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ISOCYANUR 'B%f%ﬁgﬁ SE IN ELECTRICAL LAMINATES BACKGRQ&%@ZQQGB@(’CLOSURE Field
of the Disclostre 100 mbodiments disclosed herein relate generally to isocyanurate-epoxy

formulations.More specifically, embodiments disclosed herein relate to isocyanurate-epoxy
foiinulations having high glass transition temperatures and high decomposition tem%pgeratures.

Background [BERIIRE N ERMRATTION LRNDAMREY s Bk A ERALES balance of
properties. For example, a 3R R % IWEfsEBS Y. AU Fdems with voids, poor fiber

wetting, poor prepreg appearance, and other issues. Resins having a high glass transition temperature
are also desirable. 00031With tiRALAbEAREIUBAR-FEEI3bMdr R Brted circuit boards, the
requirements for dimensional stability of thg cifeit BRafslspave increased, especially due to the higher
melting point of the typical lead-free solders. A particular problem encountered when producing circuit
boards wit{088tifree séiubpdirmaria tHisioarbxparSorrftherEliy bdardSRARBE AR ferpendicular

to the normal plarghAkee. the glass tipasitianierapsaivenf thedesia, zaxis expansion can cause

fracture of the plated-throu h-coce er vias.tha conn%ct CIrFUIt %girnsdnl:{[%%né_&\@@g@shl Igss transition

o . 55
temperatures are tRERTSRE TPCHeaSG demand. Bromifiated resing can be used for lead-free solder

applications. Howdvempgibrommipetadreasins are typically at their limit of thermal stability.
Background

[6002] Resins used in electrical laminate applications often require a good balance of
properties. For example, a resin having a low viscosity may reduce problems with
voids, poor fiber wetting, poor prepreg appearance, and other issues. Resins having a

high glass transition temperature are also desirable.

[0003] With the advent of lead-free solders for printed circuit boards, the
requirements for dimensional stability of the circuit boards have increased, especially
due to the higher melting point of the typical lead-free solders. A particular problem
encountered when producing circuit boards with lead-free solders is the thermal
expansion of the circuit board in the z-axis (perpendicular to the normal plane).
Above the glass transition temperature of the resin, z-axis expansion cap cause
fracture of the plated-through-copper vias that connect circuit layers. Resins with
high glass transition terperatures are therefore in increésing demand. Brominated
resins can be used for lead-free solder applications. However, the brominated resins

are typically at their limit of thermal stability.

[6004] Brominated resins, including oligomers that contain epoxides and
oxazolidones or oxazolidinones, have been used commercially for some time. For
example, U.S. Patent No. 5,112,932 describes a process for preparing solutions of
oxazolidone oligomers terminated with epoxy groups. EP 478606 describes a process
for the preparation of solutions of isocyanurate / oxazolidinone oligomers in which

the oxazolidinone groups predominate.

[0005] Similarly, WO 1990/015089 describes polyoxazolidones prepared by a

process in which various process parameters are controlled in a manner to result in a



100041Brominated resins, including oligomers that contain epoxides and oxazolidones or
oxazolidinones, have been used commercially for some time. For example, U.S. Patent No. 5,112,932
describes a process for preparing solutions of oxazolidone oligomers terminated with epoxy groups.
EP 478606 describes a process for the preparation of solutions of isocyanurate / oxazolidinone

oligomers in whiclpthéuoxazolidinboe Gbupd Pheplaminade. thoA0&d ShmiaghnuéQAN204I1 089
describes polyoxazolido%ra%% eorepare% ?1)6 a Brgcggs in whigp tgarjous fgErocess arameters are controlled

in a manner to resultin a product having from 50 & Tﬁﬁtpercgrﬁ BPHE T EE ﬁact%%%ﬁ Leonverted to

oxazolidone rings mncyfome® tingd pEicentmithecistiopaniapegoaupsidonseetddtio isgicgdnurate rings.

These epoxy termjnated po idaon hibit hi lass trapsition, temperatures angd high
resistance to cherrﬁ%%zgs\?hé%l%%r%e .g%ls%ggei);ﬁéfj”c?éé%%g Et%é&lr %%ecgﬁ%%agre%%ﬂ%uﬁ%ﬁ elé&cfﬁcal
laminates and eledisidabetrdaitivonnds. Birdikanyeidinjioet of. deseiibk igenerrsmethelistforapreparing

mixed isocyanurataﬂc%a;&iiﬂgn%ﬂﬂggﬁgerﬁfl'ﬁy&i&i%ta%'sc&w%@JBQMH@JA%QSP&Y%%&%&EHC& 28,5,

- pages 1729-1741 (1983) and Kinjo et al., Polymer Journal, 14, 6, pages 505-507 ( . [00061U.S.
Patent No. 4,070,425 HifQE MR deatrobis 2 rolisyssisr ipréduiairty thedpwseltivfgdeslied by mixing

one equivalent or me,of Relyfiactanay | NEIeRNEr AGUIRISNLAA aiglyTupciional gprxide in the

presence of a tertiary amine, morpholine derivatives or imidazole catalysts. The resulting resins are
described as havil§&@leiént-atagtricP =04 M&8Rhnical properties and high thermal stability. The

resins are scribe seful in varigus, applications such as_heat resistance insulation
varnishes,iﬁ@%gg resingj?%gr%tﬁﬂ 8n%é§ﬁa‘%l Hﬁ‘?al%ﬁﬁ??@?‘&@%ﬁiﬁ%“ﬁﬁt@f&’m, resins for
laminating boardsiendsesing: faeprintes cincuiiig. HAO0ZhDligamess, sueh ag thosedeserlied above,

prepared by reactllrggcegog% monomers with Iso ﬁnaﬁes a?%ntalﬁeoxa

n uivalent o olyiunction 0X1 n&%lid}jn%ggg.'l%heé)resence of
oxazolidinones allows'for 4 felatl ely hig gfégs nsition te perafure, BUETTRSIRS il %t{?vr%ntage of a

lower decompositimnitemnperpbetafod ¢higattmedoresind 4000 811Acordifihly réseling xistma meed for
improvements in the glass transifis osition temperatures of brominated resins, as well as
methods to manufacsiure t%ege rgés%és.%gcggﬁl?c%ﬁﬁ%]d%%ré‘ae?oﬁ Itlil%lg resins 1o %‘g/eﬁgkzombination
of viscosity, moledbfamaieitiilisnd Hedl ations propastiakthabalewitichivlan aedepsapeliontitasirable range
in addition to improy&d decompesition.anchelass YARRHN LSRG AMISS impregnation resins,

molding resins for -electrical parts, adhesives, resins for laminating boards, and

resins for printed circuits..

10067} Oligomers, such as those described above, prepared by reacting epoxy
monomers with isocyanates, contain oxazolidinones.  The presence of
oxazolidinones allows for a relatively high glass transition temperature, but has

the disadvantage of a lower decomposition temperature for the cured resin.

[0008] Accordingly, there exists a need for improvements in the glass transition
and decomposition temperatures of brominated resins, as well as methods to
manufacture these resins. In particular, it is desired for these resins to have a
combination of viscosity, molecular weight, and gellation properties that are
within an acceptable or desirable range in addition to improved decomposition

and glass transition temperatures.
SUMMARY OF THE DISCLOSURE

[6009] In a first aspect, there is provided a resin composition comprising

oligomers having: a molar ratio of isocyanurate to oxazolidinone greater



SUMMARY OF THE DISCLOSURE [00091In a first aspect, there is provided a resin composition
comprising oligomers having: a molar ratio of isocyanurate to oxazolidinone greater than 1:1, wherein
the weight average molecular weight of the oligomers is less than or equal to 3000, as measured by
gel permeation chromatography. [0010]In a second aspect, there is provided a curable composition
comprising the resin composition as defined above and a hardener. [0010a]In a third aspect, there is
provided a thermoset composition comprising thereaction product of the resin composition as defined
above and a hardener.1[@0%Bkivmadieourihdspeetathereisculavidedta pragessifenierninga resin

composition, compising [EaCHingneliSAeNANAISs: 1, UM ISARYADHIAIRS: f6asing isocyanate groups in

the isocyanurates and unreacted diisocyanates with'an epoxy precursor to form a resin composition
comprising [gligomers haltingscaomblapeat) chefdsopyavitedte ¢oraxiazotaposinegreaterdhantkl; wherein
the weight averaggmp&g%ggi%gghgﬁggg gligamess,igJess han or equal to 3000, as measured by

gel permeation chromatography. [0010e]In a fifth aspect, there is provided a prepreg or laminate
comprising jie @a¢rmoseincothpdsiten addefinpd-aldeva. ((Robdj@thenaspeciscangadvartiages will be
apparent from the {0llowingoduct of the resin composition as defined above and a hardener.

[0010b] In a fourth aspect, there is provided a process for forming a resin
composition, comprising: reacting diisocyanates to form isocyanurates; reacting
isocyanate groups in the isocyanurates and unreacted ditsocyanates with an epoxy
_precursor to form a resin composition comprising oligomers having: a molar ratio
of isocyanurate to oxazolidinone greater than 1:1; wherein the weight average
molecular weight of the oligomers is less than or equal to 3000, as measured by
gel permeation chromatography.

[00106c¢] In a fifth aspect, there is provided a prepreg or laminate comprising the

thermoset composition as defined above.

[0611) Other aspects and advantages will be apparent from the following
description and the appended claims.

DETAILED DESCRIPTION
[0012] In one aspect, embodiments disclosed herein relate to resin compositions
formed from isocyanate and epoxy compounds. More specifically, embodiments
disclosed herein relate to resin compositions formed by trimerizing a diisocyanate
to form an isocyanurate, and subsequently reacting the resulting composition with
epoxy compounds to form oxazolidinone compounds, where the resulting resin -

composition has a ratio of oxazolidinone to 1socyanurate of less than 1:1.

[6013] It has been found that the trimerization of isocvanates to isocyanurates
may improve the glass transition temperature (Ty) of the resin. Additionally,
isocyanurates have less of a tendency to reduce the decomposition temperature
(Tq) of the resulting resin. Unfortunately, this trimerization reaction is difficult to
control, and may lead to high molecular weight resins and gellation. The
viscosity of the resin can therefore be prohibitively high, which can be extremely
detrimental for many applications. It is possible to lower the solution viscosity by

adding a solvent, lowering the resin concentration. However, the addition of



description and the appended claims. DETAILED DESCRIPTION 100121In one aspect, embodiments
disclosed herein relate to resin compositions formed from isocyanate and epoxy compounds. More
specifically, embodiments disclosed herein relate to resin compositions formed by trimerizing a
diisocyanate to form an isocyanurate, and subsequently reacting the resulting composition with epoxy
compounds to form oxazolidinone compounds, where the resulting resin composition has a ratio of -
oxazolidinone to isocyanurate of less than 1.1 [00131It has been found that the trimerization of

isocyanates to isogy@B s SeBiRYaimPIAvR SR BASS tiaBsiinttemagsatyre (hayafdhauesin.

Additionally, isoc:yanuratggnhgf\/f-f_ly\clw_et-@%S%fe a égrrllldenlgé/_ to reduce the decomposition temperature (Td) of

. P Ta S SRR .
the resulting resin: Unlortunate is thmerization reaction is difficult to control, and may lead to high
molecular wedghi resins and gellationvdheryissasibued the resisaeanitheraiesaihe meohibitively high,
which can be extrematy dettimental jar many Rﬂ?&g?&‘&nﬁéﬁé%%sa%ﬁ’g%é%&%égﬁéh?%??;%'kﬁﬁ%’” viscosity
by adding a solvent, lowering the resin concentration. However, the addition o s&v t IS generally
undesirable, as th&"8ORASAEPRULT BETBITEVedaliThE prépahitioretihe Andnedledmpabites (00141 The
present inventors traviifigunik ity barefultylbonteditivg e propess comgitionsddideralihich the
isocyanurate is trigagrigeghad the subsequent epoxide condensation is conducted, molecular weight,
viscosity, and gellation of the resulting mixture may be controlled to be within acceptable ranges.
Additionally, the resulting WO 2009/055666PCT/US2008/081106 resins may exhibit improved Tg's
when cured while maintaining a high Td. This combination of properties is especially advantageous for
electrical laminates. [0015]Throughout this disclosure, gel permeation chromatography analysis was

3a



performed with an Agilent 1100 GPC with a Agilent model G1316A Refractive Index detector. It
contained a P‘{Vg%g)d%kgyard column (50 min x 7.5 mm) and two PLge}&;RR,Mbsgg:k columns (300
h

mm X 7.5 mm) The solvent used was tetrahydrofuran (uninhibited HPLC grade) and the flow rate was
1 mil/min. The column temperature was 30C and the detector temperature was 35C. The injector
volume was 100 1.d and the run time was 30 minutes. Tge gt ndardt used was ﬁ’qlglmﬁag Labs EasiCal
PS-2 (polystyrenE S8 H0BH0H pEEE e iar BBiGRT < A'G G5 SHAR ¥ AR pbI& $las dissolved in 10 m
of tetrahydrofurasofdiitR)iandf poopeaies BicbpetiFysulfantipdifwakaddddiminkiessample as a flow
marker. The sample was filtered using a 0.45 pm syringe filter. Valky to valley manual peak detection
was used i EonventiBranghsantitasiohslpete ngR nPermeaatat vR e e s MR VSIS t38ard peak

molecular weight, JQQ10l- @5 R %aMpPIRn a3 CORABiionitasardaercherain Redydiavenddow Viscosity,
such as less than 10 poise at 150C (aTIdg]ﬁF sured Wé'th n ICé_g:one 2 Plaie Vi%g@ft%r with a #4
spindle at 150C) 3gAEFU rRPHRBRAZ0licR on £ 188y ANIPALE of 1SS than 1 £ 1n Somé embodiments,

yanurat
the resin compositiendvtiestibeduhere{diheynhalé aviscddityditatgsarias tepadrdyieasured

using an IC1 Cong, apgl Blaie YiscompipLaihntd srodls atbG, Inlbarambagiments. the resin

compositions may ave a viscosit of less than 9 poise as measured at 150C using aggone and plate
viscometer; less W 8'Hod e CHEF HBRRATHES 1828 thar 7edBIEE%h BB b odintnts; and less
than 6 poise in ygh@therambedimeantsiGarefdiy sandodingpros@styoenditibnEasiSddseiibed herein,
such as the catallé)s0 monomey.congenyration, %ﬁg&ﬂﬁ“%ﬁﬁ%’ amaongsother, varahleg,during the
formation of the i o&aﬁurate may keep the molecular \gglﬁ tand po?s/ldls ersity low while achieving

adequate conversisnlotdie 1§oa) ah taeatpbe e HBletd 4P HeBhe yerdilfenigvEiiihen the

conversion is lowy,QRygIsiomoidessthan RVerafithe isRcyansitesdedtieto asmolad.4ation
(isocyanate/isocyanurate) of g{%gtéer thagls.HoweXler,eg(egtment of sucgegn

V. to valley manu. tection was 0 wiwgonvemional
2009/055666PC T1U%20087081 |socyan<yiteﬁlslocy%nura?e precursor with an epoxy monomer leads

to an undesirablyghighitetncéntratiotonf txazslidivote Hesdige nslatweldRmah st Sability.

[0018]The presentipygntors have discovered that resins, including brominated resins, with improved
decomposition temperatures can be prepared if more than 50% of the isocyanate groups are allowed
to trimerizgggigpmerizehia-isagyanuatedigadterns, eiieibahichdhependantisocyanates. are reacted

with an epoxide tg form the ISpeYARUIAIE. e8I 38 A0 URAGIN vAR di i - BNzl
Viscometer with a #4 spindle at 150°C), and a ratio of oxazolidinone to isocyanurate
of less than 1:1. In some embodiments, the resin compositions described herein may
have a viscosity of less than 10 poise, as measured using an 1CI Cone and Plate
Viscometer with a #4 spindle at 150°C. In other embodiments, the resin compositions
may have a viscosity of less than 9 poise as measured at 150°C using a cone and plate
viscometer; less than 8 poise in other embodiments; less than 7 poise in other
embodiments; and less than 6 poise in vet other embodiments. Carefully conirolling
process conditions, as described herein, such as the catalyst, monomer concentration,
and reaction time, among other variables, during the formation of the isocyanurate
may keep the molecular weight and polydispersity low while achieving adequate

conversion of the isocyanate.

[0017] Low molecular weight is easy to achieve when the conversion is low.
Conversion of less than 50% of the isocyanates leads to a molar ratio

(isocyanate/isocyanurate) of greater than 3. However, treatment of sach an



O000R1 i'f22-Ki OCN-RgNANNCO OCN-R"INCO catalyst 0-x00 NI 0 001 O ni o N O RL-NCO where the
symbols ilth a,a% ‘zl ‘%'ﬁg%ggsent aromatic or aliphatic diradicals, and x is jepdafsigsiaRresent the
number average degree of polymerization. In other words, the oligomers are a distribution of molecular
weights. In some embodiments, the number average degree of polymerization is at least 2.5; at least
2.75 in other embodiments; at least 2.9 in other embodiments; at Ieaﬁt 3 in other embob iments; at
least 3.1 in other SABATHEMRARFICRTRHEFS KN Y PO P ERBSHIRRL PHeRIER the number
average degree afghalymetizatiarnfdisietdithan kiilieg prinkeiiiriovetisynjeiotdifithough the oligomers
are shown above as being substantially linear, branching may occur. However, this branching should
be controllé@P3BLh that The cligrsmicievirivs polydisprrsd) IvvRHTFofesdinta R ommEElydispersities
greater than 2, theyiscosiiyhirrllubesamasdiorbiahiora alven jeystal isaryarmseswThus, in some
embodiments of the compositions disclosed h]erein, the oligome §,ma ea Pol dis %rsity of less
I‘%Fhé'? 0] 1 3 ceyy ale

ha
than 2: less than & g% SHEPEELETIRAE. fLe¥ sl 78 Bhbot f#ueﬂts; ¢S%Hah 1.7 in other
embodiments; lesdighanrd .6fier othieh éhayeddmentssanatde seetheagtadSrirthyat epheidetabiotdiments.

[0020]Polydisperﬁ;g/iggc%mggtg%ghgfmmglg&g@r weight uniformity of a polymer. It is the ratio of

Mw/Mn (weight averagé molecular weight / number average molecular weight). The number average

molecular weight is simply the weight of the o o
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where the symbols ‘R" and ‘R* represent aromatic or aliphatic diradicals, and x is
intended to represent the number average degree of polymerization. In other words,
the oligomers are a distribution of molecular weights. In some embodiments, the
number average degree of polymerization is at least 2.5; at least 2.75 in other
embodiments; at least 2.9 in other embodiments; at least 3 in other embodiments; at
least 3.1 in other embodiments; and at least 3.25 in yet other embodiments.
Preferably, the number average degree of polymerization x is less than 4 (ie,
primarily trimers).

[0619] Although the oligomers are shown above as being substaniially linear,
branching may occur. However, this branching shouid be controlled such that the
oligomers have a polydispersity (M/M,) of less than 2. At polydispersities greater
than 2, the viscosity typically becomes too high for a given level of isocyanurate.
Thus, in some embodiments of the compositions disclosed herein, the oligomers may
have a polydispersity of less than 2; less than 1.9 in other embodiments; less than 1.8
in other embodiments; less than 1.7 in other embodiments; less than 1.6 in other

embodiments; and less than 1.5 in yet other embodiments.

[0020] Polydispersity is a measure of the molecular weight uniformity of a polymer.
It is the ratio of Mw/Mn (weight average molecular weight / number average
molecular weight). The number average molecular weight is simply the weight of the

sample divided by the number of molecules. The weight average molecular weight is

5



‘sample divided by the number of molecules. The weight average molecular weight is WO
2009/055666PCT/ Q08/081106 more complicated: it is the sum of thg, ﬁ}?ﬂ[ﬂ@gﬂgns times the
weight percerwg’gzé)% O%é:é% fraction (see Chap. 10 of the "Encyclopedia O%V}I:(’o ymer Science and
Technology" John Wiley and Sons). For a polymer composed of chains with equal lengths, the Mo and

M are identical, and therefore the polydispersity is equal to one. In thﬁ present a Iicatiop, lower
iy $Sieiabr e

polydispersities drer8&erRbfatethis! b & R BRI & B P& and low

viscosities are desipblacifiesgenateaylanfveighhdataaneigpatsaky ebsuredeising gafipermeation
chromatography..The above reference ¢ ins a ripti . ;Encyclopedia
TLIRAROVE elepHies Soniainy &?gg%@%g%ae%gge@%@a&@@amu

of Polymer Science an Fec ogy y and . [0021]in addition to the diisocyanate to be

trimerized, small ns8unteedflaawbNofarscdentinak seg drrseiore e MBARES b FEURIYEPTesents an
aliphatic or aromagfig,raglicahsyshiasitBhiRreMRGEktrs e Grd bdsirBdRCOLIS1s methyd, thpropyl, butyl,

and Ph(Me)CH-, among others) may optionally be added with. the diisocyanate (OCN;RI-NCO) to
improve (lower) the p%ﬁi‘?ﬁ%r‘gw a@é@%ﬁlé‘rf '%/’eSlWW??g?%)Ei\}‘iésr%(géhe&e%%oﬁésgﬁéa% altl‘nhoeu?]ts of
isocyanate with funbtiohalitgighedeer thagefernidy misoniyd psosesr] bRIMemBphrakesae oYY difficult to
maintain sufficiengly lgw M. JA022lin prepatine.tha algapers @essriteskieseihciipally srore than 50%

of the isocyanates are reacted to form isocyanurate gligomers. In some embodiments, at least 52.5%

of the isocyanateBohr@veiitaerEn ol R8N dPHte ORGEME o least 55% in other embodiments: at
east 57.5% Py gfher empoCimEne 2L Eash R el oter SRl ez (MG Fegin
compositio cribed hefeih ontain ollgome)és3 at have a malar ratio of isocyanurate to
oxazolidinone thatisgieatiershaspdyandis deme Brelimehese tRe GRjBIPHIFs #asliARiE Lolar ratio of

isocyanurate to oxazolidingng thats greater thae ib- 1 rgreatertham -1 inother-spadiments;
greater than 2.5:1 in other embadiments; greater than 3.t1 in tq)er %?ﬁlaodjlipg%tgﬁ%re%%{ethan 3.5:11in
other embodimerﬁ%ﬁybl‘%‘gtgpﬁfjﬁﬁcﬂ} igne %bgﬁmﬁ)@ﬁf)&agyeaﬁgr an ij “F i other embodiments;
and greater than &TB/ENODEembodntiEnts:) [002¢]TepweighindJersydhnbledotar ixaght, My of the

oligomers is typically less; thap, 3,000, A% mersuad: by 4e! BEMSALAAaNmalgraRwsEOr example,
in some embodiments the My, Is less than 2900, as measured by%{?@l}gﬁs than 2750 in other

embodiments; antP REEHdHOBBOTFELTIET SHisUaimBRIE ¥ Brtant
[0022] In preparing the oligomers described herein, typically more than 50% of the

isocyanates are reacted to form isocyanurate oligomers. In some embodiments, at
least 52.5% of the isocyanates are reacted to form isocyanurate oligomers; at least
559% in other embodiments; at least 57.5% in other embodiments; at least 60% in yet

other embodiments.

[0623] The resin compositions described herein contain oligomers that have a molar
ratio of isocyanurate to oxazolidinone that is greater than 1:1. In some embodiments,
the oligomers may have a molar ratio of isocyanurate to oxazolidinone that is greater
than 1.5:1; greater than 2:1 in other embodiments; greater than 2.5:1 in other
embodiments; greater than 3:1 in other embodiments; greater than 3.5:1 in other
embodiments; greater than 4:1 in other embodiments; greater than 4.5:1 in other

embodiments; and greater than 5:1 in yet other embodiments.

[0024] The weight average molecular weight, My, of the oligomers is typically less
than 3,000, as measured by gel permeation chromatography. For example, in some
embodiments the M, is less than 2900, as measured by GPC; less than 2750 in other

embodiments; and less than 2500 in yet other embodiments. The M,, 18 an important
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WO 2009/055666PCT/US2008/081106 variable to control, allowing the oligomer solutions to have low

viscosity with a ini%gé?gg)f solvent or no solvent. 100251The oligomersp %%%%i%geﬂgl?_ﬁ)rﬁein may be

prepared by ad iﬁﬁgﬁga lIsocyanate to a solution of an epoxide and a catalyst. lisocyanate may be

added at a selected feed rate, either in portions or in a slow continuous fashion (i.e., added
continuously or intermittently), at a low temperature, typically less than 150C. Under these conditions,
it is possible to setetiilely tameritedhevivgciansisomithrolittsuns stahtxs flofh diferrier xBzélidinone,

while avoiding fogaation ofrbigh My gligamers, which increase viscosity. The trimerization is
exothermic, thus it is important to maintain adequate cooling so as to maintain the solution at

conditions fggeslectivelyridmesize-thadiisoayrasieniiieratipast H0%idhte dissopyanatess consumed,
the temperature maybe faised (Lipically abgue 1406 Ip cause s loimaienfaxaaglidinone,
. 5 ; o

) 0 .
consuming the unreact'éa |soc§ana e groups i e Isocyanurates and any nonoligomerize

isocyanates. In streraimistsiiniamertionsrer tihahsbSvs et s dasiemié gratisd spBURKERRY; more than

96% in other emRedimenigeMAethanW YedpSLRsE emhedinrRisHmOISthan Wkiruaier
embodiments; more than 99% In ot_g(fr embodiments. In some embodi{nenta, t eﬂil gt(azxggate groups
are completely cSRRUHRYE (16HPETR &é‘ﬂ)g?sl?fé‘ﬁ%?‘f HEMSTEECRE OSSP akE e Y5 8 mpositions
disclosed herein, finmgeieraf, irualidsdwo stelesiviridhe firshsiop of lggnidisdigefermediigh described
above: diisocyanﬁl&é&@%@&ﬁ}.?fﬁé@ﬁ%@nﬁ%@é %%;EQMQP&ELG#%%M%@@&%%@aﬁataws'f under

conditions where the rate of thé isocyanurate formation is much faster than formation of oxazolidinone.

The mixture, durifFEEERRIATBERR WilSoRyR Rl MIa M ARt S ERA I B&tween 100 to
150C. In other erthagissenisitshe mixiyleamnagrbefimainiaingthat astempenady e hetyween:200C and

140C during addiion 8 e FOGYANAE: RLWCERSOE andld 40CAR. ARSI SMBRdITENGH.petween

120C and 140C iIrlllagf[her_ embodithent and between 125C and 135C in yet other embodiments.
[0027]lt is also infeBFERiRgo thelPairseEfairmyanel rafe iiatistBfolieriaiife Ehe.YsiPrate of the

diisocyanates to igpeyanuEtencpiserably maibtainingeaconsentratiomobisoeyanatadn the mixture
low (such as below 0.5 M) at all fimes. This |s important to achieving the high isacyanuyate to
oxazolidinone ratf8g&4irets ?8@9%5%6@&%8%% f&éef%Oén ﬁegg%hnegfrﬁﬁg li%rféfiernts, the
concentration of isobydinatesstantingthant&iH (expressentedimeiss saringaCET)ifs 9Bfh 0.01 to 1.0;
between 0.05 to Q aiptbas ermbadingaptisiaesdremiQd 190 Sbuethes embredimessiaad from 0.1 to

0.4 in yet other emboodiments. The optimal rate of diisocyanate addition may depend on the catalyst,
catalyst concentré]t%)r(? SR Kaction temperature, among other variables.

10026} The process used to make the resin compositions disclosed herein, in general,
involves two steps. In the first step, oligomers are formed as described above:
diisocyanate is added at a selected feed rate to an epoxide in the presence of 2 catalyst
under conditions where the rate of the isocyanurate formation is much faster than
formation of oxazolidinone. The mixture, during addition of the diisocyanate, may be
maintained at a temperature between 100 to 150°C. In other embodiments, the
mixture may be maintained at a temperature between 100°C and 140°C during
addition of the isocyanate; between 110°C and 140°C in other embodiments; between
120°C and 140°C in other embodiments; and betwe_en 125°C and 135°C in vet other

embodiments.

[6027] It is also important to add diisocyanate at a rate that is slower than the
conversion rate of the diisocyanates to isocyanurates, preferably maintaining the
concentration of isocyanate in the mixture low (such as below 0.5 M) at all times.

This is important to achieving the high isocyanurate to oxazolidinone ratios desired.
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[0028]The second step of the process is the reaction of the epoxide to convert the residual isocyanate
groups to oxaﬁ;ﬁiw&%g&ﬁAs mentioned above, it is usually desirable to,gqRushhSoRigh percentage
(>95 mol%) of the isocyanate groups to optimize properties and minimize the concentration of residual
starting isocyanate groups. Additionally, a problem that should be avoided during this step is
conversion of the isocyanurate rings to oxazolidinones, as describe by Ki?'#?, %%I%Jogmal of Apply
Polymer ScienceVsmegmuesinenss she pancrraasy Al SRIFEBLIATEE FBHIFHEI *N6™14, 505-7).
This problem maydies aueigiedibyatpping thelreattipbetwieen Osignifit antthortmbaiiaghtt the
isocyanate groups have been copyerted to eifher oxazolidingnes, or socyaguraiesgeAsaitable
temperature for the réaction o% epbxiéles and residual Isdcyanate groups is between 140C and 175C;
between 140C andnb7d@drisothe émmﬁ@iﬁq%@éﬁti%@@&ﬁ%ﬁ%@liﬂl%ﬁéﬁ r
embodiments. 10922LThe jrimaen Usa ehited eskiinguresimeamiesiiondisas matrix materials for
electrical laminates. For this purpose it is necessary to form a curable composition by combining the
resin comgositgns withrachaxdedaterl bt thesutiirgs durhbleatimpobiioremsiiee sttt to form a
therroset compogition, EQ&ﬁ%AIJ%%A{%%@@V&%&&@&&hec@ér&ﬁ@%a&'aoéasve,sadim@{mwIatlons that

contain brominatéé a‘%\d non-brominated flame retardants. Other embodiments of the resins and

oligomers may béassadedr crnBpEatEh BFISERIALS &F LeBrbiicel MErROTEEIAS 8P BBosites, and
for powder coatingsiand lesteeaatinDmismise iehigiviempenatiresiapplicatiopss¢ePBafhe curable

compositions described herein, comprising of,a mixture of the, oli icresin: ition and at
least one of a hafi&ner grg o éir%égr)glf%@(%"n%%%f #éﬁloee 3@%%%%% %g_i%%g}llge%g?ﬁggﬁo minutes.
Gel time was detefriiinégdygrarateoliese ireorethidineira 157 9eoHBe Srakiniasst DiepesMvithod
IPC-TM-650 2-3-9@ Q}%@H{é}@%&&@p@ﬁiﬁgm,amweﬁ gelgimemat AFQCrofiassitham minutes in
WO 2009/055666 g) /U52008/081106 other embod'ments{i Iggs tpanig r{gn%eaiiorrll %tglgraembodiments;
less than 7 minuttSin SthéPebotimBRE S@fﬁﬁ%% MiAGtes I otHerembodiments. less than 5
minutes in other eipbBdimentsioand |@ésothtm dserinnues froyps deverembeeneses 4 @aesr than 1

minute in other embodiments: greaterihans minues ineibeseriodinsaisiareatgithan 5 minutes in
other embodiments; and greater than 7 minutes in yet other emgol%i?rp(gﬁnés. 1003%‘[; e thermoset
s measdFe8 By

compositions (cuf8d)RisYHh RSB i TS & RtGr &2 ifferefitial scanning
calorimetry (DSC)RC Method |REsddun6mS; 242 Fctokat 16a8tA58E. [HHBtHenvaridustesnbodiments,
the thermoset compo '1tion§ may have a glass transition temperature of at least 156C, 157C, 158C,
159C, 160C, 1618’,‘95? %

E?E%BC, 164C, 165C, or 170C. [0033]The thermoset compositions (cured) may
have a deg{@@@jon temﬂ@%@vy-r\ge of the resulting resin compositions is as matrix materials for

electrical laminates. For this purpose it is necessary to form a curable composition by
combining the resin compositions with a hardener. The resulting curable composition

may then be cured to form a thermoset composition.

[0030] The oligomers described herein may also be used in formulations that contain
brominated and non-brominated flame retardants. Other embodiments of the resins
and oligomers may be used for encapsulation or potting of electronics, matrix resins
for composites, and for powder coatings and liquid coatings for use in high-

temperatures applications.

[0031] The curable compositions described herein, comprising of a mixture of the
oligomeric resin composition and at least one of a hardener and a flame retardant,
may have a gel time at 171°C of less than 10 minutes. Gel time was determined by a
stroke cure method on a 171°C hot plate based on IPC Method IPC-TM-650 2.3.18.

The curable compositions may have a gel time at 170°C of less than 9 minutes in
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at 5% weight loss, of at least 305C. Thermal decomposition was measured according to IPC Method

IPC-TM-650 %J%%Ab.g%sl,%géﬁg a therrno-gravimetric analyzer (TGA) rampggd{q.8fQGsftrC/minute under
a nitrogen atmosp%eref e Td measurement is the temperature at which 5 weight percent of the

sample is lost to decomposition products. In other various embodiments, the thermoset compositions
may have a degradation temperature of at least 306C, 307C, 308C, 309C, 310C, 311C, 312C, 313C,
314C, 315C, or IHTC HOIHTARI &SRB BBV ST B RS B S8 R AMIREIERE various

components, SUGHHAS dSPeYRNAeS (R ana-¢ @kﬁnﬁfepﬁiwﬁmﬁﬁbmﬁh)n,mppbeysmms,miamsis, hardeners,
flame retardant adgit o5 (aminates andnon biomiosied) g sHbsales: Gxamples ofcach o

these componen?s Sr&"4estiibed in'more detal ow. [0035]ISOCYANATE [0036]Isocyanates useful
in embodiments diseitssediheramudiptmtiuarsass dema e enyis ot sall A s St khate

prepolymers. Suijahlesplyisecyanaies hnkddanamyolihekaanmaliphatinuadicyeligstcylaaliphatic,
araliphatic, and aromatic di- and/or polyisocyanates. [0037]Aliphatic polyisocyanates may include
hexamethylene cfi@&@ﬁ’r‘?ﬁ't%, trimethylhnexamethylene diisocyanate, dimeric acid dlisocyanate, lysine

diisocyan the like. Alicyclic diisocyan ' ' lisoeyanNaiaé.4- WO
2009/0552§83%PT/U82I398§ ?ﬁ%g r%Oe_t gﬁe.giz,%%}%oh%%gﬁ%ig%%%ﬁ%ﬁg,ﬁr%é?ﬁ Icyclohexane-2,4- or
-2,6-diisocyanate@slf}@aw%ﬁ&ﬁi{i%@?ﬁﬁbﬁéﬁ@ﬂ?ﬁ/ﬁ@%@ﬁ@%éﬁéé,ﬁ?&/ ﬁéyﬂf%%nate, 1,3-
cyclopentane diisogyanaie: leasCysiebexanadisemmraibandibelikecAomatimgiscoyanate

compounds may include xylylene diisocyanate, metaxylylene dii anaie, t%rggr@erl@gbglylene
diisocyanate, tolﬁfg’ﬁglaﬁ% CPARAtE R dfﬁlﬁgﬁrﬁﬁgtﬂ}%@ ||S§oﬁc§yg;qr:1¥éte, 1,5-naphthalene diisocyanate,

1,4-naphthalene thigssy&mnate | BAtoMIMInecdNiSotditar, WU Cdiphenyl ether diisocyanate, m- or
pphenylene diisocyanate, 4,41-biphenylene diisocyanate, 3,3 cdimethy1-4,4'-bi hengle e
diisocyanal@0BR (4-isocHembaHREN PRIRANEARS (SBISFR AR SRS EEBRHEH IFESS AK ef?’and the like.
Polyisocyanates fagng-thige asss)ofe isoRpanats Yroufhgenmdesutesitay ineludesaforadxample,
triphenylmethane-4,4',4"- trii te, _M{%@Ciy@fl‘%o-&g[g)zﬁh%ngﬁ -@{H%nggluene, 4,4'-
dimethy|diphenyl?ﬁ8?ﬁ%%%£ %@%ﬁ?@éﬁyamte, and the like.. o

(TGA) ramped to 800°C at 5°C/minute under a mnitrogen atmosphere. The Ty

measurement is the temperature at which 5 weight percent of the sample is Jost to

decomposition products. In other various embodiments, the thermoset compositions

may have a degradation temperature of at least 306°C, 307°C, 308°C, 309°C, 310°C,

311°C, 312°C, 313°C, 314°C, 315°C, or 320°C.

[0034] As described above, embodiments disclosed herein include various
components, such as isocyanates (mono-, di-, or poly- functional), epoxy resins,
catalysts, hardeners, flame retardant additives (brominated and non-brominated), and

substrates. Examples of each of these components are described in more detail below.

[0035] ISOCYANATE

[00636] Isocyanates useful in embodiments disclosed herein may include isocyanates,
polyisocyanates, and isocyanate prepolymers. Suitable polyisocyanates include any
of the known aliphatic, alicyclic, cycloaliphatic, araliphatic, and aromatic di- and/or

polyisocyanates.

{6037] Aliphatic  polyisocyanates may include hexamethylene diisocyanate,
trimethylhexamethylene diisocyanate, dimeric acid diisocyanate, lysine diisocyanate

and the like. Alicyclic diisocyanates may include isophorone diisocyanate, 4,4™-
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[0038]Other isocyanate compounds may include tetramethylene diisocyanate, toluene diisocyanate,

hydrogenatedvgbpgwggg&thane diisocyanate, hydrogenated xylylene d"§8 g Szm)g trimers of
these isocyanate compounds; terminal isocyanate group-containing compounds talned by reacting

the above isocyanate compound in an excess amount and a low molecular weight active hydrogen
compounds (e.g., ethylene glycol, pro}pylene glycaol, trlmethylolpropane glycerol, sorbitol,

ethylenediamine, PRBIBRR ISR harRaBIa MY el ersifie Stc  SFRITMSIECUlar weight

active hydrogen qompgundsGuehk asdehasiipabinisaeolyethemholyalse pdlyswides, and-the like may
be used in embodi ents disclosed hegelri 00 %}Other usefu Iyls%c%aenﬂes in ude put are not

ditsge
limited to ollgomet% Pre yléﬁsgc ﬁ‘é%cyaha?¥° a%ar%?]eersn%?ty erie 3||socyanate

1,2-ethylenediisodijsmsitestz, 2 eprmatingsd 4eaymétlpiel etisbeamediyhshiatisocutidyiene
1,12-dodecandiisggyanaige OMegan amagasRiisocHaRARIREoP YIS cmgﬂ%@e@ 34dmsocyanate

cyclohexanl,3- and 1,4- dusocyanate 2,4- and 2,6-dii anato 1 -meth Icylc
|socyanatomethyf%h§1§ Wﬁﬁyléﬂéﬁ?ﬁ%‘}&/ﬁso&ﬁﬂ%ﬁ?{a b A Cyalrl ‘g E’ngnd
3,5-bis-(isocyanadiiroethiyiyed-4riethipidipg- msdnamw@ewmmmmammyme, Z}5orlp6 and
2,6-bis- (isocyan %)r?xz?f J)d‘%szc%?&beaHQ“%%%?EBH‘S%&%#@ dllT’l@ﬂ’l?pg 4'-b1phenylene

2,6-bis-(isocyanato)-4, 7-methanohexahydroindan, dlcyco exyl-2.4

2009/055666PCWS‘Z@B@E)SllOBlW&SGﬁ%@EWS’Eé( OHERS; ome@%’iﬂﬁgﬁl&%ﬁa’tﬁ 1,4-Hfethylbenzene,
1,3-and 1,4- pheﬁwﬁﬂ@duﬁmyanatﬁ Aae4hldasmamwdmpﬁenmwiﬂgﬂﬁusmyamt@s&&nme

dichlorodiphenyl, 44 dusocy 3meth0x he diisoc I-diphenyl,
naphthalene-1,5- ﬁr |sgcyapnate %(412 i met %¥ %X%m & &%@%ﬁ&%’émg&?i@w

dusocyanatodlphérrliyg_qya?éw|oné 2.%, wwp@@waﬁa@amduph%ﬁﬁréwwnﬁmmium 44

triisocyanatotriphgpylmgihans, Bhdiine(4 1s0syanalaphanyd J-thiarhagphate. [0040]Other suitable
polyisocyanates may include: 1,8-octamethylenediisocyanate; 1,11 -undecane-methylenediisocyanate;

1,12-dodedan3&thylendiishey asatesnkicis cayamatds 3 wigo crehaito ntetiny i 8 16r6- tdmsetiyieyslohexane; 1
-isocyanato-1 m%iﬁ@“e@; S5 gﬁ@tol@ Jﬁ%élp Qﬁf}‘ﬁ&gimeﬁzaﬂe diisocvanate, hydrogenated

1-isocyanato-2- |socyanatome hylcyclopentane: (4,4™- and/or 2,4™-) diisocyanato-dic clohexylmethane
bis-(4-isocyanato*3tHah e roReEH) i‘ﬂétﬁ&ﬁ@"sa 8f; ihé%fiefF&Fﬁf@iﬁS?l Prpapfyy terminal

-1,4-xylylenediisogyapaies rduposi@ming- hﬁ%ﬁiityﬂmw&&ﬁebgllt&,@w@&te aBode dndipnate
2,6- hexahydrotoluened||S(£Jcl¥lanate 2 4 andIO{ %tolqene dlsoqxranat 4, élctlggq{

W ImMOIEC wet

i
2,4 d|phenylmethané’gl|socyanate n- |sopropeny imet beenz |socgﬂ nate; any %%e bond
containing isocyasrarecuit dng ofthdingefivethy exonsiony tlrethatisoe éﬁﬁﬁﬁﬂ*ﬁegl}éﬂf‘éﬁ)‘hanate-

biuret-, Uretd'Oneso?d?ﬂ/i%iﬂ?!@%ﬁﬁ@@l%%&%@Mﬁﬁnéoﬁ&ﬂiﬁﬁMﬁﬁﬁy@m&IﬁﬁdﬁﬁMﬁlmI)nC|Ude
aliphatic compounds sych as trimeth meth lene, 1 2 ne, 1,2-butylene, 2,3-butylene,
1,3-butylene, eth)ﬂfjé‘l% %%Seﬁ‘f}‘ﬁﬂlﬁgé %o‘&eya e\é ARG Qé)l ﬁ %(ié\arorﬁall}(gsé% %oﬁmds such as
dianisidine d||socyalyatbf;fl4%’€dhphelyyieﬂr@radmﬂsﬁwhhm@%'nbbdkﬂ@iod|phéﬂ§dlleﬁ€&jﬁ@@b;ﬁaﬁate.
[0042]Other isocyahnate compounds are described in, for example, U.S. Patent Nos.

10039} Other useful polyisocyanates include, but are not limited to oligomers of
methylene diisocyanate, oligomers of toluene diisocyanate, 1,2-ethylenediisocyanate,
2,2.4- and 2.4 4-trimethyl-1,6-hexamethylenediisocyanate, 1,12-dodecandiisocyanate,
omega, omega-diisocyanatodipropylether, cyclobutan-1,3-diisocyanate, cyclohexan-
1,3- and 1,4-diisocyanate, 2,4- and 2,6-diisocyanato-1-methylcylcohexane,  3-
isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate  ("isophoronediisocyanate”),
2,5- and 3,5-bis-(isocyanatomethyl)-8-methyl-1,4-methano, decahydronaphthathalin,
1,5-, 2,5-, 1,6- and 2,6-bis-(isocyanatomethyl)-4,7-methanohexahydroindan, 1,5-, 2,5~
, 1.6- and 2,6-bis-(isocyanato)-4,7-methanohexahydroindan, dicyclohexyl-2,4- and -
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6,288,176, 5,559,064, 4,637,956, 4,870,141, 4,767,829, 5,108,458, 4,976,833, and 7,157,527, U.S.
Patent Applicgfipn, Bibligation Nos. 20050187314, 20070023288, 2007@P9R490s 480281854,
20960;48391, 20060122357, 20040236021, 20020028932, 20030194635, and 20030004282, each of
which is hereby incorporated by reference. Isocyanates fomied from polycarbamates are described in,
for example, U.S. Patent No. 5,453,536, hereby_i_ncorporatedg_ %Igrence herein. Carponate
isocyanates are deSEHIBRITR For YREH DI EPEREIBRRAINS 4, %é[‘ 7148 i‘fbor%raﬁgﬁ by reference
herein. [0043]In seaelemedindineints, suitablé¢-Hcoysmatedipbaulsors méy idciodermietishe
diisocyanate, butang-1 1=d%i(‘5§.o yangje %@Ei& ij tangdii WO
afiignesh. 3 filsenvanaifhulanedisacyanalie.- 3.

2009/055666PC1%E%§8%§ &1106 Tranlsgiliny ene diisqcyanate?gr%%ane;l,3-giisoc anate,
2-b_qtene-l,4-diisé@?ﬁ%étélphewaethyl@ﬂ%ﬁ@@?ﬂéii%ﬁfa\’ﬁ‘é‘?@; hexaNéfII%f’d‘l?éﬁ‘Eﬁh’été; octane- 1,
g_—d(u soﬁy?nate, dinbepsitanadiisnoyenaie benzene-iddistmeatyieseisneyanate)4 potizene-1,4-

is(methyleneisocyanate), isophorone diisocyanate,. cyclohexane-1,3- bis(m leneisocyanate),
isomers of toluen%%a?l a@%’r@a%?‘? (%))“riﬁtehraé{:i %fagﬁéqr? %’li“’sgg?/%ano %e?n iz-t i/(igl?l% Eépil-benzeneisocyanate)

benzene (quiRY). bis(4yhenzansisqryasaiekaiben fisithanzensisacyanaialaulivs.and bis(4-

benzeneisocyanate) sulfone. [0044]Various isocyanates that may be useful in embodiments disclosed
herein are commérdiaiiferranapT YameA HeHIBES availhbie REFFFPRL BBRIEIRMAE Corfipany under
the trademarks |SQNARR, MRANAGIMORAT Fitheantt MDRAGEOR, hinangnothérselg0451Mixtures

of any of the aboygdisted ISOCYaNANES MA% 0L COWIGFRARS YR QOABIRTRA L RERINS
(4,4'- and/or 2,4) diisocyanato-dicyclohexylmethane; bis-(4-isocyanato-3-methyleye-
Johexyl)-methane; a,a,a'a-tetramethyl-1,3- and/or -1,4-xylylencdiisocyanate; 1.3
and/or 1,4-hexahydroxylylene-diisocyanate; 2.4- and/or 2,6-hexahydrotoluene-
diisocyanate; 2,4- and/or 2,6-toluene-diisocyanate; 4,4'- and/or 2,4'-diphenylmethane-
diisocyanate; n-isopropenyl-dimethylbenzyl-isocyanate; any double bond containing
isocyanate; and any of their derivatives having urethane-, isocyanurate-, allophanate-,

biuret-, uretdione-, and/or iminooxadiazindione groups.

[60641] Polyisocyanates may also include aliphatic compounds such as trimethylene,
pentamethylene, 1,2-propylene, 1,2-butylene, 2,3-butylene, 1,3-butylene, ethylidene
and butylidene diisocyanates, and substituted aromatic compounds such as dianisidine

diisocyanate, 4,4'-diphenylether diisocyanate and chiorodiphenylene diisocyanate.

[0042] Other isocyanate compounds are described in, for example, U.S. Patent Nos.
6,288,176, 5,559,064, 4,637,956, 4,870,141, 4,767,829, 5,108,458, 4,976,833, and
7,157,527, U.S. Patent Application Publication Nos. 20050187314, 20070023288,
20070009750, 20060281854, 20060148391, 20060122357, 20040236021,
20020028932, 20030194635, and 20030004282, each of which is hereby incorporated
by reference. Isocyanates formed from polycarbamates are described in, for example,
U.S. Patent No. 5,453,536, hereby incorporated by reference herein. Carbonate
isocyanates are described in, for example, U.S. Patent No. 4,746,754, herby

incorporated by reference herein.
[0043] In some embodiments, suitable isocyanate precursors may include methane
diisocyanate, butane-1,1-diisocyanate, ethane-1,2-diisocyanate, butanediisocyanate,
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[0047]The epoxy resins used in embodiments disclosed herein may vary and include conventional and
commercially&&a&i& &gsggoxy resins, which may be used alone or in cogbiRatinRzQffvo or more,
including, for example, novolac resins, isocyanate modified epoxy resins, and carboxylate adducts,
among others. In choosing epoxy resins for compositions disclosed herein, consideration should not
only be given to properties of the final product, but also to viscosity and other properties that may
influence the pro’é@%’ﬁﬂ@@ﬁiﬁ@%@é@nﬁ%ﬁ%z}[ﬁbﬁ%‘]ﬂﬁ@*@p&é‘?@giﬁ%@ﬁfﬁ%ﬁ?emﬁy be any type
of epoxy resin usgilmumalding Gempasitionsdneitdisdianyymatesiabeantaiinigongoitenore reactive
oxirane groups, referred to herein as "epoxy groups”.or." functi it ‘@sins useful in
embodiments di P§‘§8§ﬁ#§?&8ﬁl%‘gﬁ ﬁtgfude%r%gﬁ%%ﬁu%%%%%ﬁ 6%%%}%52% %%m uﬁ?—%%ggl%-fu nctional
epoxy resins, antigortbiteatiires imateof. Molerhakiacand pelipasapraepoxy &AL bé-aliphatic,
cycloaliphatic, argmatiG,aBeieacyelc epexitesins. Tha.arlymarisnaxies ineldee linemar polymers
having terminal epoxy groups (a diglycidyl ether of a polyoxyalkylene glycal, for.exa ), polymer
skeletal oxirane ﬁﬁ‘@%g@%ﬁ?&fﬁeﬁ@tbgﬁ%p@i%ge g‘é%é%%@én%%%%%%ﬁs%gﬁhg} ggégﬁdant epoxy
groups (such as segysishcmatigcrykaterpolyriser-omeopityryenatfor exalfigle). Fhé WO+
2009/055666PC-EéHzSe;%gQ&;@aﬁ%t]eg)?uﬁﬁ’a‘P&des may be pure compounds, but are generall_y mixtures or
compounds containing one, two Or more epoxy groups per molecule. In some embodiments, epoxy
resins may;fgggjinclude,ieReHMEH-GrORRS maish ! ieashRidiighes deripataierds with anhydrides,
organic acids, amino resjns, phenolic resins, or with e roups (when.catal to result in
additional crosslif¥HBfOBAOHR #él%‘(,ah‘?é Té%ﬁgaﬁx?aég%fgrirg%@u&eg y%vivdrggée lrcéé;%%}n yoloaliphatic
resins, epoxidizechdisthancdofoktSTRAGCIHaRedNATH VAR ArEducndyViRBAcatticiPgr8duct of a
glycidyl ether, sugh as epichlorohydrin, and a bisphenol compound such as bisphenol A; C4 to C28
alkyl glycidyl ethers; C2 to C28 alkyl-and alkenyl-glycidyl esters; C1 to C28 alkyl-, mono- and
poly-phendipghgyidyl ethersnpalyglysidykieirsseaispalyuatenbpbenglsfsuchasim/ecatéchol, resorcinol,
hydroquinone, 4,4'- dihydroxydiphenyl methane (or bisphenol F), 4,4'-dihydroxy-3,3'-dimethyldiphenyl
methane, 4804dhydroxyipRengEdindethyl methane (or bisphenol A), 4,4'- dihydroxydiphenyl methyl
methane, 4,4'-dihydroxydiphenyl cyclohexane, 4,4'- dihydroxy-3,31-dimethyldiphenyl propane,
4,4'-dihydréd9Tpheny| ShFenexairaRsed ww@@%%@ﬁ%?ﬁ%@fwméwa@ﬂf&%%g the
chlorination and braminatiansaCsis-elAhe-alinwe mertioassdiphenals; olygiyidybethers of
novolacs; polyglycidyl. ethers o{ g&phenols obtaiﬂﬁg gxl lg§t%%%i§?g ef&'&%ﬁé)fr&iiﬁpeﬁ%%(ﬁm@ined by
it ihaloa iha '

esterifying salts SFAN Afomatic hydrocarboxylic acid a ane or dihalogen dialkyl ether;

polyglycidyl ethemsafifieslygasnotsiobtaidedrbyxotiirl eddins: FEme| SBHS |0RFRIPHRNSIEHEN paraffins

containing at leastiwe falagematemsQibesexanmples-eliepaxy sins useiilyinegibadiments
disclosed herein include bis4 4'-(ﬁ1-methéleth¥lige{1e)tg)hegols%g%}/lgid Ie(;threor %%%S(%@P&%nethy')
oxirane bisphenoPRRSIGRTcRIy St pl [IBB M S e emBodiments. the egoxy resin may ihclude glycidyl

m S Me emBodim
ether type; glycididfester thperaksyiciofypercheteropysiivtype, and halogenated epoxy resins, etc.
Non-limiting examples of suitable epoxy resins may include cresol novolac epoxy resin, phenolic
novolac epBi8#Rbsin, bifhe TaPEpEsi SORRIBHEIIGTY BRSR) FRSH retibissaditl Bsl¥eresin, and
mixtures and combingdions.theraeediiR0biISuitakiepalyeposycampetirdsimayinckigewgsorcinol

diglycidyl ether (1,%— bé '&)Zh%ESi o>§¥;%r%%§>é¥ggesm_z§n‘%bgl ci bg%ﬁi er of Qﬁg}ggﬂghéﬂg%—ms(p-(z,s-
epoxypropoxy)phEtyEpropaney. thighycidyr p-aminopHenol (4-(2,3-epoxypropoxy)- |

embodiments disclosed herein may include mono-functional epoxy resins, multi- or

poly-functional epoxy resins, and combinations thereof. Monomeric and polymeric

epoxy resins may be aliphatic, cycloaliphatic, aromatic, or heterocyclic epoxy resins.

The polymeric epoxies include linear polymers having terminal epoxy groups (a

diglycidyl ether of a polyoxyalkylene glycol, for example), polymer skeletal oxirane

units (polybutadiene polyepoxide, for example) and polymers having pendant epoxy

groups (such as a glycidyl methacrylate polymer or copolymer, for example). The
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WO 2009/055666PCT/US2008/081106 N,N-bis(2,3-epoxypropyl)aniline), diglycidyl ether of
bromobisphenol A (2,2-bis(4- (2,3-epoxypropoxy)3-bromo-phenyl)prop iglyeidyjether of
bisphenol F (é‘f?—zglsf 69&?3@poxypropoxy)phenyl)methane), triglycidyl et ‘é?gof m%ta— and/or
paraaminophenol (3-(2,3-epoxypropoxy)N,N-bis(2,3-epoxypropyl)aniline), and tetraglycidyl methylene
dianiline (N,N,N,N-tetra(2,3-epoxypropyl) 4,41- diaminodiphenyl methane), and mixtures of two or
more polyepoxy eBrHsdmatSe AWTCRIERARFs R SHTTA BTN E BB FESMBTRISFIHATBE found in Lee,

H. and Neville, Ko ElandReokorf BRaxy:Resins: Mielstaw-Hil Baok<nbodanys 1902 reissie.

100521 0ther suitable epoxy resins include polyepoxy compounds based on aromatic amities and
epichlorohydrin,Eﬁéﬁlﬁglﬁ%‘qﬁﬁﬁ?&‘éﬁlf:(g)r%lﬁ{cé%;{%gmﬁ-}{(ﬁ%m% yﬁ?ﬁf(,%l\ﬁb% 3%?8‘9 ?ﬁﬂ%éi;?n{?nodiphenyl
methane; N,N,N hgirigdy oigydicdadidsd mmimnadiplacpiyinaiistiesins; N-Higheteyi dospmitigiieny| glycidyl

ether; and N,N,N, Notetraqlycidyls1,3antoRyghespig:dzaminobenzoate. Epoxy resins may also include
glycidyl derivatives of one or more of: aromatic diamines, aromatic monoprimary amines,

am@nopher[gtmgq)olyhydﬁic@@h@ﬁngIﬁ;e@yiyéﬂenalﬁﬁhois,gb@mw&)msyﬁg agitts1ipBAE3ksIssful epoxy
resins include, for ex%riggde, . Sol)ég cgd%oﬁg]er]shgf %g%@%@{% e%%:]y%lr%’ ﬁ%%] eﬁ@l&g&ig}ycol,
iol, 1, ol, g

Methylene glycol?@’ﬁ-propﬁehe gy?:ol, ,0- penta 2,6-hexanetr ycerol, and
2,2-bis(4-hydroxyryohslérydlprdpbetbei o se s Borrysion atphabiselirad ermamep shfarboxylic
sid, e 25 s e el halro el g2 e
icarboxylic acid, and dimerized linoleic acid; polyglyci ther olypheno as, for example,
bis-phenol A, bis$EBhG! £ E?igﬁl(ﬂﬂ%ﬂrb%‘éﬁ%gg?ﬁgﬁ%? ﬁi%ﬁiﬁ%’%@gﬁiﬁ Fs((?)%utane, and
1,5-dihydroxy napthalsine; npbetifisd eqoky pesipsradtieciolylatesorcindthandmimiates; gh/cidlyamine

epoxy resins; andnovolagresing. 100a¢1 N6, RPRANACOMBOIAGS Sa Be CyfiRaliphata or alicyclic
epoxides. Examples of cycloaliphatic egomdes Include diepoxides of cycloaliphati

{ estefs of
dicarboxylic acid&§liéheas bi fBy4rEHEh MR th1SBREF at€! bidgBhg ! 158509
epoxycyclohexylmeyiaypadiphaie! bistdd-epemmt; metitydiokpiplmethytyddipates, 4.4-
bis(3,4-epoxycyclohexylmethyl) pimglat 'I\}Ii I hexe i ide: i ' ide;
(s spoy T S MBpe Ui rreRe dene

2009/055666PC Tis2nosmmématrescleaisiaiylcsters of diratbameiagided B ausatited, for

example, in U.S. Radgat Ng. 2:¢58:395n8i0hi0thetheysigaliphatigeripdxitessinefudevolacs,

3'4_epoxycy0|0hep)§) 3|/g %Pd%r}_gl’lgfs of diphenols obtained by esterifying ethers of diphenols obtained

by esterifying salts of an aromatic hydrocarboxylic acid with a dihaloalkane or

dihalogen dialkyl ether; polyglycidyl ethers of polyphenols obtained by condensing
phenols and long-chain halogen paraffins containing at Jeast two halogen atoms.
Other examples of epoxy resins useful in embodiments disclosed herein include bis-
4 A-(1-methylethylidene) phenol diglycidyl ether and (chloromethyl) oxirane
bisphenol A diglycidyl ether.

[0650] In some embodiments, the epoxy resin may include glycidyl ether type;
glycidyl-ester type; alicyclic type; heterocyclic type, and halogenated epoxy resins,
etc. Non-limiting examples of suitable epoxy resins may include cresol novolac
epoxy resin, phenolic novolac epoxy resin, biphenol epoxy resin, hydroquinone epoxy

resin, stilbenediol epoxy resin, and mixtures and combinations thereof.

10051] Suitable polyepoxy compounds may include resorcinol diglycidyl ether (1,3-
bis-(2,3-epoxypropoxy)benzene), diglycidyl ether of bisphenol A (2,2-bis(p-(2,3-
epoxypropoxy)phenyljpropane), triglycidyl p-aminophenol (4-(2,3-epoxypropoxy)-
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epoxycyclohexane carboxylates such as 3,4-epoxycyclohexylmethy1-3,4- epoxycyclohexane
carboxylate; %%g@g%y-gﬁmethylcyclohexyl-methy1-3,4-epoxy-lmethyl%g@%ya@lgﬁrboxylate;
6-methyl-3,4-epoxycyc?o exylmethylmethy1-6- methyl-3,4-epoxycyclohexane carboxylate;
3,4-epoxy-2-methylcyclohexylmethyl- 3,4-epoxy-2-methylcyclohexane carboxylate;
3,4-epoxy-3-methylcyclohexyl-methyl3,4-epoxy-3-methyl yclog xarie carboxylate;,. . .
3,4-epoxy-5-met#ﬂ&éb‘l@ﬁ’éi%ﬂ%ﬂ@’i)ﬁ%‘}&?@p Ygﬁ?ﬂe T I§ﬁ%§’<§ﬁ§p &t )ioéyétze'béﬁé'the like. Other
suitable 3,4- epogyryslaespmerbtetd-epoxysyiotuexdintycanichytaté Shaphaesdriidd; for example,

in U.S. Patent No. 2,890,194, [0056]Furt -containing maierials which argparticularly useful
include those ba%eS ggggﬁ?&x rgi)ﬁgz?)%hc?ﬁ%@n%%%ah?ﬁ%g?%%e di- or pol;/gl cidyl ethers of polyhydric

phenols obtainedbipepkamhg a PO RIITROBREMRIPWIHANAR EXetERS RitRH such 38
epichlorohydrin. SughRelyhydrieibrnels inritidesresorcmol,Mistd-(n/drepoyhenyl) methane (known as
bisphenol F), 2,2-bis(4-hydroxyphenyl) propane, (known as bisphenol A

2,2-bis(4'-hydrox§}§ﬂ, Qg@%ﬁ%ﬁ%% ’par%gpfanrll}é, TS 1? ,%?e??a?%ér&p-%l)}/}g%8%-06%}?%{1&h{:{ne or
condensates of phencishwittiveltisaldé hydel tantaraesistaitsadumasrbaciauednditicss Suéids phenol
novolacs and cregalinovelags, frxampiesRf RISiMPRIHRROMIIBSHY adheseribed iakhs. Patent No.
3,018,262. Other examples include di- or polyglycidyl ethers of polyhydric alcohols such as
1,4-butane@igizpr polyatpdene:glycels seiadias ipdlydr pplylane gipogiandsdiasod polygiyeidyl ethers of
cycloaliphatic polyols such as.2,2-bis(4- hydraxycyglohs ) thege SaFe
monofunctional rde)llgllﬁgss%n& %’é‘%ﬁ’e@y gﬁ/%léi/lfgégéise%@b%%?%%%ﬂggeﬁoﬁﬁﬁﬁg%ﬁ class of
epoxy compoundgireihdiidlybiayinedieiensihd polymekansnethylgh el ) seteadvsidbdalent
carboxylic acids glehaaiphihalic acidaderephthaliciagid.-dehahyuerophiylatiaacidhehexalydrophthalic
acid. A further class of epoxy com 9 nds arelN(-igl?zc_ig_)élmq%{%)vatziv%s of. amines.. amides and
heterocyclic nitroyehbAsaE gbIF 4L N-NPHEN &Gy T aniine. ,ﬁ-alg?ymdgﬁ%lu%me, NN, N
tetraglycidy! bis(4rahniroglyeidyl) mMethvatiesstriglyoidy Pis geyren gfateroRpris 1 SHETET6y RroAtesic
2009/055666PCT/32008/0811008 Lt HESRNIN -Sighsishl prandimesbytivaantainiand
N,N1-diglycidy1-5- isopropylhydantoin. [0058]Still other epoxy-containing materials are copolymers of
acrylic acid esterBbfgiYeIIEF G- as glycidylacrylate and glycidylmethacrylate with one or more
copolymeri vinyl compounds. Exampl f such y : idylmethacrylate,
A N B T B R b L
acrylate-glycidylmeltmasnsade. $0089EBp oslycebnipetiisacheyeth r]eéﬂg}ljé{%ﬁéﬁaﬁiécﬁi/dbéé

octadecylene oxidg;glygicly methasratesdighidy) ether pbhisphenaly IRy Bbibisphenol A
liquid epoxy resin) and D.E.R.332 (diglycidyl ether of bisphenol A) available.from Th W Chemical
Company, Midlaﬁj(?,lsﬁli%%?aé ,t%ﬁﬁyl(&gl/ ¥ atc andk. arg aﬁp Er).llycar oxyic acids, such a%,ng

IR TONTS [ R _
epoxycyclohexylraethyl; Jdabpexidcyiotinzarvidc atyeny| ated, 3erdfinky-acid, 2,6-napthalene
methy'%yd0hr?)iyla‘f?ﬁémﬁw}{%%&ﬁ;’@ﬁﬁ_@aﬁi&ﬁ%@’&%ﬁ%@&@% ﬁ%@i‘éﬂlﬁheért?é’ié%lﬂ%oi}{phﬁmlsa dified
epoxy-6-methylcyciohexylmethyl) adipate; bis(2,3-epoxycyclope r: aliphatic epoxy modifie
with polypropylerf@ gy fosiFertaife g‘ﬁiﬁﬁ@?‘eﬁo%&ﬁﬁ%’ggﬁzbhg%%ﬁ%y sfﬁé?ﬂ#’é’ T l@?ﬁp E6ntaining
epoxy functionality; flaehreiatganespivoprasins:feutli-diadorommatsdebis phedibbdy proepoxy resin
available under thesﬁ?%ﬁ@%@%}%ﬁ?%%%m@‘éﬁﬂ%ﬁl%;“é?&@ifﬁ?&%"‘é&& migal.GCamparyaMidland,
19

Michigan); 1,4- bﬂ?@nedio cidyl ether of phenolformaldehyde novolac (such as those available
under the tradenaf¥@§- D.E.N. 431 and D.E.N. 438 available from The Dow Chemical Company,

Midland, Michigan); and_resorcinol diglycidyl ether Althqugh not specificall mdenti%ned gther epoxy

. ; les |

resins undép%géltradengﬁ?&%@iﬁﬂ?ﬂi’é}ﬁ%‘ib@h_%W&Eﬁaﬁ’_ t 3\9&7% é ?06#16 the bov’@a&lﬁg?nlcal
Company may als6 helosat:10e66idEp ixsgtudsihepnradeatsoinbleidhisccyrneé doditiediepoxy resins.
Polyepoxide acids such as bis(3,4-epoxycyclohexylmethyloxalate, bis(3,4-
epoxycyclohexylmethyl)adipate, bis(3,4-epoxy-6-methylcyciohexylmethyl) adipate,
bis(3,4-cpoxycyclohexylmethyl) pimelate; vinylcyclohexene diepoxide; limonene

diepoxide; dicyclopentadiene diepoxide; and the like. Other suitable diepoxides of
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polymers or copolymers with isocyanate or polyisocyanate functionality may include

epoxy-polyur%tbazr&gg%g%%ymers. These materials may be formed by thq,e,?_ &%@88 lyepoxide

prepolymer having one or more oxirane rings to give a 1,2-epoxy functionality and also having open
oxirane rings, which are useful as the hydroxyl groups for the dihydroxyl-containing compounds for
reaction with diisocyanate or polyisocyanates. The isocyanate moiety opens the oxirane ring and the
reaction continuesvelsaintigicyrierate’ Eaehoniirtaclpain deycobeb doneaymgdroXyP of8Ept There is
sufficient epoxideinciianglity on the polyepoxide resin to enable the WO
2009/055666PC17E152008/081106 production of an epoxy polyurethane copolymer still having

effective o8 rings. Dihear pelyaiptatinayebeigieduceddbrolighreacticks ol deokitiés and

diisocyanates. The di- or IsQcyanais be areamatjc or ali IcNSAmE sepkgdiments.
[0061)Other suitable &f 8%(83? ér%!asf)i(n%]s a%%%ggl%i%d ins?[%gr eggmplg%!%?%g%gt}ant I\%S%Gé,g?&

6,632,893, 6,242¢08 T OTPOLe Gbysytre st msierdehend mstr BHergst Application
Publication Nos. 20060298 %&aand 20056047123 7-srclyicf whjehis/biteRylinabypoeatddherein by
reference. [0062]Ex les of suitable epoxy resins, and eppxy. precursors that ma sed in some
embodiments de]%ef%g‘%é%%ﬁ gﬁh%&%?gly%%ﬁxiﬁg‘rs %T%%?g Bguérﬁ%gg %‘s“f?ghé% %/H,g% isphenol F,
bisphenol K (4,4 Shsmirxs/ ez prdeioriee siepheriales 14 aneitidrsdipetsraiisrné)yhydroquinone,
resorcinol, 1,1-cyglohexanehisphrplthviene-aivsrkepropyiene-givcaly digidylanemhusel, dipropylene
glycol, butanediol, hexanediol, cyclohexanediol, 1,4-pis(h ((jlroggnﬁ{hyl) Bt nzene, %13- A
bis(hydroxymethytf R ERE A VSIS REy FERRH A5 o Bk xARe 5 3- blgzﬁrydgrué)?yrﬁe%hyl)
cyclohexane; diepgoaycatohoyihdstisylchdasayciotdteneadiaptxisdaidiviryibedessritediegoxide,

1,7-octadiene, 1,3:butadiens,lfHhexadiens,4ogyclonexenecarboxylate cyclohexenemethanol ester;
and glycidyl ether derivatives of novolacs such as phenol novolac, cresol novolak, and bisphenol A

novolak. [OQB3KFATAL Yot [0064caialists mavincivsen midezalaieampetndsingusieg compounds

having one imidazole ring per.molecule, such as imidazole, 2-methylimidazole, 2-ethy1-4-
methylimidazole?é"‘-sﬁf%c1D Yl ?zgﬁ?é%r - oéiﬁf%%‘cg#%ﬁgizegléf E%héﬁﬁcgﬁé %’Pé% iﬁlég‘éf
pheny1-4-methylimidazble, thdrelzpbtanuetny linrtiazote pobdtriiimibiandlevih igbrspifintidazole,
2-phenyl-4-benzylimidazale, d:0yanepitydrdyasyntlagaiRydkic phenols include resorcinol,
cyanoethyl-2-ethyl-4-methylimidazole, 1-cy noethyl-%—_u%decylggi%azz_gle 4:-115 d henyl)
cyanoethy1-2-isopr6pyRiapaEY - thyA22 bREnYiidazole, AL og ypheny
[2'-methylimidazalydp4hd Jettwh sdriszphend, Axlidhivie - ydathy 3 4-dibromophenyl) propane,
methylimidazoly1, G\ elhstiagine ARty inesbll undecyimidazohdeO sibidrs-tigine.
uct,

2-methyl-imidazo-fium-isocyanuric acid add 2- phenylimidazolium-isocyanuric acid adduct,
1-aminoethy1-2- i3} i, e SREBIRPE 409iATA e ERN TGS BREnY_BREHYE- 42fhethy 1-5-
hydroxymethylimigagznlae2-pbe ngkdripinzyfl dhishydecfepethykimidaz desaitddhie 1ike; Patent

No. 3,018,262. Other examples include di- or polygiycidyl ethers of polyhydric
alcohols such as 1,4-butanediol, or polyalkylene glycols such as polypropylene glyco!
and di- or polyglycidyl ethers of cycloaliphatic polyols such as 2,2-bis(4-
hydroxycyclohexyl)propane. Other examples are monofunctional resins such as

cresyl glycidyl ether or butyl glycidyl ether.

[6057] Another class of epoxy compounds are polyglycidyl esters and poly(beta-
methylglycidyl) esters of polyvalent carboxylic acids such as phthalic acid,
terephthalic acid, tetrahydrophthalic acid or hexahydrophthalic acid. A further class
of epoxy compounds are N-glycidyl derivatives of amines, amides and heterocyclic
nitrogen bases such as N N-diglycidyl aniline, N,N-diglycidyl toluidine, N,N,N',N'-
tetraglycidyl bis(4-aminophenyl}methane, triglycidyl isocyanurate, N,N'-diglycidyl
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WO 2009/055666PCT/US2008/081106 and compounds containing 2 or more imidazole rings per
molecule Whi(ip (ﬁﬁu@/ J_:?#'%ed by dehydrating above-named hydroxymetm@igggg@%gﬁdmidazole
P yl-5 -

compounds such as enyl-4,5-dihydroxymethylimidazole, 2-phenyl-4-meth
hydroxymethylimidazole and 2-phenyl-4-benzyl-5-hydroxy-methylimidazole; and condensing them
with formaldehyde, e.g., 4,4'-methylene-bis-(2-ethy1-5- meth)t/li'midazole), and the like. 100651In other
embodiments, suftBble d&f’é&yst@‘%{é@lﬁﬁlﬁﬁéﬁfﬁﬁ@e&%&% Uich F8N-alkPIntbspigsiies,
N-alkylalkanolamigagse Vi dhiatkylcyclohexylamines, and alkylamines where the alkyl groups are
methyl, ethyl, propyl, butyl and isomeric forms thereof, and heterocyclic amines. [0066]Non-amine
catalysts nfé98b0 be usEll oBegememetatlimogmpoutiso Bisehoterdeddotitic kg iestersitdn, antimony,

uranium, cadmiurg gabalt, oyury AlANAY I MEKE WM RN RiGKBNAS TR, BRlYRdeRye, vanadium,

copper, manganese, and zirconium, may be used. lllustrative examples include bismuth nitrate, lead
2-ethylhexoate, |§58PHEHBARE TR COMTBP S antABRY trRiTBH SRS 8 detat® ™ @& nnous
octoate, and stanggtigyirethythexeate 1 Qtharvtatalysisthetipealy bervised-are diselésdd iy for example,
PCT Publication No \go %Olﬁgg-%thwm%h IS, | %an%lra%_erence in its entirety. 100671In some

12
embodiments, sul?fggﬁ Igeata(f/ S'may include n%%@%’%mc amines and phosphines, especially nitrogen

heterocyclegguagh as aliylated imidazalesa2-Rbenyhinidesaine 2nipaty Limidazele biaethy!
imidazole, 2-methyl-4-ethyl imidazole; other heterogycles sych ﬂg%?j)l cl Un?% ene (DBU),
diazabicycloocte ,cf%%ﬁﬁ]&w}éﬁeﬁé@%‘f’rﬁﬂe?%ﬁfﬁ %83%3’,%?%9%% sCtrialkyRammes S8eR as
triethylamine, trinegtinylaesitiesrte DZyRlibaatkdikhriihe ; gtteo sphingb et hastripddn yiphosphine,
trtolyiphosphine. SeinyipARsAN B Rl RkAR S AURDAS Vithyammenlmahigrides.

tetraethylammonium chloride, tetraeM%/ ammonium acetate, triphenylphosphonium acetate, and

triphenylphosphofRerisdreyBoteThiteres s ERB S fiore of HESBYSe deschibBC&idlysts may
also be used. [006Q{RPH oL HARRENERS GURENG: AGEIDRES{R0 7 Qkabbaytiener dishiing agent may
e e oot SHGRSIRIIBA LIS SR A IR RS Al DA MRS LAAIRRESION- The

epoxy modified with polypropylene glycol; dipentene dioxide; epoxidized

polybutadiene; silicone resin containing epoxy functionality; flame retardant epoxy

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

D.E.R. 580, available from The Dow Chemical Company, Midland, Michigan); 1,4-

butanediol diglycidyl ether of phenolformaldehyde novolac (such as those available

under the tradenames D.E.N. 431 and D.E.N. 438 available from The Dow Chemical

Company, Midland, Michigan), and resorcinol diglycidyl ether Although not

specifically mentioned, other epoxy resins under the tradename designations D.E.R.

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

[0060] Epoxy resins may also include isocyanate modified epoxy resins. Polyepoxide
polymers or copolymers with isocyanate or polyisocyanate functionality may include
epoxy-polyurethane copolymers. These materials may be formed by the use of a
polyepoxide prepolymer having one or more oxirane rings to give a 1,2-¢poxy
functionality and also having open oxirane rings, which are useful as the hydroxyl
groups for the dihydroxyl-containing compounds for reaction with diisocyanate or
polyisocyanates. The isocyanate moiety opens the oxirane ring and the reaction
continues as an isocyanate reaction with a primary or secondary hydroxyl group.

There is sufficient epoxide functionality on the polyepoxide resin to enable the

16



WO 2009/055666PCT/US2008/081106 may be used individually or as a mixture of two or more. In
some embodi 8%39/9:?‘%99”95 may include dicyandiamide (dicy) or phehqlicciking, agents such as
novolacs, resoles, bisphenols. Other hardeners may include advanced (oligomeric) epoxy resins,
some of which are disclosed above. Examples of advanced epoxy resin hardeners may include, for
example, epoxy resins prepared from bisphenol A diglycidyl ether (or the diglycidyl ether of
tetrabromobisphFRSIUsY el 3R ERCEsROBIETLEHE FEP O RET S SRYSHHFRSHEN R dFdEs such as
poly(styrene-co-maleie pnhyedde) may-alsochenusat. (0FdjCofifigpagidntsmidiisatsainetude primary
and secondary palyarn nes and adducts thereof, anhydri i example,
polyfunctional am%lr}léeél‘rﬁ)é ‘i?c?ﬁ%%‘“ gllﬂl%shnall%'fb grﬁﬁﬁlg%%yr%p%ﬁ)né@g%gﬂq}gésé%%%?egﬁegtriamine (D.E.H. 20,

available f ﬁ@@}s‘%ﬁge Dovyghemical ComaanyMidlagd Michiganr Mathyiene detramingdp.E.H. 24,

available from The Dow Chemical Company, Midland, Michigan), tetraethylene mine (D.E.H. 26,
available from TﬁeI@%W%ﬁ%ﬁﬁ(ﬁ?ﬁgﬂﬁ - tidifand: ﬂrﬁgﬁ%alnfhssg \%ﬁr g@éd"bﬁ?c%g of the above
amines with epoxy.sesinsytdilgsids;ar Pthicaaion nsere 20066280 NPeul ZN0AMOMARG amines, such as

metaph_enylene d‘j\%ligmg &@%d?%i”%;Epéﬁh%?éﬁk%{lfr%?e‘?e@éphaﬁc polyamines, such as amino e_thyl_
piperazine and polyethylene 5o?ya ine, and arofmatic polyamines, such as metaphenylene dia.mine,

diamino diphggyl sulfong,anadistaviaiiens diamine Bayais@lasadiniORy barkride curing
agents may include, for example, nadic, tr?%l_ anhydride, h.efach&ér?ro&@}pal'&cdg&hydt{égeéstrimeIIitic
anhydride, dodec8 STESHRSAM ﬁ?f&g,g’% St DSRGHEE SRy FRERaRY dPSPhiialic anhydride,
tetrahydrophthalibigphieyarile bianbenei thybitptratn) dfophthaiy dmhyeividenhansory bméﬁgs){(ﬁ)?s]The
hardener or cur|ng}ggg]ﬂ%%mgmgugf&llgﬁr}@ldg%}{g,qegg&g%gt@g_%&@ﬂ@w@%ﬂ@yolac or an

anhydride. Non-limiting éxamples of suitable hardeners include phenol novolainharden,e , cresol

novolac hardenef&ilsieI8hERtapemAhsBNEH o FEFIETR BN HERPH S KX ERnBIBR Ak ides, and
mixtures thereof. {QA4diol some-efshedimadnls, thd ghesiblhrovetathiyirdenbenaeay, contaiir a biphenyl or
édro%gzrgr%ps my@&}gﬁm&fpe bgpgggggagg,naphgjyl moiety of

naphthyl moiety. .Th enolic.h
the compound. Thﬁss@%ggx %}}g{ ner may be pre(g)_ared, for example, according to the methods

described in EPOUBHYS®IyRehdXafisiehaas:

diepoxide, divinylbenzene diepoxide, 1,7-octadiene, 1,3-butadiene, 1,5-hexadiene, 4-

iepoxy compounds such as:  cyclooctene

cyclohexenecarboxylate cyclohexenemethanol ester; and glycidyl ether derivatives of

novolacs such as phenol novolac, cresol novolak, and bisphenol A novolak.
[0063] CATALYSTS

10064} Catalysts may include imidazole compounds including compounds having one
imidazole ting per molecule, such as imidazole, 2-methylimidazole, 2-ethyl-4-
methylimidazole, 2-undecylimidazole, 2-heptadecylimidazole, 2-phenylimidazole, 2-
phenyl-4-methylimidazole,  1-benzyl-2-methylimidazole, 2-ethylimidazole, 2-
isopropylimidazole, 2-phenyl-4-benzylimidazole, 1-cyanoethyl-2-methylimidazole, 1-
cyanoethyl-2-ethyl-4-methylimidazole, 1-cyanoethyl-2-undecylimidazole, t-
cyanoethyl-2-isopropylimidazole, 1-cyanoethyl-2-phenylimidazole, 2,4-diamino-6-
[2'-methylimidazolyl-(1)"}-ethyl-s-triazine, 2,4-diamino-6-{2'-ethyl-4-
methylimidazolyl-(1)]-ethyl-s-triazine,  2,4-diamino-6-[2'-undecylimidazolyl-(1)]-
ethyl-s-triazine, 2-methyl-imidazo-lium-isocyanuric acid adduct, 2~
phenylimidazolium-isocyanuric acid adduet, 1-aminoethyl-2-methylimidazole, 2-
phenyl-4,5-dihydroxymethylimidazole, 2-phenyl-4-methyl-5-
hydroxymethylimidazole, 2-phenyl-4-benzyl-5-hydroxymethylimidazole and the like;
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WO 2009/055666PCINS2008/081106 hardener containing a biphenyl moiety may be prepared by
reacting phen@l{)vxﬁmdgggggﬁethoxy-methylene biphenyl. [0075]In other empegimaninseidNg agents may
include dicyandiamide, boron trifluoride monoethylamine, 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 imadazole curing agents are disc{os d in EP906927A1. Other
curing agents inCiBRICAFBRRIE SAMABLIS foRATEUM RS R i R aRg 5?1“2?‘10‘1’ '{0076]In some
embodiments, thevedisitilg agentelimaytirg antarimancamjounek raving-eomalecglarmwdighieup to 500 per
amino gimp, such as an aromatic amjne oy gﬁi ?nq ivati am f.aming curing agents
include 4-chIoropct?énr?fﬁ{ﬁ?\l%%efﬁy?@?ggyg%g %fl%? é% or§§%§%‘%ﬁ%1dai]rg§t%$i%%%@ O%;?]Other
examples of curihedagemetudanidarolsmpstifeheedidhered hbrdinnenstyligugazgis and
4,4'-diaminodiphegydsidfene; methylengdianiingadisdd-anigQ-3,54 -methylene-bis-(2-ethyl-3-
dimethyl-pheny1)-1,4-diisoprqpylbenzepe available as EPON 1062 from Shell Chemical Co.; and
bis(4-aminophen?ﬁ@i@b&%ﬁ%ﬁéﬁﬁﬁéﬁ i

hzene available as EPON 1061 from Hexion Chemical Co.

[9078]Thio) i agenis JRLLRANARRIRCUALSIMANRIS heiserlaand A dansiibad, i example, in

U.S. Patent No.'5,374,668. As used herein, "thiol" also includes polythiol or polyrnercapté;ln curing
agents. lllustrativi-eiisrehedacaliphatk lisrdaerngs mohatetiiier P ratfthior™
cyclohexanedithighy-mersapteeshyd -2i31 gingrcapionstistinakel, propyl, butyl and isomeric

2,3-dimercapto-l-propanol(z-mergaptoacetate), diethylene glycol bis(2-mercaptoacetate),
1,2-dimercaptopr§6§/{lz’ ?ngg ?%/fl %I%ﬁrérg,f%?sc%'f.m nes.

mercaptoe}ﬁuagfhehtrirﬂgﬁh&ﬁg{w oRanRiEsioglycalRtehnentagoityitelic compounds of

tetra(mercaptopropionate),pentaerythritoltetra(thioglycolate),ethyleneglycol dithjoglycolate,
trimethylolpropar@sfﬁ‘é'@bez‘?-‘{hi%ré‘fﬁ%’ﬁﬁ’te)f%is%ﬁ&dﬁa&&%aﬁ ﬁi-&?é%\ﬁy Sthelof

propoxylated alkanggianel,dipentasrythrtol palébetethiopropibdtelrhalegedrsabstitpted derivatives of
the aliphatic thiols, aromatic thiols such as. di-, {is; Qp tetig;mercanihenzent. tis- vitifur
tetra(mercaptoal@%%3%h§¥iir%éﬁcapt6§?pkenyl, SfoIUenedithiéJI and naphthalenedithiol;

halogen-substitumsgaeriirativesbrirscsonsat rrheteriey ety Leaming thioidsuch as
amino-4,6-dithiol-gyRotiasige adkexyod Sedidiongynariiiazinethylhexoate. Other catalysts that

may be used are disclosed in, for example, PCT Publication No. WO 00/15690C, which

is incorporated by reference in its entirety.

[0067] In somme embodiments, suitable catalysts may include nucleophilic amines and
phosphines, especially nitrogen heterocycles such as alkylated imidazoles: 2-phenyl
imidazole, 2-methyl imidazole, 1-methyl imidazole, 2-methyl-4-ethyl imidazole; other
heterocycles such as  diazabicycloundecene (DBU),  diazabicyclooctene,
hexamethylenetetramine, morpholine, piperidine; trialkylamines such as
triethylamine, trimethylamine, benzyldimethyl amine; phosphines such as
triphenylphosphine, tritolylphosphine, triethylphosphine; quaternary -salts such as
triethylammonium chloride, tetracthylammonium chloride, tetracthylammoenium

acetate, triphenylphosphonium acetate, and triphenylphosphonium iodide.

[0068] Mixtures of one or more of the above described catalysts may also be used.
[0069] EPOXY HARDENERS / CURING AGENTS
[0670] A hardener or curing agent may be provided for promoting crosslinking of the

resin composition to form a thermoset composition. The hardeners and curing agents
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WO 2009/055666PCT/US2008/081106 aryloxy-4,6-dithiol-sym-triazine and
1_,3,5-tr|s(3-m‘%rc%t(l)(f)ro yl) isocyanurate; _halogen-substltuted derlvatlvms%gs;agltﬁf@qychc
rlng-contalnlng?hlo s;%?no compounds having at least two mercapto groups and containing sulfur
atoms in addition to the mercapto groups such as his-, tris- or tetra(mercaptoalkylthio)benzene, bis-,

tris- or tetra(mercaptoalkylthio)alkane, bis(mercaptoalkyl) disulfide, .
hydroxyalkylsulfid@bibeﬁé?éé@%é%ﬁﬂdrfﬁtéﬁ,a mixture of two or more. In some embodiments,
hydroxyalkylsultigghistnercaptoaeataialynereaptoctiivigther hris{ohercaptopropianate), as
1,4-dithian-2,5-diolbis(mercaptoacetate), thiadiglycolic acid bis(mercaptoalk r), thigdipropionic
acid bis(z-merca*b%%lﬁ(fﬁr S Glnk }ﬁﬂﬁ %%%’uty@r%%%ﬁ%%e&ﬁgé%%%lEélv%ls%ﬁr)i%%-t %%%hg)negithiol,
bismuththiol and @E=dirsarcapto: o, $hittthimdiisckesie] ObTOIT RaaRNPRCAGRTIRATEPRISH BB nucleophilic
substance such gg an amige. aferiRryhezphing, aavAeEnaty Repmanitesalkyihoa nucleophilic

anion, a quaternary phosphonium salt with a nucleophilic anionB‘a imi{jg oled a tertiar ?rsenium salt
with a nucleophilfieksidil sher AMmrEbmERhitHPsS t*&‘ﬁﬂl?fﬁfﬁ%éfé%%fh". it iﬁrilon%n[ﬁb%ﬁ Aliphatic
polyamines that argwegdified(hy-adcctinphwritit) e paxpyésiks, actylenipile(tyrenetvavaitites may also
be utilized as curi ager ts. In %]%g%iéig&dyarious Marmich bases can be used. Aromatic amines
wherein the amine groups are directly attached to the aromatic ring may also be used.

[0081]QualgiRafy ammenim saltsswitha iclaepliicanay usefubasa.oupoyagess iaembodiments
disclosed herein may include tetraethyl ammonium Cglori , tetragl[i)rlcép)éloﬁ%g%n%m a%clzgégte, hexyl
trimethyl ammonfdfEFHARE FERYSTHTH Pg&%ﬁbﬁ%m & anidd, eetyririethyl ammonium azide,
N,N-dimethylpyrraligifiiniis etybatatenibenatmppyndidinidmepdestaiboes NigmarnyiDER I 0tBpyrridinium
chloride, methyl yiolegen dighioride aag thadikral0BSAHERS, Switahility sfith.aniingeagesicior use herein

may be deteiluined by reference to manufacturer specifications or routine experimentation.

Manufacturer spdeiEaasr&RdY bt 8e i 8emhindss BRYc Tl Se O ER AmalpAsas solid or a
crystalline solid a/fios gesireddanpaeperesdar fihiig. \Rih areiligeitan SBkdepoSheni@inatively, the
sold curing agen. may, be estedusig diferenialganning.calomev( R Aegiine the
amorphous or crys(%a Ine nature of the solid’ 21 . .

Tesins, diluents, or other amine-reactive compounds. Aromatic amines, such as

metaphenylene diamine and diamine dipheny! sulfone, aliphatic polyamines, such as

amino ethyl piperazine and polyethylene polyamine, and aromatic polyamines, such

as metaphenylene diamine, diamino diphenyl sulfone, and dicthylioluene diamine,

may also be used.

[6072] Anhydride curing agents may include, for example, nadic methyl anhydride,
hexahydrophthalic anhydride, trimellitic anhydride, dodecenyl succinic anhydride,
phthalic anhydride, methyl hexahydrophthalic anhydride, tetrahydrophthalic
anhydride, and methy] tetrahydrophthalic anhydride, among others.

{0073} The hardener or curing agent may include a phenol-derived or substituted
phenol-derived novolac or an anhydride. Non-limiting examples of suitable hardeners
include phenol novolac hardener, cresol novolac hardener, dicyclopentadiene

bisphenol hardener, limonene type hardener, anhydrides, and mixtures thereof.

[0074] In some embodiments, the phenol novolac hardener may contain a biphenyl or
naphthyl moiety. The phenolic hydroxy groups may be attached to the biphenyl or
naphthyl moiety of the compound. This type of hardener may be prepared, for
example, according to the methods described in EP915118AL. For example, a
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WO 2009/055666PCT/U52008/081106 curing agent and the suitability of the curing agent for mixing

with the resin compgsition in either liquid or solid form. [00831FLAME RETARIAMN, P DITIVES
[0084]As described above, the resin compositions described herein may be used in foimulations that
contain brominated and non-brominated flame retardants. Specific examples of brominated additives
include tetrabromobisphenol A (TBBA) and materials derived therefrom: TBBA-% lycidyl ether,
reaction product§%¢?§i§rpﬁ‘éfﬁﬁpﬁl%PTEB@E’WHW"F%BR‘-?}?d?ﬁc?&@?aéfge}??aﬁ%c?@ﬁc% eg‘ i

rdducts of

bisphenol A diglysighdiethemaitlidRBBAhIB5]Non-brominated flame retardants include the various
materials derived from DOP (9,10-dihydro-9-oxa-10-phosphaphenanthrene 10-oxide) such as

DOPhydroffiifine (1 Ok 20fedibydirdkypiianyrog lagentihyoy Ocbyde 9Dy pKéspHspReanthrene

10-oxide), CO”de&?ﬁﬂﬁﬁe‘lﬁ%ﬁb’&l@f&ﬁ%&Fér}a/L&ha&bi%E?Ml@ﬂé%ﬁeduﬁﬂyageﬁfsW&%ﬁn@ﬂdeinorganic
flame retardants such as aluminum trihydrate and aluminum phos hinite.%{?OBGﬂ]l?PTl l;lLAL

ADDITIVES [0087]¢72Bie Bt tHEr 5426 p SLRTB FROGHE FEf SR

A pﬁona yinclude
conventional addities«unstfilats. Addithies anaifildesimalyzoiel sdendorgenamplalisilicad dgass, talc,

metal powders, apjg AigXde, Wl A0SDLEPIINER S ERIRIINAED Suitale release agents,
|

coupling agents, ion scavengers, zers, flexibilizing agents, and tackifying agents. Additives
and fillers may aks@yAErIeadiePifica, aggregates such as glass beads, polytetrafluoroethylene,

polyol resins, pglyester resins, phenolic resjns, graphite, molybdenum disulfide, abrasive pigments,
'Eﬂ t};l H% g ﬂn% avin
0 5 A

viscosity rdd0&Hg agertsS BB S PRHES hils Ut eiﬁfgs 2GRt AR Stabilizers. amoriy others. Fillers

and modifiers maycheyaehessbd tp doividofpencisture goiar, tovabidision terdmatep 8RN §in Tomposition.
Additionally, thesg optianal additives may bave.afrsfashendagnienadies b inagmpgsition, before

and/or after curing, and should be taken into account when formulating the composition and the

desired reaction Broefiv- 588813 SdiHE SrRBEU NSRS Eounts of higher molecular weight,
relatively ngn-volatile monoalcohols, polyols, and otther eRPXY- Or iSQC to- jve dilyents WO
! 1RGN ANAR e GV R A
2009/0556&)@/ /usz&fr%?bﬂi’ﬁ%ﬁ:s S/SRnE AR RO SR 1 |
include: 3,3~ and 4,4-diaminodiphenylsulfone; methylenedianiline; bis(4-amino-3,5-
dimethyl-phenyl)-1,4-diisopropylbenzene available as EPON 1062 from Shell
Chemical Co.; and bis(4-aminophenyl)-1,4-diisopropylbenzene available as EPON

1061 from Hexion Chemical Co.’

[6078] Thiol curing agents for epoxy compounds may also be used, and are described,
for example, in U.S. Patent No. 5,374,668. As used herein, "hiol” also includes
polythiol or polymercaptan curing agents. Hlustrative thiols include aliphatic thiols
such as methanedithiol, propanedithiol, cyclohexanedithiol, 2-mercaptoethyl-2,3-
dimercapto-succinate, ~ 2,3-dimercapto-1-propanol(2-mercaptoacetate),  diethylene
glycol  bis(2-mercaptoacetate),  1,2-dimercaptopropyl methyl ether, bis(2-
mercaptoethyl)ether,  trimethylolpropane  tris(thioglycolate;), pentaerythritol
tetra(mercaptopropionate),  pentaerythritol  tetra(thioglycolate), ethyleneglycol
dithioglycolate,  trimethylolpropane  tris(beta-thiopropionate),  tris-mercaptan
derivative of tri-glycidyl ether of propoxylated alkane, and dipentaerythritol
poly(beta-thiopropionate); halogen-substituted derivatives of the aliphatic thiols;
aromatic thiols such as di-, tris- or tefra-mercaptobenzene, bis-, tris- or tetra-
(mercaptoalkyl)benzene, dimercaptobiphenyl, toluenedithiol and naphthalenedithiol;
halogen-substituted derivatives of the aromatic thiols; heterocyclic ring-containing
thiols such as amino-4.6-dithiol-sym-triazine, alkoxy-4,6-dithicl-sym-triazine,
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may be used, if desired, to serve as plasticizers in the curable and thermoset compositions disclosed

herein. [0089]‘%!3)%@% gﬁg:OMPOSITIONS [0090]Curable compositionsm&la&%g%gin may be
formed by combining the resin composition, comprising oligomers having a ratio of isocyanurate to

oxazolidinone greater than 1'1, with a hardener. The proportions of the resin composition and the
hardener may depend, in part, upon the properties desired in the curable composition or coating to be

produced, the desiriscdiediskipbrae-sigies cofposlibir A tHIGBSPEP Hor IREEIBAI of the

composition (deskgskshelbfie)f00Rkarexample, Reaasmechmbbginenisig ctiiabte tshposition may
be formed by admixiné%g% reIslin.com{)S sit{o and one.or more har, eners .With }N;y%lgt%catalyst, to

) i aiding su
form a mixture. THERIEVe AWML Ats Pthe Pedif CompBsition” hardeners.cand catalyst, It used, may

depend upon theadéiivedoptopertiestofthere st asdrspdshion idzpaeseredkabbipsbawenper
embodiments, a gracesg;to foym aguaRieLAMRORIORINAY, iIndids.angiemmore aistieisteps of

forming a resin composition, as described above, admixing a hardener, admixing a flame retardant,

and admixing addReE e Lo EARIRNERAE the resin composition may be present in an
amount ranging fretrdRyhity99 feiiditperoanicektte curable ceampepitichylin other enttisdiments, the

resin composition, Ay (ARG AM.0:L. 0,SANEION BRIGRNLGL(R Auable ERMBREIIRNP™ 15 o 45

weight percent in other e ments’ and from 25 to 40 wel%1 ercentin %{et other embodiments. In

other embodimeritis(secraispiiabrsisEiioadisr TeiRge e sHity SeeirERiyer&siitof tik curable
composition; fromu&die 25 WeightRereenbityel other.erbadupisntsihind, frosmutBtieDa@ndeight percent
in yet other embod%r_r&ents’. 190?§ Imrt}%aggzeopmbodiments, the catalyst may be present in an amount
ranging from 0.0fWe?aﬁ}fcﬁgr%ehf o 10 weight percent. In other embodiments, the catalyst may be

present in qggagiouNt ranging. om0t WEIINPEICERIRBHHRIGbREACE B AL BRioht percent to 6

weight percent in other embodiments; and from 1 to 4 weight percent in yet other embodiments.

[0094]In some ertBE#HMEFREHERdEn P FRRAT A1 SB B IiSEY With theFESPPREIN iB&forfs described
herein. Variables daetonsid @hiebetectingn kdfienendagitic \MEo2000/0E686E CTIWS2008/081 06

arsenium salt with a nucleophilic anion, and a tertiary sulfonium salt with a

nucleophilic anion.

[0080] Aliphatic polyamines that are modified by adduction with epoxy resins,
acrylonitrile, or methacrylates may also be utilized as curing agents. In addition,
varions Mannich bases can be used. Aromatic amines wherein the amine groups are

directly attached to the aromatic ring may also be used.

{0081} Quaternary ammonium salts with a nucleophilic anion useful as a curing agent
in embodiments disclosed herein may include tetraethyl ammonium chloride,
tetrapropyl ammonium acetate, hexyl trimethyl ammonium bromide, benzyl trimethyl
ammonium cyanide, cetyl triethyl ammonium azide, N,N-dimethylpyrrolidinium
isocyanate, N-methylpyrridinium -phenolate, N-methyl-o-chloropyrridinium chloride,
methyt viologen dichloride and the like.

[0082] The suitability of the curing agent for use herein may be determined by
reference to manufacturer specifications or routine experimentation. Manufacturer
specifications may be used to determine if the curing agent is an amorphous solid or a
crystalline solid at the desired temperatures for mixing with the liquid or solid epoxy.
Alternatively, the solid curing agent may be tested using differential scanning
calorimetry (DSC) to determine the amorphous or crystalline nature of the solid
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amount of the hardener may include, for example, properties of the resin composition, the desired

properties of t&% gﬁggs%ggnposition (flexibility, electrical properties, etc.), desigdrufsates, as well as
the number of reactive groups per hardener molecule, such as the number of active hydrogens in an

amine. The amount of hardener used may vary from 0.1 to 150 parts per hundred parts resin
composition, by weight, in some embodiments. In other embodiments, the hardener may be used in an

amount ranging froiRS 8895 HhiperHaNlRE LHAS FEERE BB SR REWEEh a8 e hardener
may be used in aty@apaeitioh iargirg e dGstdRparts per hundred parts resin composition, by weight,
in yet other embodiments. [0095]SUBSTRATES [0096]The curable compositions described above
may be disi§¥884l on a SliBSHEREANRIMST FRPEUNSPate is not subject to particular limitation. As
such, substrates may include metals, such as stainless steel, iron, steel, copper, zinc, tin, aluminium,
alumite and08##4like; alldy<Ieicshen HhetalshaAEa BRI dreepPatbtPfith Bt 1AIE and
laminated sheetsfefsugivmetalsontbstatemnmayalistoinblusénpety mers rgtasmtandpeatiaus fibers,
such as, for example, carban/graphite; boron: quartz: aluminum oxide: glas sg{%g ass, S glass,
5-2 GLASS(r) or agﬂi z%i"; 3%nﬁﬁﬁggaéegar%§§?%siﬂtc:%ir(%%c%? %ég |%§F9%8gngt%i%n tltarﬁuE?IngJCommercially
available fibers megandiudisivefgherkitmibe rEBBdch gy advl AR Teathion Brdnetstt MfalirebRide-containing

fibers, such as NEXTBE Aibgts, frons AMislisen carbidedibatscssichhamdiic Ak QNiems Nippon Carbon;
and silicon carbidg ﬁbe‘i}fs% ntai%’k{g%%% nium, such as TYRRANO from Ube. In particular
@f?ﬁ h¢

embodiments, th& BUFK may be used to folio at least a portion of a circuit board or a

printed circgéjg ard. Inﬁgé% 8%%@@%&3%&%%%&%@%&8%%%@@ ASuppatibilizer to

improve th esion of the e or cured composition to the substrate. [0097]COMPOSITES AND
COATED STRUPRIRESDodsTiveSorrie HirtieerireRtsaebififos teOHY) b&brmEd B &uring the
curable compositigasgiselased herein. In otherepindinarisysiampps|tiesdinaide-tasmed by applying
a curable composition. to a substrate qr a.reinforcing material, such @( impregnating. or coating the
substrate or reinfgkgfﬁaa%%?gﬁa ,egﬁr:] 68ﬁ1naﬁthceo%ét?% rﬁ}gncgﬁgg%csyftigﬁﬁ OWIL% ggym y'i‘é%he;
2009/055666P C Tti$2068d8hrobcEashimraabolentastrbaisdyribie dompbaitohgimiay be in the
form of a powder,§iulitymigha HgichiAfter a curable composition has been produced, as described
above, it may be disposed on, in, or between the above described substrates, before, during, or after
cure of thejgosslle comppritom [0AR00IFeERXample, a composite may be formed by coaling a
substrate with a curable composition. Coating may be performed by various procedures, including

spray coatiff8diirtain flowddating thevatsy witpasiotinechtdpsd hgeaymrey codelbrisivésating, and
dipping or immergioR &@atithdditives and fillers. Additives and fillers may include, for example,

silica, glass, talc, metal powders, titanium dioxide, wetting agents, pigments, coloring
agents, mold release agents, coupling agents, 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, graphite, molybdenum disulfide, abrasive pigments,
viscosity reducing agents, boron nitride, mica, nucleating agents, and stabilizers,
among others. Fillers and modifiers may be preheated to drive off moisture prior to
addition to the epoxy resin composition. Additionally, these optional additives may
have an effect on the properties of the composition, before and/or after curing, and
should be taken into account when formulating the composition and the desired

reaction product.

[0088] In some embodiments, minor amounts of higher molecular weight, relatively

non-volatile monoalcohols, polyols, and other epoxy- or isocyanato-reactive diluents
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[00101]In various embodiments, the substrate may be monolayer or multi-layer. For example, the

substrate may be a comﬁposite of two alloys, a multi-layered polymeric art&clle and a m%tal-coated
WO 2%9/053 156 . . PCT/US2008/08110
polymer, among others, 1or example. In other various embodiments, one or more layers of the curable

composition may be disposed on or in a substrate. Other multi-layer composites, formed by various
combinations of substrate layers and curable composition layers are also envisaged herein. [00102]In
some embodimenitsy the brsdting disirrs.ciratsteconphsitiseendy Hee|seamieandudirarctstavoid
overheating of a ([gmpatatkiersansiliversmbstrate, for example. In other embodiments, the heating may
include heating the substrate and the curable composition. [00103]Curing of the curable compositions
disclosed heos#t may renurresL opeEROSIEIONS least about 30C, up to about 250C, for periods of
minutes up to hours, depending on the resin composition, hardener, and catalyst, if used. In other

embodimet8%@Liring mayrabe cerapaitermpéssriired deesinanzt 10OOrdbyeBdBEHIAGES up to hours.

Post-treatments %@A%Qﬁtféﬁ?goﬂq?m% SUEbReshirganaats Gdinayivheingat iepRaralieres between
about 100C and 200C. 1001041In some embodiments, curing may be staged tooprevgrt:ﬁ exotherms.
%gqg}l%% sition €

Staging, for exan$piaeiBTdES ctithg ¥8rS15Eri SR BRI SP: é?%?u?‘é%gﬂowedaﬂy clring for a

period of time at A:highemiemprpeat, ie. pBtagedictisipppadieintthicd twthoryrrble cummgistages, and may
commence at terpeaMER EloN Ah! M0GIRCIIR clBHANiS, eAdRela AhLLO0C n other

embodiments. [08 )5]In'Some embodiments, curing temperatures may range from a lower limit of
30C, 40C, 50C, eisererotero eyl of Srrcomporiosgesitigseliiie, wo
2009/055666PCT/U52008/081106 150C, 160C, 170C, or 180C to an upper limit of 25 240C, 230C,
220C, 210@’,“?&)0, 19069718 ,?Frﬁtiofbecfé’, SAREha %Tn%% ﬁ?é“f%sé%ﬁgr‘ﬁ’a nmi/elg)v’é’é?‘%ﬁﬁ’it to any
upper limit. [00106fxénguraisie conpossitiorasiandg compositeduascriie herginmaspbetseful as

o form a mixture. The relative amounts of the resin composition, hardeners, and
catalyst, if used, may depend upon the desired properties of the cured composition, as
described above. In other embodiments, a process to form a curable composition may
include one or more of the steps of forming a resin composition, as described above,

admixing a hardener, admixing a flame retardant, and admixing additives.

[6692] In some embodiments, the resin composition may be present in an amount
ranging from 0.1 to 99 weight percent of the curable composition. In other
embodiments, the resin composition may range from 0.1 to 50 weight percent of the
curable composition; from 15 to 45 weight percent in other embodiments; and from
25 to 40 weight percent in yet other embodiments. In other embodiments, the resin
composition may range from 50 to 99 weight percent of the curable composition;
from 60 to 95 weight percent in yet other embodiments; and from 70 to 90 weight

percent in yet other embodiments.

[0693] In some embodiments, the catalyst may be present in an amount ranging from
0.01 weight percent to 10 weight percent. In other embodiments, the catalyst may be
present in an amount ranging from 0.1 weight percent to 8 weight percent; from 0.5
weight percent to 6 weight percent in other embodiments; and from 1 to 4 weight

percent in yet other embodiments.

[0094] In some embodiments, hardeners may also be admixed with the resin

compositions described herein. Variables to consider in selecting a hardener and an
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adhesives, structural and electrical laminates, coatings, castings, structures for the aerospace

industry, and %%%H&%g%&?rds and the like for the electror]ics indqstry, alg‘egngz%%glq&olications. The
curable compositions disclosed herein may also be used in electrical varnishes, encapsulants,

semiconductors, general molding powders, filament wound pipe, storage tanks, liners for pumps, and
corrosion resistant coatings, among others. [00107]JEXAMPLES [00108]Example 1 [00109]A five neck
1 liter glass reactsnouriipibedarima mrdRaniaftitrarRlA Buator fhker s LsamRg ttidenser, a N2

inlet, a thermometgryapeidhgaling snantiadisiassambled fabiilyyantiatehhoedied jet.hHf compressed
air is setup so that coaling could be applied in the event of an over-tem gragire or runaway condition.
The reactor is chA7JE4 ﬁ%’ga%%glgg%%?ﬁna%}fﬁ:i% eeaﬁ?gfz O ERPTM™83, available from The
Dow Chemical CeusiMisitandpivliehigzastimabirigoaanepoxy egiicalEht wanyht of EvdpeT 18¢7g/eq, and a

density of 1.20 gigc) and 63.me 2rPhsnyimidazaleteatalyst) rAfieshqrtimeiobl30Gga, 18 g portion of

toluene diisocyanate (TDI, having approximately an 80/20 ratio of the 254/2,%isoargers ‘ig]tadded to the
reactor at 130-135E0FBPUTF TN dteOh ST RSHEHEE By LS MR REh SIS pefiod A second 10 g
portion of TDI is thegimdfied Guers minutes foldweédbis asthentOstimuteyhotding petibd. The last 10

Qo1 T i then added gve o7 Dy Betad folawai o S el e ampsiauire is then

raised to 140- 145C over approximately 5 minutes and held at that temperature for 30 minutes. Finally,
the temperature KaiseaResHiSe- 1B BC HVeP TR RREIMERF at that temperature for 30 minutes
before the reactor contents are allowed to cool. 1001101During the cooling period, the residual
isocyanateIWé]is mea§HPe§¥Bf/\EEIS-IR (due to the sharp isocyanate peak at 2275 cm-1). The EEW is

244 gleq, molaryatio of oxazolidinone; 19 | deterningdRy FT-IR peak
height Wgﬂﬁé%g%% éuf?l%lg5%8%?%%1{%{%0%&%%%1%%&%éql}s%sagcgt{rﬁ%ﬁhg?s%&ggyanurate and

oxazolidinone, respedtively sultpiihis FcBBIKFae1Bree 1o s IPGHE (A s PR Hth B*¥one and
plate viscometer)i[0Qdl HAporiion of thisisrsin £4:88i9n2 Gtk (oisren nabin ednywittubiRRLTM 560 (a

| a?s@'e from JE%%QQA’?%@E@&E%%?QQ&?”M Midland,

brominated solid epoxy resin (2.84 q.,.6.2 avall
Michigan), 35 mg%ﬁ%n%%rgmh%g?{%r%lg rrrgw}geS %&ﬂylml azole. The calculated amount of bromine in

this formulation istt&kwtedeminstiitisherisiel T gwtaimeS Wremsey i1 arfdvde #8hipeSsition

temperatures of thg tesyliing bseminRied desinaredhenimsrs weshihepasultsabuhiphrate presented
in Table 1. 1001121Example 2 N
aluminum oxide; glass such as E glass, S glass, 3-2 GLASS® or C glass; and siticon

carbide or silicon carbide fibers containing titanium. Commercially available fibers
may include: organic fibers, such as KEVLAR from DuPont; 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 TYRRANO from Ube. In particular embodiments, the curable compositions may
be used to form at least a portion of a circuit board or a printed circuit board. In soroe
embodiments, the substrate may be coated with a compatibilizer to improve the

adhesion of the curable or cured composition to the substrate.
[0097] COMPOSITES AND COATED STRUCTURES

[6098] In some embodiments, composites may be formed by curing the curable
compositions disclosed herein. In other embodiments, composites may be formed by
applying a curable composition to a substrate or a reinforcing material, such as by
impregnating or coating the substrate or reinforcing material, and curing the curable

composition.
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[00113]The apparatus described in Example 1 is charged with 187 g bisphenol-A diglycidyl ether

(D.E.R.TM 3 gﬂ\@)&g@% from The Dow Chemical Co., having an epoxy guivaleityeight (FEW) of
180 g/eq) and 66 mg 2-phenylimidazole. After heating to 130C, a 10 g portion of toluene diisocyanate

(TDI, having approximately an 80/20 ratio of the 2,4/2,6 isomers) is added to the reactor at 130-135C
over 6 minutes followed by a 7 minute hm% period. A second 10 g portion of TDI is then added over

10 minuted898lved by Bcbregisnirbed RorRlsocpERedt TP d Tt FBTiehAR % Wfied over an 8
minute period, follewgdob ar@dninuter holslinglpedegotientdmperatredsdhicny alsediel 140-145C
over 5 min and held for. 30 mm, and then the te raturg Is incre ed to HerC.oper 5 mm and
held for 30 mm b&lore the' %%tc%rs %Sr?f?e(r)l Igféngﬁ%)?v“\;_gﬁ t%%%{())TTOO%M Dl%r?,r@]@sg%e’coo??n@ period, the
residual isocyanaiaifeyet aftencamatidayr R RoERAS I Ehe sharp isocyanate peak at 2275 cull). The
EEW is 238 g/eq, and the molar ratio of oxazolidinone to isocyanurate is 15/85 é%s determined by

FT-IR peakd¥dfifHt), andhexomeeissiy tostemarsos 9amed ArsrrEng A iR Widhe plate

viscometer). [00Lbhlfsamgple Gt 16T he: apphrated beseribed jnoEedaraplenthisiohanged with 170 g

bisphenol-A diglyc dyl ether (D.E.R. TM 38 il r j , ing an epoxy
fo(g )c%ﬁg ol oI gagﬁyf?g e fromm HhecDgv ChRmiEabig, fiav

equivalent weigh g/eq) and 60 mg 2-phenylimidazole. A eating to 130C, a 10 g
portion of toluen&aiisige yah G (TEDY, HEWHECaSPERANately an 80/20 ratio of the 2,4/2,6 isomers) is
added to the reactor at 130-135C over 10 WO 2009/055666 CT/UEZOOS/OS&}QG mirﬁytes followed by
an 11 mind@Hting pLHEHoFR STEAHER tRerPREMISIRY PAGR B ShFPA'S805Hd 1 g portion of
TDI is then addedsaxgic] Bminbtesdoionadabyompotiiend mindteyholdindtiderioed Prlstiesic 10 g of TDI is

then added over g d@.miputes Agiiady aleddy ABIvgMahlioaRgliod Lisiemagiature is then

raised to 150-155C over 5 min and held for 30 min before the reactor contents are allowed to cool.

[00117]During thedssimg e ABRICT Y Tekitin Pidbe Farate fevarlinteaar Ps isRPEsf -8 (ulle to the shafp
isocyanate peak atsaB#elril)Ofthke hEWIisR64aiegiaydithaahdar vatimofoxdiaitimoné to

socyanurate is Sag (s delermingd Y TR pei Delo, e i isapai ot 150C is 5.6 poie

(measured with a cone arid ﬁaat% viscometer). A portion of the Fesulting resin (5.28 g, 20 meq)

is combinegyyiith P-E-ReT M3R0 branainaigs Salicepexy resine 3@ Gamagiavaiablssfrom The
Dow Chemical Company), 35 mg dicyandiamide, and 55 m%é;meth limidazole, The ca]gulated

amount of bromif@i#rs fifh RGOS T NTERBPE SOIiRd BT 'éeﬂ%flﬁrené?bﬁféastg’ tfansition and
decomposition tegmpepaturesofdhenresiittingshrbeninaied resinrahelthznting dsusebtiie redults of which

are presented in &@Ql&a%ie composition.

[00103] Curing of the curable compositions 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 resin composition, hardener, and catalyst, if used. In other
embodiments, curing may occur at a temperature of at Jeast 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 160°C and 200°C.

[00164] In some embodiments, curing may be staged to prevent 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 some

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

[60105] 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,
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[00119]Example 4 [00120]The apparatus described in Example | was charged with 170 g bisphenol-A
diglycidyl ether (D.E.R. TM 383, available from The Dow Chemical Co., ' equivalent
weight (EEW)V?L 6“&93?1:)6216nd 100 mg 2-phenylimidazole. The contents o%@v/eﬁ%%@g{??rﬂ;aéythgn heated to
165-175C and 30 g of TDI is added over a 45 minute period. The temperature is maintained between
165-175C for an additional 30 minutes, and the contents are allowed to cool. [00121]During the
cooling period, thESPESid i fsotiiRats [RRECidonia Jurs By Pf%??o(ﬁu@fg%égﬁsﬁr Yokyanate peak
at 2275 cm’). The FEW 18349 wteq, the-molanatiofqxazatidnenegianspby douratg 1ske0/0 (as
determined by FT-IR peak hei%hf?, and the viscosity at 150C was 9.6 poise (as measured with a cone

and plate viscom ?@F).O[Wl‘fﬂ prénrﬁon of this resin (7.08 g, 20 meq) was combined with D.E.R.TM

560 bromﬁﬂjﬁ%éf”d CREOCIENN (o3 0eth E¥ARLIE latb-bhe Ko %gm@%@mpany), 35 mg
dicyandianiide, and 55 mg 2-mne1g?i/llmldazole. The calculated. WO 2009/055666PCT/US2008/081106

amount of bromirElBsIrS FEFHTEER ARIsCISIY, BRAXTHROHIRES FHEGEI IR LY tihsition and
decomposition tegapepatdreseithenesiultingd Godatestiresirlideeith el naleasoiries itidestgsults of which
are presented in Table I. [00123]Example.5 [00124]A commercial. I romi xazolid none
resin (8.95 g of af 80% %g?ﬁt?gﬁllﬁaé%%foﬁreg,eﬁﬁégfwgggtﬁ%?%ﬁé&b?é%%ﬂm néﬁnggDV\? Chemical
Co., having an FEWAdh 457 Tfelydm sbrRbineHHER S5 WLy Sl aprIE g S5 aRg iers,
meththdazole.@%&g@%@ﬁw i obRroming RBisdeyramdaiiandsd Suwidhnaiselids basis.

The gel time, glass transition and decomposition temperatures of the resulting brominated resin are
then measured, tABYESLIES™SF which are presented in Table I. Table 1.

[060107] EXAMPLES
[60108] Example 1

{00109} A five neck 1 liter glass reactor, equipped with a mechanical stirrer, an
addition funnel, a cooling condenser, a N; inlet, a thermometer, and a heating mantle
is assembled in a well-ventilated hood. A jet of compressed air is setup so that
cooling could be applied in the event of an over-temperature or runaway condition.
The reactor is charged with 170 g bisphenol-A diglycidyl ether (D.E.R. ™ 383,
available from The Dow Chemical Co., Midland, Michigan, having an epoxy
equivalent weight (EEW) of 180 g/eq, and a density of 1.20 g/cc) and 60 mg 2-
phenylimidazole (catalyst). After heating to 130°C, a 10 g portion of toluene
diisocyanate (TDI, having approximately an 80/20 ratic of the 2,4/2,6 isomers) is
added to the reactor at 130-135°C over a 10 minute period followed by a 10 minute
holding period. A second 10 g portion of TDI is then added over 9 minutes followed
by another 10 minute holding period. The last 10 g of TDI is then added over a 7
minute period, followed by a 5 minute wait. The temperature is then raised to 140-
145°C over approximately 5 minutes and held at that temperature for 30 minutes.
Finally, the temperature is raised to 150-155°C over 5 minutes and held at that

temperature for 30 minutes before the reactor contents are allowed to cool.

[00110) During the cooling period, the residual isocyanate level is measured by FT-IR
(due to the sharp isocyanate peak at 2275 em™). The EEW is 244 g/eq, and the molar
ratio of oxazolidinone to isocyanurate is 20/80 (as determined by FT-IR peak height
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Example 1 Example 3 Example 4 Example 5 Oxazolidinonefisocyanurate 20/80 55/45 100/0 100/0 Gel

time @ 170C, seconds 243 233 349
WO 2009/055666 PCT/US2608/081106

at 1710 and 1750 cm™ for the isocyanurate and oxazolidinone, respectively), and the

viscosity at 150°C is 8.4 poise (as measured with a cone and plate viscometer).

[00111] A portion of this resin (4.88 g, 20 meq) is combined with D.ER.™ 560 (a
brominated solid epoxy resin (2.84 g, 6.2 meq), available from The Dow Chemical
Company, Midland, Michigan), 35 mg dicyandiamide, and 55 mg 2-methylimidazole.
The calculated amount of bromine in this formulation is 18 wt% on a solids basis.
The gel time, glass transition and decomposition temperatﬁres of thé resulting

brominated resin are then measured, the results of which are presented in Tabie 1.
[00112] Example 2

[00113] The apparatus described in Example 1 is charged with 187 g bisphenol-A
diglycidyl ether (D.E.R. ™ 383, available from The Dow Chemical Co., having an
epoxy equivalent weight (EEW) of 180 g/eq) and 66 mg 2-phenylimidazole. After
heating to 130°C, a 10 g portion of toluene diisocyanate (TDI, having approximately
an 80/20 ratio of thé 2,4/2,6 isomers) is added to the reactor at 130-135°C over 6
minutes followed by a 7 minute holding period. A second 10 g portion of TDI is then
added over 10 minutes followed by another 8 minute hoiding period. The last 10 g of
TDI is then added over an § minute period, followed by an 8 minute holding period.
The temperature is then raised to 140-145°C over 5 min and held for 30 min, and then
the temperature is increased to 150-155°C over 5 min and held for 30 min before the

reactor contents are aliowed o cool.

[00114] During the cooling period, the residual isocyanate level is measured by FT-IR
(due to the sharp isocyanate peak at 2275 em™). The EEW is 238 g/eq, and the molar
ratio of oxazoldinone to isocyanurate is 15/85 (as determined by FT-IR peak height),
and the viscosity at 150°C is 6.0 poise {as measured with a cone and plate

viscometer).
[00115] Example 3

[0CG116] The apparatus described in Example 1 is charged with 170 g bisphenol-A
diglycidyi ether (D.E.R. ™ 383, available from The Dow Chemical Co., having an
epoxy equivalent weight (EEW) of 180 g/eq) and 60 mg 2-phenylimidazole. After
heating to 130°C, a 10 g portion of toluene diisocyanate (TDI, having approximately
an 80/20 ratio of the 2,4/2,6 isomers) is added to the reactor at 130-135°C over 10
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211 Tg (C, as measured by DSC) 161/159 148/149 150/151 138/137 Td @ 5% weight loss (C, as

measured byg%ﬁq)ﬁ%@p 309/313 311/313 314/313 [00125]As can hg-seembyibgdesults
presented in Table 1, brominated resins having

minutes followed by an 11 minute holding period. The reaction is then heated to 140-
145 °C, and a second 10 g portion of TDI is then added over 13 minutes followed by
another 9 minute holding period. The last 10 g of TDI is then added over a 10
minutes period, followed by a 5 minute holding period. The temperature is then
raised to 150-155°C over 5 min and held for 30 min before the reactor contents are

allowed to cool.

[00117] During the cooling period, the residual isocyanate level is measured by FT-IR
(due to the sharp isocyanate peak at 2275 cm’). The EEW is 264 g/eq, and the molar
ratio of oxazolidinone to isocyanurate is 55/45 (as determined by FT-IR peak height),

and the viscosity at 150°C is 5.6 poise (measured with a cone and plate viscometer).

[00118] A portion of the resulting resin (5.28 g, 20 megq) is combined with D.ER.™
560 brominated solid epoxy resin (3.07 g, 6.7 meq, available from The Dow Chemical
Company), 35 mg dicyandiamide, and 35 mg 2-methylimidazole. The calculated
amount of bromine in this formulation is 18 wt% on a solids basis. The gel time,
glass transition and decomposition temperatures of the resulting brominated resin are

then measured, the results of which are presented in Table 1.
{60119] Example 4

(00120} The apparatus described in Example 1 was charged with 170 g bisphenol-A
diglycidyl ether (D.E.R. ™ 383, available from The Dow Chemical Co., having an
epoxy equivalent weight (EEW) 180 g/eq) and 100 mg 2-phenylimidazole, The
contents of the reactor are then heated to 165-175 °C and 30 g of TDI is added over a
45 mipute period. The temperature is maintained between 165-175°C for an

additional 30 minutes, and the contents are allowed to cool.

[00121] During the cooling period, the residual isocyanate level is measured by FT-IR
(due to the sharp isocyanate peak at 2275 em’). The EEW is 349 gleq, the molar
ratio of oxazolidinone to isocyanurate is100/0 (as determined by FT-IR peak height),
and the viscosity at 150°C was 9.6 poise {as measured with a cone and plate

viscometer).

[60122] A portion of this resin (7.08 g, 20 meq) was combined with D.E.R.™ 560
brominated solid epoxy resin (4.11 g, 9 meq, available from The Dow Chemical

Company), 35 mg dicyandiamide, and 55 mg 2-methylimidazole. The calculated
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an oxazolidinone to isocyanurate ratio of less than N, such as Example 1, have higher glass transition
temperatures%h&ggw&é%wples with a high amount of oxazolidinone. Adpémuyw(}gﬁqolaigh glass
transition temperature'Example | also had a relatively high decomposition temperature, comparable to
that of the oxazolidinone-rich Examples 3-5. [00126]As described above, resin compositions disclosed
herein may include oligomers having a molar ratio of isocyanurate to oxazolidinone greater than 1:1,
wherein the weighaeRa raigererensdal draBgrtlsindsolfsitee R Pasior d824Pd@600, as
measured by gel pamealiomchtomaiagraphy. dhpsatesinCompesitionsromidel uasd 4@ foila curable
compositions ang thermosel, compositions, syoh A for,se In-elgeironics encapsulation and in circut
boards. Advantageous? ; LR OGiments disclosed Rerem may provide for thermoset compositions,
formed frog?,érﬁsgesin ceppagitions, where the thermoset composition has both a high decomposition
WO 2009/055666PCT/US2008/081106 temperature and a high glass transition

temperaturgdgsijonally, e esincQmpOsitionsMarddaye Nissasitethalaunimizes avteast one of
voids, poor fiber wetting, and poor prepreg.a rance when used oating, filler, etc. [00127]In
l}l?] 30&101%%he %%{ QBS%QCP aVB\.%a&CL%f 111 ?ll?é‘}a[?OW Ii%%gglcgl 80

particular, it has 5RERC a Tésin compositions, as we as curab mpositions and
thermoset compdsitiogstdERIBdfrdfi tegiasisrrbinpbsitibis, madiadvdinaigecusly bagged in

prepregs, laminaigs, and; arinte d glEcuichariimiBdead dree:ap arationsmiue 4a {1 eshigh gecomposition
temperature and high glass transition temperature of the resulting thennoset compositigns, excessive
z-axis expansionao?(’lll‘fg At Blbeagﬁla’ﬂ%‘efr@ﬁﬁF@%ﬁ“%‘fﬁt%ﬁﬂ?ﬁ%ﬁ%ﬁéﬁﬁ?ﬁ% #e%fvoided.
1001281While the:diseko Sevmimctddesia dimited meased ofie miseliimEe mtbicthesepstatisedinnthe art, _
having benefit of.}lgtsledli_sclosure, will appreciate that other embodiments may be devised which do not
depart from the scope of the present disclosure. Accordingly, the scope should be limited only by the
attached claims. WO 2009/055666PCT/US2068#81.106 CLAIMS

Example 1 Example3 Example4 Example5

Oxazolidinone/Isocyanurate 20/80 55/45 100/0 100/0
Gel time @ 170°C, seconds 243 233 3459 211
Tg (°C, as measured by DSC) 161/159 148/149 150/151 138/137
Td @ 5% weight loss (°C, as 309/312 309/313 311/313 314/313
measured by TGA)
{00125] As can be seen by the results presented in Table 1, brominated resins having

an oxazolidinone to isocyanurate ratio of less than 1:1, such as Example 1, have
higher glass transition temperatures then the samples with a high amount of
oxazolidinone. Additionally, the high glass transition temperature Example 1 also
had a relatively high decomposition temperature, comparable to that of the

oxazolidinone-rich Examples 3-5.

[00126] As described above, resin compositions disclosed herein may include
oligomers having a molar ratio of isocyanurate to oxazolidinone greater than 1:1,
wherein the weight average molecular weight of the oligomers is less than or equal to
3000, as measured by gel permeation chromatography. These resin compositions may
be used to form curable compositions and thermoset compositions, such as for use in
electronics encapsulation and in circuit boards. Advantageously, embodiments
disclosed herein may provide for thermoset compositions, formed from the resin

compositions, where the thermoset composition has both a high decomposition

2%



What is claimed: I. A resin composition comprising oligomers having: a molar ratio of isocyanurate to

oxazolidinon&g&gg%%g%p 1:1; wherein the weight average molecular wgig gfoml%lgomers Is less

than or equa as measured by gel permeation chromatography. 2. The resin composition of
claim 1, wherein the ratio of isocyanurate to oxazolidinone is greater than 1.5:1. 3. The resin
composition of claim | or claim 2, wherein the oligomers have a polydisgersity (AV1w/M") of less than 2

4. The resin compsIaBREST 4rd Gnbisk critss HaBsiiiRe fEMPHEBRg o tisRMs R dfiBounds of the

general folinula: QG\BbQPxORAN B8e a viscosity that minimizes at least one of voids, poor fiber

wetting, and poor prepreg appearance when used as a coating, filler, efc.

100127) In particuiar, it has been found that the resio compositions, as well as the
curable compositions and thermoset compositions formed from the resin
compositions, may advantageously be used in prepregs, laminates, and printed circuit
boards in lead-free operations. Due to the high decomposition temperature and high
glass transition temperature of the resulting thermoset compositions, excessive z-axis
expansion of the circuit board and fracture of plated-through-copper vias may be

avoided.

[00128] While the disclosure includes a limited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate that other embodiments
may be devised which do not depart from the scope of the present disclosure.

Accordingly, the scope should be limited only by the attached claims.
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N\ R2 N 0 0 R2-4-1 wherein x is 2.5 or greater, and R1 and R2 are independently selected from the
group consistﬁwg ﬂfo%@&‘&tic and aliphatic diradicals. 5. The resin compggifipg,gfsapyene of claims
1-4, wherein the isocyanurate comprises trimers of diisocyanate precursors. 6. The resin composition
of claim 5, wherein the isocyanate precursor comprises at least one of methane diisocyanate,
butane-1,1-diisocyanate, ethane-1,2-diisocyanate, butanediisocyanate, transvinylene diisocyanate,
propane-1,3-diisocyanate, 2-butenel,4-diiso<§5ﬁ§ ,Sz-methylbutane-l,4-diisocyanate,
hexane-1,6:4lisQcyanate, octanel,8-diisocyanate, diphenylsilanediisocyanate,
benzene-1,3-bis(methyleneisocyanate), benzene-1,4-bis(methyleneisocyanate),

isophoronediisocy 4Rt BRIBHEX STRPTAIERUENBAR N Bi8ocyanate), isomersof
toluenediisocyanatesignacrsaf sierediisecyanateclidatindenabispdsbehzeneisocyanate) benzene (or
MDY, bis(4- benzengisocyapaie)eie sl hedeane Seakanatslaulfids ARdstas berpepeisocyanate)
sulfone. 7. The resin composition ot any one of claims 1-6, wherein the oxazolidinone comprises the
reaction product of an eyt RSOReEITETRY SelaFTB6RY NS BARIIFEBY: a trimerized isocyanate
precursor, and anQligemesZeskisocyaBatie Nreskse (B 1S MEsibcsarmpesiiaobltysre of claims
1-7, wherein the com osig%? égﬁ a viscosity of less than 10 poise, as measured with a cone and plate

viscometer at 155 G A" ‘composition comprising the resin composition of any one of claims
1-8 and a harderi@re resin composition of claim 1 or claim 2, wherein the oligomers have a

polydispersity (Mw/M,) of less than 2.
4. The resin composition of any one of claims 1-3, wherein the oligomer comprises

compounds of the general formula:

o x
8y o, e
R RL"N )’{O
L<H2—4ﬁ

wherein x is 2.5 or greater, and R' and R? are independently selected from the
group consisting of aromatic and aliphatic diradicals.

5. The resin composition of any one of claims 1-4, wherein the isocyanurate comprises
trimers of diisocyanate precursors.

6. The resin composition of claim 5, wherein the isocyanate precursor comprises at least
one of methane diisocyanate, butane-1,]-diisocyanate, efhane-1,2-diisocyanate,
butanediisocyanate, transvinylene diisocyanate, propane-1,3-diisocyanate, 2-butene-
1,4-diisocyanate, 2-methylbutane-1,4-diisocyanate, hexane-1,6-dlisocyanate, octane-
1,8-diisocyanate, diphenylsilanediisocyanate, benzene-1,3-bis(methyleneisocyanate),
benzene-1,4-bis(methyleneisocyanate), isophoronediisocyanate, cyclohexane-1,3-
bis(methyleneisocyanate),  isomers of  toluenediisocyanate,  isomers  of
xylenediisocyanate, methylene bis(4-benzeneisocyanate) benzene (or MDI), bis(4-
benzeneisocyanate)  ether,  bis(4-benzeneisocyanate) sulfide, and  Dbis(4-

benzeneisocyanate) sulfone.
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10. The curable composition of claim 9, wherein the hardener comprises at least one of a

dicya.ndiamid&oazr(] ,%%\(gléride, and a phenolic curing agent. 11. The curgpleramdgsitign of claim 9 or
claim 10, wherein the ardener comprises at least one of a novolac, a resole, a bisphenol, an

oligomeric epoxy resins, and poly(styrene-co-maleic anhydride). 12. The curable composition of any
one of claims 9-11, further comprising a flame retardant. 13. The curable composition of claim 12,
wherein the flAm&hetardaruoninisesaay Rt ishdss tebaHigapBis RS R ITIBAPETE materials

derived therefronyd eagtinn pradiscistohbisphe palohrar THBAvthr TBBAcdighteighdoaitier, areaction
products of bisphenol A gig!}/cidrylt ether with T BAéipgterial gs%gvae% tgrorrz;lcursor
9,10-dihydro-9-o>t(rérf6r-%ﬁosp?¥aap shanthrend Oa-%XKFeI?ISI&%, condensation products of DOP with
glycidyl ether 8lerfativsi ofompesites, drinongaficiamel rétarbiensts. ha. comeasifiabB2gdmposition of
any one of claims;9:13. wiekgindhe ¢orahile campesition has a eehdime idd Wblass than 5

minutes. 15. A thermoset composition comprising the reaction product of the resin composition of any
one of claims 1-8a%¢a hardener. 16. The thermoset composition of claim 15, wherein the thermoset
composition has A glassdmangitistioleoperainpeiof mtileastiGECaothaydecamnpasitidrbtemperature at
5% weight loss of %II&%%; 305C. 17. A process for forming a resin composition, comprising: reacting

diisocyanates to form isocyanurates; reacting isocggan‘ate groups in the isocyanurates and unreacted
diisocyanates \WitRt& s BEIR P PreetiHssr wbaifha Tﬁ”&&ﬁﬁ‘é@?ﬁ‘%ﬁﬁ IR Y ey SRSt having: a
molar ratio of isogyaartate;te, axazplisienadremathandds apdaerein the weight average molecular

weight of the iapmels i e hallor Sauali 000,35 IBearuied Y gelReimeaion chiomatography.

18. The process of claim 7, Wherein at leas mole percent of the dusocyanatesp react to form

isocyanurates. least one of a novolac, a resole, a bisphenol, an oligomeric epoxy resins, and
poly(styrene-co-maleic anhydride).

12. The curable composition of any one of claims 9-11, further comprising a flame
retardant.

13. The curable composition of claim 12, wherein the flame retardant comprises at least
one of tefrabromobisphenol A (TBBA) and materiais derived therefrom, reaction
products of bisphenol A or TBBA with TBBA-diglycidyl ether, reaction products of
bisphenol A diglycidyl ether with TBBA, materials derived from 9,10-dihydro-9-oxa-
10-phosphaphenanthrene 10-oxide (DOP), condensation products of DOP with
glycidyl ether derivatives of novolacs, and inorganic flame retardants.

14. The curable composition of any one of claims 9-13, wherein the curable composition
has a gel time at 170°C of less than 5 minutes.

15. A thermoset composition comprising the reaction product of the resin composition of
any one of claims 1-8 and a hardener.

16. The thermoset composition of claim 15, wherein the thermoset composition has a
glass transition temperature of at least 155°C and a decomposition temperature at 5%
weight loss of at least 305°C.

17. A process for forming a resin composition, comprising:

reacting diisocyanates to form isocyanurates;
reacting isocyanate groups in the isocyanurates and unreacted diisocyanates with
an epoxy precursor to form a resin composition comprising oligomers having:

a molar ratio of isocyanurate to oxazolidinone greater than 1:1;
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19. The process of claim 17 or claim 18, wherein the reacting isocyanates to folio isocyanurates
comprises: admixin?%/dii,socyanates at a selected feed rate with an epox &pr/e rsor ar&;’i a catalyst; and
maintaining thEFéY ﬁ?ﬁf{’gdmixture at a temperature between 100C an HOe By Hhe process of
claim 19, wherein the selected feed rate is continuous or intermittent, and wherein the selected feed
rate maintains the concentration of isocyanate in the admixture as less than 0.5 M, expressed as
moles starting NCO/L, throvghenthheveightisiengce mofdselprociedy of Brakcroeritiesdéinprising

increasing the temperature Ofoﬁf'lnﬁ:{l?a(ﬂ%iW@MﬁW?%&%QﬁMﬁ&ﬂcM@M&%C- 22. The
process of claim 21, wherein the admixture.is nlaintained ata tem%eg[lat re between 140C and 175C

for the reactinifof Mi@TREy ShSA Y ISuBESHIh A 6%89)?’8}885?%68?. BOSTBRUSEEILIS:

BRUELTEIRIm 19,
wherein at least %% Bbtheisaeyanate groups are reacted to form isocyanurates and oxazolidinones.

o e roets NS LLL g oo s o sbnpl e o e
isocyanurates comprises:
admixing diisocyanates at a selected feed rate with an epoxy precursor and a
catalyst; and
maintaining the resulting admixture at a temperature between 100°C and 140°C.

20. The process of claim 19, wherein the selected feed rate is continuous or intermittent,
and wherein the selected feed rate maintains the concentration of isocyanate in the
admixture as less than 0.5 M, expressed as moles starting NCO/L, throughout the
admixing.

21. The process of claim 19, further comprising increasing the temperature of the
admixture to a temperature between 140°C and 175°C.

22. The process of claim 21, wherein the admixture is maintained at a temperature
between 140°C and 175°C for the reacting of the isocyanate groups with an epoxy
Precursor.

23. The process of claim 19, wherein at least 95% of the isocyanate groups are reacted to
form isocyanurates and oxazolidinones.

24. The process of claim 17, further comprising reacting monofunctional isocyanates with
the diisocyanurates.

25. A prepreg or laminate comprising the thermoeset composition of claim 15.
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