatically controlled heating mantl e was charged with the bi sphenol

of cycl ododecanone (-176 grans, 1.0 hydroxyl equivalent), epichlorohydrin
(-694 granms, 7.5 noles) and isopropanol (-373 grans, 35 % wei ght of the

epi chl or ohwtieii hy plsaglic ar@rélewea@tt%erreﬁﬂ&sthaﬁmylr%?ﬁ ) PIGEANpIHEENIRD s a
condenser NAkaash@lo mdpaci@oe FaPRBIRICLRparadvdERhpRNCadapt or, an

over head nllgr?ﬂggen i nlet (f&lpEPI\Q/Ig N2 usgd) and g stirrer assfelnbly (Teflon
paddl e, gl ass shaft varl abI e seed m)tor di ssoal VI ng at. 50 C a

sol uti on of24 S ' DURN ARG ipedodeeanons Resid 1 5 g sij de
armvented additi on funnel gver 20 30 m nut es St| rripg, comenced to give
slurry of the bk d Bisphenghe - BB e 330
i sopropanol . The ten:gerature was  mai nt ai ned at 50 C during the reaction.

After 20 minutes of ‘pade? Beyerlr shbisrhenelcydigdataenaredfpd dodhtrsakcaueous
layer was nemy gdmbk bPDH REY 95H@M2GndIAMAI500 ml glass reactor at 140 °C to form a

mixture. The mixture was cooled to 80 °C and then 231 mg of an A1 catalyst solution

(70 % solids in methanol) was added to the mixture. The resulting mixture with the A1l
catalyst solution was heated to about 150 °C. An advanced reaction of the bisphenol
cyclododecanone and the D.E.R.™ 330 was carried out at 150 °C for about 1 hour to form

an Advanced Resin E.

The EEW of the Advanced Resin I, measured by titration, was 297 g/eq
(EEW heory 18 302 g/eq). The Tg of the Advanced Resin E, measured by DSC, was 13 °C.

75.0 grams of the Advanced Resin E (EEW = 297 g/eq) obtained from the
above reaction and 29.5 grams of Herinol KBE F4127 (HEW = 117) was solved in 75.0 g
Dowanol "™ PM to form a Resin F. The reactivity (i.e. gel time in second) of the Resin F
was adjusted to 280 second by adding 400 mg of the 2-MI solution (20 % solids in
Dowanol™ PM).

Part B. Prepregs and [.aminates

Prepregs were prepared by coating 47% by weight of Resin I prepared in
Part A above (calculated without solvent, i.e. with 100% solid content) on 53 % by weight
of style 7628 glass cloth (Porcher 731 finish). The solvent (Dowanol ™PM) in Resin F was
evaporated in an oven which temperature was set at about 165 °C for about 5 minutes to

form the prepregs.

The prepregs prepared above were used to produce laminates without any
further modifications as follows: 8 sheets (each 20 cm x 20 cm) of the prepregs were
pressed for 1 hour at about 190°C in a flow press with pressure at about 0.7 bar to form the

laminates.
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Heating and stirring of the organic |ayer was resuned to 50C. Dropw se
addition of a second portion of sodium hydroxide (20%in water, 80 grans)
to the orwenor/deéssser was conpl eted over 20 mi nutes whil @eCraisadiaiosiing t he
tenperature at 50 C. After 20 mi nutes of post-reaction, stirring was
stopped, and the aqueous |ayer was renmoved fromthe organic |ayer product.
Then the organic | ayer was Washedvmth 3-4 portlons 250 mlliliters each)
of dei oni zéYample 8 Rigminated Advanged BisphenohgydedodaganoneResin was achi eved.

Rot ary evaporation of the organic |ayer using an oil bath terrperature of 75
C was used to renpve® BHEUSH ESGeramp ajet o i00gssoligGoniepy ol bgphsnpl evapor at i on

at 125C f olydoddbQHbne( 16 £of @@\4@““ %b%@@oﬁﬁ@f%s&ﬁd coh@ASAM RH%
colorless | |qU| d which solidified t brittle solid at room tenperature
(-25C). Thérkaaddqo gﬁ@nwfé?qwamls tﬂ%sqive@r &y dygfecdithyeicagior. gihg prvets| was

cycl ododecgnan& L(Iﬂ%%@"’@t ﬁgr}gértﬂe ﬁ%eﬁ@grél%dé&%&vﬁnﬁ%eﬁﬁ PREM 4BSy AR

described in Tabl | . Table Resin Tg (C) 1 Softening Point
Dowanol ™ PM solvent. The mlxture was then heated up to 100 °C with 0.643 grams of Al

catalyst solution (70 % solids in methanol) added to the mixture. The mixture was heated
continuously until the Dowanol ™PpM solvent started to boil at reflux (137 °C). The
advanced reaction of the bisphenol cyclododecanone and the D.E.R."™ 560 was carried out
at 137 °C for about 150 minutes to form a brominated Advanced Resin G. The brominated

Advanced Resin G was cooled down to room temperature.

The EEW and the Tg of the brominated Advanced Resin G were measured

according to the methods stated above. The results are listed as follows: the EEW was

297 gleq (EEW o 1s 302 g/eq) and the Tg was 13 °C.

The brominated Advanced Resin G was used to form a resin formulation

with hardeners, XZ92747 and X7Z92755, available from The Dow Chemical Company.

About 59.95 % by weight of the brominated Advanced Resin G obtained
from the above reaction and 33.29% by weight of XZ92747 and 6.63% by weight of
X792755 were solved in 0.13% by weight of 2-MI solution (20 % solids in Dowanol™ PM)

to form a resin formulation.

The reactivity of the resin formulation was measured three times with an
average result of 249 seconds. The Tg were measured by DSC (film) by scanning two times
from 50 °C to 220 °C at 20°C/minute with an average result of 120 °C. The resin
formulation was subsequently cured on a hot plate at 170 °C for 10 minutes and 190 °C for

90 minutes to form a cured brominated advanced bisphenol cyclododecanone resin product.

Example 6 — Formation of an Epoxidized Bisphenol Cyclododecanone (Bisphenol

Cyclododecanone Modified Epoxy Resin)

Epoxidation of bisphenol cyclododecanone was carried out by reacting the
bisphenol cyclododecanone with epichlorohydrin with a ratio of 7.5:1 (epichlorohydrin to

hydroxyl (-OH) equivalent) according to the following procedure:
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A two liter, three necks, round bottom glass reactor equipped with a
thermostatically controlled heating mantle was charged with the bisphenol cyclododecanone
(176 g, 1.0 hydroxyl equivalent), epichlorohydrin (694 g, 7.5 moles) and isopropanol
(373 g, 35 % weight of the epichlorohydrin used). The reactor was maintained at 50 °C
during the experiment. The reactor was additionally equipped with a condenser (maintained
at -15 °C), a thermometer, a Claisen adaptor, an overhead nitrogen inlet (1 LPM N, used),
and a stirrer assembly (PTEFE paddle, glass shaft, variable speed motor). An initial sodium
hydroxide solution (20% in water, 180 grams) was added from a side arm vented addition
funnel over 20-30 minutes. The resulting mixture was stirred to give a slurry of the

bisphenol cyclododecanone in the epichlorohydrin and isopropanol.

After 20 minutes of post-reaction, stirring was stopped. An aqueous layer
and an organic layer were formed. The aqueous layer was removed from the mixture.
Heating and stirring of the organic layer were resumed to 50 °C. Dropwise addition of a
second portion of sodium hydroxide (20% in water, 80 grams) was completed over

20 minutes while maintaining the temperature at 50 °C.

Similarly, after 20 minutes of post-reaction, stirring was stopped; and an
aqueous layer and an organic layer were formed. The aqueous layer was removed from the
mixture. The organic layer was washed with 3-4 portions (250 milliliters each) of deionized
water until a pH of 7 of the organic layer was achieved. Rotary evaporation of the organic
layer using a maximum oil bath temperature of 75 °C was used to remove the bulk of
volatiles presence in the organic layer. Further rotary evaporation at 125 °C for 2-3 hour
(16 mbar) gave 230 grams of epoxidized bisphenol cyclododecanone, which was a
transparent, colorless liquid. The resulting liquid was solidified to a brittle solid at room

temperature (about 25 °C).

Example 7 — Advanced Brominated Epoxy Resin Formed by Advanced Reaction of

Epoxidized Bisphenol Cyclododecanone and TBBA

A 7.63 g sample of an epoxidized bisphenol cyclododecanone product (EEW
236 g/eq) obtained from Example 6 above and 4.52 grams of TBBA (EEW 272 g/eq,
58.8% Br) were molten in an aluminum cup on a hot plate to obtain a homogenous mixture.
About 0.0049 grams of Al catalyst was added to the homogeneous mixture. An advanced

reaction of the epoxidized bisphenol cyclododecanone product and TBBA was carried out at
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120 °C for 1 hour to form an advanced resin. The advanced resin was then dissolved in

2.98 grams of acetone (80 % solids in acetone) with dicy to form a resin mixture. The resin

mixture was cured on a hot plate at 170°C for 10 minutes and 190°C for 90 minutes to form

an advanced brominated epoxy resin product.

The reactivity of the advanced brominated epoxy resin was measured three

times. The resin had an average reactivity of 205 seconds. The Tg of the resin was

measured by DSC (film). The film was scanned 2 times from 50 °C to 220°C at 20

°C/minute. The resin had an average Tg of 168.3°C. TFilm decomposition temperature ('Td)

of the brominated epoxy resin was measured by TGA according to the procedure stated

above. The results of the Td measurements are shown in the following Table I.

Table I
Weight Loss (%) Film (Td) Temperature (°C)
1 210.7
2 250.0
5 297.7
10 300.9

Example 8 and Comparative Example D

Part A. Prepreg Procedure

Prepregs were prepared by impregnating glass web (Porcher style

Nr.7628/36 amine silane finish) with a varnish mixture. One varnish mixture (Example 8)

was made from the advanced brominated resin of Example 7; and another varnish mixture

(Comparative Example D) a conventional epoxidized bisphenol A advanced with TBBA.

The prepregs were formed using a Caratsch pilot treater 3 meters in length. The “Hand

Lay-ups” were prepared by pouring the varnish onto the glass web. The varnish was spread

across the glass web before the glass web was passed through the treater rollers. The resin

impregnated web was then passed through the treater; and heated at a temperature of

between 175-180 °C to form the resulting prepreg.
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A sanple of eCDON (4.62 g), dicy (0.34 g), and 2-phenylim dazole (0.038 g)
was m xed by cryogrinding. This procedure involves adding the solids to a
st ai nl essweterlosgsaBi nder with t hreaded ends, addi ng a mecatuskalbloséiopol i ng
the contents in liquid nitrogen, and shaking the assenbly for 10 m nutes.

The cylinder was placed in a nitrogen-purged bag and allowed to warmto

roomtenperature. A Eortion of the powder was placed in an al um num pan

and heated in al rogedwrgn C for 90 mnutes to forma clear

casting. A Tg of 2024 Ganyiase ARSHENL RingBShes Hprépré@StdnNfarAsibGlantint 0 - 36-
4 pieces, each was wei ghed, and all were placed in _a steam autoclave at 121

C for 90 nichRReE L onie (wB prthirotgar nhsf PEist ets PEsdwhd0 Nicpy doawgons a

per cent a_ge,ten%%@at&rbﬁ) fHovekias h\é@&r% r%ﬁB?@%rﬁiQal_ﬂi Bt ) Malke of 2.3 W%
Conmparative anple E - Cure of DDE.R TM 331 with dicy The

experiment descri bedricTof@APireoid &t sUass £ &RGALISH diteBofartes Br EMim&d
(bi sphenol A diglycidyl ether, 4.51 g), dicy (0.44.9%, and .

2- phenyl i nmitdy e y@npBtighal cpexidized ispBgobAwdwneiseily EBBHY Cpgmratied t he

wat er abs OrEREIhﬁl@ ]j’)@ﬁd ﬁ_rn?na‘&ts Hade Y}%Enleﬁoygﬂ%d\ﬁghhlgl c%l&io@léﬂaﬁ&leﬁar&ﬁéﬂ NS
conposition for conposites and el ectrical lamnates conprising (I) at |east
one t her nodatmplediadvaneedooh TBBA; (Egdmple 8 | east one hardener; and (I111) at

| east one reinforcing material; wherepfjtfhe Tg is at |east about 150 C, and
is prepared froma difunctional epoxy resin with a viscosity of Iess than

200 nPa-s at—150—C-and-the p”"ﬂnﬁgﬂhyﬁﬂ?ﬁimﬁ§ijht 5 grsater than 190
grans/ equi yal ent. 2. The conpos¢§|%n of Ei'APH L, [wher &fH"hH r ei nforcing
mat eri al Epoxidized Bisphenol
Epoxidized Bisphenol A
Formulation Cyclododecanone
Advanced with TBBA
Advanced with TBBA
Parts Solid 100 100
dicy 2.8 3.0
2-MI 0.08 0.10

Laminate Properties:

Glass Transition

130-140 167-169
Temperature Tg (°C)
Decomposition
315 298
Temperature Td (°C)

Example 9 — Synthesis of Epoxidized Bisphenol Cyclododecanone

A two liter, three necks, round bottom glass reactor equipped with a
thermostatically controlled heating mantle was charged with the bisphenol of
cyclododecanone (~176 grams, 1.0 hydroxyl equivalent), epichlorohydrin (~694 grams,
7.5 moles) and isopropanol (~373 grams, 35 % weight of the epichlorohydrin used). The
reactor was additionally equipped with a condenser (maintained at -15 °C), a thermometer,
a Claisen adaptor, an overhead nitrogen inlet (1 LPM N, used), and a stirrer assembly
(Teflon paddle, glass shaft, variable speed motor). After dissolving at 50 °C, a solution of
sodium hydroxide (20% in water, 180 grams) was added to a side arm vented addition

funnel over 20-30 minutes. Stirring commenced to give slurry of the bisphenol of
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conprise high strength filanments or fibers. 3. The conposition of claiml,
wherein the thernoset resin conposition conprises an epoxy resin

repr esentwo 2by/teB@3f ol | owi ng general Fornula |: RLIRLRLIRETNUS2HODS618R1C \
-11XC:-) ) no\ / (OOOR2 () ROHR2 ( )RR RR

cyclododecanone in epichlorohydrin and isopropanol. The temperature was maintained at
50 °C during the reaction. After 20 minutes of post-reaction, stirring was stopped and the

aqueous layer was removed from the organic layer.

Heating and stirring of the organic layer was resumed to S0°C. Dropwise
addition of a second portion of sodium hydroxide (20% in water, 80 grams) to the organic
layer was completed over 20 minutes while maintaining the temperature at 50 °C. After
20 minutes of post-reaction, stirring was stopped, and the aqueous layer was removed from
the organic layer product. Then the organic layer was washed with 3-4 portions

(250 milliliters each) of deionized water until a pH of 7 of the organic layer was achieved.

Rotary evaporation of the organic layer using an oil bath temperature of
75 °C was used to remove the bulk of the volatiles. Further rotary evaporation at 125°C for
2-3 hour (16 mbar) gave ~225-235 grams of transparent, colorless liquid which solidified to
a brittle solid at room temperature (~25°C). The resulting resin was the diglycidyl ether of

bisphenol cyclododecanone (herein “eCDON”) and had the following properties as

described in Table III:
Table III
Softening Melt viscosity EEW
Example 1 Resin Tg 1 Point at measured by
°C) °C) 150 °C titration
(mPa-s) (gleq)
eCDON 31 74.6 120 236

! Midpoint of DSC transition at a 10 °C/minute ramp rate

* Ramp rate 2 °C/minute

Example 10 — Cure of eCDON with dicy

A sample of eCDON (4.62 g), dicy (0.34 g), and 2-phenylimidazole
(0.038 g) was mixed by cryogrinding. This procedure involves adding the solids to a
stainless steel cylinder with threaded ends, adding a metal ball, cooling the contents in
liquid nitrogen, and shaking the assembly for 10 minutes. The cylinder was placed in a
nitrogen-purged bag and allowed to warm to room temperature. A portion of the powder
was placed in an aluminum pan, and heated in a vacuum oven at 190 °C for 90 minutes to

form a clear casting. A Tg of 202 °C was observed by DSC. This casting was cut into
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Ra Formula | wherein Ra is a hydrogen or nethyl group, R and R2,

i ndependently from each other, each represents a hydrogen atom a hal ogen,
a substi twbediiarwsaasubst it ut ed al kyl group, a substitut edTars2ammesdist it ut ed
aryl group, or a substituted or unsubstituted aral kyl group; a nitrile
group; a nitro group; a substitut ed or unsubstituted al koxy group; X is
CH2, CH(R3), or C(R3)(R4); mis an integral nunber between 8 and 20; Ra is
a hydr ogen 4@%%?%%@%@@6(1 R3d alh yerplacthlepEaeitaciAve fiokhleadd ot her, each
represent s 98 nAyEEO AR WAl BMaiRoNBLPHER wa IPRSLA LM ﬁ‘éﬂce‘a{agyrﬁ&'ﬁﬁwhﬁfeﬁd al kyl
group, a substituted or unsubstituted aryl group, or a substituted or
unsubst i t UMEE BPRBRYP ghicauglucahd3Wifis an i nteger having a value fromO to
about 10. 4. The col 03|t| on of cl ai m 1 vvherel n the thernoset resin
conposi t i 0fCBIPAL 1P e d)-BRaR 33 egihfligtoposi ti on represented by

the foll ow ng general Forrrul a [1:
The experiment described in Example 10 was repeated using D.E.R.™ 331

(bisphenol A diglycidyl ether, 4.51 g), dicy (0.44 g), and 2-phenylimidazole (0.05 g). A Tg

of 139 °C was observed by DSC, and the water absorption was 3.9 wt%.
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Formula Il wherein Ra, Rl, R2, R3, R4, X, and mare as defined in Formula

I, yis an integer having a value from1l to about 20; Qis a hydrocarbyl ene
noi ety, awo 2enaiesdd3i s i ndependently sel ected fromthe grPorwse@ndsani ng of

0, S, -NRb, wherein Rb is a hydrocarbyl noiety. 5.The conposition of claim
1, wherein the thernoset resin conposition conprises an advanced active
hydrogen functional resin conposition represented by the foll ow ng general
Formul a || WHAT IEGILAMEDISE wherein RL, R2, R3, R4, X, m Ra, Ro 9 Re, Q
Z, and p are as deflned in Fornula I1; yl is an integer having a value from
0 to about 20; and Zt is ‘yypble resin ComPOSItlonéor PP OBl PG le e BmiRalesi m 1,

wher ei n t heo@bridiRAG at KA dnb BRSO refif SblipHidoh &6 At 14t 00 1caRaneRt (1)
conprises a resin selected from epoxy resins, isocyanate resins,

(et h) acr y I af least are reipfasping materiak whereingha g fsat leas pbant 134 fr.apd & r esi ns,
pol yest er w'iq)f‘e%hﬂaﬁ frof i X Ak o&}‘%ﬁfﬁ%tb a viscosity of less thén 2008 P£QIPLRI-EI on of

claim1l, erein the concentratlon of the at [east
and the epoxy equivalent weight is greater than 190 grams/equivalent.

2. The composition of claim 1, wherein the reinforcing material

comprise high strength filaments or fibers.

3. The composition of claim 1, wherein the thermoset resin composition

comprises an epoxy resin represented by the following general Formula I:

R1
Racr—<ﬂ:§ }—{ —% }{}o "
og_/ \ | 7~ |_//, \_(_ |_//\C/\_| LZ\O
Ra R2 Ra
RS/(XLQ\R4 RS/(X) R4

Formula I

wherein R* is a hydrogen or methyl group, R' and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group; a
nitrile group; a nitro group; a substituted or unsubstituted alkoxy group; X is CH,, CH(R?),
or C(R*)(R"); m is an integral number between 8 and 20; R* is a hydrogen or methyl group,
R’ and R, independently from each other, each represents a hydrogen atom, a halogen, a
substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted aralkyl group; and n is an integer having a value from 0 to about

10.

4. The composition of claim 1, wherein the thermoset resin composition
comprises an advanced epoxy resin composition represented by the following general

Formula II:
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one thernoset conponent (1) conprises from about 10 percent by weight to
about 99 percent by weight of the thernpset resin based on total weight of
t he conposO20TIM6ES643 8. The conposition of clai rCT/Uustawobani
conprising at |east one of: (1V) an epoxy resin different fromFormula I;
(V) afiller; (V) a flame retardant; (VI1) a catalyst; and (VIIl) a

sol vent . 9. The corrp05|t|on of claim 1 wherein the at | east
one t hernoset ofesin of Rcorrp ngnt (J) conprlse)g a yC|d || ether ,of a

di hydroxydnqedfen Y o— GO Q_ yszbtel{ _—

di hydr oxydi phenyl - cycl e| conpound rises a

di hydr oxydi phenyl - cycl @M%ane conpound represent ed by xt%
Formula 1V: RIRL HO\-|—rI- /[L12CG1 R ( )R2

eff ol | owi ng gener al

Formula II

wherein R?, Rl, Rz, R3, R4, X, and m are as defined in Formula [, y is an integer having a
value from 1 to about 20; Q is a hydrocarbylene moiety, and each Z is independently

selected from the group consisting of O, S, -NR®, wherein R® is a hydrocarbyl moiety.

5. The composition of claim 1, wherein the thermoset resin composition
comprises an advanced active hydrogen-functional resin composition represented by the

following general Formula III:

o oH
[
—CH—CR'—CHR® —Z-EQ—Z]—CHZ—CR"‘—CHRa —o@
o c
()

Formula III

oH
|
o—CHRﬂ_CRa_CHz-EZ—Q]—Zl
p

wherein R, R?, R*, R*, X, m, R*,R*, R, Q, Z, and p are as defined in Formula IT; y1 is an

integer having a value from 0 to about 20; and 7'is 7-H.

6. The composition of claim 1, wherein the at least one thermoset resin
different from component (I) comprises a resin selected from epoxy resins, isocyanate
resins, (meth)acrylic resins, phenolic resins, vinylic resins, styrenic resins, polyester resins,

and mixtures thereof.

7. The composition of claim 1, wherein the concentration of the at least
one thermoset component (I) comprises from about 10 percent by weight to about 99

percent by weight of the thermoset resin based on total weight of the composition.

8. The composition of claim 1, further comprising at least one of:
(IV) an epoxy resin different from Formula I; (V) a filler; (VI) a flame retardant; (VII) a
catalyst; and (VIII) a solvent.

9, The composition of claim 1, wherein the at least one thermoset resin

of component (I) comprises a diglycidyl ether of a dihydroxydiphenyl-cycloalkane
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R Formula IV OH wherein R and R2, independently from each other, each
represents a hydrogen atom a hal ogen, a substituted or unsubstituted al kyl
group, a WwWohstidesdsed or unsubstituted aryl group, or a eabatseemsedonr
unsubstituted aral kyl group; X is CH2, CHR3), or C(R3)(R4); mis an

i ntegral nunber between 8 and 20; and R3 and R4, independently from each

ot her, each represents a.h%drpgen atom a hal ogen, a substituted or

unsubst i t utegPENKiAndgyhsisin the dibyidrerydirheay-grloplhsssStPPRICamMBFsAs agr oup, or a
subst it ut ediQurod REMRA}ILEEIoeHaRS c%lu@}ﬂlllncﬂ%ﬁﬁ&nted by the following $&heral BEmMRATPOSI i on
of claim 1, wherein the di hydroxydi phenyl cycl oal kane conpound i s nade from
a cycl oal k&¥e conpound contai ning from about C8 to about C20 carbon atons.
11. The conposition of claim 11, wherein the cycl oal kane conpound conpri ses
cycl ooct anone, cycl odecanone, cycl offddecangRe, cycl opent adecanone,

cycl ooct adecanone, cycl oei cosa apd méﬂ t her eof . 12.
The conposition of claim 12, wherel begbﬁﬁg ane conpound conprises a
bi sphenol cycl ododecanone. R2 (1 . géhe conposition of claiml1,

wherein conponent (1) conprises from t._20 percent by weight to about 98
percent by wei ght based on total meiB t of X he conposition; and wherein
conponent (I1) conprises from about 3 per nt by wei ght to about 50 percent
by wei ght based on total weight of tH& B%ﬁ%osition. o 14. A
conposite %Jheraeinl I@ln;ngqu,e n gp%rllci:lerlﬁy rorgleea(];hro(% er,t quh rCe%re é)nstsI ;}Illy%?og%}cl at%lrn{fual m 1.

halogen, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl

group, or a substituted or unsubstituted aralkyl group; X is CH,, CH(R3), or C(R3)(R4); m is

an integral number between 8 and 20; and R? and R4, independently from each other, each

represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a

substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group.

10. The composition of claim 1, wherein the dihydroxydiphenyl-
cycloalkane compound is made from a cycloalkane compound containing from about C8 to

about C20 carbon atoms.

11. The composition of claim 11, wherein the cycloalkane compound
comprises cyclooctanone, cyclodecanone, cyclododecanone, cyclopentadecanone,

cyclooctadecanone, cycloeicosanone, and mixtures thereof,

12. The composition of claim 12, wherein cycloalkane compound

comprises a bisphenol cyclododecanone.

13. The composition of claim 1, wherein component (I) comprises from
about 20 percent by weight to about 98 percent by weight based on total weight of the
composition; and wherein component (II) comprises from about 2 percent by weight to

about 50 percent by weight based on total weight of the composition.

14. A composite or a laminate article made from the composition of

claim 1.
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WO 2011/ 068643PCT/ US2010/ 056101 15. The article of claim 14, wherein the
article is a printed wiring board, an electrical or electronic casting, an
el ectri cavoantiglée@Broni ¢ potting, an electrical or el ectconiseo10/056101
encapsul ation, or an electrical |am nate.

15. The article of claim 14, wherein the article is a printed wiring board,
an electrical or electronic casting, an electrical or electronic potting, an electrical or

electronic encapsulation, or an electrical laminate.
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