WD 2011/ 005925PCT/ US2010/ 041311 CORE/ SHELL RUBBERS FOR USE | N ELECTRI CAL
LAM NATE COMPOSI TIONS Field of the Invention 5[0001] Enbodi nents di scl osed
her ei n r evateelrwsepoxy conpositions. Mre specifically, pemusdomemtist

di scl osed herein relate to epoxy conpositions useful in electrical

| am nates. More specifically, enbodi ments disclosed herein relate to | ow
dielectric constant epoxy conpositions fornmed from epoxy resins and

core/ shel | tougheni NQORF/SHELIS RUBBISRS FOR iUSEEN 8¢/ B(BRECADS e/ shel |

10r ubber. Background [0002] Ther mpsettabl e conpositions useful in

hi gh- perf ormance el ectri cal aIp‘ﬁMIEIé*tT%EQM? TIONS gh-tenperature circuit
boards, nust neet a set of demandi ng property requirenents. For exanpl e,
such materials optimally 15 have good hi gh-tenperature properties such as
hi gh gl ass transition tenperatur &ield ef the Inarbotien 200C) and | ow wat er
absorpti_on evated tenperature (e.g.,. less than 4% wat er. adsorption).
Such mater i@bgﬂmst aﬁrg'aodészlﬁiltsifflscg?sg6| Rereig| B it yePPRY GOgHNPIEoss| VERtSs

such as acet one, as?féci?i@a@lypré?%d%h&% &lgclgéeﬁghé&ﬁakelét@”ion%%ﬁ %9&}58&%1%“6" ly

i nvol ves inpregnation of a porous glass 20 web wth a s ion of the

t her nosett abl e reseful iForleaddsd lamimtex e ddorgspanifprbpaeinhgdipreapr digslofair
conposite parts, .the uncure terial wll ideally have | o | tin
Cenberat ur o (e. 6. ergRragi 15he) Tafa R e cofgeron oraions Ty gr se88s abl o
viscosity (a W dgesiRd teastbRBIMIANGRMiNg gg&l@so%h&pwy sfliRShdIgcrdlaR @R&sidll t he
nost wi dely used engineering resins, and are 25 well-known for their use

in eledOrical |anbres. Epoxy resins have been used as materials for
el ectrical /el ectronics equi pnent, s hkas0 erials for electrical
| am nat es because of their superiori %? P at resistance, chem cal

resi stance,[000Z}! at i OrheRhORERbIK, cothpBISRNAkerst aR1 high¥perRehifftVeRegRaAN
the like. 30[0004]As the industry switches to | ead-Tgree sol ders, there is

an increasi ng deraeplcations.r ahngs figh-tpnperatie cireeitioatstsameist videh 4 Apir dved
t hermal propertie o higher .al ass tgansition te rat.ure (Tg),.and a
hi gher 5% deconpodz?f’{algg%g RK%D ezrbg {7“6‘6‘%5”2@%01'? &§6W8’451§ﬁ%?%%fesr %éthnf%euy( Td)).

For epaxsy resins,hawbi gbodrigighlidnperstireC QGToPpsitiéL£LSIubE US ERigh O ghBK etrixsitiined

circuit boards, a common strat eag)y is to use equxy conpositions that result
in a high crossl itARPHBHES (¢-8o WENF 3D Eheinde % SHRtEHh @PFRIPLIYT Gheileyagas

Unfortunately, ngﬁpﬁgtu?éejgg.g?i:e@s % iﬁisvgaitér éﬁ%:mgﬁgnﬁ gP&?ﬁla[e?ﬂlsi RGeaRe 1N

the brittleness o ufting mater rirttleness can cause a
vari ety of probl exbibitustabigsdltiglityein whgmiusodveand subeasatetpné, nt @t meparatidn
boards. One particul ar .Joa‘[ﬁgjl.em occurs,du[i nigvraﬁiri l.1ing. Resin brittleness
can lead to fractWretech ipgtgronyveRiqnajiy iiBof us dmpregaiHi* HPYPHS Blatiol es

wi th roggh surfacgs, wilfli S sdiBidHoP BHRInbdenMIE fb Gl tRdkQal 8t Erd%ésﬂlgcf?lpper
to 10f orm conductive vias, ultimately | eading to non-functioning boards

that nust be re- voekedgpremessciar dewposite partd\ theoosded metedial wilt hirally hevespeed
of electronic devigces is.increasjn | n_qgrder,.to reduce,signal | oss and
“crosstal k" bet wdbh Al GOSEMERREET 58 BPHEE Gl PELR OO PHE B Rpr oved
di el ectric properdfipescel@bR-viscdsityPUByiddi"ploeeksingGria@mstiant (Dk) and
di ssipation factor (Df)) are needed.
[0003] Epoxy resins are one of the most widely used engineering resins, and are
25 well-known for their use in electrical laminates. Epoxy resins have been used
as materials for electrical/electronics equipment, such as materials for
electrical laminates because of their superiority in heat resistance, chemical
resistance, insulation property, dimensional stability, adhesiveness and the
like.
30 [0004] As the industry switches to lead-free solders, there is an increasing

demand for resins for printed circuit boards with improved thermal properties

(e.g., a higher glass transition temperature (T,) and a higher 5% decomposition



Accordingly, there exists a continuing need for conpositions, having
desirabl e toughness, dielectric properties, and thernmal properties, that
are usef uwoi2ntigloaeesri cal | am nates. Sunmmary of | nventi oRCT/US2010/04E3m1

enbodi nent of the invention, there is disclosed a conposition conprising,
consisting of, or consisting essentially of: an epoxy resin; a curing
agent; and a silicone-acrylate core/shell rubber. I n anot her

enbodi ment of t heaempatenié OFy)). t F@repok ¢ radirscivaRadra ther moe SOMmOIMIesiak ng:d
consisting of, or consisting essentially of: dispersing a silicone-acrylate
core/ shel I rubbert®i Mae sBiRfEht SIrHHnPRING ahEOBMPesHRERY IS EdnB&c PPt e
core/ shell rubber. Wb i : f. & har :

catal yst, and adé??k%%gﬁﬂ%o vgﬁ?ﬂfgf?g? gﬁggggiﬁggg ﬁ%&%@#&gﬁﬂgggﬁgF?ed
Descri pti on Enbodhereral sprdpstiéns etUnfretueataly; eduab eart apppexly maonpesilt ions. Mor e

30specifically, enbodi nents di.scl osed herei.n relate to epoxy conpositions
dseful Pn_el evt i BAPICIIHEFESE Ropa ehos ot Metry e s heds RO s od
WO 2011/ 005925PCla/SaAk04 Q4de lothstoBles! @itz &hé AndRpicelir |86 tusk Gf GRisddant
epoxy conpositions formed from epoxy resins and core/shell toughening
agents, such as &irhiti benids. acPOpf apastiedare psttaén peduberduring driliogpodRasinons
di scl osed herei n brlrﬁéfenlegccl:alillqeea to ra%?usr;[: aCHRE FpROXY SR fAe ,e}tadﬁ egat%tdé?ﬂ?oles
hardener or curing agent, and a si |cone-acryfa{e corerstet 15 Pibbet
tougheni ng agent .wiiuedughosiprasdst | OIS iart@rnUsekddl it idifiehiees piatahvithacoppat @s, for
exanple, due to the resulting thernoset resin having desirable electrical
proper tlles and pH9EN candystiyp atasi wlsimately. leadingofoi nppafpctiadnsbensdethat must |
sonme enbodi nent s, I 0 i.tions may be formed by dispersing a
siIicone-acrylatémggﬁgﬁgﬁ%ﬁrﬂgﬁgkgf t ougheni ng agent in a liquid epoxy
resin. I'n qobes] enbodi rediing, redtriga@ teoiees bt eRbBor@Yletites Rrin@easig. In

di spersing a silicone-acrylate core/shell rubber toughening agent in a
sol vent, and therPradirPxFeiretshEaiaspand i sipssiplkh bafvesp adipcetSiisuh Prige or
mor e OT a har denecrh%Hﬁl lﬁ)@l}cﬁl %athi gveﬁdgfefe'c%ahro%?}tf@rt .’g.,tQ l(f)\%ljmﬁle%u{cab le
conposi tion. ernpset conmpositions may be forned~ds a reaction

pr oductl5of the aboustactebg)y artdadissipatiablfst@qdppaicicedsd.i ncl udi ng at | east one
epoxy resi& 6 | east one_hardener, and a silicone-acrylate core/shel
rubber. SudB0POkr nosedccortipgyi theghexiaiser GRRMING Rees) EwtGommpepitionsy nxtngs
anong ot her appl | 22540 Sou hness, %elgtﬁﬁg rﬂr ti@sl,)oaYlﬁ’ th@fmﬁg%%ﬁﬁrti@s,dfhﬁtc Lpsed
herein include vari ous coﬁ%onents, I ncl'udi ng epoxy resi

si |l i cone-acryl at exsefnt & edbati¢al larbibetes., and har deners. Enbodi nents of
conpositions described herein may al so ipclude catal ysts and vari ous

addi tives. Exanples of each of t @@B“@BHB@% ¥Mare described in nore

detai | Jpel ow. EPDXY RES|NSmbodimeh'8f GROXW eh@sH, rlﬁefr!%@diiéc'fbs@ﬁ'tho%rﬂﬁﬁtﬁ)n
ally

di scl osed herein may vary and include conventional and comrerci '

avai | abl e epoxy rempnsing.woengiktingagf, becarsstingkeenntialy dfhar opdyiyrrasinonsurofg t wo
or nore, including, for, exanple vol ac. resins, isocyanate nodified epoxy
resins, and parng?Vd¥@i5%W%%F§?“§%%ﬁﬂeégdgpwgPé. I n choosi ng epoxy resins
for conpos!momrf di s qhosRtheP @hMoBim&R T HE liAdnfBn Shek 8 MAtloRA! ¥ pRRe@ ven
to properties of the final product, but WO 2011/ 005925PCT/ US2010/041311

al so to viscosit yoamdisimgheensptiopeaft pesortshiting reasentiply a&rdisperties prsdoessi ng of

the resji.n conposition. [0014] The epoxy resin copponen be any.type of
epoxy Pdsi n uber dETRE nSTAMG COMEDATT # G ehr - RlTE Mg e g msieed T ot
containi ng one OrachPAe coRAGEI Yibbebwitk iah @P6x OfetiRAd oh€bemoadoft Ohdreset,m as
"epoxy groups” or "epoxy functionality." Epoxy resins useful in enbodinents
di scl osed her ei n G#R)yst.raf additinpH solvaricto feman cagblerorwesiHen. nul ti- or

pol y-functional epoxy resins, and conbi nations thereof. Mnoneric and

pol ynmeric epoxy resins may be al ilptadedDescyipitionl i phatic, aromatic, or

het er ocycl i Xy resins. The .1 | yneric epoxies include |inear

ol yror s ndOPRBLt e niiaPopens GrduRe Nettan 16 ayIbosY HEpmBR g, - More

pol yoxysal kyl ene g:pyaﬁbauyf, U mBOEAABLE) disSY MBéremk @l18b alo @Y¥bAyAREmMYBEitiSns

(pol ybut adi ene pol yepoxi'de, for exanple) and pol yners havirig pendant epoxy

groups (such as asgivyghaglectrieal hlaovindtest e Motey piacifmally.o pabgdrentsf disclesainypl e) .

The epoxi es may be pure conpounds, but are generally



15 m xtures or conpounds containing one, two or nbre epoxy groups per

nol ecul e. I n sone enbodi nents, epoxy resins may al so i nclude reactive -CH
groups, WNOchiwvmy2seact at hi gher tenperatures w th anhpdriuseslo/oor3gani c
acids, amno resins, phenolic resins, or with epoxy groups (when catal yzed)
to result in additional crosslinking. 20[0015]1n general, the epoxy resins
may be gl ycidyl ethers, cycloaliphatic resins, epoxidized oils, and so
forth. IIIustratHmanpﬁﬂmepmkhdacEOWm&nndmnu@eiwbmhpmanbﬁdbmmﬂﬁﬁndbpmhosed
herein are described in the 2nd chapter of "Epaoxy Resins" by C ayton

May, published i fe¥8B81GGOTRIMTEIOUBRIUKRF 289N SUCINE v@wne gy, @re/ﬁl&tﬂent
No. 4,066, 628. Thgpglycidyl ethers are 25 frequently the reaction product
of epichl orohydrin and a phenol or pol yphenolic conpound such as bi sphenol
A (conmer ci[8009] avai |@hhpositionb.discRsed Mei@38B83may if2lkdeRut 1dd¢ 336 ef)as;qnneﬂ'lheaoow
Chem cal_ Conpany, M dl and, M chi gan pyrocat echol , resorcino|

hydr oquPnone, 4, Aeasa.OHW@HBw%ﬁ whgﬁﬂg HEPhae o SHcHiesrngals) copy/stell rubber

4, 4" - di hydroxy- 3, 3ustdh it dhehdi BRENY¥dmPEL 3R Ere Asébur in §1@ct§li'c£!>’ﬁff@1¥a¥éjs' pheny!

di mret hyl met hane (or bi Sphenol "A), 4,4" - di hydroxydi phenyl met hyl net hane,
4, 4" - di hydr oxydi pxemyle, aymlmhdmanﬁphﬂg4ﬂwdnm¥dncmylﬁwB@edcmﬁmhybbp@hehyl
propane, 4,4'-dihydro WO 2011/ 0 925PCT/U82010/041311 sul f one,
a1 (4" hydr o BHe S aT AL PRSP HELRU PP R AREd pr oduct s of the

above- ment ifgped] di PhgRoksme SUboBRhE! 'RRIATORINTHILRBA! May ASe If8ri&d syknown
inthe art, such materials typically contain snall anDunts of oligoners
deri vedOf r om condbsmsetingn Sdiconhecmmobneéshslﬂ anbbendowgheeimgaigend toha tligeid 5

gl ycidyl ether product. .'Advanced S|ns are ared by re i n

ol yepuxi de v t h BoBorhelor e aso EReRS SrSIE R mi PrEPRR ati on
to achi eve usef uldigfeRMOgYiliRbkk-8dHRteCoré/AedlEfubbér 68gheRRACAdehCineX sTRd RS

i nclude the condensation products of bisphenol A dlegC|dy ether with

bi sphenol A, t et rabrtbepinsiintie dispsrsiehaibowdenssatren apd caacr nge aftie

di glycidyl ether h%fde %10 cgttaié%p Bﬁﬁr‘&@dlﬁé’ﬁ‘a‘?”@'ve# t o f{)ﬁn 91' ﬁpalﬂﬁ:nc%l OSl?lOIl
tetrabronDblspheno A0 socyanates sucC S net hyl ene
di i socygnat[@0et] t ol uenerilbies @oipbstiendThiaylie adhed a@LH téhgu@ﬂ]@&ﬂuadwﬂmermnt

reactions to give ollgoners t hat contain oxazolidinone heterocycles in the
backbone of the dhaynisesciberhevigblal camppisioas ingleding Bt RATNPBICPANICBNEAR. Tm

593, each 15 av T e gp@ﬂy dl n. It
is common to addtﬁj}H?@%ll 9%?§&% B?%%?Ekg? ﬂh }acs | bB%}éﬁggﬂg%%ﬁ%o

deri ved fron1condbnq@mnomsm%Lﬁahnmkﬂ&hydﬁkmﬁnmé@eﬁmagdehyd@ﬂmuﬁ@ma pheno
Speci fic exanples include the novol acs of phenol, cresol, dinethyl phenols,

phydr oxybi pREA31 nap‘hft lﬁ’éﬁcnbﬁﬁdab@f"@nﬁ@h@ﬁlime@ts dplosete herete indpdyapess ns
are denjyved from e t ol C r

hydr oge'r(l) per oxi de. Hﬁ% u&fnﬁa%?g%gl EJC(l)nﬁ g];ﬂlrcle% £C¥¥lﬁ{ &raﬁeﬁe}ggﬁg? %:nfcl iC
chain. [0017]In smﬁEnaﬁbdﬁnWEﬁﬁﬁnmkﬁeoﬁpomyome&mnnuayhmﬂmhndpa@bymﬂdyi
ether type; glycid ester type; allcycllc type;. heterocyclic type, and
hal ogenat ed epoxycaélé ty @ wartoustadditiysh,- [Exampies Pl esaghngf dacsgcomprpeit aepoxy
resins may includgGiRaeh RValidEraBRXY resin, phenolic novol ac epoxy
resin, biphenyl epoxy resin, hydroquinone epoxy resin, stilbene epoxy
resin, and m xtures and conbi nati ons t her eof . [0018]SU|tabIe pol yepoxy

conpounds may i i nol diglycidyl ether 30

(1, 3-bis- (2, 3- eB@%?SSBBES@Qgenzene) di gl yci dyl ether of bisphenol A (2, 2-
bi s(p- (2, 3-[ppe3 pro %9%911@QSR:ﬁrlﬁ)emﬂordirﬁéM§HQ¥fos&I ﬁéfbfﬁ%@? Nty 42, 3-
epoxypr opoxy) - bi s(2, 3-epoxypropyl )aniline), diglycid et her 8% WO

2011/ 005925PCT/ USQﬂm(Ikl cerivantioriat ond brsmhendly Aailable epoxy resms whlch may be
(2,2-bis(4-(2,3-¢ pr o oxy 3-br en ropan lycid et her of
bi sphenot F (2. 2 Bra g BOY ot R BOG B B ekl Einp yiedH

et her of neta- ang{iny, 1@@d’y§ﬁ‘iifb nAshaee! epoxy resins, and carboxylate adducts, among
(3-(2, 3- epoxypropoxy)N N-bi s( 2, 3- epoxypropyl anlllne) and 5 tetraegC|dyI
met hyl éfe di ani | iatler§.N, MHNChCN’SHIgetepa?(}Q 1351@}?)0 pﬁ@pp‘l’s)tlmlmdlscms%dfn esrinphenyl
met hane), and m xt pax 0

exhaust]ve 1ist oPtoagrdin BE hoBg RRYTER R SRR MG b PRAEe out,
Nevill e, K., Handbook of Epoxy Resi ns, NtC?am#FhII Book Cbnpany 1982
rei ssue. 10 [0019] O her suitabl e epoxy resins include polyepoxy conpounds
based on aromatic am nes and epi chl orohydrin, such as

N, N - dlegC|dyI aniline; NN -

dimethyl -N, N -di gl yci dyl1-4, 4" - dlanlnodlphenyl met hane; N, NN , N -
tetraegC|dy1 4, 4" -di am nodi phenyl net hane; N-diglycidyl-4-am nophenyl
glycidyl ether; and N,N N ,N -tetraglycidyl-1, 3-propyl ene bis-4- 15
anlnobenzoate Epoxy re5|ns may also |nclude egC|dyI derivatives of one or

o Y . . 4

nd



[ 0020] Usef ul epoxy resins include, for exanple, polyglycidyl ethers of

pol yhydri c pol yols, such as ethylene glycol, triethylene glycol,

1, 2- propywere112@592g81 ycol , 1, 5-pentanedi ol , 1, 2, 6- hexanetcirais2ogloyser ol , and
2, 2-bi s(4- hydroxy cycl ohexyl ) propane; pol yglycidyl ethers of aliphatic and
aromati c pol ycarboxylic acids, such as, for exanple, oxalic acid, succinic
acid, glutaric acid, terephthalic acid, 2,6-napthal ene dicarboxylic acid,
and di merized | i ruidoetocviaobity afpbdbtigt yopelyiks giaharas influgnoé yehgoadssing sficie as,
for exanple, bis- 25 phenol A bis-phenol F,

1, 1- bi s( 4- hydr oxypHRAYIPREHAhe, 1, 1-bi s(4- hydroxyphenyl )i sobut ane, and

1, 5-di hydr pht h ne; i.fi i i t hane
noi eti es; py%?gylan?ﬁ%(gggggg$éggﬁgsﬂgﬁgn%§€%?g%w¢%Eﬁ§§&¥%g%§ﬂ?%ﬁgf§boxy
conmpounds may be myidingadonfpoaitioas, Giiclading yioy mateeipbadntkesing dde oExmngteastiaf
cycl oal i_phati c epoxi des inclqge gie oxj des, of ;éplogli hatic esters of

di carboxyl i ¢ aci FEIEREErO4RS-BFIE(Sd I RYBRASy EPSHX DY Riethy PRV 1At onality.

bi s(3, 4- epoxycycl%mgyﬂegﬁﬁg W@ dh RAdiRERE iR 1RPORErBr mMCinclude mono-
2011/ 005925PCT/ USZ2010/ 041311 net hyl cycl ohexyl nmet hyl ) adi pate,

bi s( 3, 4- epoxycyclfohaiophlmetpoy) ) pismel amelti-viony pelydhodtaxehecpdixg p ossimde ; and

| i ronene diepoxide;bdi%ﬁclo ent d;@?e di e oxhdgﬁ and the |ike. Qher
suitabl e di epoxi €8 GAEPE I gF?@h OROMmgHS Al o POLYMELE LeRONY | (SN 138Y fee
described, for exapphtts, EytlddliphatRat gomalie. o, Két@ﬁog?éic epok POrRghs O hede
cycl oal i phati c epoxides include 3, 4-epoxycycl ohexyl met hyl-3, 4-

epoxycylfl ohexane ROAYBAYIC) PRAXES iBelaHe dived, pplupok ey tigoitariphherdry1ggups. (a
epoxycycl ohexane rbaxyl at e: . 3, 4- epoxy-|l - met hvl cycl ohexyl - et hy 1- -
ehoxy- 1- met nyi oy TareSeRcon SRsn PR BN, THGARGHY, pIBMEY Srcfedh
epoxycycl ohexyl medxivyihérahiny doobbieidivnk -pdl vepepidx yfoy ek ahgispael paymexylaatin;
103, 4- epoxy- 2- net hyl cycl ohexyl net hy1- 3, 4- epoxy- 2- net hyl cycl ohexane
carboxyl ate; 3, 4-REPEL) CBOREERYPTY BF bk gy cifist Mgthagylateapr)yiperer copolymer,

met hyl cycl ohexan at @i - - 5 y xyl - et - 3 A-
epoxy-5-nethy|cy??gﬁéegﬁ%&ca?B%gyﬁéﬁgqg%%ﬁFﬂg&?it%ﬁﬁ%@ﬁgr%%uggag%%ngph-
epoxycyél ohexyl mathixyires3 04 - @ppoyay< lcoh@idme onay lbex yorahese apexyaegcupsbeel, f or
15exanple, in U S. Patent No. 2,890, 194. [0023] Further epoxy-containing
material s which dPEIopYFt i"ciﬂn&r?f’g}b‘lﬁé@?&fﬁ’ SPREY {F&?Sﬂﬂ%ﬁ%@gﬁﬁe 6%65%5%{}

et her mononers. é‘ﬁ’ﬁ%‘ &hiéd %1&3‘1' fealf apﬁi@flgf ){é}hﬂé&tuﬁ‘és helis é?lﬁly@r@de)éh)bpgahfc
phenol s obt ai ned by reacting a pol yhydric phenol with an excess of

chl or ohydri n suctecals, apinohtonipheralia.resdus lor pathyepgxly gouph enainscat@yredhtl ude
resorcinol, bis(4-hydro éﬁpeqyl t hane (known as bi sphenol F), 2, 2-

bi s( 4- hydr oxypher§1% QP SAMTENEEBRIILE i sphenol  A)

2, 2-bi 904" -[0BEsPXY3’ 17" s&ielii OARP YRIRPAAE be glycidyl ethers, cycloaliphatic
1,1,2,2-tetrakis(4'-hydroxy-phenyl ) ét hane or congensates of phenols with
f or mal dehyde t hatresing apoxaiizeddoilmded s fathc odbittiating polyehoside plogpolinds

novol acs and cresol . novol acs. Exanpl es this 5 t,ype o OXYy resin are
foeor i pea e U &3 o RitgRimensS RGBS herki T deSerithB i e (e g op
pol ygl yci dyl et hetEpoR§ Reginyhydrdlaytah Goholag, pusiihes inl. 1988 bytMaREl Dekkedr

pol yal kyl ene gl ycol's such as pol ypropyl ene gl ycol and di- or polyglycidyl
et hers of cycloaﬂhbhﬁﬁW@\ﬁékyﬁﬁh{gﬁcﬁmﬁg No 241968048 Tm3gbmﬁw?eﬂwm are

hydr oxygycl ohexyl e . eX S are . f i | resi ch
30as c?gsyl gIyc#%%ﬁgggﬁé?eg?§§%?§lﬁgﬁégi3§I%%?%§%m§?%%2§¥gn%tﬁ%%B§Igﬁs of
epoxy conpounds glotypghehyltl yemgdyhndesicr as arishhpadly Abedormmeiciayily ghwadlably | s
esters of polyval ent ¢arboxylic agjds such _as WO . .

2011/ 005925PCT/ USERD/ 04831 Ihkhithal #80 SemyThe Begphhemical-Compay. Midland,

tetrahydropht hal i iﬁggg?;ogyﬁeﬁ@émﬂr%@&%mu Ryl dnorde, |44 1dRYar eff1 epoxy

conpounds are N-glyci erivatives of am nes, am des and ‘heterocyclic
ni trogen bases susnt¢thas (N bispheayol E), dyA -daryidlaxye3, 3 Mifde dhiytlipteinglyinethahe)idch'ne,

NN N -tetragl yol Ol il dimethyl  methane  (or  bisphenol  A), 44"

R
y

dihydroxydiphenyl methyl methane, 4,4'-dihydroxydiphenyl cyclohexane,
4,4'-dihydroxy-3,3'-dimethyldiphenyl propane, 4.,4'-dihydroxydiphenyl



5am nophenyl ) net hane, triglycidyl isocyanurate, N, N -diglycidyl ethyl urea,
N, N -di gl yci dy1-5, 5-di net hyl hydant oi n, andN, N -di gl yci dy1- 5-

i sopr opylWwodantws2s [ 0025] Still ot her epoxy-contai ni ng waTarsk@Es481e
copolynmers of acrylic acid esters of glycidol such as glycidyl acrylate and
gl ycidyl nmethacrylate with one 10 or nore copol ynerizabl e vinyl conpounds.
Exanpl es of such copolyners are 1:1 styrene-glycidyl nethacrylate, 1:1

met hyl net hacryl auffogd,y andy Itrigdhylaixeplaang] )ame@Ans; 2hldrthafedmedrhybrominated

met hacryl ate-ethyl acryl ate-glycidyl nethacrylate. [0026] Epoxy caqnpounds
that are readily %@Cﬁ%ﬁﬁa te; for s ngersudiehrihe Bl e ,tetragromopblsp ctiol .

gl yci dyl met hacryl @t g wdi- @kl i) egﬁhﬁfch%ataaaﬁpg%mp RontBinFspBu dbAdlor 15
(bi sphenol A liquid epoxy resin) and D.E. R Tm 332 ﬁlg?y0| yl ether of

bi sphenol A) avaidlizbinersfdepived hrenmRomndSativc af thEphpariy, staiod sagtriaMvghitgan;

vi nyl cycl ohexene di oxide; 3, 4- xycycl ohexyl met hyl- 3, 4- epoxycycl. ohexane
carboxyPat e; 3, 4-SH- BPREIHITE cl CALARShet . 41cy Brepared” by rehcing 4
epoxy- 6- met hyl cygjophpsiae vad PpAypinel. i ighnRPOX¥Beful #0the formulation _
met hyl cycl ohexyl met'’hyl ) adi pate; "bis(2, 3-epoxycycl opentyl) ether; aliphatic
epoxy modi fied witehcljereebpyhesiesygindaals chiigsentséne Sesiicdaamelpsiidideed
pol'ybutadiene; sijlcong reshn SAMALNH0%SROKY ;LRG| ofal | ‘iﬁé?qii WA
retardant epoxy resiAS TSUCH PSS bP ot ed epdxXy Pesin avai 1 dabf e uider

the tradenane D. EefiblombBidpiahobA i ahd cwideckabibs phwrinels of YiRedigiioxly e@si &f
avai |l abl e under the 25 tradenanme D.E.R Tm 560, avail able from The Dow

Chhem' f:alf COWFSnK,tetKﬁtﬂPlaﬂ'EiﬁphW@hiAgaW}h bisphernlt Anediterabapyeyiepigyel éxheln of
D BN T 431 and oL Frdtfuls” UGGy it (96F R RELTLE e iieo] RAERATES

M dl and, M chi ganjiiso&mnadate emay chenaldded glyiag dibseeithemcerbiitheragtionsoto give

specifically 30nentioned, other epoxy. resins under the trade nhane
desi gnat i ons D, E QREFEn AP CENRIn PRRAVHINORE e OTRICTHE B6uPaehERmecal theonpany

may al so be Used-ch\AQs.ZOééﬂl%ﬁc?a?ﬁg’;&&ﬂopié%Z%%%ﬁwlséﬁ%Z IFRQX M rR3i BgchTay

al so include isocyanate nodified epoxy resins. Polyepoxide polyners or
copol yndrs wi t h iaveidatdnbbom Bire Pow (ileotsad f@ngahyididloxaViidhygandyisicaoinme

epoxy- pol yur et hane pol ymet hese.materi al s.may be fornmed by t use of
P ool yanoxi de. pr dBargngs HGushTBRSohPoHgis e dbvrFTigs Eived et

1, 2-epoxy functi eRaldds¥ticner 3beRaldAHODrORBR QYK IR EwIth O Phenti CEHRITR:
useful as the hydroxyl groups for the dihydroxyl-containing conpounds for
reaction with diisxeepkenatisiuse phsl yiogelagamit @senothergsebc gt dphasiobt yropens
t he oxirane ringlgggmtgehre ﬂ%iﬁﬁm?%ﬂh%”%ﬁéléﬁdgn i socyanate reaction with
a primary or secoﬁ'ary ﬁ&%?%xj? graoup. e 'S suf ficient 10 epoxi de

functi goal if0g16n t he e@ky @}I&QQSA A8ink @%d QefifeENBR Epdxid@itish AHUSIERRY) tPficaly epoxy
pol yur et hane copol yner still "having effective oxirane rings. Linear
pol ymers may be prighineieeids lor duidiesee aeiokisies e elebosiapds contpingdi wishipanat es.

The di- or p0|yi§§%%ﬁ§?%%ﬁcaﬁ%lbe aromatic or aliphatic in sone

enbodi nents. [00 res of ‘any of the above-|isted epoxy resins may, of

course, al §00p%] 15usad.some embodlrhdfe e Lebsife n(APRBLISHELLy cRYBBER: type;
TOUGHENI NG AGENTS [0029]SiIicone-acrylaﬁgﬁzore/shelI rub%%@ ?gugheg?ng

agents nay be usedydidylZoisr durentalieyrdiccypgiditareaychr dxpcosed Matogenaicd epony

berom 1 br 11412 AIED Sy GPRSLSSRGRF Sk ST STROHTRIN B g
conpound i ncl udi ngvalasidpogpnesinupheivlic afooRBpaRy aesiy] bipaepdl apory Béie) | .

hydroquinone epoxy resin, stilbene epoxy resin, and mixtures and

combinations thereof.

[0018] Suitable polyepoxy compounds may include resorcinol diglycidyl ether

30 (1,3-bis-(2,3-epoxypropoxy)benzene), diglycidyl ether of bisphenol A (2,2-

bis(p-(2,3-epoxypropoxy)phenyl)propane), triglycidyl p-aminophenol (4-(2,3-

epoxypropoxy)-N,N-bis(2,3-epoxypropyl)aniline),  diglycidyl ether of



[ 0030] Wi | e not wishing to be bound by theory, it is believed that the
silicone- 25 acrylate core/shell rubber toughening agents used in

enbodi mrerwe 2diswbesed herein functions by form ng a seceadarsgophasel wi t hin
t he epoxy polymer matrix. This secondary phase is rubbery and hence is
capabl e of crack growh arrestnent, providing inproved toughness.

[0031] Silicone-acrylate core/shell rubbers useful in enbodi nents discl osed
30 herein may cortramobigpliehbl uA at22-bis(41,§-epo:088epdxp3Rbirogio-plEapBprop kg
particles of an average di aneter (d50) of fromO.1 to 3 mcrons, in
particul ar from clglYE8Yh ni cFER andoéel cBEPRTS gredt er tff?a%‘%@@)‘\(lgté% in
particul ar great 9 2 1 W= e
particle size i S%?g%%ﬁgcﬁ&%%@ Bgﬁ%%gl%?és@g?g{r#ﬁgg% g{:%ﬁi gﬁ%%ﬁ%ﬁ \3%%
content is neasuraedngghesol vérl2, Hemsgbuipory) N, Ndhs(R Guepoxyprdpg)adline).at #dr ubber

which ig grafted on to.the si]icone ruhber tigcles i resent in the

sili conzl acryl at éetéﬁﬁ%‘?léﬂelrﬁleﬂ?ﬂﬂbegr@a‘ﬁﬁg‘? e?@ﬁv I}CI hte%@}&qxggrow f)56 LCvt -% or
less, 5 in partidgah@bdipRefidaricidngs ahd f MPMBY bP &oMar%mdld pPBYepaue gel
contents >70 wt-% in particular >85 wt-% The acrylate rubber noiety of
the siliconeacr ylcamwosndse/ ghalore exbiyetiee list pbbyatelr ¢poxg 1gping dowrsemaly | becone
rubber particles;. the. fpllqown an,thus faorm  graft ner s, i _the sense
of coval ent conp()fﬁlﬁlgfglnogeesﬁﬂa@gn evrﬂl}%be'r an boé)(lz(r%/t?ﬁagoe’g’%‘%s er ?\/ICCCE}% gﬁﬁllisnked
acryl ate rubber Hdékémpings19¥d eis@ncase the silicone rubber particles in
a manner nore or |ess mechanical, and optionally small quantities of

sol ubl d0acrlPPEPk r ubHether syigables eporyerasing, inslude cishepaxy \woampeurdsr BIssthedn

rubbers designate _ the.reaction.products which. are q@'g ine]-g )T "

ol yneri zact on- orvadsd SAE.: AN RERAIEREAE SCio NS D eI s N e
irrespective of tdigeagt-NaN'-&xlyeilyl-of-@hafiiddighenyihe etk cons,Nmober
backbone, in sone enbodi nents, al so be a cross-linked silicone rubber.

) S, may .
[0032] I n sone entedRghidy 4.4 1ieaminpdipbeiyl r ums@aae: c oAt diglyclvbdpenipppheRYcan be
rendered capabl e Fadi c ddi ti;on Qrn K &n: 1120 groups may
i ncl ude vi nyl, aﬁ%‘?‘,mcm%%%% kyﬁtﬂdandﬂfrl\é’?\{:’g]gt%%ﬁg%u ghﬁﬂ”ﬁﬁgﬁ{u L ¥
from 2130t o 10 nuin@in8hencadte.uEpbedresins vy dladinchilds gRicidylda3yafives atoid at e
rubber polymer b) grafted on to the silicone rubber core a) represents a
partially to high e@fbagemﬁﬁlmléan%r%l{é@eeaqduﬂﬁé%tﬁutgﬂ&%ata%anyﬁ%ﬂ cBfIf r om
100 to 60 weight peRGAAL pRbdeY, péﬁ/ﬁﬂl@ﬁtﬁcolfdis?%b@@a%@xﬁic%ic&ht percent of
ot her nononers whi ch are copol ymer | zabl e wth al kyl "acryl ate, and, if 25
necelss?ry, [302?}h0. 1 tldsenid \am;qptreqmar amﬂﬁ?e_, cﬁ:!rcevtml:éd pnlyﬁhe;dsyﬂmt?éris ad>ﬂ<%llt
acryl ate and ot her qQners, . 0 cross-|inki ng nongoner havi at |l east two
Vinyl andlor al |iOPapEolRls et aRuFes ER0SHIAITI Bergh atomdse
i ncludgpC4 to Clﬁg}ﬁ!o*f,yh REYARERE: 1 2Uehex@RetribOT 125&819' dnd QE?UB])(('{AL»h;%TrM ,
buty: ,toctylh an?wéletahy}lugggyl acrgll afb’eid f[ﬂ (t)}égge |o¥| I 1'3g<’@tacrylc? eicug_etnzyl
acryl ate, phene ohex mnesupblyalycdyl t @ alokylaliphater s and nekeitry
butyl acrylate. Mnoners that. are .copolynerizable.with the alkyl ryl ates
may’ 1 nol e styr SRBCARHEE Rty Pt S e vamafo st il uignalid, o
2011/ 005925PCT/ U OfeCephihblic maiidoRyshaptiee At rdci€, and dimerized

met hacrylonitrile, Cl to C8 al kyl nethacrylates which may be substituted in
the al kyl radi callnepi¢ aeidl pylygkycrdyh@the@n@ﬂy peJypligpelss sedh ass foy erasxgle., bigpoxy
or am groups, exanmple. I t hagryl met hacryl at e,
gl yci dyT" et hacrﬁhgfloel, ﬁ‘ydr‘%&%‘%“% Ptﬁr.fﬂ!\;.\t gc%#%lg%§§'§€0x§él? %ﬁlgg%%%epro%gl%%(l

met hacryl ate, (natydyagpldnyt)iabune, Maddil¢S-dibiydrok ¢ SiaphjhalehsiTaiddifieiC eploxy
itaconic acid, (neth)acrylam des, vinyl acetate, vinyl propionate or

Nnet hyl ol conpourf8dnHMVifingdrkintee Py PEgthage smoietiers Rl s ddaminentaary KoRsn¥s may
include esters of, upsatdated carboxylic

[0021] The epoxy compounds may be cycloaliphatic or alicyclic epoxides.
30 Examples of cycloaliphatic epoxides include diepoxides of cycloaliphatic

esters of dicarboxylic acids such as bis(3,4-epoxycyclohexylmethyl)oxalate,

bis(3,4-epoxycyclohexylmethyl)adipate, bis(3,4-epoxy-6-



acids having a polyol (preferably from2 to 20 carbon atons in the ester

10 group), such as ethylene glycol dinethacrylate, esters of a

pol yf unctwortalvwae2boxyl i ¢ aci d havi ng an unsat urat ed al echmalS2qunefser abl y
from8 to 30 carbon atonms in the ester radical), such as triallyl
cyanurate, triallyl isocyanurate; divinyl conpounds such as divinyl benzene;
esters of unsaturated carboxylic acids having unsaturated al cohol s

(preferably fromrethglcidoloaiybhnsthplyalimate,n b3, 45@6i§ejycrohdi}dmkt)hy1§pﬁﬂfblas al lyl
met hacryl ate; phosphoric acid esters, for exanp gltrl al Iyl phosphate and

1,3, 5-triacryl ol YIMEKERAEKENSs - tdigRexidse. IFB@H?@YTh CE‘P’P%oanCé(ElPQ‘F%% ene
core/ shel |l rubber b £ si on
(ﬁ&f&}/de GndP tHePr ?f d@thfep Eul%ﬂ:ﬂﬁl& xides of ¢ rug@%ﬁi@%ﬁﬁw

in the follow ng In a rst stage, e silicon , isto
say the core a), disarbhaoxydit apide perdederibed efou Esamople polU fekdtaitiNp. 4,72080bi cone

cr os- | P B2 Abnoner ShENE 4R P ?ﬁe@lﬁﬁﬁ%n%%@ymﬁ%%%ﬁ%%”a' K

acryl ate rubber fa‘yr&cfoﬁl@{‘angr %BFonﬂhbégEEﬁ&edas' Ly E‘ﬁ‘o SIS ln%th%lhﬁél—
silicone rubber enulsion of the first stage. Formatio of new particl es

shoul d be as far @SX]ZIQ’SbihbXEElC Zﬁrtmupkatees §e4de[dmyrlnglethlylcsfc@hazf}ﬂ methyl 3,4-

pol ymeri zation. An emul si bilizer is present.in the quantit essary
for covering the e?ﬁ’fﬁif@etg?lc gheﬁ(&’?‘?l cles. Sl?otxy];%ef YT | zat? t%élnfg
preferably accomipbeitgdiohbtNinkihlyiBeth QIR AeaIRe-EkgeyBeHexhie 904boaNstel S

initiated by known radical Tnitiators, for ‘exanple, azoinitiators,

per oxi d@s, perest®t- §P0?¥)’e2 m@h@@é&lexﬁeﬁm&s}wm@g Dmehylayeldbrxa®ei ni t i at or
syst ens. Fol | owi the raft polymgrj zation i.cone, r ubber
particles a), sta qgeéous enul g?bin%pog?/?ﬁle hé/lptl)yf:fégﬁeﬁr ueb@rsil’%c}?y’? WO

2011/ 005925PCT/ Usa&ﬁﬁk%dl&k&né ubibiesx yhiad;t i3¢l-gsoxar3-aRthyRQEIBREL Y- rﬂuthﬁ 3;4:1 yner
solids contents within the range 20 to 50 wt-% [0038] The anmpbunt of
si | i cone- acryl at €PE¥Y- éi@ﬁh}’llcyqlglﬁf’ééﬁe Fé@@ﬁélﬁtengndaé@nﬂlgeus@@ef ruttifde cif-abl e

conposi tions descer fcgcﬂ)(ﬁ V\)g;%lgih{ﬁ?% ?qfefﬁ)%glg C}Qﬂ)h%xé/&réa%&fi %ftes ate Hﬁs%hgéé for

i ncluding the equ mer s desired
propertlises of thexpmptiot§.SoRdenf No. $90319;10rrp05| tion. In general t he

anount of si Iégone acryl ate core/shell rubber may be used in an_anopunt
rangi ng frd@P JrtthgeeRasytcontine fmafegiats Wairk arst Particdyheuse deflvient s,

fromO0.5 wei ght ReLEENL4 gngz}[/éﬁﬁé’l%er%ém ”Ex%fn? rﬁgg? rﬂ?&i&gﬁgmﬁ d from

1 weight 10percent to ercent in yet ot d on
the total weight etliert bﬁpcdgalnﬂlnicqahemipobtatnedrby rS@tMENI[ﬁlyhydnc ;Qhendhemth an

conponent, which ma oth t| ons. di cI 0S rei

sol vent or a bl erfd® 033 g}éctmnl'ﬁ'é 6? \r?TE’r‘fﬁ “Pn ‘Sléﬁ%)ﬁ/ﬁ}ceg ‘Hlo
conposiypi on may RRcIMiS kS moMblid4 §r092§1|5]€e51 Bﬁ’l@&%@(l&n%vdnrhstb%héﬁo‘l'ﬂj‘ 2,2-
conposi tion. The solvent used may be sé ec%, fromthose typically used in

maki ng el ect ri calbi$(4iydexgshengargphuess (bliovgums allulsléles@ll vent-bisg-byddxyn t he

Ryar ocar bone. - cy cl-ORCARGIRETHRIRTRY £ &ram QEr G Jugo e Rer Ly o™

conbi nati ons ther&ﬁﬁensates of Sphan it Sv1ﬁ}10Eorhﬁﬁieﬁ§d@|tNa3t ar@Nébthined i idepidcRr nay
i nclude pol ar solvents. Lower al cohols hav@mig from1l to 20 carbon atons,

such as, for exarfonéitionestringl phenobvipuelagorndl sisbalbiaviotags.ardekapplest off thisy for
rem)val f romthe Si i g ﬂ’ @]tegr e%&{
sol vent s may | ncltgﬁﬁ of %%&g I)ésmha% (geé‘g oegleﬁl ol hi)?trem? %{ O%ééis NCL
PMA, N-nethyl- 2- emyﬂhpnzh hﬁiﬂm& dldblfmﬂifglym&ylleﬂwm dfq;olyllymiﬁt: hydohble ku@nasdie4-
t et rahydr of uran, P opane diol, ethylene glycol and glycerine,
butanedlo or polyalkylene glycols such as polypropylene glycol and di- or
polyglycidyl ethers of cycloaliphatic polyols such as 2,2-bis(4-
hydroxycyclohexyl)propane. Other examples are monofunctional resins such
30 as cresyl glycidyl ether or butyl glycidyl ether.

[0024] Another class of epoxy compounds are polyglycidyl esters and

poly(beta-methylglycidyl) esters of polyvalent carboxylic acids such as



The total amount of solvent used in the curabl e epoxy resin conposition
30generally may range from about 1 to about 65 wei ght percent in sone
enbodi mrerwe.20iwos2ier enbodi ments, the total anount of ®orwsSea100BBIT ange
WO 2011/ 005925PCT/ US2010/ 041311 from 2 to 60 wei ght percent; from3 to 50
wei ght percent in other enbodinents; and from5 to 40 wei ght percent in yet
ot her enbodi nents. [0042] M xtures of one or nore of the above descri bed

sol vents may al sphidelidsed, taeflATACYETS tb@ﬂéyﬂ}c@m}iadmalbidyor eahhydispighatity be
added to the curabl e coqpositions escri bed above. ts may . |nclude

i mi dazol e conpourff&!i ritITHERHgCI2Bnpb GRS ﬁampﬂﬂldér?ée.%@ﬁ@%d%va §Vgert

nmol ecul e, such a |

et iyl 4 ot hyl S ey ot ATELCC hITGRACKRR: such as NN:diglyeidy]

2- phenyllnldazol3mﬂﬁwpheﬁybLﬁghekhyl|numahmie NN, DNz ietraglynidyhy | ibmi(4tazol e,
2-et hyli_m dazol e, r i mdaz z

L eyanodt hyi- o- mapHgPAUABEane. 1 EResd e Nad s i a8 e,

1- cyanoet hy1- 2- undaeuld wa aazpd - ﬂlmélthﬁ}iﬁfﬂﬂ ﬂ@,yl 2- and N,N'-diglycidyl-5-
15i sopr opyl i mi dazol e, I-cyanoet hyl- 2- phenyl i mi dazol e, 2, 4- dlan1n0-6-¥2

met hyl i m dazol y1-igopyapydhydantosn.t ri azi ne, 2, 4- di ami no- 6- [2'-ethy1 4-
nmethylimd 1 hyl -s-tri azine, 2, 4-di.am no-6-[.2' - und | j.m olyl-
(D) 1 et hyl 1080351 &5 S Ropr-RrlSise: SR R sapr Ematy 6 aligicrs.
phenyl i m dazol i U@st&@&ﬂ/g?}?éiﬂd)l%u@l?h@gl@gﬂ?lpiorylllteadﬁﬂ@%&m%lezhd'é?ﬂilﬁ‘ﬁé'm{ﬂ siazol e,
20 2-phenyl -4, 5-di hydroxynet hyl i m dazol e nyl-4-'met hyl -5 -

phe
hydr oxyiRet hyl i mi dazedre comlmémqblwlbél@mmn%oﬁ@m&\@tq{wpﬁhﬁm@s ared t he
| i ke; and conpou ontalnl [ zZ9 p whi ch
are obtai ned by gleﬁyc}’r att %115(:1 met%acr 1{nme(?hyyrrerfl‘ﬁtﬁ"i1 g%tetglymrdm acr fa?

ove- narne hydrox ni dazol e

conpounds such asnd-a?en¥4:1%5 %dhﬁ)tﬁh’tﬁki@yﬁﬁfefbyﬁyl e et O Bciddt m%ﬁlacrylate
phenyl - 4- netth-S hydr oxynet hyl i m dazol e and

2- pheny1- 4-[8846) 1- 5- Erexyepmpomidsithitdss isiadily avrilablsrioends pejadeselenapide;

f or mal dehyde, Ie ( t hyl thy |ntp@ ohe) and
the Iike. [0044]%%ym€ﬂ§$ﬂgg§ﬁ$¥ n@ggdihl ?ngcgggﬂgl?sAhay inclu e anlne

cat al ydt5s suchas Nbapkatlook pliplid @ijﬁl-raélky laad kRumoR athi Be2s (cﬂigl‘}kldyl ether of
30d|alkylcyclohexylanlnes and_al kyl am nes where_the aI grougi are
met hyl , ethyl, prigRpenolpdy y|aV%z}ﬂH>1q d#rrar iTke f BPWs Gh@é}l%f Oawanihe Abagel i c

am nes. Michigan;  vinylcyclohexene dioxide; 3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexane carboxylate; 3,4-epoxy-6-methylcyclohexyl-methyl-3,4-
epoxy-6-methylcyclohexane carboxylate; bis(3,4-epoxy-6-

20 methylcyclohexylmethyl) adipate; bis(2,3-epoxycyclopentyl) ether; aliphatic
epoxy modified with polypropylene glycol; dipentene dioxide; epoxidized
polybutadiene; silicone resin containing epoxy functionality; flame retardant

epoxy resins (such as a brominated epoxy resin available under the tradename

D.E.R.™ 592 or a brominated bisphenol type epoxy resin available under the

25 tradename D.E.R.™ 560, available from The Dow Chemical Company,
Midland, Michigan); 1,4-butanediol diglycidyl ether of phenol formaldehyde

novolac (such as those available under the tradenames D.EN."™ 431 and

D.EN.™ 438 available from The Dow Chemical Company, Midland,

Michigan); and resorcinol diglycidyl ether.  Although not specifically

30 mentioned, other epoxy resins under the trade name designations D.E.R.™

and D.E.N.™ available from The Dow Chemical Company may also be used.



WO 2011/ 005925PCT/ US2010/ 041311 [ 0045] Non-ami ne catal ysts may al so be used.
Organonetal I'i ¢ conmpounds of bisnuth, lead, tin, titanium iron, antinony,
urani um weadmwums92sobalt, thorium alum num nercury, ziPAE/USRé10kel311 ceri um
nol ybdenum vanadi um copper, manganese, and zirconium nmay be used.
Illustrative exanples include bisnuth 5nitrate, |ead 2-ethyl hexoate, |ead
benzoate, ferric chloride, antinony trichloride, stannous acetate, stannous
octoate, ar@037RNNOUEpLx§t h:)éinbe?h@gt so Ghblade Gadaghiya¢ Smbdligied ngpoxherasmed are
di sclosed in, for_exanple, PCT Publication No. WD 00/15690, which is

i ncor porat ed by rRxsperide Polymes ehtgapetyynery opitls]iperyaete niielyiseeyangte

sui tabl e catal yst . NC DY i am d i ,
especially nit rogfglrll egfét?o%ggﬁnesl su‘%ﬁﬁgsdomi}fl&eeéﬂqamgoljg%?é%kﬁ%ﬁsyl

i m dazol e, 2-net hydy berfaardl s, tht-useiboh vyl palyapdaide | pee poyred¢rhlydving etehytl more

i m dazol_e; other heteraocycl es, sug{g as di ﬁélabi cycl oundecene, éDBg% ,

di azabi cycl ooct erfEraRekiakthgVedet-&CPRR HECURKTiBhAN]G AlSC IaYine opgh qirane

trial kyl am nes Sliﬁlgs,a%hfch'a@é ﬁlé/éfé‘l”&sn@le_htyﬁf IQb(Ju {ed)ehe Q@IMY&SA-GEEtQMngam ne,
15 phosphi nes such™as tri phenyl phosphine, tritolyl phosphi'ne,

tri et hyl phosphi neonmpeatdy fiearsacsal withslisbeyasate or golyisoayamates.u ithe Mooyandee,
tetraet hyl anmoni um.chl ori de, tetraet.hyl a ni um.acet ah&, .

tri phenyl phosphorMUfiYalR 8BS CEHES P HEHYIPHHEHAB IR sl 1socyanate
[0047] M xt ures ofreidn Okith Rl Sridhryt BE s@daNS dgﬁi%;dﬂegﬂoﬁﬁt At & fEvcidhso be
20used. EPDXY HARDENERS / CURI NG AGENTS [064 ] A hardener or curing agent
may be 1frovi ded fepexige dwstiongfity ooshe pakeprKids resictocupblp|tee podpeiin ¢fomm t o
forma thermoset Goppas i onieTHGNAISHS! Fdid créfnRUbling, agent s ay. be
used i ndi vi dual | ypor A9 3 M XEur @ 2of T wo or ot . ST SsOHE nmbodi nENt S,
hardeners may i nglolgderdintydbediradicde tHrdugy Jeationd g Apokidesind@iidg@magssuch
as novol acs, resol es, bisphenols. O her hardeners nmay include advanced

(ol i goneric) epoxiherdispipolyisesyanases mpy bhargmati s aliRfelie imisoieemdimsites of

advanced e esin I LN for ol X 30 resins
prepared f ﬁgirgﬂ sphenl\gﬁ‘t%%g?%?n 2?%{}% ag(%vhéger%’te(doe&mf( ﬁé&g‘}% grﬁ%?)g%é{rg ’hagsrO bc?f

t et r abrignobi sphengkd.A) and an excess of bi sphenol or (tetrabronobi sphenol).
Anhydri des such as pol y(styrene-co-mal ei c anhydride) may al so be used. WO

2011/ 005925PCT/ US2010/ 041311 [0049] Curing agents may al so include primry
and secondary p 300G o Iiﬂfﬁ lﬂﬂ?ﬁ i | yam des.
CSh?%ncti o#?ﬂg%g?gg%%ﬁﬁnc u]de a |§E fOvGHENIRG

For exanple, poly at1 ¢ am ne conpounds
such as di AGENI® triam ne (D.E.H Tm 20, avail able from The Dow Chemi cal

Conmpany, M , 5 M.chigan), triethylene tetram ne (D.E H Tm 24,
avai | abl e f[ﬂbﬁgﬁhe Do esrACEA e (ﬁ?ﬁ%%fﬁ}y/‘, ruRbey) tonahening REGAh Ay B Parsk Y1 ene

pentamyge (D. E qug_\%ggglg gg}é‘ﬁ)bglﬁldﬁﬁfg‘s&gh&gﬁl Mbmg%httmqﬁe eéé,)gll and,

M chi gan), as wel S above am nes wth epoxy resin

di l uents, or ot heesiantures.r edict sone corhpdimads, Atiommetactylatei wes/shsllictubber

met aphenyl ene di ami ne and 10di am ne d'ghen}gll suéfope, al i.Phati C 1§’°| am nes,
such as anmino et H9ygq§p%ra§?iltﬁglay be a rubber compound including a silicone rubber core

and an acrylate polymer shell.
[0030] While not wishing to be bound by theory, it is believed that the silicone-
25 acrylate core/shell rubber toughening agents used in embodiments disclosed
herein functions by forming a secondary phase within the epoxy polymer
matrix. This secondary phase is rubbery and hence is capable of crack growth
arrestment, providing improved toughness.
[0031] Silicone-acrylate core/shell rubbers useful in embodiments disclosed
30 herein may contain particulate, highly cross-linked silicone rubber particles of
an average diameter (dso) of from 0.1 to 3 microns, in particular from 0.1 to 1

micron, and gel contents greater than 60 wt-%, in particular greater than 80



and pol yet hyl ene pol yam ne, and aromati c pol yam nes, such as netaphenyl ene
di am ne, di am no di phenyl sulfone, and diethyltoluene diam ne, may al so be
used. woO 20nps2sde curing agents may include, for exaeplus2omwadisel net hyl
anhydri de, hexahydrophthalic anhydride, trinellitic anhydride, dodecenyl
succi ni ¢ anhydride, phthalic anhydride, nethyl hexahydrophthalic anhydride,
t et rahydr opht hal i ¢ anhydri de, and nethyl tetrahydrophthalic anhydride,
anong ot hers. wt-% T(véhehapaenlersigy iscdrmeaguadent lighyschtegingdectmiques, and
phenol - derived or substituted phenol -derived novol ac or an anhydri de.
Non-|i mi ting exarﬁef &8GRt Suimeanited frar SR LifsRRIGACHHERSE)- nolts auylate

har dener, cresol F=Vel ordi-C¥el 1 i Shh d r,

| i nronene type hafg@%gpaﬁgﬂﬁiggﬁﬁgg?lgh%Qﬁ?@?ﬁ%ggb$%§%@%?g;%qakﬁgﬁﬁgggﬁe
enbodi nent s, the sphenohcnybvotae/shel dbhens prefyrablynin ajuantatidsiop B8 wtt %o lesapht hyl

i ety. .The phenalic h . ttached to the hiphenyl
napht by moi ety oF PEREVEG GO G T O R0 OF BraR A1y & 10
containing a bi pheny! ifheIcUIaFBRS OB SPRE Qeryie rEsHel intbeRNENAE shidoRe-

bi smet hoxy- nmet hyl ene bi phenyl . I n other enbodinents, curing agents may
i ncl ude di cyandi aaeiydate cors/shall rggbery isf palpmeizednamisethhsilena eubbgndarticles;
di am nocycl ohexane, ring agents alsq include i mdazol es, .their salts,
and aodutts. Thest dtRy TR, PRl dR SR PR, § T R0 gL of cifpten

tenperat ure. Examphgouads Fuilicdbé eabbei ﬂﬁizdl(kjﬁat@l#ﬁlbbw, crd¥ linked acrylate rubber
2011/ 005925PCT/ US2010/ 041311 agents include but are not limted to
i mi dazdPe, 2- met HYPipHEsawbishencde the sifjgpieniughgiapasticles in a manner more or less

4- (hydroxynet hyl )ﬂlggil]lgﬁ%%%%nd .%_ g@%{l‘lﬁl énﬁlﬂ , Qlltiﬁes %f Q&ﬂﬂ%lﬁcﬁ?late rubbers,

met hyl i m zdazol e, zim curing agents 1 nclude phéﬁblic,
benzoxazi ne, ar omatd chasdinneslicoariadoyl@en o@s/shal | phbdrs cdasigmes , thanteycidndes,
and 5phenols. [0054]1n Sﬁﬁ% enbodj nents, the curin nts may be

ag
pol yami des or an PARTYE WBITHStinabRU WQPQIW?%HP%P?&EW i theipsessors Yer

am no group, SUuch;aSnaNEEL Paktide @ HraSeQivetoIHRM G & xHAE Iof Ardf¥iRy. BT es
of ami no curing agents include 4-chlorophenyl-N, N-di net hyl -drea %nd

3, 4- di dhbl or ophenysiliddpdutii@dibagtbopt .- inreme ¢riEEhkthemay xbopiees cks-tinkdédng
agents useful in nbodiq%nts di scl osed herein include: 3,3 - and
4, 4' - di ani nodi phegﬁ%ogﬁm file: met hyl enedi ani | i ne; bi s(4-

ami no- 3, 5- diggBay! - PhERYhE: et fhdrtORECRNERRNZENSs eiiih 3Rbufs dshi&PAN £062
from Shell Chem cal Co.; and bis(4-am nophenyl)-1, 4-diisopropyl benzene

15avai |l abl e as ER@NkrﬁﬁmqmbbmﬁHeﬂk@hamﬁéwioamumﬁ@?F@@@?}Tﬁh@%gnmmsmgnagents
T TR SN W M M T MO
al i phatjpc thiol s 5yohndis #rRhRARRM dnth®tadidlsapanedi t hi ol ,
[0033] The acrylate rubber polymer b) grafted on to the silicone rubber core a)
represents a partially to highly cross-linked acrylate rubber and is a polymer of
from 100 to 60 weight percent alkyl acrylate, from 60 to O weight percent of
other monomers which are copolymerizable with alkyl acrylate, and, if
25 necessary, from 0.1 to 10 weight percent, calculated on the sum of alkyl
acrylate and other monomers, of a cross-linking monomer having at least two
vinyl and/or allyl groups in the molecule.
[0034] Alkyl acrylates may include C4 to Cy4 alkyl acrylates, such as, for
example, methyl, ethyl, butyl, octyl and 2-ethylhexyl acrylate, chloroethyl
30 acrylate, benzyl acrylate, phenethyl acrylate, such as C; to Cs alkyl esters,
including butyl acrylate. Monomers that are copolymerizable with the alkyl

acrylates may include styrene, alpha-methylstyrene, halostyrene,
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cycl ohexanedi t hi ol , 2-nmercaptoet hyl-2, 3-di mer capt o- succi nat e,
2,3-dimercapto- 20 1-propanol (2-nercaptoacetate), diethylene glycol

bi s( 2- rerwapboawerat e), 1, 2- di nercapt opropyl net hyl et R€T/US2010/041311

bi s(2-mercapt oet hyl )ether, trinmethyl ol propane tris(thioglycolate),
pentaerythritol tetra(mercaptopropionate), pentaerythritol
tetra(thioglycolate), ethyleneglycol dithioglycolate, trinmethyl ol propane
tri s(beta-thi opr apéthoatse)enel htigianitrita phialact@onivde] €ty hikiyt gleyhacdydteset her
of 25 propoxyl ated al kane, and di pentaerythrjtol . )

pol y(bet a- t hi opr optieh&ta)0 WEF%@HJ% dhstlkblpdirabentianatly by durgtiopplesrai?phat i ¢

thiols; aromatic i I & 1.Ss trax gf(rya;ag bi s-,
tris- or tetra-( r?%?%g%)?%g#ﬁgl )%g%)ﬂ}zgpnaé%l{dgis%“rr%r gégﬁoixﬁgﬁgl%?}y?o uen@g?t'?’hi ol
and napht hal enedidybiobéxyl hattbgenlagutpdydid yit methdaylateathydescyethyt hetlacorist) c
thiols; _heterocycgli.c ring-containin hiols such. as .30 . .

ami no- 436- di t hi ol DEYRYPRIPE PiERCRglE, mesacric A s apidasitgg, fumaric

aryl oxy-4, 6- dit hicd, i@Ysit abAZ (REheRey1dmRleS - $ih IS4t \GRAL RBPIBRME Jor N-

i socyanur ate; hal ogen-substituted derivatives of the heterocyclic

ri ng- cont ai ni ng tmhetbylel campasinds ebimpbiurerylanzidéng at | east two mercapto

g1oupe snd ket v 0. 2l L eErLn 200 LLRD. L0118 TECEARLP giaupe sue
tetra(mer capt oal kldshhR) kamyol ipreeabBr foPt Qo ad(K¥arbosliafdthd ifl@he ester

hydr oxyal kyl sul fi debi s( mer capt opr opi onate), 5hydroxyal kyl sulfidebi s (nerc
apto adétate) , mesredpt secthys etthdanebgly¢oredicmthaspriapi ovies eyf, a polyfunctional
o1 s(mer cat oal Kyl BEPuR U RAEHE 3P R Bit A uBEE A AR f R St onse er)
4, 4-thiobutyric agdds b sfe2ester eripdadalskod aestidly) ,cydnitate! Ri0ghenedartunite] ,
bi smut ht hi ol and 2, 5-di nercapto-1, 3, 4-thi adi azol . The curing agent
may al so be a nuciesphfImROUdDSEEne diyinyhbeasens calRisne, unratugied gRipoxylic
Guat ernary phosprioks qay SRR HRERcholt By HoRPER A2 Cofll i e,
tertiarly arseni urasealidivdl) fuch aswﬂlye«rmdialcbdatam}Mph@‘mﬁgaﬁd eateisi ﬁcrryexann,h)feoni um
o 114"y adaudo RO iy 3 BRI BFRATENG: ot hacr 3l ates
may also b i zed L 11l i I ases
can be usengBA‘rﬂonati cﬂ%mﬁ%%dél @%ﬁggzgt?tﬁ%{e(l%l@g%gﬂ%a&%?%Zpﬁséa%ﬂregﬁgﬁl’@g? %f/(#%ltg t ached
to the aronmatic rihrguemy ahseiobenubedollowing m{uat:emnafiystasagenithensidiadbies Wit h
a nucl eophilic anion useful as curing.agent in enbodi nents di scl osed
herei n my 1 ncl udtbbes: Mt g FRaeoRTLm: Eniiol PraBsrey By EapuEy PoRmADRIEM
acet at @y hexyl trgehbylicamaoni um brom de, benzyl trinmethyl anmmonium
cyani de, cetyl triethyl anmmoni um azi de, N, Ndi net hyl pyrrolidinium
i socyanat e,[0887kt hyl| dyrardedomi stmgepthe nainatrers (Nkyk hdrylage, optionadlyyorosdilimking
chloride, nmethyl viologen dichloride and the |ike. . The siJital%iinty of
the curing agent TEONSEH PB‘il‘?i“ahﬁ .uﬁ erd&?‘éql?r‘?rﬁ)eﬁhw fpap dhe perylaferubber
manuf act urer speqj)fdr& aleh st %Wtzbd‘ﬁl X RREdeNBNS Bihk ANicolYB RUHIRE bMERIon

0 dete

speci fications may be used t rmne if the curing agent is an anorphous
solid or a cryst aflthedirsoitigs. atotnatiodesfi mevd prietse rshouldese fipfarmdsxpasgiblei t h

the liquid or solid epaxy. .Alternatively, .the sqglid curin ent nmay be
st ed si ng di 1 FuPRRLeaTgts it B FoRaerralPy Ay iitsh AP RRE o a

amor phous or cryshahé iquentigt sicessefy fdiecseling heisifgeage e pirdclehe Graft
suitability of WD 2011/005925PCT/ US2010/ 041311 the curing agent for m xing
with the resin cdpbeseizagen isnpreferabdy agqogulighesk within the fespperature range\&Cur es
of one or nore of t bove. descr. r dener n i agents may
2l so be used. - FLAVE RETARAKT Y ROV HBRECRRERoRT 4o dihipe g8

cur abl e conposi t iiniiatoles perokidds, hperestarsmperdaéphased perphbsghatdsabi dns rédoat
cont ai n _hal ogenat.ed and non- hal ogenated fl ane retardants, including

broni naled and ndRLBISHYHaMed Filawethe gradaprlymerzguionsqf b) opdmihe siligene

brom nat ed addi { i yggerl Acddiclea | CLbRPLAIBR SAORNAL o thd @ﬁr&n@ﬁﬁ)b@wga@é s
derived therefrom TBBA-diglycidyl ether, reaction products of bisphenol

or TBBA with TBBA-diglycidyl ether, and reaction products of bisphenol A

di gl ycidyl ether with TBBA Non- brom nated flane retardants include
the various materials derived from DOP

(9, 10-di hydr o- 9- oxa- 10- phosphaphenant hr epne 10- oxi de) such as

DOP- hydr oqui none (10-(2',5'-di hydr oxyphenyl) -9, 10-di hydr o- 9- oxa- 10-
phosphaphenant hr ene 10-oxi de), condensation products of DOP with glycidyl

et her derivatives of novolacs, and inorganic flanme retardants such as

al um numtri hydrate and al umi num phosphinite. M xtures of one or nore

Y M o o . e S o o o P T —p—



WD 2011/ 005925PCT/ US2010/ 041311 graphite, nol ybdenum di sul fide, abrasive
pi gnments, viscosity reducing agents, boron nitride, mca, nucleating
agents, awo02etialsi2szers, anong others. Fillers nmay i ncl ede/dsemovismal or
non-functional particulate fillers that may have an average particle size
ranging from5 nmto 100 mcrons and may include, for 5 exanple, alumna
trihydrate, alum num oxi de, al um num hydroxi de oxi de, netal oxides, and
nano tubes). Fil [reblergadicdirfse.arsmaily with ol aheadodids tontelts wethif themangt ur e
prior to addition to the poxy resin conmposition. Additionally, these

opti onal addltlvég)HQ@ ave an effect on the properties of the conposition,
bef ore and/ ter n n
10fornu|atJ§8 ?Le coﬁ%%% Pgﬁ g%gpgﬁ&ng§M&: &gggéiggﬁ%%ﬁg lmﬁﬂl ﬁﬁ€8]|n
ot her enbodi ment sised anhe sutabtnsonthositions dekschibedhereimayiay dqieudenaad\thrietpmfal

t ougheni_ng agents. Tougheni ng agen function by formng a ndary phase
wi thin fhe pol ynefF‘Ctﬁ’étlgg}ldmgﬁl?ese%’é Bl EVRE g‘eﬁ%yrperﬁberve@ e deited o
capabl e of CraCk]ﬂ6ﬁ%ﬁ&uﬁﬁﬁ@ﬁﬁﬂﬁ&£nuBEQMh@&BQoh&B&EBEdhi@Hﬁﬁﬁthé%nmunt

t oughness. Toughening agents may I nclude pol ysul'fones, sTlicon-contai ning
el astoneri c pol yrrérsslmOpcrlag‘/Is/lalt@man/eB@ll aﬂvbelomlaelbe nusdxbar art arugh&narrgngﬁemt s
known in the art. [0067]In sone e nor _anou of hi

ol ecul ar wei gt O-F SR BTG R T RSN <THSAbAR QBRI SO < OB 5ot her
epoxy- or isocyanadight ped@nf AR W¥ %hdpérél&iﬂ‘il§oﬂﬁ€ﬁ/erﬁsodiﬁﬁﬂbs arld @&ﬁllr@@ightt 0
serve as plasticizers in the curable and thernoset conpositions disclosed
her ei n.10For exanpleecent oSy waighe perceriony apfupthiee smbediaratse basaderrs they toty]

cont ai ni ng nDIecuIeﬁlOfﬂgggg&ﬂggq¥leqpcally unsat ur at ed conpounds, and
acryl ates may be ey 9 erbodt Ment s. Exenpl ary non-reactive

t her nopl astic resins |nclude polyphenylsulfones 25 pol ysul f ones,
polyethersulfone ﬁo vi nyl i dene fluoride, polyetherimde,
polyphthalinide i mdazol e, acrylics, phenoxy, and urethane. In

ot her enbo : S hel si on
pronoters Cstugﬁ S OQEA 9@alrll‘ig:)ﬂsti 16111%229 epo%d d @ea&)%ﬁlr? Sin%h%g%d%g

acet yl aset onat es he&ﬁﬁl 1suls61vr=,nmrmtlﬁerm momhac m}egolth[&%&l thra eyeky mshler
enbodi ments, conpositions disclosed herein nay include wetting and

di spersing aids, qoa’fpoeklaﬁpméy Bodniridle origharibsi Mthsie sompyIeNGHAN SBE| E§itand W
9010, and modi fi CH t d

2011/ 005925PCT/ %%8?8?58%3 %gﬁrrrﬁgdsﬁstelaodrll l&‘?g{l Pt fop eerhgﬁ&@éau mei4le air
rel ease additi vesnalfimg ekextmpﬂl EmiiBes. ABSEnplBY K Alipthle B}I%%Eﬂﬁplo@zam B¢ A560.

Enbodi nents di scl osed herei.n nm so i ncl ude surface nodifiers (e.g., slip
and gl oss addi t i VESFNaHYCREY 1B ‘F%as%r SYURPYS keoges: SRstesICelAig 2 gﬂfﬂ%}C

functi opal add't'Hﬁﬁ%dﬂ%oHEeh%@ﬁ%@ﬁnéﬁéOQMﬁkﬁwhgnhﬂHﬁ@Ve E@éwnaﬁa@rogﬁftles
[ 0069] Sone enbodi rrents may i ncl ude ot her co-reactants t%at may be

i ncor porated to alondimtiopediefdot propertles of the curable and el ectrica
Ianlnate C tions, di scl se her xtu s of co-reactants and/ or one
ore:of DHEThpove JouRHy S 1, Mo S dabBEE bR 09BTIS ot nor
errbodl nments, t herm&%%ﬁ&&msmml@gs 'ffdn?rlstdeé Cclamdath%es&hn@sy fbﬁ%ké&ﬂ}fﬂ
fibrous relnforcenent materi al s, such as conti nuous and/or chopped bers

The fibrous rei nfroetbambnproieegdod] SOhﬁyhtlyrﬂIllduﬂéatgitaszr fétheras fromathsoresin ber s,

concentrati on of PRBFatE BRATRY cerinbeels DU i ERPRRSTL S im R fys

t hernosetting corg@sble, QRstofBlY nﬁelybe&mﬂente@h@uu)dwnw@enpm Nhaethy P>
percent by weight, based on the total ght of the conposition; between

about 5 percent awaroeéorgferdeeﬁtﬁlyioyulm%tdlmﬁh@k Framaayidso detridepfuBas edn
about 10 percentéﬁggmggﬂﬁe& %ﬂ%ﬁéﬂﬁéhgggﬁglnents bet ween about 20

percent and 70 per iIn o and between 30 percent and 60
[0041] The total amount of solvent used in the curable epoxy resin composition
30 generally may range from about 1 to about 65 weight percent in some

embodiments. In other embodiments, the total amount of solvent may range
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20percent in yet other enbodinents. [0071] I n ot her enbodi nents,
conpositions disclosed herein may include nanofillers. Nanofillers may

i ncl ude iwonrgamos92sorgani c, or netallic, and may be in wPrhg/USermoef3iipowder s,
whi skers, fibers, plates or filnms. The nanofillers may be generally any
filler or conmbination of fillers having at |east one 25 dinension (length,
wi dth, or thickness) fromabout 0.1 to about 100 nanoneters. For exanple,
for powders, the fadim| 2ast 60nezecghnqm&am lﬁm)yn I teha awtight 2ecteas it hethgr ai n
size; for whiskers and fibers, § ‘i t one dinension is the dianeter;
and for plates arfdfodimgnts:apd ré?En 4 v tEﬁrﬁ%éIiWOF}?rFWQO@We@Féness

C ays, for r )

and the cl a@lﬁ%y be roﬁgnggéggofn 5&\%?& %%%%?%c:at uen g

di spersed in theasepoxy resin under shear. Nanofillers may i ncI ude cI ays

or gano- ¢l ays, carbon nanot ubes, nanowhi skers (such as SiC), 5i02, elenents,
WO 2011/5005925PCT/ us2010/ 041311 anions, or salts of one or nore elenents
sel ected fromtheagayses and f groups of the periodic table, netals,

nmet al oxi des, and ceram cs. [0072] The concentration of any of the above
descri bed 6[0643] ves, (Dptmmallg,edatiatystshmatyh%rmd«bidt it@gt}momblet icomposldsiey i bed

herein, may be bet out 1 5 ercent ent, based. o the
total weight of I%‘\é'l\ﬁ’@gn%ﬁ)é'etl &?ta% f WBRh lﬁglﬁger dBH aza dC%P%‘@}déeWFﬂ’i Ht her

embodi ment s; betdﬁﬁ%uf?d@ﬁéﬁﬁé“on@ﬁ%@&oﬁehﬁgfBer'rHolQ&Jl@r siRAPQdinRRlsle, Bet ween
10 percent and 60 percent in other embodi nBnts, and between 15 percent and

50 perdént in yenetbylireidagetbodi a’mﬂt}é 4- m@thmm@@m ONZ-ymaed3ingdazid.e 02-

har denabl e conp |on | shes..prepared i here di.scl psed
ot ei n ey | nol diets e dolhs LRy LSRR S MRS SRR Sgeft - and
at |east one silgeagye- ﬁl%ﬂwhﬁﬁ@azﬁlér Qfeﬁﬁ@llrﬂldézlétkb(zflsép?él}%hﬁﬁlﬂ%l@@%kn Lp

15sonme enbodi nents, curable conpositions and/or varnishes dlsclosed herein

may additional | yenadimidazale.c al siygraethyl3-methelimidepeldi mdrgyanoathiylabetayl-4-
conposi tions anq/ gy ﬁ’rﬁ{dﬂzﬁhes d'lsgya%&%lb%uﬁde'@ P@%daz 8' ude P‘C}ha?l gﬁr%glr-f-' ng

agent. Curable corrp I'ons and/or’ varn
enbodi ment s, by isshropsilingdidede, aboyeymemgneni}ﬁnylaﬁhdhﬂﬂeM] Tha dgainoesi[2mount
of epoxy resin in the curable conp05|t|on and/ or varnish may depend on the

expect ed end usenethyépidageixl-ly]-edyl-gdizgineed above, r%ﬂﬁf%‘?@?ﬁg{znﬁﬁléﬁ'?al s
may be used at %H%}ﬁﬁ?rﬁd'a%lélvgl) ﬁ‘gﬁg —F}@r‘fﬁi&ns 2t4mf§m1ntot63— Agakbdd ﬁgnﬁ&&U

epoxy resin nmay al so depen er or not a relnfo cing materia
used. I n sone enbpdethelrt-siazimgr ammethglnmnldaztoihunslsoé}&anamd/ camdvaaatdushes2nay

i nclude from abo bout 98 val une cen sin

enbod nent 5. curiErTEBAEIRRL POREAREIGR SO hes iR Aar el B dEos
vol unme sper cent SRprShyl- esidih Jr{)%%gtﬁ 1iRid8% 10! ume per cend ,RRRXN- rh&ﬁ&lDSJ n
ot her enbodi ments; ffom 3 3{ urre percent epoxy resin’in other

enbodi ment s; andlyﬂmmmdlﬁlml@:&oml Qr}ﬁlepﬂrfbbmzyéédquxemeﬁlyﬂlmlmlﬂO:mdher
enbodi nent s. 075%11%0@ qSI tio ons 18 n 2e from %)iﬁm ; :I' f’
vol ume percent ¢ 19 FBRAngs Péﬂ“é Eor¥ YR | %%%F“ﬁ%@&%&‘r?%& agent

in some enbodi MB{tiSh are obtained by dehydrating above-named hydroxymethyl-containing

imidazole compounds such as 2-phenyl-4,5-dihydroxymethylimidazole, 2-
25 phenyl-4-methyl-5-hydroxymethylimidazole and 2-phenyl-4-benzyl-5-hydroxy-
methylimidazole; and condensing them with formaldehyde, e.g., 44

methylene-bis-(2-ethyl-5-methylimidazole), and the like.

[0044] In other embodiments, suitable catalysts may include amine catalysts
such as N-alkylmorpholines, N-alkylalkanolamines, N,N-
30 dialkylcyclohexylamines, and alkylamines where the alkyl groups are methyl,

ethyl, propyl, butyl and isomeric forms thereof, and heterocyclic amines.
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WO 2011/ 005925PCT/ US2010/ 041311 I n ot her enbodi nents, curable conpositions
may include fromabout 1 to about 25 volunme percent silicone-acrylate

cor e/ shelwonratbws2zsougheni ng agent; and from about 2 toPabaseo@041801 une
percent silicone-acrylate core/shell rubber toughening agent in yet other
enbodi nent s. The amount of reinforcing material in the conposition may
vary depending on the type and formof the reinforcing material and the
expect ed erf@opspduct .NéaiableecaCOygROfial ialidsbdTayedi NOtgdAeméth0in @apetndOott 0
about 70 volune percent reinforcing materials in_sone enbodi nents. In other
embodi ment's, curtABPEhclsAh BN HIAgHEN. HY, FHETRIe UGN AB6muBeobaltBeinm 65

vol une per cent Ci I n WiELP t

rei nforci ng mat eaﬁrg{ anl nlﬂgrcp%%lléc? IZIC %d?%%%[ﬁ%%qyﬁﬁn‘%ghégél t o’ng{)ﬁ%py’

i ncl ude from abating@ndsef mdahwahluﬁﬂ nvxgzlhmne@eﬂ]hstrhumoé;aaom@ds iaclddd bivesath n

sone emphodi ments. I n other enbodi ment curabl e, cq itions ma n_cI ude
from absut 0.1 t%tr%rsola%fp gl hﬁ%@atselﬁefih?nzsﬁﬁ %ﬁéﬂc % ARtEEonY, fo.5
to 2.5 volune pegeBhs ORLiRNA R tddSRe, | And ClarRlolET 2 %Hf?ﬁfék@ﬁ@ts .Other  The
amount of catalyst used may vary fromO0.1 to 20 parts per hundred parts
epoxy resin, by oagilyght thai mag beeisedrbeddipdodted. 1n,| for eximeplee ROddrubbinatson Nat al yst

b di f t hundr ed t
asin. by wel ght OO RSt DR g eeidiated B oS BEED- epoxy resin. by’
weight, in [109316})'[ her 1Rrpafl EBNYGRimdE §LH§1‘Blef 'cﬁtaﬁ@‘@uﬂ{a ofnchrieah¥§doppagd for

a given systemshoul d be determ ned experi nental to devel op the optinmum
in progérties d@@mm@d and phoslsumnsl arqumtlltyemmgcm fhe&rmmlmtsmh aﬁua]kmglt@tbent

used for a given s be det er taI to. de p t he
opti mum i n pr opdPEFESRTe RN VRPERT Rk SRR THRubLbPidEE 25§ ng
agent and an anmyéthylof- eth Illﬂlﬂda@m@ntom&}’hété}@by@&, sﬁdhr a@)@mbﬁyclbﬁm&wy
resin conpositi ontu | end), the desired properties of the cured

conposi tion (fl dRB |dﬂ3)labléy‘é@%’f¢l@aIheﬁﬁtf@@bﬂ?n@gﬂaf@lﬁl@, )norlél@élin?,eﬁlpéﬂqﬂlée,r ates,
as wel | as th.e gﬂgﬁgfamcﬂtlesr SRkt Asvﬁie%{y?ﬁgﬁﬁgglmgtﬁiﬁwf b%ﬁz Slﬁe?h etfﬁlrﬂe as the

nunber of active hydrogens 1 n an cur ng a used may
vary friom 0. 1 t @phbdbthifar tiwhpsy tliphedyi@dodpaiies t&EONyhdspRing, trtbyhyvlphcgbhme; n
sonme enbodi nents. In other enmbodinents, WD 2011/ 005925PCT/ US2010/ 041311
the curing agentdUaijnase $edsyh an talﬁﬁu}ﬂmm%mgmnghméﬁn etfagthytanygeRig My e
hundred parts e r.e u in
an anount rangi %g%dgms%gaetmg%ﬁggﬁ% %Creé c}?%g&lg g&gﬁ“&w ?tlea%f n%ﬁgy
wei ght, in yet atipemygrbgdionamt sendide. ELECTRI CAL LAM NATE COVPCSI TI ONS /
VARNI SH -é[lr?f proportions of conmponents may depend, in part, ta1Pon t he
properti es 0887k ed i Mpvweerbens PEaIOT shitiatlo Ve slrpadieti GHIGS Ba%ANP o be
producegd, the degijed cure response of the conposition, and the desired
storage stability of the conposition (desired shelf | ife). For exanple, in
sone enbodi nents, curable conpositions may be formed by adm xing the

epoxi di zed cycl i i fi [ nore epoxy resins, one or
nore hardeners, O@Q%Q&Ig%ﬁ@ﬁdpﬁgﬁg@%‘égm where the rel ati ve anpunts
of the conmgpesfs. ”BYA@E%I%H& JRAANE nglg%?d &%’B%&Q@%ﬂ m%né 'Eh%sﬁ kg i cal

| am nat e corrp05|t|on In sone™e nts, the e

cycl oal i phati c aifeld eurgdé yompositagn thfOpneSbﬁnmosﬂ compabtlen thfpbzsrdtnemﬁn&ld

di scl osgd herein i.n an anmount range frt 0.1 to 5 weight percent_of the
Cur abl SScompost tgAE STOPHEPe SBUREHRRLY of ud EpoRiedt 2ua e YErbal i 3

ol efin polymer nbdagnéti®IRRdentR B aR1RIeCANRAR]akli®h &dih)Se! p}x%%h&@ﬁlﬁign

an anount range fromO0.5 to 2.5 weight percent of the curable conpositi on
and from about ZJagentscugh Gts\mvg}ws peselentbigthengle. c@t@blh@rd\;‘cm@cmﬂx ileAuden

ot her enbodi ment s, . ced 03,1 S| HB) Oodl ment ssorr;tehefe ox% arrgs1 m z?o JRresent
in an anount rangé I%rong E9ME 00 5Pk g‘?n1 percenf) e curacb '
conposi tion. | n Btdaglesesth@shnRbtepox hﬁlnem&)hefﬁﬁmﬁ inydel ﬁj}gﬁalfnlpwfbﬁo)iyo 90

wei ght percent of the curable conposition; from10 to 80 wei ght percent in
ot her Sfbodi rrentr§smsaﬁ¥fpf‘1i€érﬁfflf0 bigphsnolyd Galycidul edp (qrr\thgfélﬂglwﬁyélr ether of
enbodi nent s. 0 part,
apon t he pr oper £ ELrgREhBR00h) BT Eh SRR B o2l SRR gl
coating to be 3Agitydddesdich kopolgsanpheeco-watdiainhgdrito mamaiscdbermed sel ecting
curing agents and anmounts of curing agents may include the epoxy
conposition (if a blend), the desired properties of the electrical |am nate
conposition (Tg, Td, flexibility, WO 2011/005925PCT/US2010/041311

el ectrical properties (Dk, Df), etc.), desired cure rates, and the nunber
of reactive groups per catalyst nolecule, such as the nunber of active
hydrogens in an am ne. In sone enbodi nents, the anount of curing agent used
may vary fromO0.1 to 150 parts per hundred parts epoxy resin, by
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5enbodi ments, the curing agent may be used in an anmount ranging from5 to
95 parts per hundred parts epoxy resin, by weight; and the curing agent may
be used iwoOantizweazat ranging from 10 to 90 parts per hurdTa$2@pantsS1epoxy

resin, by weight, in yet other enbodinents. In yet other
enbodi nents, the anmount of curing agent may depend on conponents other than
t he epoxy resin. In sone enbodi nents, thernoset resins forned fromthe

above descr[0B49] cur ald@ingogeasirhayofiso MYudeadpindy @hasscdndaySidly@ifines and
tenperature, as measured using differential scanning calorinetr of at

| east 140C. | n cddests dhgyeefi Ry dides handrgobranyidesi ndof c?rxﬁ@cﬂlef» rmﬂ»zrfy lrréloablove

descri bed curabl i i

reasur od using dEFRoy oy ORe AR AhiRins S PReh LN

| east 150C i n ot(bek. He%olﬁ rrevm}mbleatfrdneafhe 16 IGheﬂildflﬂar Cenipeldy rerﬂBmd,and at
| east 2Q0C in vy t her epbodi nents. | neurabl e _conmp srtr

descri bgd abovewl%‘é) df@ﬁ@’g@tﬁ’ &iTagHNg n@r%&ﬁat e%rfl |'1‘1va§alslﬁb§ aPHWcur ed.
SUBSTRATES The %&Q’ﬁhéé}t@orﬁﬁa@bll\@ﬁianﬁs Miehi %blté&fet nQaﬁehta%ﬂh@rdE m™ation.
As such, substrates may I nclude netals, such as stainless steeI iron,
steel, copper, Zonayaitable, fredukienidow (éheuntal&@mnvhﬁhdﬂmk@ Mazlhlgay}: asfwedluch
netal s, and sheets i ch I ated with such. rreé]ﬁrl s . and | am nat ed

sheets of such 3 EE ét}ﬁ? FE‘P%‘% S al'Sbh PN Fddsp ‘iFr‘i’é“ré)r oY AMIngr, o
various fibers, ;8i¢hea®mpbo@hdseXAThstic ﬁﬁ\ﬁ&@né@haﬁhin% R; difiet #nd

al um num oxi de; gl ass such as E gl ass, | ass, S-2 AS (r) or Cglass;
and si l0con car tﬂg 1gfaing rdlrﬁienylcw&fonar%rpheﬂer chéfmslnéfb iyuell #d #ginpictiaipiperazine
Commer ci al |y aval | abh%t}]; e ol an¥1n nd arofnat1c gln 20 fhbers 2taph nqen
KEVLAR; al um num 0>P oe- cy n[ap ?labers suc Hﬁ%ﬁg P Berd From 3
silicon carbi de diahges diaglieh dﬁﬁlem}l%ﬂ.@lefirﬁlnﬂi&}@n@meﬁaﬂbﬁnhe a’ﬁﬁiy alsbllfe)n
carbide fibers containing titanium such as TYRRANO from Ube. In sone
enbodi ment's, thessdibstrate may be coated with a conpatibilizer to inprove
t he adhesi the e e i opn .t S r
scovposi TESORD conretShEHETed e RRTBRTAS n; el “HRIC B, e

be formed by curanhgdﬁdee Hé;ehydtmplahalhcamﬂhgﬂ@da;ormﬁslhtlc Oﬁlrﬂlydhﬁé:l Qf@eel:ehgelr ei n.
I n ot her enbodi nents, conposites may be forned byh%%g q){l ng. a_ curabl e epoxy
b

resin conpositi oHCHBicaanhysEds. Ahehabic” anhydiide. drehrly oghthalig, aphydidpy

i npregnating or p}{s&r[ At i ng
the el ectrical tg gﬁlda%hgﬂgﬁﬁ%g §n<9fne[h§;1 ?Jéf“‘ﬁl? %e%@?ﬁr‘?%@ﬁggégég%%g
produced, as des:(t]narbed above, it nmay be disposed on, in, or between the
above descr bggg] substrat es before, during, or after cure of an el ectrr cal
| ami nate cd ti on.The hardeger o RWINg ageitomaysiipdudeya ueerl@rdreae%
coatingpa subst rs%&ltWeH Eﬁhé?no‘I%ﬂbéan%%tdr% %(/dﬁ?&‘e PRGA %HE nif}ﬂéé QUS
procedures i ncluding spray coating, curtain ffow coating, at wth a
roll coater or asugaldvmaﬂienaatleclpddoph&tvl cwoabdlandardene, @trepp] ngvomarc hmterres; on

coat i ng. I n.various enb t he substrate nol. ayer or
ot Payer . oSt aaROnBheiEel FEh e e pBLee BRI e 1Gys, a
mul ti-layered pohiiREd Ge@bt.icle, and a netal -coated pol ymer, anong ot hers,
for exanple. In other various enbodi nents, one or nore |ayers of the
curabl e cor{ﬂﬂsﬂr on raysduee dinbpdisenitsorha Iﬂlﬂhxslt netcdac Gotdenermmbay i congayrera
conposi for b varl combi n s of bstrate | ayers

ol ebtr2ar 1 am rERhe TS LEReRIR Ry er b Bherode sty Sbs b erfithed 0 |,
sone errbodl nMent She b eﬁm)trlnlaphtﬁh bRtV thk TBmPBYnL eOho arkioeest propigihgas to
avoi d overheating of a tenperature-sensitive substrate, for exanple. In

ot her embodi menthardeniecdnéaringg bighenynopistiempehe pﬁ:@areriévysramrmg @hendndtht he
cur abl e conposi tbllsen thoxv-met {ene% %fentlhe curabl e conpositions and/ or

var ni shes di scl ose nEiePueryer Pray réaq Ye a tenperature of at |east about 30C,
up to about[p858C, f ormpPeKdrReHoRimdHtd)ehigss H n&@mﬁ?%{&udedcﬁ%ﬁﬂdiaﬂﬁd@%omﬁ

epoxy resin, curing agent, WD 2011/ 005925PCT/ US2010/ 041
30 trifluoride monoethylamlne and diaminocyclohexane. Curing agents may also

include imidazoles, their salts, and adducts. These epoxy curing agents are

typically solid at room temperature. Examples of suitable imidazole curing
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and catalyst, if used. In other enbodi ments, curing may occur at a
tenperature of at |east 100C, for periods of mnutes up to hours.
Post -t r eawoentiosey be used as wel |, such post-treat nrenPsTasdimanisty bei ng
at tenperatures between about 100C and 250C. In sonme enbodi nents,
curing may be staged to prevent undesirable tenperature excursions due to
reacti on exothernms. Staging, for exanple, includes curing for a period of
time at a tenperatuseinchldeowed apy @agr limgted oto dmjdizbled Dethytinidizok, h2-gher
tenperature. Staged curing may include two or nore curing stages, and nmay
conmence at tenpiPRlimidaz |%%YQW%®@M%Z%&PBW&&PM%, -BdYhet ow
about 150C in Ot fighyiEARAGIIE U benzimidhbie AP IRAAL HEAYS inGild Bknolic
t enper at ures nmay ra?ilge roma | ower I]let of 30C, 40CS 50C, 60C, 70C, 80C,
90C, 100C, 110C beh2®G@zing3Gnatidaginet50Gdo 260, Aip0@ic emirt80@hydrides, apper
limt of 250C, zigc 230C, 220C, 210C, 200C, 190C, 180C, 170C, 160C, where
the range may b any lower linit to any upper linit. The curabl e
conposi ti ongogipcl oseq sBﬁE%h{EoHﬁﬁ’en?s?tﬁésc%hﬁé a%éht§f?1ﬁ?g§3p5®§m%ﬁto?hﬁhﬁgloh' gh
strength filanments or fibers such as carboh (graphite), "glass, boron, and
the |ike. Conposiomgsundpadogtaannletvlanwalghtitip 30%00 pealouno g¥4p, surhspnm
enbodi nents, and from 40%to 70% i g o%@er enbogi menlts of .these fibers

]II?B F].E/%t-lVe. xa

based on the tot&r™¢8i B 1 guay Pt FEYHE B Lk aeents
conposites, for ifagd! &-cH1BxbpREyI- N Nedmihyhafeamehid PrELUREBHShen IR N-
prepr eggl ng nmethod is char aci})erl zed by inpregnating bands or fabrics of
conti ndfus fi berdigiethyl-areeher nosetting conposition as described herein in

nol ten for ield repre ichis laid an ured to provide a
Composi 1o APUSHer o nBEERyRs ol beenyshagpit B SRBBMER diiSlegan be
used to form el agéindsal F-anhaal @' -g@MRRSSIRAyROIRSRE NNBGylAEdiEMIIAL] ®is(4-
conposi tions disclosed herein. For exanple, filanment w nding, solvent

preplr3 Ieggi ng, angﬁnpn@ﬁriaélm&l}éméemxlbﬂéalllsppr@fglbgmwgétaéffﬁa:hl@]@ésEl??viM@P t he
curabl e conposi n : )r el [ in .or es
may be coa[rgd wiflf?%nt eékdﬁha%ﬁgﬁc%ogﬁqi%lﬁ(,él'%ngli%a&beﬁlygél’%;(}Ilgolpl% ap(r)?'él?\elt%%g\nlgendi ng,
and curleéd to f oravadabtOaPEBONEL061 Won?D2dioh CHeRRRCTOoUS2010/ 041311

[ 0098] Conposi tes di scl osed herein containing silicone-acrylate core/shell
rubber toud@88bhg agethtiel ehiinghiagatsafoniegprer comprinds endyorghhegised.whs Hsed

conpar abl e el ectyigal nt r hes, th tes.for

W ':rﬁout the sil i}%%eglg- ag{r}éjll atf} EB gglrctla g%ﬁ? élwrh chbgif ?@ﬁ%ﬁ%ﬁ? t% g%réﬁrﬁ sa%F%ts'sorre
5 enbodi nents, tlHestmhisethiclenfdsdd dliphstid hidteshchcs aicdhangditiiole plapdhadkthic,

di scl osed herein may have a glass transition tenperature, 'rl"?g3 as neasured
usi ng di f f er ent i AFIOBBRATIHYCk ZrBFCRREPTYlot: 3 imereapsp-syeate 7o -4Imergiier e

t oughnegs, klc, @ r [(0g & ﬁg} 0f 1. 9 nPa
m. | n%gt her enblg@:loggntg &gﬁgﬁtt% ﬁ({ee?dr@’sed%&}éonpo B{C?gﬁg(znglfr(% t\?lgg%&é}als’g

10t ransi ti on t enjimesbhpiopropak medad wtled, bis{(2Agediaptoethghethel, teoathylaigropane
calorinmetry of at dq%\a t 170C, 175C in_ yet other enbodi rrenﬁns. )

[ 0099] Ther noset '£Y VEFIEs PERARY ALY o i ANYCIAPORIDRIA AN PeBPEIBLRY
herein may have @ R%ieacQMMES! t ARIMBIRESIAt WiioglfholAS MRAFMAKIMDbRE

t her nogravi netri qrgna%?/gi S (%?’GA) Qiél'f' a?lpl east 13%0§(§4)0I n ot her ‘ehr%rlb%bo%&i%gents,

15t he t her noset toslbpleghiopmpsonatyy, Waveescaptin dsrivasivs uptdrivgyeidylT@heof ofat

| east 0C, 375C in t.her embodi ments. .[ 001 It .has al sqo been found
that siti cone. advyreay s iR MY SudFe dbh Ry cidReBoided Fipect

t her noset resi nsuB&RekdidsgvidtideeFbOdiaMBRitR tHioke hfsedichBioR Jnchay di- &gl ér i n

i nproved flane retar danc%@r esul ti ng‘ froma synergistic effect between 20
silicone, cont aitpEmercapioberzsughenbisy adifit, 8hd BEniRREcaptRHEAIbsBEENEN an
added fl ane retay. bj | hati ngs hhed 25 11 nder
k94 vy ch 1 oqa PeupteblrARTR lohichkaibal A8, Bh R BAE ARG, nab bR RN E
defined fl ane f aleriqatbyee wffthedrq@eiticothidf; héterecydRatingsonddiniMg Gthiols dychamd V- 2
are obtai ned accordi ng6 to.a nunber of criteria, including flame ting

after g|38W time Hpo-4.6-dithiol-sym-triazine, alkoxy-4,6-dithiol-sym-triazine, aryloxy-4,6-
dithiol-sym-triazine and 1,3,5-tris(3-mercaptopropyl) isocyanurate; halogen-

substituted derivatives of the heterocyclic ring-containing thiols; thiol
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25 cotton-igniting drips. Thernoset resins according to enbodi nents
di scl osed herein may have UL-94 vertical burn ratings of V-0, indicating
t hat bur mvogosttoopesw t hin 10 seconds after two appli cat ipcmaisedioersiseconds
each of a flane to a test bar, with no flamng drips. In sonme enbodi nents,
the average tinme elapsed for the burning to stop (flanme extinguishing tine)
during a first burn 30may be |less than 0.9 seconds; |ess than 0.7 seconds
i n ot her enbodi nentppund Ol afieasc tivablegapongrospst dindnenaidng euif@sitdresin
descri bed herein may be useful as adhesives, structural and electrical
| ani nates, coatidg¥ionmartPne iy PETEPOOSFBERET/ USSH10£D41851 cdBFi ngdt
conposi tes, powdek, GRALHRGRyIRINESLZYES biG a3l NGS et ULhHbER AL ARG
aer ospace industrya,l( aﬂ(ﬁbasﬁ?}rcﬁ oards’ and tglﬁee ﬁt(lﬁle T%lftj)ltr6 t he e?aect Foni cs
induist ry. EgOlDZji&(FlemSap@quyt»odidmmﬂl' b@ thgdrpmyaéltmsﬂﬁ(hahm_t' metdap?grm@' ate),
resul ti er ngs res . e used in conposites, coatings,
adhesi vgg or gggﬁ%yglkyﬁak%&a%gcqﬂt%ggg& on, n})nr,nel_i‘}f"?tﬁ‘é@ en \g/ar?tgﬁrs.
To a substate fa e based prohr o e Rtk RRy: | o
substrates incl ubiedigimoliexapgl é),iS(glIe@@Btoéﬁ@t hester),glthiodipropiernic g¢i§s§i%§%rper,
PR L S R M A e R
| ayer may be fOftﬁﬁﬁhéﬁ&dﬁlﬂi@l,|b@dﬁdi!lﬁ?thﬁ)lbncDIZ,GFHiﬁJ@rc‘dbﬁohl,&,ﬂ—tﬁia&'ﬁfz(ﬁll cal conductive
material . As used herein, suitable electrical conductive materials include
el ectril®al [88Adlict i velheetuaing agent mayslssdpspenuclegphiic substyrae, sugh at amaminand
P € L e B T g T
EXAMPLES Sanpl e gl@&ihang phosphonitifiesaltolitio winagle il esioanth iciapalahitmeiaganpl e
are analyzed for the thermal and nechani cal characterization (including
di fferential scafinign calt orifhatugleopisly anigie A ReleHERY calforina) sadi with Avp) |
dynam ¢ nechani cal pgl. gnal ysis (DMIA), thernogravinetric anal ysis
(T&Y, and nechgﬁﬁcggpﬁglggltlﬁoﬁg (fracture toughness and tensile properties)).
IDi err a5t |t a[[)OSNg}an ga ntg?mﬁiag{é ipﬂ@h%%e(gImcgl)arem{ﬂeﬂamT@idaé@orpﬁt?@pﬁse}dre@ims,a TA

, orimeter. Two scans_from an
_egﬁi “Jg? at Zd(tevr%smlgltia‘ﬁ% e )@3 Fylatgy FERatalsPo b mMtHiZEh Asr CHIg 8gEHS-wi I an
interim cool - dOmd%g}g%éﬂsﬁwﬁﬁﬁclf%ﬁie‘%gﬁ%ef19 edeagfbn%gpeln‘?in%sn%%re?rp%
al um num pan. A third scan is perforned at a heating rate o m n.
Re]E)?)r t ted gl ass tana?e; 1gthompaﬂaﬂaele:ﬂm;ﬁetﬂ3aat_ua;t:laec( tbghe ma;lmrent sh rmgrmangmbmmddf romthe
i nflection 0 e heat capacity curve on the second scan. ,
Ther momechdSa] anal YSIENTTRMIU B R HeHEE 2arslepahifio Aron U uadstacuring
| nstrumpnts Q 499:4 ih Sl Gn SRRSO MR Ry STRIE Sedtefy T diflohiln? VIO
2011/ 005925PCT/ US2010/ 041311 desi ccator overni gfht prior to analysis, and
t he tenper at ur e dhiorideneacptopyt emtmonRind Geatte 1 DG/yirtmmethgl amchonomi branent s of
t hermal expansiqn E s re calculated fromthe second scan. . "T260"
o the tn T eqdepel FEReY SHORBOE ottt Yo HER ATEPR g EH el to
260C. A sinmlar difﬁ@thg lilBiun] 2&3 ﬁnaw'NHn&Eﬁ?ﬁﬁﬁﬁliﬁlheplﬁﬁb@{& Mahiefyl L | me
at 288C. T260 and T288 are al so o_le%yerm ned by thernogravinmetric analysis
(TMA) . The sarrpIQeChgtlarOMJﬁtﬂledlm _c)hlgﬁ@sz;r?mwlgfeolﬁgeamdmhmdqmpm F‘kw? unti | isuch
decompad: tiBOU o det Bt waopage P CHEnS B0 i e A 4 S ity e ERUSHON e
sanpl e i s heat edefer88Go manufhMMAM Gpé@GARBhEalor t hendRl  afRlikRntiticPMIA)
is performed on an ARES LS rheoneter (Rheonetric Scientific, Piscataway,
NJ) equi pped wi tMariadwel spasiicatials wenbr okt dvamishitheruamdageatisagul ar
Do et R ISR £0 Ralok e B AR SRR R ol
Ther nogr avi net r iwitafd Neas o Kol p¥RR! IATRABivalye thesdliar fithgOipeat TAy be
Instrunents Q 50. Dry sanples are anal yzed by a ra fromroomtenperature
to 60080at 10C/ revedisisig ndiffersgtinl Hsandilng) r gpdOryBRTY %@egﬁ adatermaine  the
tenperatures (T i L i . . of
the starting rraga)énﬁglgoulqg)tsrt% ?%ﬂﬂ& E%&g%?ﬁrtégg@g%ﬁﬁn%ﬁga% &&ma% %6&?1%?5%9 of
the sanples is perfornmed in accordance with ASTM D-5045. The sanples are
cut using a water-jet cutter to mnimze cracking and residual stress. A
m ni nrum of five anal yses are perforned and averaged. Tensil e testing
is performed on sel ected sanples according to ASTM D638 with the exception
of sanple size. For these tests, the nomnally 1/8- inch thick thernpset
pl aques were cut into 0.5 inch by 2.75 inch pieces with a 1/8-inch gauge
wi dt h. Wat er uptake is nmeasured by nol ding the sanple powders (the
powders 30 of the epoxy resin conpositions) to formtest pieces with a

o, AL 12 oy o, A — g




put into a constant tenperature humdity chanber, which was set at a WO
2011/ 005925PCT/ US2010/ 041311 tenperature of 85C and a relative humdity of
85% for WO 2hownos925A variation in weight is nmeasured beorasandoafsuier the
chanmber to cal culate the water uptake. [00112] Copper peel strength is
measured in accordance with IPCTM 650-2.4.8. 5 [00113] Flammability
characteristics of the sanples are neasured according to UL-94V, vertical
burni ng test, whke eulilpeageas forimixrey #ah ngdresin @imporivh ib eftherpignid pesolidens.
[00114]Blistering during solder dip exposure resulting froma

pre-condi tioni ngfg%i sture pickup was neasur ed according to I PC test nethod

™ 650. 10&@@%! eaval BQ%I’F:?I)%%HQ" orgfofsc %ed&%gﬁyé(fié gﬂ%ﬁe@%ﬁ' ingf ubber
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bisphenol A or TBBA with TBBA-diglycidyl ether, and reaction products of
bisphenol A diglycidyl ether with TBBA.
[0063] Non-brominated flame retardants include the various materials derived
15 from DOP (9,10-dihydro-9-oxa-10-phosphaphenanthrene 10-oxide) such as
DOP-hydroquinone (10-(2",5'-dihydroxyphenyl)-9,10-dihydro-9-oxa-10-
phosphaphenanthrene 10-oxide), condensation products of DOP with glycidyl
ether derivatives of novolacs, and inorganic flame retardants such as aluminum
trihydrate and aluminum phosphinite.
20 [0064] Mixtures of one or more of the above described flame retardant

additives may also be used.

OTHER ADDITIVES
[0065] Compositions disclosed herein may optionally include synergists, and
25 conventional additives and fillers. Synergists may include, for example,

magnesium hydroxide, zinc borate, and metallocenes), solvents (e.g., acetone,
methyl ethyl ketone, and DOWANOL™ PMA). Additives and fillers may
include, for example, silica, glass, talc, metal powders, titanium dioxide,
wetting agents, pigments, coloring agents, mold release agents, coupling agents,
30 ion scavengers, UV stabilizers, flexibilizing agents, and tackifying agents.
Additives and fillers may also include fumed silica, aggregates such as glass

beads, polytetrafluoroethylene, polyol resins, polyester resins, phenolic resins,
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agent used for 15this exanple is METABLEN SX-005, a silicone-acrylate
core/ shel | rubbedl aveagtinghpreorfto grdiiansigbihs fipoRayesin cPaippsition. 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

10 formulating the composition and the desired reaction product.

[0066] In other embodiments, compositions disclosed herein may include
additional toughening agents. Toughening agents function by forming a
secondary phase within the polymer matrix. This secondary phase is rubbery
and hence is capable of crack growth arrestment, providing improved impact

15 toughness. Toughening agents may include polysulfones, silicon-containing

elastomeric polymers, polysiloxanes, and other rubber toughening agents
known in the art.

[0067] In some embodiments, minor amounts of higher molecular weight,

relatively non-volatile monoalcohols, polyols, and other epoxy- or isocyanato-

20 reactive diluents may be used, if desired, to serve as plasticizers in the curable
and thermoset compositions disclosed herein. For example, isocyanates,
isocyanurates, cyanate esters, allyl containing molecules or other ethylenically
unsaturated compounds, and acrylates may be used in some embodiments.
Exemplary non-reactive thermoplastic resins include polyphenylsulfones,

25 polysulfones, polyethersulfones, polyvinylidene fluoride, polyetherimide,
polyphthalimide, polybenzimidazole, acrylics, phenoxy, and urethane. In other
embodiments, compositions disclosed herein may also include adhesion
promoters such as modified organosilanes (epoxidized, methacryl, amino),
acetylacetonates, and sulfur containing molecules.

30 [0068] In yet other embodiments, compositions disclosed herein may include
wetting and dispersing aids, for example, modified organosilanes, BYK 900

series and W 9010, and modified fluorocarbons. In still other embodiments,

19



Target Fornul ati on Actual Fornul ation Sol i ds Conponents EEW ( g/ equi v)
% solids phr W % Sol. W Actual W D.E. N Tm 438 EK-85 180 85 42.20
1849. 06 MO20MM05925 PCT/US2010/041311

compositions disclosed herein may include air release additives, for example,

BYK A530, BYK A525, BYK A555, and BYK A560. Embodiments disclosed

herein may also include surface modifiers (e.g., slip and gloss additives) and

mold release agents (e.g., waxes), and other functional additives or prereacted
5 products to improve polymer properties.

[0069] Some embodiments may include other co-reactants that may be
incorporated to obtain specific properties of the curable and electrical laminate
compositions disclosed herein. Mixtures of co-reactants and/or one or more of
the above described additives may also be used.

10 [0070] In other embodiments, thermosetting compositions disclosed herein may
include fibrous reinforcement materials, such as continuous and/or chopped
fibers. The fibrous reinforcement material may include glass fibers, carbon
fibers, or organic fibers such as polyamide, polyimide, and polyester. The
concentration of fibrous reinforcements used in embodiments of the

15 thermosetting compositions may be between about 1 percent to about 95
percent by weight, based on the total weight of the composition; between
about 5 percent and 90 percent by weight in other embodiments; between
about 10 percent and 80 percent in other embodiments; between about 20
percent and 70 percent in other embodiments; and between 30 percent and 60

20 percent in yet other embodiments.

[0071] In other embodiments, compositions disclosed herein may include
nanofillers. Nanofillers may include inorganic, organic, or metallic, and may
be in the form of powders, whiskers, fibers, plates or films. The nanofillers
may be generally any filler or combination of fillers having at least one

25 dimension (length, width, or thickness) from about 0.1 to about 100
nanometers. For example, for powders, the at least one dimension may be
characterized as the grain size; for whiskers and fibers, the at least one
dimension is the diameter; and for plates and films, the at least one dimension
is the thickness. Clays, for example, may be dispersed in an epoxy resin-based

30 matrix, and the clays may be broken down into very thin constituent layers
when dispersed in the epoxy resin under shear. Nanofillers may include clays,

organo-clays, carbon nanotubes, nanowhiskers (such as SiC), SiO,, elements,
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anions, or salts of one or more elements selected from the s, p, d, and f groups
of the periodic table, metals, metal oxides, and ceramics.
[0072] The concentration of any of the above described additives, when used in
the thermosetting compositions described herein, may be between about 1
5 percent and 95 percent, based on the total weight of the composition; between
2 percent and 90 percent in other embodiments; between 5 percent and 80
percent in other embodiments; between 10 percent and 60 percent in other
embodiments, and between 15 percent and 50 percent in yet other
embodiments.

10

COMPOSITIONS
[0073] Curable or hardenable compositions, or varnishes prepared therefrom
disclosed herein may include at least one epoxy resin, at least one curing
agent, and at least one silicone-acrylate core/shell rubber toughening agent. In

15 some embodiments, curable compositions and/or varnishes disclosed herein
may additionally include a catalyst. In other embodiments, curable
compositions and/or varnishes disclosed herein may include a reinforcing
agent. Curable compositions and/or varnishes may be formed, in some
embodiments, by admixing the above components.

20  [0074] The desired amount of epoxy resin in the curable composition and/or
varnish may depend on the expected end use. Additionally, as detailed above,
reinforcing materials may be used at substantial volume fractions; thus, the
desired amount of epoxy resin may also depend on whether or not a
reinforcing material is used. In some embodiments, curable compositions

25 and/or varnishes may include from about 30 to about 98 volume percent epoxy
resin. In other embodiments, curable compositions and/or varnishes may
include 65 to 95 volume percent epoxy resin; from 70 to 90 volume percent
epoxy resin in other embodiments; from 30 to 65 volume percent epoxy resin
in other embodiments; and from 40 to 60 volume percent epoxy resin in yet

30 other embodiments.

[0075] Compositions may include from about 0.1 to about 30 volume percent of

the silicone-acrylate core/shell rubber toughening agent in some embodiments.
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In other embodiments, curable compositions may include from about 1 to
about 25 volume percent silicone-acrylate core/shell rubber toughening agent;
and from about 2 to about 20 volume percent silicone-acrylate core/shell
rubber toughening agent in yet other embodiments.
5 [0076] The amount of reinforcing material in the composition may vary
depending on the type and form of the reinforcing material and the expected
end product. Curable compositions may include from about 20 to about 70
volume percent reinforcing materials in some embodiments. In other
embodiments, curable compositions may include from about 30 to about 65
10 volume percent reinforcing materials; and from 40 to 60 volume percent
reinforcing materials in yet other embodiments.

[0077] 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

15 additives; and from 0.5 to 2.5 volume percent optional additives in yet other
embodiments.

[0078] The amount of catalyst used may vary from 0.1 to 20 parts per hundred
parts epoxy resin, by weight, in some embodiments. In other embodiments,
catalyst may be used in an amount ranging from 1 to 15 parts per hundred

20 parts epoxy resin, by weight; and from 2 to 10 parts per hundred parts epoxy
resin, by weight, in yet other embodiments. The specific amount of catalyst
used for a given system should be determined experimentally to develop the
optimum in properties desired.

[0079] Similarly the specific amount of curing agent used for a given system

25 should be determined experimentally to develop the optimum in properties
desired. Variables to consider in selecting a curing agent and an amount of
curing agent may include, for example, the epoxy resin composition (if a
blend), the desired properties of the cured composition (flexibility, electrical
properties, etc.), desired cure rates, as well as the number of reactive groups

30 per catalyst molecule, such as the number of active hydrogens in an amine.
The amount of curing agent used may vary from 0.1 to 150 parts per hundred

parts epoxy resin, by weight, in some embodiments. In other embodiments,
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hundred parts epoxy resin, by weight; and the curing agent may be used in an
amount ranging from 10 to 90 parts per hundred parts epoxy resin, by weight,

in yet other embodiments.

ELECTRICAL LAMINATE COMPOSITIONS / VARNISH
[0080] The proportions of components may depend, in part, upon the properties
desired in the electrical laminate composition or coating to be produced, the
desired cure response of the composition, and the desired storage stability of
10 the composition (desired shelf life). For example, in some embodiments,
curable compositions may be formed by admixing the epoxidized
cycloaliphatic olefin polymer, one or more epoxy resins, one or more
hardeners, and other components as desired, where the relative amounts of the
components may depend upon the desired properties of the electrical laminate
15 composition.
[0081] In some embodiments, the epoxidized cycloaliphatic olefin polymer may
be present in curable compositions disclosed herein in an amount range from
0.1 to 5 weight percent of the curable composition. In other embodiments, the
epoxidized cycloaliphatic olefin polymer may be present in curable
20 compositions disclosed herein in an amount range from 0.5 to 2.5 weight
percent of the curable composition; and from about 1.0 to 2.0 weight percent
of the curable composition in other embodiments.
[0082] In some embodiments, the epoxy resin may be present in an amount
range from 0.1 to 99 weight percent of the curable composition. In other
25 embodiments, the epoxy resin may range from 5 to 90 weight percent of the
curable composition; from 10 to 80 weight percent in other embodiments; and
from 10 to 50 weight percent in yet other embodiments.
[0083] The proportions of other components may also depend, in part, upon the
properties desired in the electrical laminate composition or coating to be
30 produced. For example, variables to consider in selecting curing agents and
amounts of curing agents may include the epoxy composition (if a blend), the

desired properties of the electrical laminate composition (T,, Tq, flexibility,
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electrical properties (Dg, Dy), etc.), desired cure rates, and the number of
reactive groups per catalyst molecule, such as the number of active hydrogens
in an amine. In some embodiments, the amount of curing agent used may vary
from 0.1 to 150 parts per hundred parts epoxy resin, by weight. In other

5 embodiments, the curing agent may be used in an amount ranging from 5 to 95
parts per hundred parts epoxy resin, by weight; and the curing agent may be
used in an amount ranging from 10 to 90 parts per hundred parts epoxy resin,
by weight, in yet other embodiments. In yet other embodiments, the amount
of curing agent may depend on components other than the epoxy resin.

10 [0084] In some embodiments, thermoset resins formed from the above
described curable compositions may have a glass transition temperature, as
measured using differential scanning calorimetry, of at least 140°C. In other
embodiments, thermoset resins formed from the above described curable
compositions may have a glass transition temperature, as measured using

15 differential scanning calorimetry, of at least 145°C; at least 150°C in other
embodiments; at least 175°C in other embodiments; and at least 200°C in yet
other embodiments.

[0085] The curable compositions described above may be disposed on or
impregnated in a substrate and cured.

20

SUBSTRATES
[0086] The substrate or object is not subject to particular limitation. As such,
substrates may include metals, such as stainless steel, iron, steel, copper, zinc,
tin, aluminum, alumite and the like; alloys of such metals, and sheets which

25 are plated with such metals and laminated sheets of such metals. Substrates
may also include polymers, glass, and various fibers, such as, for example,

carbon/graphite; boron; quartz; aluminum oxide; glass such as E glass, S glass,

S-2 GLASS® or C glass; and silicon carbide or silicon carbide fibers
containing titanium. Commercially available fibers may include: organic
30 fibers, such as KEVLAR; aluminum oxide-containing fibers, such as
NEXTEL fibers from 3M; silicon carbide fibers, such as NICALON from

Nippon Carbon; and silicon carbide fibers containing titanium, such as
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TYRRANO from Ube. In some embodiments, the substrate may be coated
with a compatibilizer to improve the adhesion of the electrical laminate

composition to the substrate.

5 COMPOSITES AND COATED STRUCTURES
[0087] In some embodiments, composites may be formed by curing the
electrical laminate compositions disclosed herein. In other embodiments,
composites may be formed by applying a curable epoxy resin composition to a

substrate or a reinforcing material, such as by impregnating or coating the

10 substrate or reinforcing material, and curing the electrical laminate
composition.
[0088] After the varnish has been produced, as described above, it may be

disposed on, in, or between the above described substrates, before, during, or
after cure of an electrical laminate composition.

15 [0089] For example, a composite may be formed by coating a substrate with a
varnish. Coating may be performed by various procedures, including spray
coating, curtain flow coating, coating with a roll coater or a gravure coater,
brush coating, and dipping or immersion coating.

[0090] In various embodiments, the substrate may be monolayer or multi-layer.

20 For example, the substrate may be a composite of two alloys, a multi-layered
polymeric article, and a metal-coated polymer, among others, for example. In
other various embodiments, one or more layers of the curable composition
may be disposed on a substrate. Other multi-layer composites, formed by
various combinations of substrate layers and electrical laminate composition

25 layers are also envisaged herein.

[0091] In some embodiments, the heating of the varnish may be localized, such
as to avoid overheating of a temperature-sensitive substrate, for example. In
other embodiments, the heating may include heating the substrate and the
curable composition.

30 [0092] Curing of the curable compositions and/or varnishes disclosed herein
may require a temperature of at least about 30°C, up to about 250°C, for

periods of minutes up to hours, depending on the epoxy resin, curing agent,
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and catalyst, if used. In other embodiments, curing may occur at a
temperature of at least 100°C, for periods of minutes up to hours. Post-
treatments may be used as well, such post-treatments ordinarily being at
temperatures between about 100°C and 250°C.

5 [0093] In some embodiments, curing may be staged to prevent undesirable
temperature excursions due to reaction exotherms. Staging, for example,
includes curing for a period of time at a temperature followed by curing for a
period of time at a higher temperature. Staged curing may include two or
more curing stages, and may commence at temperatures below about 180°C in

10 some embodiments, and below about 150°C in other embodiments.

[0094] In some embodiments, curing temperatures may range from a lower
limit of 30°C, 40°C, 50°C, 60°C, 70°C, 80°C, 90°C, 100°C, 110°C, 120°C,
130°C, 140°C, 150°C, 160°C, 170°C, or 180°C to an upper limit of 250°C,
240°C, 230°C, 220°C, 210°C, 200°C, 190°C, 180°C, 170°C, 160°C, where the

15 range may be from any lower limit to any upper limit.

[0095] The curable compositions disclosed herein may be useful in composites
containing high strength filaments or fibers such as carbon (graphite), glass,
boron, and the like. Composites may contain from about 30% to about 70%,
in some embodiments, and from 40% to 70% in other embodiments, of these

20 fibers based on the total volume of the composite.

[0096] 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 thermosetting composition as described
herein in molten form to yield a prepreg, which is laid up and cured to provide

25 a composite of fiber and epoxy resin.

[0097] Other processing techniques can be used to form electrical laminate
composites containing the curable compositions disclosed herein.  For
example, filament winding, solvent prepregging, and pultrusion are typical
processing techniques in which the curable composition may be used.

30 Moreover, fibers in the form of bundles may be coated with the curable

composition, laid up as by filament winding, and cured to form a composite.
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[0098] Composites disclosed herein containing silicone-acrylate core/shell
rubber toughening agents may have a higher fracture toughness, with
comparable electrical and thermal properties, than composites formed without
the silicone-acrylate core/shell rubber toughening agents. In some

5 embodiments, thermoset compositions formed according to embodiments
disclosed herein may have a glass transition temperature, T,, as measured
using differential scanning calorimetry of at least 165°C and a fracture
toughness, kj., as measured according to ASTM D-5045, of at least 1.0 mPa
m®>. In other embodiments, the thermoset compositions may have a glass

10 transition temperature, as measured using differential scanning calorimetry of
at least 170°C; 175°C in yet other embodiments.

[0099] Thermoset compositions formed according to embodiments disclosed
herein may have a 5% decomposition temperature, T4, as measured using
thermogravimetric analysis (TGA) of at least 365°C. In other embodiments,

15 the thermoset compositions may have a Tq4, as measured using TGA of at least
370°C; 375°C in yet other embodiments.

[00100] It has also been found that silicone-acrylate core/shell rubber toughening
agents used in thermoset resins according to embodiments disclosed herein may
result in improved flame retardancy resulting from a synergistic effect between

20 silicone, contained in the toughening agent, and bromine, contained in an added
flame retardant. Flammability ratings are obtained by testing under UL-94
which requires the exposure of a defined test sample of material to a defined
flame for a specified period of time. Ratings of V-0, V-1, and V-2 are obtained
according to a number of criteria, including flame time, afterglow time, and

25 cotton-igniting drips. Thermoset resins according to embodiments disclosed
herein may have UL-94 vertical burn ratings of V-0, indicating that burning
stops within 10 seconds after two applications of ten seconds each of a flame to
a test bar, with no flaming drips. In some embodiments, the average time
elapsed for the burning to stop (flame extinguishing time) during a first burn

30 may be less than 0.9 seconds; less than 0.7 seconds in other embodiments.

[00101] The curable compositions and composites described herein may be

useful as adhesives, structural and electrical laminates, coatings, marine
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coatings, composites, powder coatings, adhesives, castings, structures for the
aerospace industry, and as circuit boards and the like for the electronics
industry.
[00102] In some embodiments, the curable compositions and resulting thermoset
5 resins may be used in composites, coatings, adhesives, or sealants that may be
disposed on, in, or between various substrates. In other embodiments, the
curable compositions may be applied to a substrate to obtain an epoxy based
prepreg. As used herein, the substrates include, for example, glass cloth, a
glass fiber, glass paper, paper, and similar substrates of polyethylene and
10 polypropylene. The obtained prepreg may be cut into a desired size. An
electrical conductive layer may be formed on the laminate / prepreg with an
electrical conductive material. As used herein, suitable electrical conductive
materials include electrical conductive metals such as copper, gold, silver,
platinum and aluminum. Such electrical laminates may be used, for example,

15 as multi-layer printed circuit boards for electrical or electronics equipment.

EXAMPLES
Sample Testing
[00103] The following Samples and Comparative Sample are analyzed for the
20 thermal and mechanical characterization (including differential scanning
calorimetry (DSC), thermomechanical analysis (TMA), dynamic mechanical
thermal analysis (DMTA), thermogravimetric analysis (TGA), and mechanical
testing (fracture toughness and tensile properties)).
[00104] Differential scanning calorimetry (DSC) experiments are performed on a
25 TA Instruments (New Castle, DE) Q-1000 Calorimeter. Two scans from an
equilibrated temperature of 35°C to 275°C at 10°C/min under nitrogen with an
interim cool-down at 10°C/min are performed for each sample in an open
aluminum pan. A third scan is performed at a heating rate of 20°C/min.
Reported glass transition temperature (Ty) values were measured from the
30 inflection point of the heat capacity curve on the second scan.
[00105] Thermomechanical analysis (TMA) experiments are performed on a TA

Instruments Q-400 with a micro-expansion probe. Samples are dried in a

28



Copper Peel Strength | bf per inch of wwdth 7.3 6.3 * Klc data was obtai ned
fromthe neat resin casting wth the sanme conposition. WO

2011/ 005926RaT/0082610/ 041311 [00121] Test results for Exaoplusgoid/oarsdr 3 are
conpared to the Conparative Exanple in Table 5. Table 5 Sanple Conp. Ex.
Exanple 2 Exanple 3 Laminate thickness 1.6 1.44- 1.60 1.40 - 1.56 Tdl
(10C/ mn) 171 170 170 Tg2 (10C/ min) 173

desiccator overnight prior to analysis, and the temperature is ramped twice to
275°C at 10°C/min. T, and coefficients of thermal expansion (CTE’s) are
calculated from the second scan.

[00106] “T260” is the time required for a laminate to begin to delaminate when

5 heated to 260°C. A similar indicator is ‘“T288,” which measures the
delamination time at 288°C. T260 and T288 are also determined by
thermogravimetric analysis (TMA). The sample is heated to 260°C and held
at that temperature until such time as a measureable change in sample
thickness, as a result of thermal decomposition, is detected. T288 is measured

10 in the same way, except the sample is heated to 288°C.

[00107] Dynamic mechanical thermal analysis (DMTA) is performed on an
ARES LS rheometer (Rheometric Scientific, Piscataway, NJ) equipped with
an environmental controlled oven chamber and rectangular plate fixtures. For
1.75 inch by 0.5 inch by 0.125 inch samples, a 0.1% strain is applied at 1 Hz

15 while ramping to 250°C at 3°C/min.

[00108] Thermogravimetric analyses (TGA) experiments are performed on a TA
Instruments Q-50. Dry samples are analyzed by a ramp from room
temperature to 600°C at 10°C/min using nitrogen as a purge gas. The
degradation temperatures (Tq4) are determined by the temperature at which 5

20 percent of the starting mass was lost.

[00109] Fracture toughness (kj. and Gy.) testing of the samples is performed in
accordance with ASTM D-5045. The samples are cut using a water-jet cutter
to minimize cracking and residual stress. A minimum of five analyses are
performed and averaged.

25 [00110] Tensile testing is performed on selected samples according to ASTM
D638 with the exception of sample size. For these tests, the nominally 1/8-
inch thick thermoset plaques were cut into 0.5 inch by 2.75 inch pieces with a
1/8-inch gauge width.

[00111] Water uptake is measured by molding the sample powders (the powders

30 of the epoxy resin compositions) to form test pieces with a thickness of 3 mm
and a diameter of 50 mm. After being post-cured at 175°C, the test pieces are

put into a constant temperature humidity chamber, which was set at a
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170 172 Tg3 (20C/ mn) 180 174 176 Td (5% w. loss) 363 371 367 Resin

content (% 42.1 44 43 T288 (nin) 43.1 >30 >30 CTE (<Tg ppn) 50.6 60 53 CTE

(>Tg ppmMwWa291150223 PCT/US2010/041311
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temperature of 85°C and a relative humidity of 85%, for 72 hours. A variation
in weight is measured before and after the chamber to calculate the water
uptake.

[00112] Copper peel strength is measured in accordance with IPC-TM-650-2.4.8.

[00113] Flammability characteristics of the samples are measured according to
UL-94V, vertical burning test, where the test is performed on at least 5 sample
specimens.

[00114] Blistering during solder dip exposure resulting from a pre-conditioning

moisture pickup was measured according to IPC test method TM-650.

Example 1

[00115] 15 grams of silicone-acrylate core/shell rubber (METABLEN SX-006,
available from Mitsubishi Rayon) is added to 85 grams of methyl ethyl ketone
(MEK) and thoroughly mixed using a rotor device at 2000 rpm for 30 minutes.
A stable white dispersion is obtained for use in a laminate composition having
the formulation as shown in Table 1. D.E.N.™ 438EKS85 is a solution of a
phenol epoxy novolac resin in MEK having multi-epoxy functionality of about
3.6, and having an epoxide equivalent weight of about 180 gram per
equivalent, available from The Dow Chemical Company, Midland, Michigan.
D.ER.™ 560 is a brominated epoxy resin of the tetrabromobisphenol A
epichlorohydrin type having an epoxide equivalent weight of about 450 grams
per equivalent, also available from The Dow Chemical Company, Midland,
Michigan. ReziCure™ 3026 is a phenolic novolac hardener (epoxy curative /
co-reactant) available from SI Group.

Table 1. Example 1 Formulation

Component Amount (wt.%)
D.E.N."" 438EK85 44.31
D.E.R." 560 22.14
ReziCure " 3026 33.55
Dispersed METABLEN 5 pph
[00116] The components as shown in Table 1 are added to a glass vessel and

mixed in a shaker, and further MEK is added until the viscosity of the
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232 Cu Peel (Ib force/inch width) 7.3 5.4 5.9 Water Uptake (% 0.3 0.32
0.34 Solder Dip @550F (%Pass) 100 100 100 Strain Energy Rel ease Rate, Gl,
(kJ/ n2) OWR2011000588 0.542 T260 (mn) > 30 mn > 30 mM n PCRASAMN/04B11
[00122] Fl ammabil ity test nmeasurenents (vertical burning test) are presented
I n Tabl e 6.

formulation is B on the Gardner scale. The total solids are 66.3%. After the
solution becomes homogeneous, 2-methyl imidazole (0.3 wt.%) is added and
the solution is shaken for 10 minutes.
[00117] The varnish prepared as described above is used to prepare hand paints.
5 The laminates are then pressed using these hand paint prepregs. Properties of
the laminates formed in Example 1 are compared to a control sample
(Comparative Example) in Table 1A. The Comparative Example, is the
same formulation described in Table 1, without the dispersed METABLEN,

with the formulation of the Comparative Example given in Table 1A.

10 Table 1A. Formulation of Comparative Example
Component Amount (wt.%)
D.E.N."™ 438EK85 44.31
D.ER." 560 22.14
ReziCure™ 3026 33.55
Example 2
[00118] A varnish is prepared in a similar manner to that described for Example

1 having the formulation as shown in Table 2. The toughening agent used for

15 this example is METABLEN SX-005, a silicone-acrylate core/shell rubber
available from Mitsubishi Rayon.
Table 2.
Target Formulation Actual Formulation

Solids
Components EEW (glequiv) | % solids phr Wt % Sol. Wt Actual Wt
D.E.N."438 EK-85 180 85 4220 | 1849.06 1849.10
D.ER™. 560 450 70 21.09 | 1122.14 1122.90
ReziCure™ 3026 104 50 50.48 3195 | 2380.00 2380.40
Metablen SX-005 0 15 4.76 1182.40 1182.38
Total 100.00 6533.60 6534.78
% Bromine 10.3%

Solids= | 57.01%
i}%’ (20% NV in Dow 20 | 0047 | 0030 | 550 5.00

Example 3
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Tabl e 6.

Exanpl e 2 Exanple 3 Conp. Ex. Specinen Numnber

1st Burn (s) 2nd

Burn (s) 1st Burn (s) 2nd Burn (s) 1st Burn (s) 2nd Burn (s) 1 0.6 3.1 0.4
6.7 0.7 WO 2011/005925

10

[00119]

PCT/US2010/041311

A varnish is prepared in a similar manner to that described for Example

1 having the formulation as shown in Table 3. METABLEN SX-006 is a

silicone-acrylate core/shell rubber available from Mitsubishi Rayon. D.E.R.™

592 is a brominated epoxy resin having an epoxide equivalent weight of about

360 grams per equivalent, available from The Dow Chemical Company,

Midland, Michigan.

Table 3
. Actual
Target Formulation Formulation
Solids
Components EEW (g/equiv)|% solids| phr | Wt % | Sol. Wt | Actual Wt
D.ER™ 592 - ASO 360 80 0.00 | 0.00 0.00
D.EN."M438 EK-85 180 85 42.20|1849.06| 1849.16
D.E.R."™ 560 450 70 21.09 |1122.14| 1123.00
ReziCure™ 3026 104 50 |[50.48|31.95(2380.00| 2381.50
Metablen SX-006 0 15 4776 [1182.40| 1182.60
Total 100.00|6533.60| 6536.26
% Bromine 10.3%
solids=| 57.01%
2-MI (20% NV in Dow PM) 20 [0.047(0.030| 5.50 5.00
Results
[00120] Test results for Example 1 and the Comparative Example are given in
Table 4.
Table 4
Property Units Comparative Example | Example 1
Laminate Thickness mm 1.6 1.48 — 1.66
T, (10°C/minute) °C 171 169
T,> (10°C/minute) °C 173 170
T,3 (20°C/minute) °C 180 174
T4 (5% weight loss) °C 366 366
Resin Content % 42.1 46
T288 minutes 43.1 27
CTE (< Ty) ppm 50.6 54
CTE (> T,) ppm 229.5 208.4
Water Uptake % 0.3 0.3
K. * mPa m"’ 0.7 1.1
T260 minutes >30 minutes >30 minutes
Copper Peel Strength | 1bs per inch of width 7.3 6.3

* Ky, data was obtained from the neat resin casting with the same composition.
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0.94.60.56.20.93.330.91.10.57.91.12.540.90.70.7 3.6
.950.5 3.3
WO 2011/005925 PCT/US2010/041311
[00121] Test results for Examples 2 and 3 are compared to the Comparative
Example in Table 5.
Table 5
Sample Comp. Ex.|Example 2 |[Example 3
Laminate thickness 1.6 1.44 —1.60(1.40 - 1.56
Tgl (10°C/min) 171 170 170
Tg2 (10°C/min) 173 170 172
Tg3 (20°C/min) 180 174 176
Td (5% wt. loss) 363 371 367
Resin content (%) 42.1 44 43
T288 (min) 43.1 >30 >30)
CTE (<Tg ppm) 50.6 60 53
CTE (>Tg ppm) 229.5 223 232
Cu Peel (Ib force/inch width) 7.3 54 5.9
Water Uptake (%) 0.3 0.32 0.34
Solder Dip @ 550F (%Pass) 100 100 100
Strain Energy Release 0.230 0.560 0.542
Rate, G (kJ/m?)
T260 (min) > 30 min | > 30 min | > 30 min
5
[00122] Flammability test measurements (vertical burning test) are presented in
Table 6.
Table 6.
Example 2 Example 3 Comp. Ex.
Specimen | 1" Burn | 2™ Burn | 1¥Burn | 2" Burn | 1" Burn | 2™ Burn
Number (s) (s) (s) (s) (s) (s)
1 0.6 3.1 0.4 6.7 0.7 2.0
2 0.9 4.6 0.5 6.2 0.9 3.3
3 0.9 1.1 0.5 7.9 1.1 2.5
4 0.9 0.7 0.7 3.6 0.8 3.9
5 0.5 3.3 0.7 3.3 2.5 3.9
UL Rating V-0 V-0 V-0

10  [00123] As described above, embodiments disclosed herein provide for curable
compositions including epoxy resins and a core/shell rubber toughening agent.
The resulting thermoset compositions may have dielectric properties suitable

for use in high speed electronic parts, such as printed circuit boards.
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0.7 3.3 2.5 3.9 UL Rating V-0 V-0 V-0 10[00123]As descri bed above,

enbodi nents di scl osed herein provide for curable conpositions including
epoxy reswooanmdsescor e/ shel |l rubber tougheni ng agent. TPhe/useslogismy

t her noset conpositions may have dielectric properties suitable for use in
hi gh speed electronic parts, such as printed circuit boards. WO

2011/ 005925PCT/ US2010/ 041311 [00124]While this invention has been descri bed
in detail f[00124f purwage ek ihldntidhriakitRn debcrifeauindddgt fbeteopgpsdeest as
limted thereby but intended to cover all changes and nodifications wthin

the spirit and sdBpdratinerigghould pgh berppstordgs smatedikzehobgdngrded R0 vers
clainmed is: 1. A goO it gﬂEF' | NGy resin; uring agent;
and 5a siIicone-é@f&P@%g%%gggﬁg elkﬁiﬂg%gﬁﬂegﬁﬁéﬁghﬁé y%gﬁ??on of claim1l
wherein the conposition conprises from0.1 to 30 percent silicone/acrylate
core/ shell rubber by weight, based on a total weight of the curable
conposi tion. 3. The conposition of claim1, further conprising
a bromnated flame 10retardant.
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4. The conposition of claim1l1l, wherein the epoxy resin conprises at |east
one brom nated epoxy resin. 5. A process conprising: dispersing a

si | i cone-wonryliaws2sor e/ shel | rubber in a sol vent; 15adnPkirng2ele4diisper sed
silicone-acrylate core/shell rubber with an epoxy resin and one or nore of
a hardener, a catalyst, and additional solvent to forma curable
conposition. 6. The process of claim5, further conprising adm xing a

br om nat ed Whati d#ibeddsnt with the curabl e conposition. 207. The process
of claimb5, wherein the epoxy resin conprises at |east one brom nated epoxy
resin. 8. The prdced§OBPORHiaR fBPriSi&Er ei n t he curabl e conposition conprises
from0.1 to 30 pd%reg)gg#regw.i cone-acryl ate core/shell rubber by weight, based
on the total weight of thé curable conposition. 259. A varnish produced
fromthe conposiadwmgages| @idn 1. 10. An electrical |amnate prepared from

the varnish of claim9. 11. A ci it board prepared fromthe varnish of
claim 93 12. A (?osgllﬂ‘foﬁlﬁ'aﬁ?yiadﬁf%rﬁ/sg?clgmtbtbﬁ% varni sh of claim9. 13. A

oD £ P25 TSR o, oL B, B8j0h sk 9 moson o
claimo. to 30 percent silicone/acrylate core/shell rubber by weight, based on a total
weight of the curable composition.
3. The composition of claim 1, further comprising a brominated flame
10 retardant.
4. The composition of claim 1, wherein the epoxy resin comprises at least one
brominated epoxy resin.
5. A process comprising:
dispersing a silicone-acrylate core/shell rubber in a solvent;

15 admixing the dispersed silicone-acrylate core/shell rubber with an epoxy resin
and one or more of a hardener, a catalyst, and additional solvent to form a
curable composition.

6. The process of claim 5, further comprising admixing a brominated flame
retardant with the curable composition.

20 7. The process of claim 5, wherein the epoxy resin comprises at least one

brominated epoxy resin.

8. The process of claim 5, wherein the curable composition comprises from
0.1 to 30 percent silicone-acrylate core/shell rubber by weight, based on the
total weight of the curable composition.

25 9. A varnish produced from the composition of claim 1.

10. An electrical laminate prepared from the varnish of claim 9.
11. A circuit board prepared from the varnish of claim 9.
12. A coating prepared from the varnish of claim 9.
13. A composite prepared from the varnish of claim 9.
30 14. A casting prepared from the varnish of claim 9.

15. An adhesive prepared from the varnish of claim 9.
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