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herein relate to i socyanurate-epoxy formul ations
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fracture of the plated-through- F<):op;3>/er vias that connec c1r u1t ?ayers ﬁesms with
high glass transition temperatures are therefore in increasing demand. Brominated
resins can be used for lead-free solder applications. However, the brominated resins

are typically at their limit of thermal stability.

[0004] 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



process in which various process paraneters are
controlled in a manner to result in aproduct having

w0 e@a05@66 0 100 percent of the isocyanate groupSI/US2008/081106
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SUMMARY OF THE DISCLOSURE

[0009] In one aspect, embodiments disclosed herein relate to resin compositions

including oligomers having a molar ratio of isocyanurate to oxazolidinone greater



equal to 3000, as neasured by gel perneation

chromat ography. [0010] In another aspect, enbodi nents
wael@ehswed herein relate to a process for formP@rUs2008/081106

resin conposition, including: reacting diisocyanates
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fb\zjglnts: E)Inglnl ;emﬁﬁmgﬁbﬁgﬁﬁ)tﬁw a tendency to
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duri ng preparat|on of the finjished conposite. [0014]
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when cured while nmaintaining a high Td. This
prohlbltlvely 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 solvent is generally undesirable, as the

solvent must be removed during preparation of the finished composite.

[0014] The present inventors have found that, by carefully controlling the process
conditions under which the isocyanurate is trimerized and 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



conmbi nation of properties is especially advantageous
for electrical |am nates. [0015] Throughout this
waele@elsses e, gel perneation chromatography anaP@BUS200%681106
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control ling process conditions, as described herein,
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i E‘?fig a{q%ta%gd ﬁags &n@?té% {%Qbel g fie? em odlme%?s 8are¥111y controlling

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 such an



hi gh concentrati on of oxazolidinone, |eading to
relatively low thermal stability. [0018] The present

w0 pwenseses have di scovered that resins, includP@us2008/081106
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of less than 2. At pol ydispersities greater than 2, RL<4

the viscosity typically becones too high for a given
| evel of |socyanurate Thus, in some enbodi nents of
tWhemah@smbols MR darsicIRFS e@prmneammatmmrcalmgumdmamws and x is

have a,pol ydi spersity.of |ess than 2 ess .t
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€ Werg actions tines the wei ght percentage of

[0019?30 h f AnBbu@N the agigoh@ps ald shbwh heboveEney Webipe dul&sta}fually linear,
Pol ymer Science and Technol ogy" .John Wl ey and Son

Foranehip MayepCct w&&w%fth@h‘aﬁﬁ@l% ﬁlpp% b COPEH@% §u<>h that the
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Spers to ofi pres
athh i ahe oiscodipwepidally yecaper siot high mr a gie&l teabl ef isocyanurate.
Thhs .S because_ the
us, 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
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Mv correlates with solution viscosity, and | ow
viscosities are desirable. These nol ecul ar wei ght data
war@Igewes al | y measured using gel perneation PCT/US2008/081106

chr omat ogr aphy. The above reference contains a general

description (Chap. 10 of t he "Encycl opedi a of Pol yner

Sci ence and Technol ogy" John Wl ey and Sons). [0021]
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r t1 l% 650% n%g%teéc? §ga|1 g)(ieildlg%) ﬂl%lct:;%? r?atgli ﬂhﬁgﬁglanﬁts%n}e en‘rfbodlments,
dthbm%ﬁﬁlﬂﬁtrﬁaﬁﬁyvdoﬁnﬁ)mi&dn@bf fSoS)ein&falteeﬂb 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, M,,, 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,, is an important
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feed rate, either in portions or in a slow continuous
fashion {i.e., added continuously or intermttently),
W@R009/055066 t enperature, typically | ess than 150ECT/Usbe$/081106

these conditions, it is possible to selectively
trimerize the isocyanate, w thout substantia
formati on of oxazolidinone, while avoiding formation
ofarfabhtoVisoratdlgaeli@ving thii atigoiree selsiony its hasé tyw visesity with a
trlnerlzatl nis ex%%hern1c thus it is inportant to
MR IO T8 F0EPT L9615 %hg so as to maintain the
solution at conditions to selectively trinerize the

[0025}i i s ocymm@mm de&cnhcd hesaigtm&0be pfepatiae bduadémg;padm@@yanate to a
I S,consu era ralsed
RS encs LR ERENFG R MR b S By ol ¥ seteeted
CRBS Witk NdtheN & portieaCbE 4 ﬂ@W@ﬁﬁh@O@r@ﬂﬁ§n (z’ﬂz tddded contmuously
|socyanurates and any nonol i goneri zed |socyanate

semnisterrbteitdnetsa lawr empemiugs dymcaliyhiess dery AerCe Under these
gé %ldg on@rﬁ 1£ %%gstlﬁg t r’ggfe ;'?@rn% ﬁ%é the? ngb&granate w1th0ut substantlal
Tor &t 0

er e

t mlﬁa@cﬁ%)f Gxﬁbhéfnoﬁﬂbﬁlﬁildmfdl&ng rfoimeationast GV N obgdiﬁers which
enbodi nents, In_sone enbodi nents, the jisocyanate

gﬁnﬁffﬁ%@ wiseosiynpihet BmerEaiay etk (RS sHyPQIEbE) maintain
dl I gF£t9 Q:gé]ane%:@(? g {1 PmIBKSn tﬂlﬂfscﬁ&@dxp CATRARDNE k& Qé\lectwlel trimerize

ose ern, 1n genera InVO ves two steps
t the dﬁlsclic&hnaie.e p.fteohi lgastes0%0 aff the fosonydnais isdessuméd (ﬂhe temperature

abov 0] an at a sel ected feed

oY QAP aboea LR T Ay AuRE 4S5 AR st SkeEolidinone,
C&ﬂ@ﬁﬁlh&”%emﬁfe‘icﬂeﬂ eisb@fafatef glolifs | 1§%¥aﬁ%ﬁhﬁrates and any non-
formation is nuch faster than formati on of

oxlégonidrigied asesyariptes. rﬁnxsomeeemMmﬁgtsamm then 95f% phghe isocyanate

g%fip\aﬁsc ag%‘ég?% %é@o@aﬁﬁ t ?‘Ing d %%18 1men sg rfnaoir% W§n 97% in other

NEnbotiRenBy nitte MARNIFINEE athed ehwm&ﬁatgreohe&mew% in other
100C and 1400C during addition of the isocyanate;

b@@b@hmentﬁommemh@@enﬁ GeROCY ERBORORRNATS Complejide gonsumed
1@@@% 400C i n ot her enbodi nents; and between
35C in yet other embodi nent s. [0027] It is

| so inportant to,add dii.socyanate at. a rate t
10026 gper %awcméls%ﬁw ¢ B Fapaoppoftietyt fefeg iRarhan senera.
t RvbBRE YROWidses In RE&fREtakEY, 81?%0%@!'; Rk Fort as described above:
concentration of isocyanate in the mxture |ow (such

adiisoeyanateds Bddgd aita sslekted feasktatertoios apexidap camescpes of a catalyst
ac h(1 eV' n gg{fe g%ﬁ%htﬂesr% ?TQH{ altsoecr?%a(r)lur fa%o%ager? 9{] utclh ofra%ster than

n sone e e concentra

Oforﬂnﬁﬂ&yaﬂﬁla@oﬁdlﬁéﬁd Ntheaix@lire %urﬁ%@dﬂﬁﬁ)‘ﬁeﬂ tl@édliﬁ@bmate may be
starting NCO'L) is fromO0.01 to 1. bet ween 0. 05 t
omgintainest pe ERPSEHHENEWeEnd09 rt@n%f)@ ¢t @t@ru%nfaﬁdweﬁnts the

Me”ﬁﬁgf&be %Qntgfn%mﬁ 4 térﬁp&aélré %e%@éenomtﬁb 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 between 125°C and 135°C in yet other

embodiments.

[0027] 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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enbodi nents. The optimal rate of diisocyanate addition

may depend on the catal yst, catal yst concentrati on,
w@nwIngsmed | on t enperature, anong ot her vari abl BGT/US2008/081106

[0028] The second step of the process is the reaction

of the epoxide to convert the residual isocyanate

groups to oxazolidinones. As nentioned above, it is

usisaiteyernalesiimenisb,ehe commnivatidan of ikdqyangie seegayatefialgxpressed as

oL LS SRR P - ORLIE P 2 Hyaimens

| SRICYARAI0El 46 00PSin Ot tdnddirhants;dad FRINEMN.1 et 083haulyet other

be avoided during this step is conversion of the
i eolegdamentat d'heiophmat trtoebdistocrnatsmadslitiaasmale depang onge catalyst,

Ki nj t . J | of I Pol i . | .
S B0l R GRS SRR
982, No. 14, 505-7 Thi | ; ided b
(0028 oppi e #ssend SiBraighe mgéssgg% f{?n%qg‘éérﬂkﬁb%\égﬁ!%ﬁe it tonvert the
alekia@li &b ah?@g%ﬁ@{}% o QkDIRIMAYE DEETAABYERN hsH el & is usually
ol dTr nones or bl

el ther oxaz I socyanurates. A suitable
t dasppreblattar eorfvert 4 fheglr pacentege ¢F9epoxPdest dredisoegdndteakroups to

I socyanate groups, i s .between 140C and 5C, bet ween .
RN A PR, o PP B HSRREA O] O Haer g csocyanate
afdudS 00GditiBnal Bt a PEdHREM SRHR QRUIE BE Svoil &P d@inglihes &P RROMversion
use of the resuiting resin conpositions is as matrix
neft e iisdoyafiwateatingst toi wxakolidingneat s desegbe bbiikingnrah @& éJournal of

DR ARG et ot cAMBLT 3R 4f FITRET i Apl oty fourma

r g2l Nong4, 305ah| ereopipbient nan beayoidbe by B ppinate teaction when a
form a thernoset conPosi tion. [0030] The oligoners _
CESHFFPE PABPRIOR Ayt e EopEANge §1AURS Y enhest icoRkeriadato cither

C i 1 nat NQN; ' - :
P T R, A e O SRl R pegeion of cponides
odrnidgaRiiusl ivayydnetcugedpd or baneapddDAT iaod 105°@pdetwmegn dHO°C and
electronics, matrix resins for conppsites, .and for.

pbidEr 1% odFTh FEnbadementgyegd cg ieﬁtgsffoo gad :11810 'in yet other
highi&megkat ures applications. [0031] The curable

conpositions described herein, conprising of a mxture

f the oligoneric resin 0Si:L i t:.l . .
00295} e PLRSBRLS 55t BHERPROSIA LRIy S5l g o

t éle@riad] 1diihafke: Bbr thespurpbirrit ikthebtssatyes fored clitabie comdosition by

deternmi ned by a stroke cure nmethod on a 171 0C holt .

pramiinkgderesin POREICR WithpdaTdangs 0T he resylgng prgble composition

Cﬁ’xﬁgt’r{eﬁ g%%@&%ﬁhbf%&@éxﬂ@?%f;@%&ﬁg%sg%n.“ me at 1700C of

I es es inother e Iments; |less than 8
I nutes, i n.other .enbodi nents; |ess.than 7 pinutes i .
10030 ner “Timsic SETRERA MERR ey ARG 0 8% fp B8t fhat contin
epBaFhABNhiSd nb&SforhinaRd FlaMd R 8aritd) 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 [PC 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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ot her enbodi nents; and less than 4 mnutes in yet

ot her enbodi nents; greater than 1 mnute in other
wepdomssent s; greater than 3 mnutes in other PCT/US2008/081106

enbodi nents; greater than 5 mnutes in other

enbodi nents; and greater than 7 mnutes in yet other

enbodi nents. [0032] The thernpbset conpositions (cured)

nethernantm damgitsidssst tham 8 intinotes ireother enbodiments; lesnidan ddninutes in

by. differential scanning caloripmetr C). (1 PC. Met.hod :
S e s hap pics 2 p e YO ARkl R > Minutes in
VShérOeh RITROHE:RAtSss thile4 HBHIED HEY et GAER RETbbHRhtITBYeater than 1
have a glass transition tenperature of at |east 156C,

IBitGte 158D, emBEiinenEOeEatet e, 3 1ERECE; imeBe; crbadiments; greater

165C,_ or. 1700C. [ 0033] The thernoset, c osi Lions. .

(BT i Rhg sEaedliplso Al RS ARe T (RS, inyget other
vehsditimbg@ss, of at | east 3050C. Thermal deconposition

was neasured according to | PC Met hod | PC-TM 650

[0032f a;"p 247, th%%%&%t g?ﬁlg%ﬁr% 3{'&2%3};51;&? iHavan aélééé @fanfilihemperature,

ed to a nitrogen
adsnmsgsnerdeby Tfeerdntink asannergecelorimetyn €DSEMIPICGaMatleodatPC-TM-650

whi ¢ch 5 wej ght t_of th lLe is | t .
o ab oL AL ISR 155 Stut Sthey YATBER ERPp s B Gegupositions

t 8y thaeE APS8ds CHRRR fehRRFariRYoMNAVRaR BRICAUSIAON 58°C, 159°C,
tenperature of at |east 3060C, 3070C, 3080C, 3090C,

31@WOC, 1@ °C1062°C(310TC,384°©CG65334€,1781GC, or 3200C.
[0034] As described above, enbodi nents di scl osed
[0033]er ei NMThtletitesey adhpokiti@Brparéninay havue h degraisay@mptesure, Ty,
(rmono-, di-,. or pol g functional ), e ox%/? resi.ns,
cait oy Steaght Hapetle 25 least e ¢et il SampryBeh was measured
( ; o go i
C nﬁrg&gl?’ each}f&‘arll’@ POR ngb4.6§ﬂ§’in§lét{ﬁ$ﬁrﬁ}-§§v ric analyzer

imet
of these conponents are descri blgtlje In
ndiGA dedrapdd el 3OA°C [ Q03B miBOCYANATE h00M@6) atmosphere. The Ty

| socyanat es useful in enbodi. ts .dj scl osed rei n ma

| OIS ot ST N0 ) U0y Arag R, B 1 G SHEPE N lost o
PILBRIPYIRES produlisalh &Re | Wtis 8 ¥ABadigRntsN eeUliern@t¥t &mpositions
t he known aplphatlc, alicyclic, cycloalbghatlc,

amay hptraa degradationdemoneratuee df at laast 580° G0y GotPahat @S C, 310°C,
[ DO3A] 2 Aol d i an may i ncl ude
h ﬁaée%@yiogggi é$i3g%dg§2§f%’,or?’trzlﬁ§n%t hzl hexanet hyl ene

di i socyanate, dineric aci iisocyanate,, lysine. .
[0034}; ; socéanéfs@néﬁ@ eheve i ke Ogame@w digclineds diegein atadudgny varions
| S oLon C _€ di- lv- functi 1 ins,
SIS ORISR S, on - s, oy s
netdlysts yekdenensaflemg rdtardant adlitpvedi (bswuipatndaed nop-drominated), and

:ﬁq%é%%%ﬁ%?%r?pq%t (%{Te%tc}? X% &%Xecclo%]peo)r(lgnntg ’areldegér?l}/e%l i tr]neo)%l &ail below.
[0035] ISOCYANATE
[0036] 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.

[0037] 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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cycl opent ane diisocyanate, 1, 2-cycl ohexane

di i socyanate, and the |ike. Aronmatic diisocyanate
w@owpossses may i ncl ude xylyl ene diisocyanate, PCT/US2008/081106

met axyl yl ene dii socyanate, tetranethyl xylyl ene

di i socyanate, tolylene diisocyanate, 4,4'-

di phenyl net hane dii socyanate, 1,5-naphthal ene

dinetybopabiatcgclonexlinagphndiel, emeﬂlcﬂdysl@bymat2e4 or -2,6-diisocyanate,

4 toIU| i.ne sSocC he

a5 oty PSP REURDR fonclotls | TR e Bhisocyanate, 13-

4@}74:'101J@hﬁh@ s nte] 3QCHRIFHeRane diisocyanate, and the like. Aromatic
3,3 -dinethyl -4, 4 blphenylene d||socyanate

bdlsmyar@tfcym@mﬁe nyRgy: stictusige, Xl xlope oPyiFacIaRIni smetgxylylene
p@ ? ﬁant ﬁcngt%ﬁgth}l&?@lenge hu%@%yan@% yi t%%ﬁé/n%n afiﬁ%oucplzénate, 4,4'-

SOoCyahna rOU
W@l)bhd:tf}@thatﬂ@me f @ﬁscﬁ")yaﬂimé e, 1 Srﬂaphtﬁil)éhmtdﬂaﬁkgfaﬂaté, , 4,4~naphthalene
trl1socyanate, 5-trii socyanat o- benzene,

2diigogyanate; glﬁﬂzygﬁlélgr& giispenanatey 444'-diphenyl ether diisocyanate, m- or p-

| t 1
B
| digdoagtmateet r an’eismdseqemdwph@g&)emﬂifbﬁe, t ol usopeopylidenebis 4-
t hane

dIISO nate 0g I
dpheélas M%&a&ﬂ ﬁévg laf*gﬁﬁ%t dﬂxe Cy%%%snﬁ?‘fl%e%faménorgrfaocyanate

t of LBRIGl SAGY aRalGeS OTHOUBLSIp 1&ertﬁbﬁa{y1methane 4,40 4"
|socyangte gr oup- contai ni hg conpounds obtalne by

rieasichagte, he hBdvisiisospamptmberzennnpodd-irmsogparaielysne,  4,4'-

c%"wﬂwﬁgginghaet%%ﬁ#y? REER A AL NI S

trimethyl ol propane, glycerol, sorbito
[0038p¢ hy| e@é}ﬁ awpﬁ@nawoﬁe@pﬁ%| aavndoclyde warsphiicae, diisocyanate,

t tro hBagely o i h S)‘r‘d'r%%eﬁﬁteﬁ' gﬁ)lhg@/lﬁl%{ﬂaﬂf d’iﬁbg%aémﬁ})ﬁ?o genated

rogen co as p st erpo
pxy)lrlylehdﬂ edijsocyalate, paol y@imedesofa rtl:lestah esdcydmtmagonbm)unde d terminal

in enbodi nents di.scl osed herei Q. her, usef ul
PSPSHABHE YRR EX AL ERIOP PRI aplai Y Fopctieg dhepabove isocyanate

Oddr@UMRA Sin0fin "BLRY] 8RR 128QCY 3BR §r0lQhldd OWBIeht Qktive hydrogen
tol uene diisocyanate, 1,2-ethylenediisocyanate, 2,2, 4-

avmnRuadst(e.gi, nesh¥ighe igyeoheprapsehy Isbreelii risedydolarapane, glycerol,

o%%légoq t?xg%gy %%?né:y ?qu%tgg@@&qergﬁie diethanolamine, triethanolamine etc.)

CMC h?ﬂuhﬁbl[bchlﬁ xﬂelgﬁtowtanaah@drogyrclcah@zsm&s duch- aapdlyesterpolyols,
I socyanate, 2,4- and 6-di i socyanat o- |
p@yﬁyq:r@yhy@bh@gla/ﬁ@ldq; and the hke may be used in embodiments disclosed

ﬁggxanatonethyl 3,5,5-trinethyl cycl ohexyli socyanat e
|sophoroned||socyanate ), 2,5- and

[0039ﬁegag|y§[.bg So%%{l oy gsl%%tp{ax}/aigsyncﬁgl %ut fixreGnotathteg to oligomers of
2m§fh916§1e Qi'l1§&8/¥§eﬁ@t &@Wﬂ Of ﬂ)lﬂehg%‘il@@d‘}ﬁﬂﬁé,aﬂi@ﬂgﬂ&Qéﬁsocyanate

2 Bbiand @s%ﬁyaﬁhyle) 6mexarnethhl&ncﬁhéﬂ@>mydﬁeoil Adalodecandiisocyanate,
o draed anarae POrantadthg e RORHER T o AR, jetoexan
13— 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 -

10



phenyl enedi i socyanate, 4,4'-diisocyanatodi phenyl,
4,4' -dii socyanato-3,3 !- dichl orodi phenyl,
wa2eh9osiesc ocyanat o- 3, 3' net hoxy- di phenyl , PCT/US2008/081106
4,4' -diisocyanato-3, 3' - di phenyl -di phenyl ,
napht hal ene- 1, 5-di i socyanat e,
NN -(4,4" -dinmethyl-3,3" -
dngsmammi pinegay| ))mqga}tiijsi;qg:ymato 1,4- diethylbenzene 1,3- and 1/4-

bR o neny rnanenggphenst;  + 444-diisocyanato-3.3-
t Hicﬁfoﬂodlﬁ%r%ﬁnal ANMeRYYAnatons, 9%&%&@%1&6@904@;]4 -&idoRyanato-3,3"

sui tabl e yi socyanates may i ncl ude:
1d®h@totl~ainétehylL enedhdpbBwlennds e diigocyanate, N-N'-(4,4'-dimethyl-3,3'-

usg)%g%%g gim’ien%-luéeﬁgd Ifl'g,gg;;é‘lzj]}pa?-tgisgcyanatano diphenylether, 4,4',4"-
i &ﬁﬁé@ﬂ?&&nﬁhé@ﬁﬁ&tﬁ@ﬁ @ﬁﬂiirm/él tsdcymnatdpheny)-thydptysphake x a
1-isocyanato-|I -neth
(3)-| e
oof ). AR Llabesart b mpy oo
ahdi omdeqaﬂé-n)et]njylemduy@uyamate di cyblbﬂe&qplanetﬂybﬂménsocyanate 1-

13303% | §3of ?gaglqug)p%lp h%g %’H&&é{f)% o%exarrrllé:3 ?-1sdcyanato 1-methyl-

34130 MlaRRAh {18 paYRRaAE:  1-iB0cyaRstb Dlisoc anatometh lcyclopentane;
14&§ﬁexahadrox ﬁgne d||soc;an§?e 2,4- ), nd/ o YYEOP

2(44 hax%hy?dﬁ ot isu@f@e@mr@@s@dﬁaﬂ@let@mf bla'rﬁél-/l&ﬂcyanato -3-methylcyc-

loixcx $ ﬁ}wg,:,rgagag fuggt@}ylaﬁ' gt_ ean'?i%r -1,4-xylylenediisocyanate; 1,3-

NanBEPr o, ﬂ%XhhﬂkWﬁEﬁ@&%}é&aﬂaﬁ@Cm@at zﬁld/(ﬂrny2 ,80eRdt8/drotoluene-
bond contai ning i socyanate; and any of th
démsomq%@ hapilieg 2 @ﬂuﬁaﬁ@moq‘@%y a‘hfhr a@@or 2,4'-diphenylmethane-

U RRIEAR: ToisafoltBA Limh g R Tov NG iy double bond containing

alssoyannie! atbara) oftheit ideri caoivpohmdsg stethunas itocyaetrityd, @lephanate-,

pentaneth | ene, (é,zé?ro l,ene, .. 1, 2-butyl ene,

2 bisrely, pygidiqac-, gndfonjgy diazigfioneigk RS and but yl i dene

dii socyanat es, and substltuted aromati ¢ conmpounds such
[0041}s di aRlyisaryroates imacylan scdudesaliphaie porapgunss seeh as tnmethylene

di i at e d chloro n

ChISFUETLY PogeOllgee T RRN 8o R Bt atyidns

f gid lﬁitﬁlﬁﬂﬂn% ,dnbbc@anﬂ&i, and sistut@l &8halid Gompowhle sOédas dianisidine

4,637,956, 4,870,141, 4,767,829, 5,108, 458, 4, 976, 833,

afiidsopyansie, 47+ dipheryletbei difrocygaple adehirobpbgnyicaeidgsocyanate.

Nos. 20050187314, 20070023288, 20070009750,
[00422006020185450c30060 taspoIds 20066t8bab i, fR00%0RE602S, Patent Nos.

WAPERITS RaP RGP RO arab Bl by L8 bhees FEGR) ahgTagss. and

f orsed2f r oM. PRdt¥a Ak mﬁsﬁ FaibE cARSC Nobego(301 8731, 20070023288,
exanpl e,” U.S. Paten . 453,536, hereb

|2|QQ7I09@9’é5tOed BQOG(BBéﬁﬁnceZH%(EHﬁ”]Gar 8@%&1@2357 20040236021,
OSBRI 956 LRESH oot TRyl S B iorcs

[ BPATbrehee. Sl@mfaﬁﬂbﬁﬁjrﬂﬁﬂtﬁ%m poliytabiraates aey@paited in, for example,

precursors_ may include nethane
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,l-diisocyanate, ethane-1,2-diisocyanate, butanediisocyanate,
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di i socyanate, butane- 1,1-diisocyanate, ethane-

1, 2-dii socyanate, butanediisocyanate,transvinyl ene
walpiogosipedhat e, propane- 1, 3-diisocyanate, PCT/US2008/081106

2-butene-I, 4-diisocyanate, 2- nethyl butane-

1, 4-di i socyanate, hexane- 1, 6-diisocyanate,

octane- 1, 8-dii socyanate, diphenylsilanediisocyanate,

beawemglehe , disbcywmfates Ipydpeneils?ediy@naetm)q, bbutzegb41dijsdcyanate, 2-

SRR O A -
t&k)h’&%ll‘ahécﬁﬁg Aake. beRSEES, ﬁBlSﬁMétﬁﬂ%ﬂélb&?ﬁﬂ?ﬁé)at Benzene-1,4-

I"ene bi s(4- benzenei socyanate) benzen
bﬁ)ls(@meth)ﬂm@ngm@m)y an atl@()phgt(mgr diisocyanate, cyclohexane- 1,3-

.S 4-b nzenei socyanat e) sul f and bi.s

q@ﬂ%& 95%?3%%?%% sdﬁFﬁﬁé F u%ﬁwl%ﬁémym%gyanmlnms of
t BAbn ABYo RS, eﬁq@ihyldﬁee@rg{adddﬁmteﬁsodyasﬁ{eq&%ﬁzmr QIrNVAIR bis(4-
commercially avai | abl e, such as those avail abl e from

ThrazersisocHsiQal elisipanyisdriarencisecyanaied masrEidesonmE, bis(4-

V and VORACOR, anong ot hers. [0045]
ﬂF@?Cg?gﬁﬁggﬁénthe above-1listed i socyanates nay,

f course, also be ed. 4 POXY .RESI A7
l0044frhe egxivoqs&ﬁ?wgn%}g% af ?n‘i? 64 RpTR HP%'?%EISH@PJ& herein are

”&Mnﬁéé{c}éu@%aﬂmé ugeh Ge WN(?s@tdv@ﬂﬁhe Fgh TORTRIW icklehcal Company
aval | abl e"epoxy resins, whi may be used alone or in

comlei Hettiadamadfs IS@NA&FE ﬁﬁaBANAlT:E,u\SI@R@TE’(b rané%/@lng@pR among
n ﬁolac resins, isocyanate nodified epoxy resins, and
ﬁgxylate adducts anong ot hers. In ch005|ng epoxy
reS|ns for conpositions disclosed herei
[0045} onsi dMisEres et amoed the abeveghtsd E%C@P@t@ﬁnka& Hropesey glabe used.
of the final product, but also to viscosity and other
[0046pr oper EP@XYI RESIM@GY i nfl uence the processing of the
resin conmposition. [0048] The epoxy resin conponent
[0047fray beThaypdxyResiad uegax ymbegintentiséifclbsedrhendih c:halngary and include

conposi tions, including mat eri al, I ni one
neeeRiEget & cwwwélygméﬁ@e R aFTie BHERE D Us alone or in
ugg?&?{atwng URS tw P lor rﬁ&%XYncfhkﬁgﬁ:é | RRakxible, doROMY Ireﬁﬁé ,MBocyanate

in enbodi nents di's s&d herein fmay I nclude
mandiffed repbk v mwlnse o yarbesyla, addubtsj among others. In choosing epoxy

pol y-functional epoxy r and. conbi nati.qns .

e P CABOTA Chacerep ey tr CO-dE R FBOt Hahgylibe given to
ablopbiaiké of ey Ehﬁlaf)ﬂoﬁﬁ&t bt aldb AFBhdcEsitP bnd1BHRE Peysetids that may
epoxy resins. The polyneric epoxies include |inear

poiflpemeshéproicergingenf thewssineemppsigonups (a di gl yci dyl
et her of a pol yoxyal kyl ene glycol, for exanple),

[0048pol ymeThs kalxgtradin @xinpeit uikytte e(npaypdaolﬁ aeixgmesin useful in molding
pol yepoxi de, far exanple) and polynmers havin Pendant
em@psmons including any material contalmng one or more reactive oxirane groups,

referred to herein as “epoxy groups” or “epoxy functionality.” Epoxy resins useful in
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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groups (such as a glycidyl nethacrylate polynmer or
copol yner, for exanple). Theepoxies may be pure
W@ ovpossseks, but are generally m xtures or conpPCmtiS2008/081106
contai ning one, two or nore epoxy groups per nolecule.
In some enbodi nents, epoxy resins may al so incl ude
reactive -OH groups, which nmay react at higher
t GpupEs Mayr‘tquunn: compahyids iud es:, gamegdiningixfrresdey, comrponnds containing

CEay SR PESG PR PR blRal s RS PRHRTRHE: Spoxy resins
[ﬁ%%ﬂso lifcl8@NRhekve LOE 2B whedh May f@it BEhighdtGempt@tlires with
resins, cycloaliphatic resins, epOX|d|zed ol l's, and so

fmlwﬂndeSh erggmyz@cwét adinogsHing Pélle@OlfOrl@éfGérﬁrl"ylﬂt pROXY groups (when

a et her, such as
%}ﬁ‘%?gﬁ JFJ adgﬁg)nglg%%?lh }élr? co rrpo u n d such as
i sphenol A 4 to C2 alk I her.s;
[0049& ky! -Bngensrabeihs| SPGKY é?%@qymég {8y %‘ygléﬁte 5B Cgr%ﬁeﬂﬂphaﬂc resins,

g%%gldl%do 0l éﬁdkag BQh. gI Vi chuﬁH?lefe%mspﬁjeyﬁ&ﬂféh@Y lthe reaction

rs of pdlyval ent phenol such as pyrocat echo
redudat iofi @l glydigyl retitpnj svehes egichlorolgidnpdamky Hisphenoy Icompound such

e, TR bt e nd skt

4es‘€ers di‘ h)é‘@ PXIxdi- phashy! an@'ﬂ@%‘ Bﬂénoff?t})&ﬁﬁ@ efhefs; PbISPREIIY ethers of
A, di I hydr oxydi phenyl™ net h

4pcﬂ,y\ladi¢rtﬁy dthn@/leu pw@hyl asc yl@)ﬂ@%@@élnb mSQtCmOl hydroquinone, 4,4'-
d&@&éi‘?ﬁ E{}P%]%/ al?ers r%%l; olr ? 02%1 F)g:]égﬁ)'tcp l%éd(raxy 3,3'-dimethyldiphenyl
hmémmphymwhﬁyaeﬁyamnﬂol digleisil dydetieinee r(5r oﬁlspmol A), 4.4-

chlorination and bronmi nation products of th

&Bby@ompheélﬁb dmgihyhemsthane,p o4 gil%itqf@?wdlléieﬁélr yghohexane, 4,4™-
%?ﬁgﬁe %h%ll %gl}g %&%1 S’E o‘ghg Cfig})l/éhm thﬂ)%g, Q&ﬁ tris(4-

ehs}tcEdSnyphylmg)rﬁahﬁr&: qfolm‘lytadjdnaﬂlem bfy dﬂneo(ch}obmxly(bri andchrdmination

with a di oal kane or. ogen_ di al k

p@]o%qt%/c?fgﬂle ADRYP §lf‘61f1% ;flﬁnlg% St fifiers of novolacs;
ggpawlgetﬁa@ el HRAGs loB R &t&ﬁyﬁg%@h&%aafph&m obtained

containing at |east two hal ogen atons. O her exanpl es

oy @pt@mﬁymg%lms onﬁsaelf atonmaticempsiyo¢arearydic dacid |voshed fAidelpialkane or

et fiEraneh TR R 5o aep Bl S s ion gpndensing

Alitn6lsY sidd Yongedhamr halb% Qhralfﬁhss eRaiaHpOsH ekt Svo hARgen atoms.
oXy resin may inclu cidyl ether type
ggsb@r eydmples ef epgryeresias iu | incerplqséments desclpsgd hprgin include bis-

t4¥ REq ac@tﬁggﬁlg/ﬁj ?ﬂ]eat zﬂe&ﬁo@fglgcelﬁ NSetn &t Qatnd l'\lggﬂlnlometﬂlgnﬂ oxirane

exa Ies epoxy s nmay

Nisivsteac! &pEopycid@sdtier. phenol i ¢ novol ac epoxy resin,
bi phenol epoxy resin, hydrqu|none epoxy resin,

[0050Pt i | benedi0t SRYIMERS] the g nes #fhde glycidyl ether type;

conbi nat i ons thereof. [0051] U|table pol yepoxy
cglppdvineiternpye;i alcl dite types beteioepelicypey aidiitlogertatad epoxy resins,
(élté.3_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.

[0051] 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)phenyl)propane), triglycidyl p-aminophenol (4-(2,3-epoxypropoxy)-
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bi s- (2, 3- epoxypr opoxy) benzene), diglycidyl ether of

bi sphenol A (2, 2-bis(p-(2, 3-
wepmyaisepoxy) phenyl ) propane), triglycidyl PCT/US2008/081106

p- am nophenol

(4- (2, 3-epoxypropoxy) - N, N-bi s(2, 3- epoxypropyl )ani | i ne)

, diglycidyl ether of bronobi sphenol A (2, 2-bis(4-

(2 I\Bbepb&ypwwmwmnﬁlm}mhgibfeﬁyl pibeo phiegmobisphenol A (2,2-bis(4-

oS st %@?zﬁ%egk%%ﬁFpémeﬂe@ﬁ%é%ﬂe% g pisphgol F .2

di
9615(?[(2‘?;6 Hény@ﬁ{eﬂ?dﬁle Otﬁigﬁf&iyl ether of meta- and/or para-
oxypro poxy) N,'N- bi s

“poapsmopy! ) e(ﬁr(llﬁnmoxym@aox Nr,]ﬁtj?ﬂ%(%ﬁcﬁﬂoxmpnxlb@ml@e) and

2 3; '
&ep?ﬁlﬁ‘ag?%p h e%{/\l\'hN}'reF han 3nlﬁaen d Fnl\er %fﬁ%ﬁgg%o% 2) 3\/v()pé]xl’yp oY Q 44"
PaAMEIdAIhe ¥ AOHUARY; arll ﬂﬁ)it&re@)dﬁawstdr\tﬁoﬂelIﬁ)ﬂy@f)xj&l&&]ﬁqpbumds
epoxy resins found may be found in Lee, H and

NEQiel gxhaugtive ];ﬁnqﬁogm ofPOEF OBy InRQ R | mayg by dound jn Lee, H. and
%@%llmﬁgﬁfdbo%ﬁ%%gég%f ﬁgﬁns hPQS5ly- ﬁlhgf)olﬁébﬁ%%f 1982 reissue.

epoxy resins 1 nclu epdxy comnpou ase

[OOSZﬁIr Onatdé)ﬁﬂep éliu@f %}%g(pflegégg k}%k{%@é%k@:ph SUChRf)unds based on aromatic

ddrﬁlln¥§ oY | epfotdoroRy @i, %Ql@h pel%eN)N dIEI_tyBl@S}P—amhne N,N'-dimethyl-N,N'-
N,N,N -tetraglycidyl-4 - di am nodi phenyl net hane:

wlsIYQidybﬁdydLann iphspbieny gmythaaw et he¥.N, Ny -tetraglycidyl-4,4'-
N, N N tra cj.d
ch}gthmgmhﬁ g‘%él y d1§1y%1 F%g%&ggﬁ%e[ngl g Iy dal e ether; and

alv e Naxl-tetl@ lly\tﬂfyl YGSprﬁfayl@ﬂitebQM pRfdbedzoat! OHpéxy:resms may also
E

di am nes, aromatic_nonoprimary am nes, am nophenol s,

ﬁ@FWﬁ? delyeidph é@ewetlveéopgrgn@r PE PO wél gromatic  diamines, aromatic

i'nc (ﬁg{rgﬁ?glﬁfn@%&\% no% )é/lé]f y}gﬁgﬁﬁa ﬂéﬁ[ol_{ e?)bﬂg’lydrlc alcohols,

padlydaytebixivtic pady.ol s, such as ethylene glycol, Met hyl ene
gl ycol, 1,2-propylene glycol, 1,5- pentanediol,

[0053]L. 2, 6- Umn%;JXIquGSII’lgllIY&ﬁG,Olf@r émﬁh@e Zpdi @fzéld{]l]y&h@r)é)bf polyhydric
cycl ohexyl ) propane; yci dyl ethers of aliphatic

ardyels.ofeahi @s peshylens tg},ygﬂ ,. éﬂqihjflglge ghyroh A&-pppylene glycol, 1,5-
exa%ﬁﬁlﬁgﬁ?gka}gﬁxg&@?& ap A nd’jglzg‘?légﬂ @z)xy }FC%J) ’yl)propane;

ene

apslydiyerayl ze@rsl bNalliphaticaandl; artpmhtykg |py>Lych5U0x3~L‘lﬁd’1 fabﬁis oﬁuch as, for
pol yphenol s, such as,. for_ exanpl bi s-p
bq)@nmlpe rf@qah; acyd, |su§ﬁn§1€ 410,,@, cﬂhétﬁ?f) W@)ﬁlwterép}ﬁg%g: acid, 2,6-napthalene

| gibar b 1 51‘){&” %Eﬁ?ﬁleﬁ'lﬁﬁ% 361, \R‘@’l}%l cgly%'tﬂysd()@&lyphenols

napt ene; epoxy resins’ | ate or
wueh I‘mn ﬁormmaﬁ’[pl@ sbls-ghgtml ddybisiphen@plox i/, 1 rhek #iydroxyphenyl)ethane,

Ch LR iy Dap PUgRF 100 bad BEUO RN Bhe oodified epoxy

CGih &Y ifP R %rla?e gPaxdee rthoielisd eglﬁ!nﬁp%in@ oRY resms and novolac
cycloal i phatic esters of dicarboxylic acids such as

biesii8, 4- epoxycycl ohexyl net hyl ) oxal at e, bi s(3, 4-

[0054] The epoxy compounds may be cycloaliphatic or alicyclic epoxides. Examples
of cycloaliphatic epoxides include diepoxides of cycloaliphatic esters of dicarboxylic
acids such as bis(3,4-epoxycyclohexylmethyl)oxalate, bis(3,4-
epoxycyclohexylmethyl)adipate, bis(3,4-epoxy-6-methylcyclohexylmethyl) adipate,
bis(3,4-epoxycyclohexylmethyl) pimelate; vinylcyclohexene diepoxide; limonene

diepoxide; dicyclopentadiene diepoxide; and the like. Other suitable diepoxides of
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epoxycycl ohexyl met hyl ) adi pate, bis(3

, 4- epoxy- 6- et hyl cycl ohexyl net hyl ) adi pate,
whe@pB5%6epoxycycl ohexyl nmet hyl ) pinel at e; PCT/US2008/081106

vi nyl cycl ohexene di epoxi de; |inonene di epoxi de;

di cycl opent adi ene di epoxi de; and the like. O her

sui tabl e di epoxi des ofcycl oali phatic esters of

deyscdodbiphatid estas iofl dicartexgibs acidb ek, ddsanbealy dmmpdxempiay iJUSS. Patent

Pat e 2,750, 395. [0055] Other cycloaliphatic

gB%?g@gg?%clude 3, 4- epoxycycl ohexyl net hyl - 3, 4-

epoxyc clohexane car boxyl at es such as

[00558, 4- ep dﬁé&@haﬁét rpoxilen Teglede, ¢ §dramExaisiohexylmethyl-3,4-
¢ &gg&&%%an at%e)r:g:sllgéﬁlc g?’ 4 Oh? égp@éﬁwheg’ylmethylﬁA-

GCplﬁ;yFydlo}ﬁzxdnee maﬁbmyleteo h&sseboxy- myhen’ﬁylbydlelﬁexyl-methym 4-epoxy-1-
met 3, 4- epoxycycl ohexane car boxyl at e
3mgﬂ)éb:(yg¥ah9xq%§t %yg@yé}’lﬁ?‘i’exyﬁ'ﬁ%ﬁtw ,4- epoxycyclohexylmethylmethyl 6-

gr:nﬁﬁhgpg)ﬂyep% g@ﬁ F]quﬁé(&l oﬁfﬁ'ﬁ@)ﬂﬁatgar ?Q’%ﬁo?&% vmethylcyclohexylmethyl-

cycl ohe met hyl -
33.4- appmy(y-rﬁeth}eltmlbh@«ahe lmenb@nglatrar%nycbxyt—I}methylcyclohexyl-methyl-

3 BBy B R S e Ear byt Sy eyl methyl

| 3 KEpold- B%etﬁﬂb&@@ﬁ&aﬁe Asarboxylate and the like. Other suitable 3,4-
epoxycyclohexylnethy - 3, 4- epoxycycl ohexane

c@obmmy:lldteaglnmt]eylcﬁeé-cpq»b@acloh@qanex aphloaylates Wrg, described, for

B Uk AN R8PV ar |y usef ul | nel ude T hose
o0 S T RTTEL 5 X TBL 25, 2 Sl s

Clﬁ%@(ﬁ '(ﬂlg cle SW& M h6ndH&80! Eﬁ{h@l@‘%@)&?eﬁs Sofy)%%/ctljdryil Cethers of

orohy as epi chl or rin. Such
pivepioydsici pledniothe obtased chn méactlhgsd pohhediox \phkeelyWwith an excess of

k i I , . . .
%OTBF&‘SP A aS ﬁ@ﬁ&%ﬁ? opS)élﬁ]é Pefdrc 28empls fiedyls resorcinol,
%lﬁ(%}%’t@i}?ﬁén yl Xﬁ’é’tﬁﬁﬁé &nowmr Qé Qﬁ@ﬂ@mepylj 2 RisPPBDEox yphenyl)

2,°2-tétraki s(4' - hydroxy- et hane or
crRBaes ewnods bisphmllo Am 2k2- g]@@nﬂgy@r@hydeS tdﬂatonmbenyl) propane,
P A NEabRen . AGLd AN B0 UEh. @aBheng! JOVAAGR win

¢re €s 0 ype of epoxy

I R%mAldak RledBSC hiebstlained Under f3ad esidifions shcB1S, ptedol novolacs and
O her exanpl es include di- or polyglycidyl ethers of

pOEShyavplacs| Estppies of s d¥peroenaxy diseni%¢ dessgibed in U.S. Patent
|yl |
Db 308387 S okeap Ny B YPE NEEREHS AL

salcdhodssueh 2s b Léts()uikanédyaﬂ[ oxpyatyak ylbex glyygs opehnes. po@ﬁ’repylene glycol
exanpl.es are nof yncti onal_ resins such as cre

g*Wic Ioretmé‘frz{%? dyuethersyl §fcicysipa }1“? e . PP 9]5‘7]511%1&%&,2 -bis(4-

111 Eycl%ﬁ @Eﬁeun@%héi\r&a 1860 biC hﬁ%hﬁﬁ%ﬁ@ﬁa? R8s such as
(be anet cidyl) esters of polyval ent

cabbég%mubda&mderbﬂyhga@dﬁhﬂhal|c acid,

[0057] Another class of epoxy compounds are polylecidyl 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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terephthalic acid, tetrahydrophthalic acid or
hexahydrophthalic acid. A further class of epoxy
w@owpossses are N-gl ycidyl derivatives of am neBCT/HNI00£631106
and heterocyclic nitrogen bases such as N, N-di gl yci dyl
aniline, N, Ndiglycidyl toluidine, N NN ,6N -
tetragl yci dyl bis(4-am nophenyl) nethane, triglycidyl
i@b)zlyanursat eNN' -l il ypey-diphash yipydantesm, and  N,N'-diglycidyl-5-
-d|1 | 5 5- di met hyl hydant oi n, and
NSRP“’BY 4 - i sopropyl hydantoin. [0058] Sti | ]
ot her epox cont a| ning materials are copol yne of
[0058]3” yli %tll&@{h@r égqxgrgon@ﬁlm@gy@’th s glgaqpakymers of acryhc acid esters of

I a A
Shyeudy Bet eSS G4 TBCRGEBS DenClr mor
capolyneizablarenill: donquuméme@lxympbbﬁl afetubh coydlaters drell:1 styrene-
@%&éhﬁﬁ%@ﬁ%ét t £q %/{g d%et%g&%f ateg ymg}qac?'ylgtze gnc% 4 ]63'55'24:13.5
?lgkﬁﬁlyﬁﬁ&hﬁrylﬁiedéfhﬁ%tcm&@gllﬁ(ﬁflmk@lgé%]atgp oxy conpounds

at "are readi |y avai'l able 1 ncl ude octadecylene oxi de;
[0059%I yci dlglgcg%t ?%%é% git of hafj a%: i ea\(/)a)%llagfe Pncl S %&ﬂa%krlene oxide;

%l?cﬂy&ﬂhicﬂﬁ@ﬂe}’@@@%idy@%ﬁh@f of.ﬁlsﬂheﬁ@h&ﬂDlE R\) 3EBIV(&1;I1dpﬁ&Lcﬁ A liquid
from The Dow Che and, Mchig
VERORY digeinb ek dhE- %l%&.(@élycgiyi eﬂ@m&}awea %%%@W frgm The

o] I
Doy RRLHIE 00GHBAS, L RRBAKY, Nifthighn IR Gopns, dioxider 3.4
c%folxwgdlc&tegyln’mths(la 44po>e;/p|§wdyhéscarr?t hyl (rc]yxd:bmylroey Ih net Byﬂ-e)poxy-6-
i oXycC ent er; alipha
By RIS SO Br OB THE FEIe  GrEBRvMHE  DisG4-
di &%eﬁ@%b%hé%m@@ﬂy}’)%ﬁﬁﬂé ecﬁﬁ;? 35dgok GQRE eﬁt%l‘l)nether aliphatic
0&&

tai ni ng epoxy functionality; flame retardant epoxy
rgwixps niedified asvith bpadypmpylece bgls'phlendllpenyqne @lposige; epoxidized

P PP B o R TS SO G SNy i Ry etardant epoxy
Megink gh as 4 bfomidbieabagheiol dy;gl eﬁ@k}d Vésnﬁddﬁﬁﬁbl@ﬁnder the tradename

phenol f or mal dehyde novol ac as those avail abl e

quisR 881 evasldelgdrame The D aw sml%lhé?ompenw MiBand, Mlchlgan) 1,4-
T
Y S S TR PR ST ARSROP BNl e avitae

n@ides frectirddegahtyDIEENt 4®heed DOE. Nem&poaﬂabreeﬁomsr herid@w Chemical
the tradename desi g}gatl ons D.E R g D. E N avai l
€ '8

fCOmPEHe MidaeheM: Ear@orﬁﬁlénfﬁsﬁ’é?ymél Isedvlsether | %gg)g}lgh not
Esg)o@ficﬁl?yc‘ !n{éﬁtl %hﬁ:? € §§ sIReY ﬁﬁq}eﬁieg?gé fdbﬁgnatloﬁs D.E.R.

Xy re€esins. yepox rrers or cop mers-w t
| seidy &nidt @&/adablp dloyi thedYamn ﬁllhequahebinpmay gy a}sajoe usal. ude
epoxy- pol yur et hane copol yners. These materials may be

[0060f or medEYk it lRSindERY AfsoandledyRPEshEte niERRE] PBRE rékdw. Mblyepoxide
one or nore oxirane rings to give a 1,2-epoxy.
polymers or copolymers with isocyanate or polylsocyanate 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-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

continues as an isocyanate reaction with a primary or secondary hydroxyl group.

There is sufficient epoxide functionality on the polyepoxide resin to enable the
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functionality and al so havi ng open oxirane rings,

whi ch are useful as the hydroxyl groups for the
walrdogaisesre/l - cont ai ni ng conpounds for reacti on BET/0IS2008/081106

di i socyanate or polyisocyanates. The isocyanate noiety

opens the oxirane ring and the reaction continues as

an i socyanate reaction with a primary or secondary

hyrddiaotiph c@ramugzox‘yrh:@ﬁﬁlrd:tharmﬁtdgobirmnsti@p@vﬁ@effective oxirane rings.

tﬂ‘é‘g&tp&g’u@l{’ﬁg%gn%ﬁ‘nbetaﬁ%gg )}EX%O {ﬁag %341 O encgarsrgpd éipeqqyanates.

had g o§§512@5¢9éﬁate§<hfa? BE afdrnidife orlalipRaic iR bMBERHbodMENDS
produce rough reactions of diepoxides and

[0061?1I Io?rgfé@%gr%&z bl Eg?ﬂ) resfr?]lr 9|d¥§c§3§g% ?rpﬁeafto?%xgpﬂ%l&s? S. Patent Nos.

Q ﬂ1@3 9EJI6§6’3DL@396Q%2/,08}:SZ @1357 %866;5(73;9[76),3@1153 71],9 faﬂd 5,405,688 and
nt _Nos. 163, 9 6, 632
6U§4é’a€ﬁes Appheewnggebhc@tlsl?i*@?%m 2%%7271@1 380171237, cach of

SR 5o eI a IR o i e hg?eﬁ"is

ncor r at reference
(0062} G55 @M%p‘éswf FElePischaii BEy R Tbhae Ta heused in
Uik |eﬂ1b§@1ﬁiﬁenm@ﬂﬂn|5§@t}feréiﬁ31ﬁblmbé‘d diveycedyn d:tﬁ@r’suéiedlols such as
dlegC|dyI ethers of diols such as bispheno

bhigpisaplol, bispbernd He rtsphrnglaK 44 %1%@#@5&9»%@9?&@&%1% rfagphenol S
{é/lslpr}ﬁ dro;ﬁgﬁ‘éﬂﬁ sufth %JA}%%&L?S fésﬁkflr?di e%’l F\)/ﬁlohe)faneblsphenol

dro resor Ci exane

géthlylblw lglygbly q:)lﬁipylefm(ggydoe mBetheﬁe | glyodl eiqhy)bﬁllaﬁe glygoblbutanediol,
i propyl ene glyco ut anedi ol , anel
eﬁ% YanedFut Ohefaaedé? s hy drio% Wwe@%{l%z endengeng. 13-
hyl en y -
cyéﬁgﬁg§§é¥mﬁi 3-% |§?%yd$%i%ﬁ§?ﬁ$§£ﬁ%§% zhgsgg%h&mne 13
dble(b@&mxmﬁml)n deyckihekarngs . depokpocbmpeurdisepuxh da@s:  cyclooctene

d(giVi (E%%leggi?‘éﬁglger%egg ﬁ&ggﬁdg’nb; o&g dleneepg-butadlene 1,5-hexadiene, 4-

Cd@%l&l"éﬁé&%@ﬁ%@iﬁQté)@y@ﬁoﬁe;%@ﬂn@ﬂﬁﬁ@lr@fﬂ?t Arnal cieslt @hér RAatives of
gl'yci dyl ether” derivatives of novol acs such as pheno

newolags sudraspbenel mesplak, creselinbydgh endbisphensl 4] rgyolak.
[ 0063] CATALYSTS [0064] Catal ysts may include

[0063] m dazoh&Adorgirsuinds i ncl udi ng conpounds having one
i m dazol e ring per nolecule, such as imdazole,

[0064; et hghtafkdads) Bclude %mkolétoﬁﬁbﬁidsllﬂélgﬁﬁg kémpounds having one
undecyl i'm daZol e, 2-hept adecyl i m dazol e

anﬁ@zm wmgda»zmreolegﬂe,pﬁ@qhwas mmé@m,u Ainegidimidazole, 2-ethyl-4-

|n1da
: %18 gxP/ 6%1 c} yhém eoﬁéy | Zzﬁe%b ide Z%/lrﬂl %%é&g,o%-g’ﬁenyhmldazole, 2-
plﬂéﬁ?ﬂ@-@ﬁdﬂ?ﬁln&dﬁﬁﬂﬂw Il%@@?m-ﬂleﬂi—y‘hmldazole 2-ethylimidazole,  2-
cyanoet hyl - 2- et hyl - 4- net hyl | m dazol

115@@@3131@{1}(1‘19?012,_%ﬁ@@bfyﬂrhﬁ@}gmd@zolqj_1 ~cyanoethyl-2-methylimidazole, 1-
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 adduct, 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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[2'-nmethylimdazolyl-(l)"]-ethyl-s-triazine,
2,4-di am no-6-[2'-ethyl -

woreaobpsiond dazol yl - (1) '] -ethyl-s-tri azi ne, PCT/US2008/081106
2, 4-di am no-6-[ 2" -undecyl i m dazolyl-(I)"]-
ethyl-s-triazine, 2-methyl-imdazo-liumisocyanuric
aci d adduct, 2- phenylim dazoliumisocyanuric acid
aahdlu compourslyi crowdihipg- 2-oretioyd iimidkaeksl engP-per molecule which are

gqllgﬂ\élf:@ﬁ’bg gciqh%@p?gg nem}a%% ;12311??.%? ﬁ?{yﬁmwg}y&containing imidazole
Zedphysnbs 4ubieng ﬂ-pﬁerﬁydrsoaqwabiaylhetﬂwﬁm&@leaaobﬂeﬁﬁ 4-methyl-5-
| i ke; and conpounds contai nin or nore inidazole

ivigeopethyionidacile ol Chphero gyt dgrole; and
abo g‘if?{?%nethglﬁdragvﬁ%mtth %alg&@tdg I n ngg : rlf,ij-"Jh%f(%}ﬁlene-bis—(2-ethy1-5-

aneﬂhgnmhdaéoﬁ) dinbyigh lgRey et hyl i mi dazol e,
2- phenyl 4- et hyl - 5- hydroxynet hyl i m dazol e and

phe Y
[0065E0n deﬂpsﬁl (ﬁgel?ﬁﬂgéd téﬁ's“f%?tﬁ‘lél)éddg%wg iy W&Heeaml"f\@ Qatalysts such as
AN 4ilkyhabiphotines; bi N-a{ldd@kinplanginesyet N}N -draﬂbé%@ﬂ(&l)exylanmes and

Afdrpsts Hage the el Sffmce dnsds Qg Biebgl iyl and isomeric
’\fo%gﬂie%yf,pﬂﬂ'ﬂe&@& cle aéhkekal kanol am nes,

N, N—dlalkylcyclohexylan1nes and alkylan1nes where the
| kyl h Py
00667 SERUES Gl Hov, S0k JBEEE Predlg 0 ompounds of
[R6a6ih, Nedd; ain, rtetamatnallptﬁi; Snfmongy smnhl&n usaﬂmum cobalt, thorium,
Crganonetalllc conmpounds ?f bi smut h,

PRI, TFIEHY> aAPCmoRgkely r SI%Tm n&%la eeilmn c Shaadium, ~ copper,

tﬁ?ﬁﬁ)g@ge ahH A unBMGY 06 udddNC NIktnak6d ’ex%f)]ekl Mhelude bismuth
no enum vanadi um copper, manganese,

ziitreie)ilead 2rmlyy1b@<oa®edead Ibbnmataatﬁem ehlarrgb,esntlm@mu deichloride,
bismuth nitrate, | ead 2-eth Ihexoa

FRRFIOLS AP ok o o, T g P B AiRo g e Satalysts tha

68y 8L BsedSird BREOMSeDR! RRRampIRIPET RUBREE on No. WO 00/15690, which
2-et hyl hexoate. O her catalysts that may be used are

diis sudonpaseted Ry reforenescarifil @utir®ET Publ i cation No. WO
00/ 15690, which is incorporated by reference inits
[0067Fnt i r elnyson{edéb]dithents,cmitalricat] ysanhay HK:hjdEa)hlb]eophilic amines and

HsSbnr P P RripPgd HetariareY wiagolss: 2-pheny!
%%Méz%ﬁ@@ rh&h?ﬁ%ﬁh&%ie 2-phe ﬁblﬂdﬂoﬁaé%&hylzﬁt @@1 hithidazole; other

i mdazole, 1l-heth I M dazol e, 2-nethyl-4-eth
|1mtdaszyﬂl@ cubler hset edl@mcty@k)ugdmnas (DBU), diazabicyclooctene,

azab}ﬁ%flo E%@feneﬁ&D%#@Pﬁﬂgﬁﬁﬁgi]%C|O Cgﬁﬂghnws cuch s

t trjeBlykarhiag) NBEnSHERmAsR, t Wefiyliindhyle, athineTebhydpalHes e, such  as
benzyldlnethyl am ne; phosphlnes such as

tmpbmgh%hhi@ah itrrtélylnhosplﬁnyl piedspphasehine; quaternary salts such as
t ” Paxnrg 1%uﬁ)1h| c@&én&lf a’fe%ra t%';/i’ﬁmsn"i‘&{lﬁms L{:Gfl%rﬁi%, tetraethylammonium

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
[0070] 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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triethyl ammoni um chl ori de, tetraethyl anmoni um
chl oride, tetraethyl ammoni um acet at e,

wao eooplosisyd phosphoni um acet at e, and tri phenyl phpSPHS20081081106
i odi de. [0068] M xtures of one or nore of the above
descri bed catal ysts may al so be used. [0069] EPOXY
HARDENERS / CURI NG AGENTS [ 0070] A hardener or curing
ageytbenmyd hedipidosliyded a$ ermptaomotfi tmy or wesd. i bk serye gmbodiments,

the.resin co sjtion to for her npset. conposi tion
TR B ST L7 ity o anRg S aber such as
| iloYdcd URkbl¥s, BisRndls M Gthef Bardbndriven 97 inBRIEE -adl ihc8@ TBligomeric)
enbodi ments, "hardeners may i ncl ude di cyandi an de

(efiozy yresims, poranof whidare digclegehebovey Eamples o e eansed epoxy resin

resol es, bisphenols. Oher,hardeners. nmay. inghu .
ROERn b NG oy By TRl cTSu b e iy isghenot A
diigBIcREE dthaP Ptehe Bxapali@setdr cfdvdteatobipghenol 8%iaAd an excess of

hardeners may include, for exanple, epoxy resins

pbisphenel of rGrrabrapelisnhiengl).di gnpritfes Bichess pely(gtgne-co-maleic
d&g%ééh%%hﬁfégﬁgeg%ﬁyetrabronnbisphenol A) and an

exc phenol or (tetrabronobi sphenol).
hydrjdes such as poly(styrene-.co-nal eic anhydride) .
l0071_ﬁ2y 2 SBigR RS0 MEBOIY TSN OB Pvamines and
| fduddahBleb T8Iy y@idhs S 8P pIBAMIRR! YRR SR q)oaxfmﬁ@ﬁo%al amines
thereof, anhydrides, and pol yam des. For exanpl e,
pohky fineludé eliphatiznamis eraypdunds sueh ab idpihyleee amamiae (D.E.H. 20,

(oJ0) nds_su as, di et.hyl.ene~triam ne,. (D, E. H. 2 .
OATRER! oRt e TRe Vo Sl chiroR By g, wiethytene
Meghing@ YD .BVEE vl enrilbisier 8inn@hé DDEwHCh2hicatv@dhpilye Midland,

from The Dow Chem cal Conpany, M dl and, M chi gan) _
t Mighgamy tetraethplene ammtaminer(LEEHL 26 avalehle dome The PR i{ehemical

ﬁ%%??ggﬂk%g?ggg%%mg%g L %dﬁ@ljs Q@ he 2B hine@Svith epoxy

M nes W th epoxy resins,
dickingntifuendy, @t biber aminerdaeided icvmpoanisoudematde amatéss such as

am nes, such _as. net aphenyl epne di am pe and.dj.am he .
dnskehsnyleg dignime and] Hﬁ%ﬁﬁ%&ﬂ“‘y@?ﬁlﬁé‘& al{paic eV amings, such as
i PPN 309 D0 SLIY AR, YT Aoyl yamines,such
dasametaphenypérengiamdéns, fdaminoadighetiyé tshifoney | and ndicttiyhipltueree, diamine,
na% aks% be(ysed. [0072] Anhydride curing agents may
i WY 868 °°#87% exanpl e, nadi ¢ met hyl anhydri de,
hexahydr opht hal i ¢ anhydride, trinellitic anhydride, )
[0072}0decenphydsiseciuring aggpls dRpaBCIydst Ff&mxema}waﬁ){lpdé?thyl anhydride,

D A e SRR i
aphlthgicot hetryalridp,00#8thyThédekarydespdthabic canhiydigdeg g entrahpeyophthalic

i ncl a phenol -derived or subst.
arﬁxyglqlge, ang methyl tetrahydrophthalic a ytdlrltdg,taef‘r(ljong 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 EP915118A1. For example, a
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phenol - derived novol ac or an anhydride. Non-limting
exanpl es of suitable hardeners include phenol novol ac
whardessesq cresol novol ac hardener, di cycl opene@dius2ves/081106

bi sphenol hardener, |inonene type hardener,

anhydri des, and m xtures thereof. [0074] In sone

enbodi nents, the phenol novol ac hardener may contain a

bihapéieney |contaimiag at biphenybinedigty Fag YEherephied by deasiiyg phenol with

r.ou may he attached to the bi phenyl or naphthyl

%ﬂ?@%§° 3%4hﬂ%%ﬂﬁ@ﬁﬁﬁ! This type of hardener may be

repared, for exanple, according to the nmethods _ .
[0075Eescr i eathen erigdypentgAgurimg agexianppry, inghde gipwapdiamide, boron

RO P BRI B T BRI o

[ & d&doldsntteirhalts, ait addneeNt TheseUbory cafen bgenheate ityysitalesolid at
di cyandi am de, boron trifluoride noet hyl am ne,

dqoam W&Wexgﬁg{lpl@ pf ﬁ@lt HR aﬁg&; cring qgﬁ:g}suggndqsclosed in
| ph&lRo9h RS, (RLS C&ﬁlllp% %gf@@din@ﬁ?gceg?mag@eﬁﬁnﬁoﬂ hatic amines,

curing agents are ty y SO room t enper at ure.
Exduyptiéss, add shenblbl e | madazol e curing agents are
di scl osed in EP906927A1. Ot her curing agents include

[0076RT 0Nt jrCsopd d@Sodimbith)1BE berimAgdeas manby st iflB®, codfpdund having a
phenols. [0076] In some enbodinents, the curing agents
neplegelan vaghtned doMfSupel AAUIONGAPNEPEt @p A HRSIHE Ypine or a

t 0 g . .
oS EEORR U0 EEATHA BT e
| died et @ vheactild & D plvafybpHen NNy thyleuirea and

3, 4-di chl orophenyl - N, N-di net hyl -urea. [0077] O her

[00778XaNP| ©fhcPfexGitblel Jo RSN S agéﬁi Wseful i YIRS disclosed herein
di scl osed herein include: 3,3 - and o _ _
dindluddi 3R+ nodidptidinpisodibbenyisulfendiyethelghedianilings ; bis(4-amino-3,5-

bi.s(4- am no- - e .

RGP BRARY Ay disomrogyPesrs g ket SR oBfR ofom Shell

EPEDIERI6 2 of; r 1 BRE-AmLbphasA)1,£aliiso@bpylbenzene available as EPON

bi s(4- am nophenyl ) -1, 4-dii sopropyl benzene avail abl e as

EFN f1gs Hexpasr Maxicdi"Cheni cal Co. [0078] Thiol curing

agents for epoxy conpounds nmay al so be used, and are
[0078Yescr i Deig] cdrorg apeatsibrspoky coinBourfdanent alidobe @ed7andeB@ described,

used her.ei “"thiol" al i ncl ydes |yt hi,pl. or .
OB amelio it SuPPEE Moy ubf raed P gl also includes
| HAL e @l doPathspthd b@hisy astals. ag1uRLIAN@EH1E Mdhde aliphatic thiols
propanedi thiol, cycl ohexanedi thiol, o
Dsuehr empnebutedithip], 3propencsidindt svelobetanadighiol, 2-mercaptoethyl-2,3-

gﬁﬁg}-e%ﬁ%&riguacgfn%%%| i %:3-Sdii)lglgr?[:éétéggglg)gglgilgzﬁé%{c%f){%)&etate), diethylene
1g13c6li MBigRRicpgpaRyttafBt hYil2-enk@eaptdPrsf- methyl ether, bis(2-
nmer capt oet hyl ) ether, trinmethyl ol propane )

t Weeepier byl §ibeT. at efyimsilsdelpeangney i ttgs(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 tetra-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-dithiol-sym-triazine,
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tetra( nmercapt opropi onate), pentaerythrito
tetra(thioglycol ate), ethyleneglycol dithioglycolate,

W@ pioamsdeyé ol propane tri s(beta-thi opropi onate), PCT/US2008/081106
tris-mercaptan derivative of tri-glycidyl ether of
propoxyl at ed al kane, and di pentaerythritol
pol y( bet a-t hi opr opi onate); hal ogen-substituted
dmylaxat4 &dhiof- symeriaztih@haindc 1,BiSetris(3-mersaptiopopyhi olsgcyanurate;

t aﬁggewgftéql d%xﬁséa?%/g%te %é?lk% geéﬁ OVE g”rzlﬁg %bntammg’ thiols; thiol

d&dﬁ}%&ﬁﬁﬁ Qﬁ‘vﬁ eqtyleastt S @epehptdighdupdnghd containing sulfur atoms in
hal enedi thi ol ; hal ogen- substltuted derivatives of

igoroieethe merdapts) goupﬁeftv@h@é_\}btﬂ-,u teist prrigtre@rareapiatigyithiojbenzene,
i ol s, such_as VALLE
PRony 6o ¢ ARBIAS PR, AGH Oy | eutide
nhytcrrbwaulqesuaﬁuﬂebhs(&e&aptb ﬁ(paoﬂxw)capt opr opyl )
i socyanur at e; hal ogen-substituted derivatives of the

hexdspilieilsutfidebigmersapiapentatg) t hi ol s; meireAPiedounds  ether
h

ROl k1 TERARIS, MHED A0 Dot i
abistaaeaptddlkyd- ester)} ethicdipepioat @&i&yhﬁ@#m)nbepmelkyl ester), 4,4-

bi s tris-. or tetra(mnmer t oal kyl t hi o) al
bihéqbﬁl@e*tcaﬁ%léamﬁ@rr)ﬂermteii%yﬁssteﬂy : OW @fﬁwl bismuththiol and
dehi t ORI, te),
h%gfgéeg%éﬁfggﬁfﬁﬁhﬁgg(nercaptoacetate) mer capt oet hyl

[0079, t Ze(rjl ﬂﬁ gﬁgg % SR aap %1 %tr sa)a% cleo h%hc su)bstance such as an amine, a

t fakd  Opiesphine, ac qdatbﬂnﬁfy"fﬁfrﬁﬁ@hm@ Kyt veish ed )nucleophlhc anion, a
thlodlproplonlc aci d _bi s(2-nercapt oal kyl ester)
t ERaRI0ETyr Plrosplorup; 83l v éa@t%%pkghc PR §1 lmldazofe a tertiary

S BLET LI o s sty i i o

ageidophilic amicgo be a nucl eophilic substance such as an
anmne, a tertiary phosphine, a quaternary amonium
[008032al t  WAliBhaicnp6lyeRitbs| fhat AR @RodiBed B3t @IdiREYn with epoxy resins,
phosphonium salt with a nucl eophilic anion, an
mrﬂlaz@ml@; oa meshaorgpigs anase Alisy rheslétllltzedn ElShCUémg agents. In addition,
nucle gnion ry I
a hos eop |858%F%hgyﬁﬁ%86%% dﬁ A c polggﬁiggéu¥%%%upsme

aﬂl@edﬂl\?dﬂttﬁd:}%d tOyheodtomati¢ fing Wal ralsepxexmed esi ns,
acrylonitrile, or nethacrylates may also be utilized

[00812S cur HgkeARRNEEmohinf&istvi@Na n¥@Ed RIS RSN h%lb(ﬁ%e&mng agent
an be used. ‘Aromati c am nes wherein the am ne groups

aine egiboduondngs atiscdeded dhersint heayarioetadé ctetraeﬁlgylrraymmrsmnbehlonde

L5 OB U S X AL AL B e, ey ity

efRRdhABNt §/aflids C lcese drib@n e aﬁ‘nrHBMufnn akidde N, BtdigRtti¥yrrolidinium
ammoni um chl ori de, ‘tetrap ro(%% ammoni um acet at e, hexyl
P

t ispexanpigl Namabolnyrridinim ghendiiezimethylne-chipropyrridinium chloride,
methyl 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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amoni um cyani de, cetyl triethyl amoni um azi de,
N, N- di net hyl pyrrolidi niumisocyanate,

wORMweOFSsb@Yr ri di ni um phenol at e, PCT/US2008/081106
N- et hyl - o- chl or opyrri di ni um chl ori de, methyl viol ogen
di chloride and the like. [0082] The suitability of the
curing agent for use herein may be determ ned by
r@irmgeag@tt@drrﬁmslamburtew%ﬁ@cucﬁml@tagomts fayr mixjng i wigh the resin

nt.at i.on er specifications nmay be
& ‘Fge&éPSFﬁ?Hgﬂlibﬁ%i. " ng agent is an anor phous
idor a Cr%@ talline solid at the desired

[0083 errperEIeﬁMst ARRANAARPIR MR l'iquid or solid

epoxy. Alternatively, the solid curing agent may be
[00841 est edA& $1I3$Fglbdd fabevesthé aﬂsnsc(anmsng)nc alesaribed theyeir m@) be used in
nat ur.e

PR e e PR 0 S By EE B s, specific
Cé&[a'rrﬁﬂesagﬁ Mrof@atét Xdagives tilclhie te@Srbmes) bl 12 I\FI'_FBBA) and
either liquid or solid form [0083] FLAME RETARDA

Allz)alemﬁ}vésm[/@b@m]efm@ dédenidiglsicidplovlesr, repetiquegypgucts of blSphenol A
CAMIERLL! 18 FARGCARRIN B0, T, B s of isbenl

i ons

n@ighbidyirethat wih TiBBYe retardants. Specific exanpl es of
brom nated additives include tetrabronobi sphenol A

[OOSSfrTBBA) N@H—@rd@ﬁ@feﬂ S AR MBS EREERS @ Warious matenals derived from
di gl ycidyl ether, reaction products of bispheno

ADOP TEBA-dihty droTBBRa- diOg)ﬂlymhdyhenentﬂleem,e aHdoxidekt puph as DOP-

OBBTRBR br ont nat eo 11 AAE2FSrbiaRaR om0 o o-ora-10-

V}ﬁ{ds hemdneiredd 30WRIdeY ebrddedMiBProducts of DOP with glycidylether
(9,1 I hydr o- 9- oxa- 10- phosphaphenant hr ene 10- oxi de)

smaggesmﬁ:my@}a@qmqqidﬁgrgamc flame retardants such as aluminum trihydrate
ﬁwméh ﬁég gphenyl) 9, 10-di hydro-9-oxa- 10-

ené 10-oxi de), condensation products

oosf!, % galih & %%ﬁﬁﬁf\%@ﬁ S Such a5 al umi num (1| hydr af &

and al um num phosphi nite. [0086] OPTI ONAL ADDI Tl VES
[0087} 0087] Caigblsmnd theranaskiesorpresitions wdosed dersinmay| qpsiegally include

hceorél%lreﬂl qHaY a@cﬂk{é ”?H AL 'déd{j’cﬁ 19&”&’11%1{"1119@ %??g%'lﬁie" 86t example,

S IvéS an rs may I nc

es{Aey lobuss, 3alk) matal powdas, titadiam df&ilaé wanae hgentd, ipi gdntsNcoloring
di oxi de, mettlng agents, pignments, coloring agents
nafieatsy gnelds seleassnpdents, oﬁfmnhﬁg agrok sion; éwvg%%%nb’é% sstabilizers,

i,z ag t
Db 205, ) SR ST K P T
sfulmedasilicag gggggﬁtes swacks g]sssgb@isls, egezafluoroethylene, polyol resins,

I r af, | | en
po ol és?etr rgsmsu% eno 1cyre§inse g‘rgp%lt%

l[y%%ilerrxlﬁc’rr’l 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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pol yester resins, phenolic resins, graphite,
nmol ybdenum di sul fi de, abrasive pignents, viscosity
w0 e@aosIeee agents, boron nitride, mca, nucl eatP@rUS2008/081106
agents, and stabilizers, anong others. Fillers and
nodi fiers may be preheated to drive off noisture prior
to addition to the epoxy resin conposition.
Addy theonsdd, yif desiesh opsérvnals pdstidizeregnnty ¢ragtde sand thermoset
effect. on th roperties of the conposition, before
EN (1) Hﬁ?fgﬁg@g 3™ and shoul d be taken into account
when fornul ating the conposition and the desired
[0089}eacti@HRﬁﬁﬂdﬁgfndf@ﬁgﬁggﬁ% some enbodi ments, ninor
amounts of hi gher nol ecul ar weight, relatively
[0090hon- voCatableecompositiboofaicsbedladrginngay bmtdroeddy cepbinmg the resin
or isocyanato-teactﬂve diluentsnax.be used, if lidi
ofegrostion, goapriyjag Qegngs Ay 444% Of ROCHIPELF & grgpolidinone
t CONPRS hiHallted $RE iRk &ffhe FRRB&mposition and the
é%%%%f%ﬁ%éwgcéﬁikéks [ 0090 gﬁﬁgb!e cqrrpo_sitionsp o
desderieh suty epends impgrt bapohsherprppiiics datiradi inghe maraplesiomposition

conpositi.o conpri Si ol.l goners V| ' .
RGeS e PRI P gRHCTES detRA He g BhhBeshion. and the
hadsHed gibragd BRLILY BPIhkicBRPosition (desiredihelfdifsposi ti on and

t he hardener may depend, in part, upon the properties

[0091ges i r elgog' (ﬁta{glgfe GHER EmBOMBRAIs! b raBle &?{ﬁ%)isﬁi%ntn‘i’ayb@e formed by

roduced, desired cure response of '
cahmiesigtd mrin @ntpdsttendedi anedr shae dgaleserapwithtoy vafhouhe catalyst,

3 BB OB mhE Selatve g W JSVR 1cgRPROpeniraeners, and
f QidTRd, BYis@ MY RPe] 1S5 the AOTRAYIrbHRHesATTAhO BEe@ oMPbAtion, as

hardeners, with or without a catalyst, to forma o
ndestribed, abPie Medther snebodimenis.sr pPCEsREo Faam) yrcurable composition may

co sition, hargdeners I . , .

CBTBAS b SR REO RS2 BISBRL LS pobhoHERe sy Tteed above
CAIMQFIgtd Iddends ad8SGh: BednRetsedant, aind biwixisghatiivant s,

a process to forma curable conposition may include

[0092£ne OF 1R fe SfnbbitnedtSRBe Psird CEMbOSHGh hRgi B ﬁresent in an amount
onposition, as described above, adm xi ng a hardener,

adngingnfiom Ollate Q%nimigianpqrrcandO%dm xurapleagdinppsiben. In other

[0092]. In sonme enbodi nents, the resin it na

e tiiogs. P e anomntiy s gnes SaReP DT S0 iR iRt of the
P&Ir&818 toRbodilen;ClsR bl etoCosTRR It berdent! iR dPhdt@mbodiments; and from
enbodi nents, the resin conposition naghéange fromO.1

t 25 B04Qweieigitt ppesepieint yebfotheiemhodiminss. c bhpibst embedimeptsnthe resin
15 to 45 wei ght pe Nt i t.her ' ; TS
bl B ko 1 SRR TRk PO oBbscon
ofrbr 68 98l iwedit perdefieid e&i stheroembsiimens; amy froan@@to 90 weight
from50 to 99 weight percent of the curable

CRATRRSS it Y&§9ther embodiments.

[0093] 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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from60 to 95 wei ght percent in yet other enbodi nents;
and from 70 to 90 wei ght percent in yet other
wepdomssent s. [ 0093] In sone enbodi nents, the PEL/EE208%/081106

may be present in an anmount ranging from0.01 wei ght
percent to 10 wei ght percent. In other enbodi nents,
the catal yst may be present in an anmount ranging from
Oarfow iofj Hte Ipedanentay o Budeefagtexapplec propertics ofih@ résin composition,

i ght. percent. to. 6 weight percent.in .othe . :

S b e e oipongrp i PaPha lectisal popertics, ctc),

04 d3GEd @UROA RN ell [(RAB84 humBes ONMRa8ROSHIBNpE hardener molecule,
har dener s naﬁ al so be adm xed with the resin
cowhasithé owsbeteafcadtive dyfwgennin araprnisl ekhet aneuwih oif dardener used

AT P IR S HA v, o

CRIROEMboBMentshen dftisdr le@thodiB@Rs, tthe fadbndrhBay bé @skd in an amount
conposition (flexibility, electrical properties,

etapging feesiS P et petiamdregdspagts| resigcopesiighply Wetght; and the
r ' per. h

Rt Syl 8 B ! SRORR ST S 0 51028 o ungred pars
hekidenaposisies], byayeight, yh et othed ethbbdinddns. parts per

hundred parts resin conposition, by weight, in sone

[0095Fnbodig@ggTRATEgnher enbodi nents, the hardener nmay be
used in an amount ranging from5 to 95 parts per

undr e resin.. it i -

0096 P S PR Y S O A st an
9&1r&ﬁr THe petstiatenid med sytgedt 3o pagicnlat dimgpesiohl oty suoll, substrates may
wei ght, in yet other enbodi nents. [0095] SUBSTRATES ..
[mg‘éf ERlSE HPebIe. LARISES PIF o e B&P‘a&b@\?& ity 2gninium,
di1SRAS & d Me FilB UL JsA iR dn&ttiseand INRISWRARK AL $1dt&d with such
not subject to particular Iimtation. As such,
smbsts atdelemmimated sledetsdef sveh ahetals s fohstagesmay rlsesigclude polymers,
steel, iron, steel, copper, .zinc, tin | um nj um ] )
2l R R e TP re SO by ST of A Fball DLy borons quartz;
sheet s Lch. ar I Lthes t | anj.nat 1
AR D P AR St e S AL SR LRSS on 8 8 siicon
p@irbﬁﬁle o8 ,silﬁﬂo%&‘c‘i7bi@dﬂﬁb®fa rcoptatifig Hemium.s @ommarciaflgravailable fibers
exanpl e, carbon/graphite; boron; quartz; alum num . )
P enclyfies eregtich iags £s¢fihads ,K%Vbqﬂgs §§0H5-D21P@_Lnt\s§efl}n%? oxide-
Codth i R, LU GONERMD! dfhcfl il SMORIEAA Rbfbf1d FBES Ssuch as
contal nPng ti'tani um nmrercially available fibers may
| NOCAHON fromaNippor iCagras; asdisiticars cabMieARefs amtduiRgnitanium, such

| j [ t ai_ni fib , NEXTEL fi b
£ hY BRPRNGD 1k B i  aodBHiEHS A RPEREGRMRRGfons may
NoPRRA t&ER5RPR 1 A0 d|g§ﬁio'n(‘d¥ré &RUR LY df dr g rmt&ORtaitHoRAl. In some

titanium such as TYRRANO from Ube. In particular
eerbbatlimentss thet hebstrateatiiay eonpased tiths emmypatibilizer to improve the

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

[0098] 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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be used to format |east a portion of a circuit board
or a printed circuit board. In sone enbodi nents, the
wGaaiwshsmbe my be coated with a conpati bil i zerP€DUS2008/081106
i mprove the adhesion of the curable or cured
conposition to the substrate. [0097] COVWOSI TES AND
COATED STRUCTURES [0098] In sone enbodi nents,
[0099¢ onposThesbawvmyddserifedr mablbycommsi;itigns ey deriahe form of a powder,

c oSi ti i scl osed here er enbodi
cSiBEer adNHG PSR el prHiRu RS BEBPCR, 8 described
CEIIRESiHt IhNbd Gispossd R Rl befwern [t b RleCdei@iv¥atsabitaites, before,
such as by i npregnating or coating the substrate or
r qiriigo pitey ceetadrithepurablagompesiignt he cur abl e
conposition.[0099] The above descri bed curable
[00100pnposkdr exampiey compbsite they boformetl by cpativbed subsirate mith a curable
or aljiquid. After a curable conposition has been
PTORRASEN: 2 £0qUaE MaYebe AEHOEN bY pejione pa?%eﬂks@é»dlrﬁhldmg spray
' ébatlﬁ% agtae Bwt E@aﬁﬂgog@atﬁ{%%irtﬁ Q%llsé&%rr&tae?ravgﬁf &afer, brush
durin or a ter curé of the curable conposifion.
[ Gti0g8]anBaliprexaopinencrsiooenpow. t € nay be fornmed by
coating a substrate with a curable conposition.
[00100pat i NB VERub @mPedinhise thddytbyite dbts/ Y MoalY@Sor multi-layer. For
i ncludi ng spray coating, curtain flow coatin coatin
VFRAFDAe, rtg¢ pubsalicapanpe & @rpesite ot i éHOYSbaa@ﬂtldw%go ymeric

a?{}rgcl% B}% ngm% a'l1 g%%?t %&Ogﬁbﬂg otl[lé}g 1{%}]@(5918}/6“1}1 QtRer various

nment’s, e non
nathbaoditnaytey onefod i@ &ayetsof thd alrslblb Sbm@bﬁtmmmap ®edisposed on or in
conposite of two alloys, a nulti-layered polyneric

&t tSPRStEate. anther n@tﬂélrlawaf%ta%%q%émegn@h ' 25PWe cembingfions of
BP0yl AARGbXALIRIRRNBLATRR S0 AVR QI HIRLR

l'ayers of the curabl e conposition may be disposed on

[OOIO?Lr Img dlarl]bSUbSt [ af)odlm%ntgie th Ietatlm g{l eg? :{g@g %orﬁ gsition Joay be

IOUS co IOﬂS rs an

clocalbied, e@impasitbi Did dyethsataige oal asaerﬁ;ﬁetm&g@dmheé &lubstrate, for
[00102] In sonme enbodi nents, the heating of th

cereEmle EbAthss eribakines. e heptiaeimay mcguierhea%ng theagpbpigate and

K [ tenperature-sensitive substrate, for
g&@ngﬁﬁk<%%q%%lg? enbodlnents t he heatlng nay i ncl ude

t th b t d
100108653 05t v Bl BP b Es R T SRED B gmperature

hefr 8 RealRYbIRBICCE up foCamRE A5OPE, ﬂfr Pdridde astt mahmett up to hours,
300C, up to about 250C, for perlods of m nutes up

hésperdingleqre ikl mesioreomnesitiesi r]ilat‘ﬂ?ﬁpfosﬂnﬁl eﬁalyﬁarlﬁéﬁﬁ In other
é}]qb f&@n%s{,um{gt mﬁ% o%c rl i 9 tt%}géﬁrgt]qg as{ gteg%%cl(ﬁ)uél B& periods of

occur a erature f ot
Qﬁ[ﬂu@&Su}Of’co hours. Post-treatments may be used as well, such post-treatments

ordinarily being at temperatures between about 100°C and 200°C.

[00104] 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.

[00105] 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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mnutes up to hours. Post-treatnents may be used as
wel |, such post-treatnents ordinarily being at
W@ eowpesabar es bet ween about 1000C and 2000C. [RO1/043008/681106
sonme enbodi nents, curing nmay be staged to prevent
exot hernms. Staging, for exanple, includes curing for a

period of tinme at a tenperature followed b curing for
al PBE, d60E, KT0RE, et 130°ki tghar uprerpiorit piR80° (G4, 230°C, 220°C,

Al EnRlPL: 06 B G B e bR S B Py By tower

efrhadb AN hiper &inglt. bel ow about 1500C in other
enbodi ment's. [00105] In some enbodi ments, curing

000G SR MO byl be o o

128G yes] 3GACurdl 40dCe12& 04T, latbidEes, ToDIZS, @astmgélmmrw for the

upper limt of 2500C, . 2400C, 230 00C, 21 .
otaca syl 808 St eoiis e o be dot i Psﬁ&él%yldustr%

bﬁ‘g %’mh%mé phIRYRENd. | Th ch%b?erWorHB&%ods'dlbélose[lq{%;&@]may also be

rabl e ‘conpositions and conposites describ
hesediin etemiridobvarsished, easapadlheis] sesgcomluriony, lgmaﬂralamdldmg powders,

ctrjcal |am nates castin struct ur
FBeiohb B sl RRuIAEET o odThr 8RR PG b b S G contings,
t Bfohd k@edsor the el ectronics industry, anong other
applications. The curabl e conpositions disclosed

rein gﬂﬁl be used in electrical varnishes,
[OOIOZﬁcapsE antg, gen1conductors general nol di ng pomders

| | ament und pi pe, storage tanks, liners for punps,
[0010§Ld E?%@P ﬁ resi stant coatings, anmong ot hers.

0107] EXAMPLES [ 00108] Exanple 1 [00109] A five neck
[0010§] litef §rageck ela([w%rg a@qmaﬁﬁ@édewmwdaw chdRfcbapical stirrer, an
S I, ol i nser
PHEST o, AL R0 3,0 R RAEISRY s e s
ass:sﬂhhblédim awasthlentilarddi hadded Ahgaschf dommessed air is setup so that
so that cooling coul d

Iresse t
afﬂﬂ HnchOPﬁig éPIIéKSPQfHel BF cgnt e PERPERET Y O m?lawmwdmon

copdi 'rédcﬁﬁ 1sT&ﬁr$e%a§/§tﬁrl7OS 0&1@{}%@1 by &?lyle?dgzl Gther (D.E.R. ™ 383,
bi sphenol - A di gl yci dyl ether

awailablel &ofr dime TRewDEeDheal @al, Mullandvl ldnhgan having an epoxy

SRR < LSRR A0y 4815 LRl o 2
linidga%0 | Gtd] ). al X&) hea‘ffntgefo heetd,ng 1100 g13&Hi6n & toluene

1 g portion of toluene diisocyanate ( TDI havi n
a@gﬁogxanm ETHL, devaw spreamatsly fnt He20 rafjop of thes%ﬁ%r@)lsomers) is

| gdd%g 38 eaEtla? L?% A i% Catgve} :;3101-01{%1%91([:6 P&da Poithed lﬂuzg €0 minute

perio
holding perlod A second 10 g pOl’thIl 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 cm™). 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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hol di ng period. A second 10 g portion of TD is then

added over 9 mnutes foll owed by another 10 m nute
whedodiossgeeri od. The last 10 g of TDI is then BcitEs2008/081106

over a 7 mnute period, followed by a 5 mnute wait.

The tenperature is then raised to 140- 1450C over

approximately 5 m nutes and held at that tenperature

fair1 730 amil G5@sm 'FHonahd igocytaherateeaperatolidinire, raspedivety), and the

150- 1550C m nut es and at that erat ur
rresi WG Bamore Ermitmduth SomReaar s
cool . [00110] Duri n%[ét he cooling period, th

[0011ilb3| dudl pqr@myéﬁaﬁ gesie (488 igs 2Renedrie Foppire. WRh QIER .16 560 (a
o RPN £ o B b TR P o

| @@@ﬁ@;@u MitiRnd SMZ(Qﬁ@E@m) (smgeisandianidd)ind35 hig parkhylimidazole.
hei ghtat 1710 and 1750 cm 1 for the isocyanurate and
ok ealpelnies ranounk g p Bramipe iy yhis pinylption, issko¥itfoyorp solids basis.

S | at.e
VTS oL ik, "ol g e TEASHERMRBin ARG o L Sresuling
Zeromeapted ﬁ:smcambﬂfeﬁ @hea'surhd ,Dh&reRuls ofy winoh afegpréseotednaileble 1.
solid epoxy resin (2.84 g, 6.2 nmeq), available from

[00113)e Domkfheebcal Conpany, Mdland, M chigan), 35 ny
di cyandi am de, and 55 ng 2-nethyli m dazol e. The

T T

adiglydgiybethes (DIRR. PE3p8s atailakls fodm thhe Des Chamgal Co., having an
asur

brom nated resin_are e , e results. of

VFROKH cqpriyalsnb wistaht &Eﬁﬁ%}b gleay emhég ﬁ&#ﬂﬁl@dmle After
[QQkdsko T@@’Caﬁﬁ@r éb&%oﬁ%?%lh@@éhﬁs@c@ﬁ@[@(: 1hétv?1ng approximately
charged wth bi sphenol - A diglycid

(D BURO r@hmofs&fsz %élltcamrs) fsr aslded He tlmwa@wemt déD 186°C over 6

"8 RSB RS D ARL, ASEe) # B BhSRmy s

181 dad BO& 1(PRirRfkest BlI6RBE L hh&Hé‘rYEﬁﬁﬂhﬁe ﬁJl@lng gvtiNThe last 10 g of
aJEBr oximately an 80/20 ratio of the 2,4/2, i Ssoners

hwdtégn @@dqdhever eadtwinuig pardy, fdbocddvesn § HﬁﬂWGthé‘ ing period.
ra?ﬁ/rxf.ﬂ t?xermrz? %tdetoqggdl é@% 89& in ﬁl Foq*l 3%)0(?“\/\%(3 and then

por en a over m nu
bthe aé}ﬁpé'ieﬂhreglsrfhﬁldﬁs‘éd hell 6041@5‘10:9617@& milfhﬁld mn farB ymaxf before the
TDI is then added over an m nute period, followed by
AsaGOReaiRIds #elalpwgd Efé?qoéd The tenperature is then
rai sed to 140-1450C over 5 mn and held for 30 m n,

[00114hd t hBnring thetconpeg acmwda thesresidorldaewydnate levsbisyaGH@ed by FT-IR

cfie i€ Sp@ o GdlabPlk 2937 Cpog T FBF i EHEE and the molar

cRab lofgx AN ne I RobRELENA]s 11558348 dafemined @b RTSIR Eeak height),
measured by FT-1R (due to the sharp isocyanate pea

2@ themviscosityTiae i’s o88pgkec(as anepspred Hithap cone and plate

viscometer).
[00115] Example 3

[00116] The apparatus described in Example 1 is charged with 170 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 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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rati o of oxazolidinone to isocyanurate is 15/85 (as
determ ned by FT-1R peak height), and the viscosity at

WA 200053666 6. 0 poi se (as neasured with a cone apPdI/psab&081106
vi sconmeter). [00115] Exanple 3 [00116] The apparatus
described in Exanple 1 is charged with 170 g
bi sphenol - A di gl ycidyl ether (D.E.R (tn) 383,
amaiutestbBowedhy Finé1 Donntcheldingperod. , Theaedotign anthepbsated to 140-

egu yal ent wei gh E of e and 60 .

SO e R HS o & Rotion it n B HasBR Gt L Hipuges followed by
PRHJheR ﬁfinﬁt@'ﬁé@cﬁﬁ% etis@CyRRataSt (T of M®iiBGhen added over a 10
approxi mately an 80/20 ratio of the 2,4/2,6 isoners)

i‘ @:I}axﬂ@emerioei, folboweshby ¢r 5 gninepohaldmgasidr  Theriterapesature is then
11 m et : e
RIS B B SulOhe) DR B RfH PR e

TBlowedl thkeest. added over 13 minutes foll owed by anot her
9 mnute holding period. The last 10 g of TDl is then

ded ' | f; jdal t 3
[001 lz]gl g ngﬁlglg% it"hoe]c%ofﬂlé1 BESS, R $e8ualliQbdyaMRE 1041 ﬁdré%a‘ghféﬁ By FT-IR

d. Thé tenperature I's then raise
16i0e 16 8@Ghapasodyamite peaktat REI 5 cio). Jbe BENV lel @ geq,rad the molar

react ar content | | d .. [001 ' :

B COBRERBRRF stisorRsuRER A B detmaed by £ Pl neigho
NRRSHE Ofdchityfal 15RAHYS pdisd (Rasiiad RithsQena Bad plakedkcodteter).
2275 cm1l) . The EEWis 264 g/eq, and the nolar ratio

oxa i i toi u [ : : ™
[OOHth er mg é%g %198?—&5 Sdéélgéyﬁgll gﬁ%eg’ %Ongé{qﬁgs é@gg} £\ §tha?'E'R'
156006zoinsndbedisopidiepexy rsas@ridd, Wit heq aveihebla@frdmpllat Bow Chemical

(G538, 3 i g)esrelicei et I e ereethiE o The Siloulated

bi s aratomtle @ BROYMUBEHR if 38 Wio8 on & HI{MEDasis. The gel time,
aval | abl e from The Dow Chem cal Conpany), 35 ng

dglessatradisiioncad daoeinpdsitign Rmpetatyks of thezejudtingTprominated resin are
cal cul at ed, anpunt, of . br.om ne in this. fornulation is 18
/Jgﬁa%}lrg%?}?edrfsﬂgs?fswﬁn FregEysepiefi T@@S 5 transition
and deconpaosition tenperatures of the resulting
[00118} oni nE¥@@pPledsin are then neasured, the results of
whi ch are presented in Table 1. [00119] Exanple 4
[00120D0120TheT hppasppadetcubed és Exabpld | wabchanged Withadd0 g bisphenol-A

char ged, wi.t h hisphenal - A diglycidyl eth .
(BRI g’ sk e 3R FRRbre b Sk O having an
h%adxpgec%mw@%@gu(EW¢rltsomgb@)lmnc( EEWm%Sﬂﬁﬂér@fﬁ)ni@e&dle. The
100 ng 2-phenyli m dazole. The contents of the reactor

ascatartioel e atatree heB heqtsd 60 GhiT BT anbF0 zof T iadddad over a

géf rml%ué5 8%]-161]&7“5?ng§ :tienglgera‘zmg & eNRGE AL %e{vx?‘eeﬁai 5%—?4719’%9 for an

ween 1
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 cm™). The EEW is 349 g/eq, 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).

[00122] 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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addi tional 30 m nutes, and the contents are allowed to
cool. [00121] During the cooling period, the residual

w0 smeysieed e | evel is nmeasured by FT-1R (due toP€T1ES2008/081106
sharp isocyanate peak at 2275 cm 1) . The EEWis 349
g/eq, the nolar ratio of oxazolidinone to isocyanurate
i s100/0 (as determ ned by FT-1R peak height), and the
varsews  afbramink5i@0@iswsmolagopas $8 Wiss onwasnlide bagist At gel time,

L Y R
5G€n Bleasirbdieores@ts of VBRI ¥reR&eRtel 4n Tatlled. 9 Neq,
avai |l abl e from The Dow Chem cal Conpany), 35 ngy

i cyandj am:de, and 55 ng 2-net hyli m dazol e. The
[0012?13“ culg%%gggrr%unt of bromne in this fornulation is 18

% on,a solids basis. The gel tinme, .dlass trapsitio 0

100128” GoadiepBRrERbA TR Ao e LT RE ARG 03 & OF an 80%

beopid i dediGil ID.BIFE 102 RS URGithbld Fdnt 8%l H&wOEhemical Co.,
which are presented in Table 1. [00123] Exanple 5

[loyigman BESG wird € igatq) Sanpinbingd Withohd ma digyandiamide and 55 mg 2-

oxazol.i di none I esi .95 f.an 80% solution j.n . o
B St B0R° AR Rt Bl oL BB R s b RaliTis g weve on
Qedlidzaasic0 . Thehay ting:, athsEbMnafiot4dd gé@eposBioaasipaatires of the
with 35 ng di cyandi am de and 55 2- nethylim dazol e. ]
Tieeulting driranaed apHn ere &enbmeawrﬁéf%w teRplés plopitifhadre giesented in
i?aﬁ (WM %on a solids basis. The gel tinme, glass
transition and deconposition tenperatures of the
resulting brom nated resi,ln ?r t hen neasured, the
results of which are preseal}i) %d in Table 1. Table 1.
Exanpl e 1 Exanpl e 3 Exanple 4 Exanpl e
Oxazol i di none/ | socyals#Eple bo/lexpmeless foampledo/ dixample S
Oxprefidimnpdspanya€onds 2430 233 349/45 11 TglP¥0 as  100/0
Gellasu@eld Otfy, ses@)ds 161/ 1893148/ 14923%0/ 151 1 137 Td !
Tg 6%, aengiur¢disisDEC) as1@0BB12 30Q/BP3 3 1508353 314/138337
Td (@ 8%uweighblpssiCB) af 001ABY3 18RS cardd9e31Seen BY114é resslieS13
phessrtédy TGANabl e 1, brom nated resins having an
oxazol i dinone to isocyanurate ratio of less than 1:1,
such as Exanple 1, have higher glass transition
[00128Enper At garebe séamnbyt the rssulis| presenfetiin A 'ahlegh taominatedofesins having
? a)é(ﬁ.égzlleg 1h£}§rq%%ﬁ€ﬂ%|¥£rau%gtgls%gb otfhlgsshjthgg lgi,assuscht Erl‘SaE)S(EIlr}’l]!)I%nl, 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
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had a relatively high deconposition tenperature,

conparable to that of the oxazolidi none-rich Exanpl es
WQ2@9/05W6L26] As descri bed above, resin conposPCT/U8R08/081106

di scl osed herein may include oligoners having a nol ar

rati o of isocyanurate to oxazolidinone greater than

1:1, wherein the wei ght average nol ecul ar wei ght of

t teepetdtgemend 4 shiglesgatsh&manstior glevipetapir800ddaigonally, the resin

coRpeT oS e o o VRS W BRGNS sAp S et Glor e

apditinB MRt pfepaldpbiande w%%e@%s b ebatih3efillér, etc.
el ectroni cs ehcapsul ation and in CIFCUIt boar ds.

vant d TOS

o012 o AOFSE l ETROTHERRACURRAEURRARY, vl o
ra&albiecaﬁmpskltlbmsandmefeﬁnbstee bbmptmseﬁs cfonpedi lﬁioﬁn the resin
has both a high deconpfgxblontenperatur and a hi

gF%{%I%OSEtFOé‘ﬁinn?Y Bﬁvaﬁlé%ﬁ%‘? ¢ @SedARArERTES WnatFFreanfié’éﬁnFFd circuit
c | i

g(ggg{fl’ssio nlgﬁ’% e%%‘ Jjaﬁéﬁgsogir)ﬂ Iﬁ{';gl?; V\%l% El{;’tﬁ)gnﬂgs H]F%Ig erdfure and high
pglam tezglsstmndamammrmhé theusmitn@ therroost icomgpodifidiise excesswe z-axis

LG 8 e RSP B 8 SRS Ly e

COMR@sI tions and t her noset conpositions formed from
the resin conpositions, may advantageously be used in
epre s .
[OOIZPLa a- frﬁinéle &gg?fag?l%%%gl Qdeg l%ﬁgd ﬁﬁrﬁﬁé‘y déefceglﬁ{%os ffﬂtg' those skilled
t Bntheraat, l}maemgrhénhﬂitgblf ’Qilﬁéﬁclbl’slﬁl,swﬂl apprteﬁmeethat other ahbodlments
itigns, excessive z-axi

é%g&ﬁ%s gﬁVllqug %C HDS o orrpo om ther scope ofathss present dlsclosure
%?(F(E@ln%@r ﬂié%'aoﬁ@ﬁm%ﬁfd B lﬂﬁlt&%nll? %y%ﬂé’ét@k%ﬂed ‘LIQiQHsZ 8]

di scl'osure includes a’limtec nber of
enbodi ments, those skilled in the art, having benefit
of this disclosure, will appreciate that other
enbodi nents may be devi sed which do not depart from
the scope of the present disclosure. Accordingly, the
scope should be Iimted only by the attached
clainms. CLAIMS What is clainmed: 1. A resin conposition
conprising oligoners having: a nolar ratio of
i socyanurate to oxazolidi none greater than 1:1;
wherei n the wei ght average nol ecul ar wei ght of the
oligomers is |less than or equal to 3000, as neasured
by gel perneation chromatography. 2. The resin
conposition of claiml1, wherein the ratio of
i socyanurate to oxazolidinone is greater than 1.5:1.
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3. The resin conposition of claim1 or claim2,
wherein the oligoners have a pol ydispersity (Mwv Wn) of

wo e®g/0sdsed 2. 4. The resin conposition of any PCEUS008/081106

claims 1-3, wherein the oligoner conprises conpounds
of the general fornula: wherein x is 2.5 or greater,
and R1 and R2 are independently selected fromthe
group consisting of aror@LAAMSd al i phatic diradicals.
5. The resin conposition of any one of clains 1-4,

What wgfebsimed t he i socyanurate conprises triners of

1.

th
~b“ﬁ§( oSy EoBBRRi o 8 AR%O8F o

géisoc anat e grecursors. resin conposition of

. . 6. T
AP BOMReRT %Or?mglqgs%ﬁ?g}%{ﬁavﬁ%cur sor conprises at

| eastmdlRerafb ofBbbamarsl sy slidhéne dbdtandan 1:1;
1,1-diisocyanate, ethane- 1,2-diisocyanate, i
but avheerin sbe yuereht cveraga nelpeRliteraigH! 0§ dhg aHgeraers is less than or

D 47 G Feay 2P ds SRR ecf MR promatomenty,

. Exareml cobapdisiti®aef aiidnel, vitkenehe fati8-diis@gayanatte oxazolidinone

di phenyl si | anedi i socyanate, benzene-1
18 grrakqr faonl P dnei socyanate), benzene-

s Rl TS ERE 8pgc¥r?gﬁtle& dSRPROrOREHN! FRCURRARES have a

exane-1, bi's yl enei socyanate), 1| Soners
t il ydisyeedsityS@OEy MhaoEless tham®r s of xyl enedi i socyanat e,

S DLs{daenzenct sogyanate) ENZene O6nbRhl compries

bt fbuRgssemeiceneyabaha): sul fide, and bis(4-
benzenei socyanate) sulfone.7. The resin conposition of

any one of clainms 1-6, wherein the oxazolidi none
conpri ses the reaction prodgct of an OXYy precursor

with one of an i cygggﬁ%ﬁgﬂgcmﬂsapw trimerized
3 ! N

i socyanat e precurgorl” an néﬁllgone I #éd i socyanate
precursor. 8. zye*fe%in éﬁ%ﬂ ig Lon of Lany.ocone of

claims 1-7, whexeiph the con%psit on has a~iscosity of

| ess than 10 poi se, as neas L.th a cone and pl ate

vi sconeter at 150C. 9. A curab conppsi tion

conprising the resin conposition @f-ahy one of clains

1-8 and a hardener. 10. The curabl e conposition of

claim9, wherein the hardener conprises at |east one

of aviRtGyandi Bfiodgreaad, anhRdrindeR” ardindefehéanlyi elected from the
curing agent. 11. The curabl e conposition of claim9

or cl agrRiR onsitiagsi arompdicind glinkaticcirsdicalses at | east

resi
trimers of diisocyanate precursors.

£ ’ e . . o . ;
. gg}gexl%smaco \S/ofglt%% Cf)fzagﬁrs)?\g of cleﬁ'mpllség m%ng t% hs)?}g*aglglé?é bémprises

tyrene-co-

The resin composition of claim 5, wherein the isocyanate precursor comprises at least
one of methane diisocyanate, butane-1,l-diisocyanate, ethane-1,2-diisocyanate,
butanediisocyanate, transvinylene diisocyanate, propane-1,3-diisocyanate, 2-butene-
1,4-diisocyanate, 2-methylbutane-1,4-diisocyanate, hexane-1,6-diisocyanate, 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  bis(4-

benzeneisocyanate) sulfone.
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12. The curabl e conposition of any one of clains 9-1
1, further conprising a flane retardant. 13. The

we enalsweconposi tion of claim 12, wherein the PCHDS2008/081106
retardant conprises at |east one of
t et r abr onobi sphenol A (TBBA) and materials derived
therefrom reaction products of bisphenol A or TBBA

7. Wi hdresiBRAnthogitipaiodyhy ehdef clainesaltj wherpimatie okszobiflinone comprises
bi. sphenol Aﬁgigl cidyl ether wth TBBA, terials
d%lﬁl’g%(al rIB’ lg:’ _EEH O‘QI‘ngB‘%g_Wlth one oI an 1socyanate precursor, a
10: . ; . .
p?loduct gﬁ%fg %Q%ﬁ%i %%ﬁ&& her %ggf}\%gtgﬁ% \r;)zi&%%g

8. Nt restrs ,compdsitiom rogaamiycorid afrelaims drdawhsteinl the Fgraposition has a

HRUT e Dol pPn R sl e Tre gy Cofeter a

| egpct han 5 minutes. 15. A thernpbset conposition
conprising the reaction product of the resin

9. cormpoble ¢ampasitioanprprisingf the resimepnip@itimefany ane ehelpims 1-8 and
16 ]"n%])e t hernoset conposition of claim15, wherein the
t?}%?r $ot conposition has a glass transition

10! ERP&rable c8m@bsitibn bedlaim Y5 hheritihe HaleasPashirises at least one of a
tenperature at 5% weight |oss of at |east 305C. 17. A

plisyandianide, ansnkydréden anda phenodimsBang ret conpri si ng:

117 BRE b Al Hoh RGN %tfec?al%ltrx% bPLMh S9C MQPH}I?E}%%MB&%? tclaﬁgﬁses at
i socyanate groups in e 1socyanurates and unreacte
dicas oaneapnfitae aovelhd) anreepaxy Hsphenslsan bdlhgdniria apdesirdsins, and

co sition coprprising.qligoners having: a nolar ratio
cﬁgyéﬁﬁ?ﬁﬁﬁkﬁ?gg%@EBQQQ%}idinone greater than 1:1;
12 @LRbINEoNBd Hn BY Ghi%he®f LUh&M- VeI ﬁpthelof:oﬁlﬁﬁsein a flame

oligonmers is Tess than or equal to 3000, as neasur
bretagédntper neat i on chr omat ogr aphy. 18. The process of

claim 17, wherei.n a ea 50 nol rcent of the .

13 618 Sl BT ke D els i ozmhetiny Sheb e ttardant difprises at least
P61RC 85 Setibréihdbisphbholon CIBBAY kad MARFiglsNddrRed rBaeibAY reaction
i socyanates to formisocyanurates conprises: adm xing
dtodedty ahhisekengl AqosEBBA with 1A rdaglacidik ¢thern reastigyy products of

[ [ . I ; d i_nt aini h :

PESERRSES BB Rfaha VR TRBIS RLEHEUA A0 0 geditydro-o-oxa-
1APEhospRaphEhsnthifefe e8G-oxille C{IOM), 1&ndehaitieh nploldacts of DOP with
selected feed rate i s continuous or intermttent, and
vigpidyetherdenxptaes of npwdersy adeinprgapica]anie sefpadants.

149’%8&%5151@%5&@0&&0}1 P Qﬁ(}a&% &t élQirﬁsr@-B, 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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adm xture as less than 0.5 M expressed as nol es

starting NCO L, throughout the adm xing. 21. The
w@e@eeswe®©f claim 19, further conprising increBST/NRIDSIEB1106

tenperature of the adm xture to a tenperature between

140C and 175C. 22. The process of claim21, wherein

the adm xture is nmaintained at a tenperature between

140C and whiegih ther weight averageinngeoflart e ghisefdhanbganers is less than

groups with an epo recursor.,23.. The process of
Ol aim 19, WHGABAHOF00f R EcBusA b SpRe e Ehipposraphy.

18 ITIRURD cE 8f EIRAR 11 ¢ dwhétefnQf TRakSALMBRYeAtRB ofAE diisocyanates react to
oxazol i di nones. 24. The process of claim17, further

clonprisosyapratesict i ng nonof uncti onal isocyanates with
B ALt e N N
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 thermoset composition of claim 15.
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