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| NVENTION Field of the In invention relates to
epoxy resin conpositions, ﬁ?ﬁ’?%ﬁé%&%@@éﬂ@%t he present invention

rel ates to epoxy resin conpositions including diglycidyl ethers of

di hydr cRONREAFRESYEH SBAKBRENDNpounds and advanced resin conpositions and
10 derivatives made fromthe epoxy resin conpositions. The epoxy resin
conposi t i oNgh¥BYphetida ik Nt DEAEHEINU. QfP@Pﬂidnﬁ%?ﬂ[@tlﬁrﬂﬁou§ﬁ§6§m as
powder coatings, conposites and el ectrical |amna Descri ption of

Backgr blpddeeatbre?. 2089, wich Theeerpeetedheriimby referighccas epoxy resins
("epoxies"), having good ther rral resi stant 15properties, are desirable for

| | am nat ti wd ti ,
g:g%/l aE%dI&@Rb?fﬁDWHE%N%) pal lamnates, coatings, powder coatings

NgsS, aid CONpoUSitEes. [T ee ucSI rabl e properties for these aryl
gl yci dyl tfh%r are high glass transition tenperature (Tg greater than 190
C by dm‘s—ﬁi%ﬁﬁﬁ?—%al thernmal analysis with dicyandianide cure), |ow
nmononmer viscosity (lLess than 200 nPa-s at 150 C), and hi gh epox eqw val ent
wei ght ( EEW De RISSS d&venHoR Frlath QERALY 6 SNRRISIIGAS SRA TN seredialyies as
| ow as 120, FRRn8oRRGal NS ;gb@?c@ﬂl' nsﬁ%“tl%% ﬁ@lddﬂ?g’cﬁ??&ﬁ?l QAMS of 9S Up to 202

C and EEWE of greater th 190 grans/ equi val ent Hi gh Tgs are
neededdﬁlgdroaqulph@afd r:mieallmreroerrtmgndsmldmdsmcewrdsm mn@spme dnd o hi gh

te er f or easacoatln st ee eusedfor t.r.ansporti ng hot
o 18 TR Rt RS e e SunPhER adul 5ot 50 salg LBBVERY b
terrper adedrif aQhridy@f ?phdﬁ%ﬁs%%d&é@@éﬂcﬂﬁs Bow @Y bhEERSEINpdBKEad el @RgdLT t O
process theminto a finished part, and easy processabllljlty is al ways

desi r abimnatyy.so, adhesion to netals and glass is usually better for |ow
viscosity thernosets because wetting of the conplex mcrostructure of the
subst r Rescripsioh ef Beckgréundadnd\RelagbAyt resi ns wi th hi gh EEW gi ve thernosets
with a relatively | ow concentration of hydroxyls in the backbone. Hydroxyls
are formed @heintrgetryingatidhyascpokneesdi (FepagiesONBaviiig gajiemes rddstansuch as

with dicyandiamde, a nultifunctional amne. There is a direct
r el at | BIODRTtSS 168 desdableyen magy RPBISRIEATE PaEh aveleatrical {aminpes €OateY: wat er

absor pgb\%er cﬁhﬁﬁksm@és&ﬁ%saﬁrftgéc% d%ﬁ H%Q@&ésﬁﬁ@lﬁ' FogidIas th@s%oirsi_cat | ons

because It can reduce degrade ot properties ere are many
aryl gklycidgytthests herlsigh ghtss amnntmlﬁempasmr@ffg)geatee@nan h e ?/Gldmalbfhzymicbut 5 not

that neet, t hem.al | erti.es.. Itaneo S Thi s bal ance erties is
Hre ChREh A Ry R RS MR RS SHRt v SOPRmEry ey R Thee T & Te
use pow(gh]m%yhs@b@)%ﬁdﬁ hfypgk'}t aqd‘wm&{u\mgﬁt (EEWPE?B%@M@%@%!:&' l'y phenol

f or mal dehyde novol acs whi ch are known as novol acs. However, exanpl es
of 2@ uc nvaotial exdisbit wactosnmes lavseoi0tmBs s @ﬁd the yehdinmaiecused theemersts capabl e

of achi &% RE Y §10T 98 STV Ef Seltr hilS 160 9nsSRIVIRNP[rd]e PTesent

High Tgs are needed for applications where the thermoset will be exposed to high

temperature, for example as a coating steel pipe used for transporting hot oil. The
properties of the thermoset degrade precipitously above the temperature of the Tg. Resins
25 having a low viscosity make it easier to process them into a finished part, and easy
processability is always desirable. Also, adhesion to metals and glass is usually better for
low viscosity thermosets because wetting of the complex microstructure of the substrate is
better. Finally, epoxy resins with high EEWs give thermosets with a relatively low
concentration of hydroxyls in the backbone. Hydroxyls are formed during typically curing

30  reactions of epoxy resins, such as with dicyandiamide, a multifunctional amine. There is a
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10 invention. For exanple, D.E N TM 438 (tradenmark of The Dow Chem cal
Conpany), an industry standard epoxy novol ac, has a viscosity of <200 nPa-s
but the Twoabitdees4di cyandi am de- cured thernoset is onlyPCT88201A06a0i ngl y,
there is still a need in the industry to devel op new t hernoset resins that
are di fives tré¢lothaishprgdtpeeaiydeoxiyhesmesedt®n\ih b thembadt and & ad apsoopeort | es

i ncluding high Tg 15 (>190C), | ow nononer viscosity (<150 nPa-s at 1500)
and hi &g qE‘EW{ rgeptigndyyndesiilnmvmest applEcafiRERgEREsq it can reducpadhesions ent

i nvent h&[‘d%’?ﬁe%tﬁé}‘f) (g&%ésengl ng goals sinmultaneously of providing a class

of epoxy thernoset sins that are difunctional and of Iow viscosity (<150
nmPa-s at 15 th, high Tg
(>1500). @% %&8&%& ngd&ﬁ&ﬁgrgéagg%hl%\c}g%elpgrﬁe%& al tbgt an epoxy
resjn ﬁ@ufhasnédt €ient appm@ambesﬁnbﬂtathlfyonrmgl@cg en ﬁfo@hrtf;:h mlffaiultsb ructure

of Formula I, such as for exanple, epoxy resins prepared froma
di hydr BjelcpFoR FXaeRIE] WaIRENO YRSy Aok Nighnd g to\usg pelyshyridspethens 3

(X) n- 1R %hlr?zﬁé Xﬁtﬁlaﬁg)(ﬂg@ﬁenbﬁ @sp@éﬁglﬁfﬁl%ﬁopforﬁgfdgﬂ de oQ/HBcs Fhicing Bow

i ndepende ot her, eac epresents a hydrogen atom a hal ogen,
a substs ¢pmgahomlacsn§m¢wet wbcemiphls ki fuchmouplacathstiiost MSubsenlesorf lemaghemst i t ut ed

aryl a su t|t edo ubstitu al k I.ou anitrile
o bup 200 afmohr BHBE of HEhE SR i P e R PR BB X | s
CHPy  CHvBRdon. “For exhple(1BH NR4)438Mrhd&n@ik bPTRIDBl @Wﬁggﬂ @ﬁﬁﬁﬁ?)" aff and 20;

and R3 and R4, mdependently from each other, each represents a hydrogen
atom mdharpg@marchemwwom Sus ervisgnsbaft<200 tnekh- abitythe ggolihe a substituted

or uns bStI d a rou g@stitut ed or unsubstituted aral kyl
gr oup; ]éf%n @ e?Hre\ér%P%B]é)rs&H% 1?‘373 alue from0 to about 10. 5Anot her
enbodi ment gccorgmgf)y, ehe?g }s stlﬂ\élenrf]:tecli ?nnthle ?n(ﬂllstrr? %ot ggfe{o% n%gvvt Qr('ﬁ?odsetr r%glns that

are difunctional and provide thermosets with a balance of properties including high Tg

15 (>190°C), low monomer viscosity (<150 mPa-s at 150°C) and high EEW (>190 g/eq).

SUMMARY OF THE INVENTION

The present invention meets the challenging goals simultaneously of providing a
class of epoxy thermoset resins that are difunctional and of low viscosity (<150 mPa-s at

150 °C) and high EEW (>190 g/eq) and give thermosets with high Tg (>150°C).

20 One embodiment of the present invention is directed to an epoxy resin composition
represented by the following general chemical structure of Formula I, such as for example,

epoxy resins prepared from a dihydroxydiphenyl-cycloalkane compound:

1

a a RS
£ lJ o HoR < /quo

Re Ra Rz () R

R3/ (X) R4 RB/ (X)m R4

Formula I

25  wherein R® is a hydrogen or methyl group; R' and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group; a

nitrile group; a nitro group; a substituted or unsubstituted alkoxy group; X is CH,, CH(R"),
-



conpositions and derivatives of the epoxy resin conposition of Formula |

above.

For exanple, two other additional enbodi nents of the present

i nvent i orwarelidics@dt ed to conpositions that can be prepacedsbyonsaoti ng t he
above epoxy resin conposition of Fornmula | with either (a) a stoichionetric
defi ci enCROMR*A ndliif annatemih abmbpobeywee ind/20; 10d ROapdRAdndapegdendy drom
conposition of Fornmula Il or (b) a stoichionetric¢c excess qf a difunctional
epoxy- FERAISF S 3B AgRBERTatstAd G RREN 21y RgBEG EEn ghs Wt et A ugsybstituted alledr 1 a1

OH | Zgrr'oﬁg g§1@§@fu@d@'u9ﬁﬁ@ﬁtu?ed]a§yl grQﬁ;S}'d? aShibstituted or unsubstituted aralkyl

10

(I)H
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- (

15

20

group; and n is an integer having a value from 0 to about 10.

Another embodiment of the present invention is directed to advanced resin
compositions and derivatives of the epoxy resin composition of Formula I above. For
example, two other additional embodiments of the present invention are directed to
compositions that can be prepared by reacting the above epoxy resin composition of
Formula I with either (a) a stoichiometric deficiency of a difunctional epoxy-reactive
compound to give a composition of Formula II or (b) a stoichiometric excess of a

difunctional epoxy-reactive compound to give a composition of Formula III.

mc/i\CRa-CHZ—o—@C /@-o—%—iﬁ-m—z{%ﬁd{z—g-m—ﬂc /@-O-CHZ—R’C/L\CW
N N

/ \R4_

Formula II

OH OH

OH
| | |
O—CH,—CR*—CHR? —ZEQ - Z]—CHZ—CR“ —CHR*—O O—CHR*—CR*—CH, -EZ— Q]—Z1
P P

C
R ((X)) R
R3/ m\R4

Formula III

wherein R?, Rl, Rz, R3, R4, X, and m are as defined in Formula I; p and y are integers having
a value from 1 to about 20; y' is an integer having a value from 0 to about 20; Q is a
hydrocarbylene moiety; each Z is independently selected from the group consisting of O, S,

-NR", wherein R" is a hydrocarbyl moiety; and Z' is Z-H.

Yet another embodiment of the present invention is directed to a thermosettable
resin composition comprising (a) the epoxy resin composition of Formula I above and (b) at

least one curing agent (hardener).



|1 -Cl2a-CHRa -Z-EQ -CH2-Cl2a -CHRa - 0- CHRa-ClRa-CH2EZ- (-Zi -1 PP
Formula 111 wherein Ra, Rl, R2, R3, R4, X, and mare as defined in Fornula
| ; p and woana/iéedseger s having a value from 1l to about POT/US0I0H5@N2 i nt eger
having a value fromO to about 20; Qis a 20 hydrocarbyl ene noiety; each Z
I s 1 ndepend8till layothed @Eﬁcﬁﬁinéﬂt@ﬁthef}ﬁe@hﬂiﬁpemmihsih diredted ofa ireStherilet Wher ei n
Ro is a hydrocarbyl noiety; and Z1 is Z- Yet anot her enbodi nent of
t he pr@é%lrﬁro‘ii‘rﬁ?gﬁfl?é‘i?m@e P?@c@%@nqsﬁtt@l?ﬁéwwlélﬁpe resin composition
corrprrsr n h{ahe e ox resin co osrtlon of Formula | above and (b) at

| east NVE 1/ 068644PCT/ US2010/ 056102

Still anot her enbodi rrent of the present I nvention is directed to a cured

t her noset r Bsithbippdditisopertbie plesantintvieatieiboy bidehar eppsgtresibEenpesstion

CO osition | PT OF THE | NVENTI ON Inits
degﬁpf%%%tﬁggytﬁrrgﬁ%% Oninﬁifgr}lt i on includes an epoxy resin conposition 5
represented bythefqllovmn Formula I: RlRl Ra /00= |1 Fr 12C—I
/o\IRaro\er 120— FIa )R2Fla OHR2 E\z
Ra

R Ra
37 (X)

R R4 RB/ (X)m R4

Formula I

wherein R is a hydrogen or methyl group; R' and R?, independently from each other, each
represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a

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

15  group; and n is an integer having a value from 0 to about 10.

In the Formula I above, the substituted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, or a substituted or unsubstituted aralkyl group for R'-R* and the
substituted or unsubstituted alkoxy group for R' and R* may include, for example, a C;-Cs

alkyl or alkyloxy group, a Cs-Cj¢ aryl group, or a C7-C;, aralkyl group.

20 Examples of the diglycidyl ethers of dihydroxydiphenyl-cycloalkane compounds
represented by the Formula I described above, may include for example, the diglycidyl
ethers of isomeric dihydroxydiphenyl-cyclooctanes, dihydroxydiphenyl-cyclononanes,
dihydroxydiphenyl-cyclodecanones, dihydroxydiphenyl-cyclododecanes, dihydroxy-
diphenyl-cyclopentadecanes, dihydroxydiphenyl-cyclooctadecanes, dihydroxydiphenyl-

25  cycloeicosanes, dihydroxydiphenyldimethyl-cyclododecanes, dihydroxydiphenyl-
tetrabromo-cyclododecanes, dihydroxydiphenyldimethoxy-cyclododecanes,

dihydroxydiphenyldimethyldibromo-cyclododecanes; and mixtures thereof.



R3 (X) 11R4R3 (X) 11R4 Fornula | wherein Ra is a hydrogen or nethyl group;
R and R2, independently fromeach other, each represents a hydrogen atom
a hal ogenwoaoswlssd4iut ut ed or unsubstituted al kyl group, &CIQsedsiosdiored or
unsubstituted aryl group, or a substituted or unsubstituted aral kyl group;
anitrile gA@mjzplcaalyrlirépa@eQMmepox;aresmbsf Forufug] o aunisuls bf dligoetkralvikaxy

group; X is CH2, CH(R3), %; mis an integral nunber between 8
and 20YyHE IRsTl%;r?deme VF‘IHB @58 ﬂaéﬁtw Uie BFREBLE AN BernEpPCeselter o BpkedEit s a
hydroggn;at @Imhe%&@lz&gﬁfan a dé'El%fl bF He@eht ﬁ‘médﬁ% tfhE ?Pdﬁ)@r@dnkéflthgr oup, a
substituted or unsubstitut ary group, or a su stl d or unsubstituted
ar al ky mixtsgrtbatias amdeaular shans with eggeattratiam@ isdessahare10% omh® givesabout 10.

ﬁihe For Ia I .above, the s E i.tuted or unsubstituted a%&x} ggoug, a

ti ffiﬂ%tb P WLHEERBEY MRfRrialVIR g gl GRRGeNtEion Of fRISHYS TROEY: G¥Sub<t i t ut ed

ar al kyhisg b@é&iblé & mhke Rk e@Rs whBRirsMBStJIf ke @diRMhaWng YRIsE] Shed RAKRX¥Y, group
for R _and R2 may include, for exanple, a C-C8 alkyl or alkyloxy group, a
C6- CLOThisydivegraguipturowith refatigle highatisopbityyamstlow @oEstdrppe sf efoxyhe di gl yci dyl
et hers of di hydroxydi phenyl -cycl oal kane conpounds represented by the
Formul a | désaond dystebdabentes proayssifocprapkeingam e@mam:ds‘m, coirﬂ;@shﬁogloﬁ@bdmhla et hers

of i soperic.di hydroxydi phenyl cl ooct anes,. di drox he cycl ononanes,
G hyar DRy BPE AACTES 19 G rom 5SS TER) AP AR e e Db e
di fyydr M%@ﬁ%ﬂ%@&&%&@gﬁmﬂg& at8iniped Wﬂle@@ﬁ@ﬂdmgm%ﬁ&%t adec anes,

di hydr oxydi phenyl - 25cycl oei cosanes
di hydr &sogtonsthien whdiere theypeaative hydivger atoesis r@HChy@dehwdiephﬁedv group in said

t et rabr ono- cycl ododecanes i h i.phe t hoxy-c od canes,

i hyar SR EHGROTATTEChG Pt SHEnE: By abal i afT e e AISFRE ot

As typesadylrysip rd%ﬂﬂfoﬁéhtt(ﬁl)e nﬁﬁ@?ﬂudeﬂ@k Bgar@le Efgnyraﬂ;a ethedy ¢ taspiendiug,e of
oligonmers with vary e average val ue of in the m xture depends on

t he pré@é@&}&@@@rwf t%ﬂbéom%g@eﬂ@lsfi\molyglmﬂﬂ@th%%@f RGyRiSROlEPId cat i on of
t hes pr t t l.ecul ar
chg?nsﬁanPﬁﬁﬁﬂ%ggépggpohgﬁlgggg%‘%gggoﬁég&ﬁgig?gkﬁégﬁ%: CHQQ§ g&e ‘atively
| ow Vi seedidoyolaed, &isphdnoMAL iovaldes, @it ntienesthérad. on of reactlve epoxy.
However, it is also possible to make m xtures wherein nost of the chains

have n val UBSthe fab&RY fotdiathe 816ast dhd SorBipoi@E havilk 4h Wherayd sfmbeltBdd M@ y hi gh
viscosity and | ow concentrati on of epoxy I n one enbodi ment, a

pr ocesafiaye lpideeeeniatyn aer @%ﬁh}lef@ﬂmné@r{bbﬁw inglugst forsxarpla abisphepali ses
reacti a st havi ng
i 10 SopSh” grediEhe Rl RBaN, SERpRAPH by Shmb St R ST

ex20 udiagpgesainee pexhe folowingairatial Fornwikelei n the reactive hydrogen atomis
reactive with an epoxide group in said epoxy resin conposition represented

by Formula I. In the above proce$§ the g | east one epoxy resin, conponent
(a), may include for exanple d ers of bisphenol A diglycidyl
et hers of tetrabronDblsphenéK) |§§\_ Ottt hers of pol yphenol s; and

- (X)

R3 m R4

Formula IV

wherein R1 and R2, independently from each other, each represents a hydrogen atom, a
halogen, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl

25  group, or a substituted or unsubstituted aralkyl group; X is CH,, CH(R3), or C(R3)(R4);
m is an integral number between 8 and 20; and R3 and R4, independently from each other,
each represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl group, a

substituted or unsubstituted aryl group, or a substituted or unsubstituted aralkyl group.
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15m xtures thereof. The polyglycidyl ethers of polyphenols nmay conprise
phenol novol acs, cresol novol acs, bisphenol A novolacs, or m xtures

t her eof . WO 2011/d6864the above process, the at | east one cecpasadolssadng an
average of nore than one reactive hydrogen atom per nol ecul e, conponent
(b), may i ntd atehdr embediagat,ahabisplspbiduehponadpaiyrigcludhecdrhsqindmakingonpound,
conponent (b), mmay conprise a bisphenol conpound 20 represented by the

fol | owf'AB %@er%ro WEEPQ cqhon pipRis- gpyetianether ebedimsp, the hisphsnel yRo R3

(X) R4 ' pﬁﬁg | ot her, each
represgﬁ? 5@ﬁ§%ﬁ%g§ﬁﬁ%$%§§ a hgﬁgag%?qgaggggg%%%?%%BgFgﬁﬁgﬂggtituted al kyl
gr oup, cyelsadumsione,ulyeldderanoms apdbdddet@shnargyclopbafadacpnonst cyrlsuchsiccanoned or

unsubstituted aral k roup; X i.s_CH2, ( . Or R3)(R4); mis an
by SRR et YeaR e RTosb, P R A HopnerIaeRERaEN; 1 v {1 om each
ot her, c&apdhehe®) aaSNES iR GleRolalflHodechfdRIBMpoang uUbst i t ut ed or
unsubstituted al kyl” group, a substifuted or unsubstituted aryl group, or a

substi t ut edp,pyy,d %%Bhﬂﬁ&lﬁﬂ%@ﬁl%t&x lof gﬁeﬁgﬂ%thls%gé‘ﬂpfe%rcogﬁﬁ LABRt. the

bi sphenol conmpound may i nc e a conp vin rom ab to about C20
car bonFatnauts I abaveywempainest taartingrfAodn apihblohydiren dinggrhved ehichcompound may be a

conmpound prepared from a |.oal e conpound,conpr.i Si ng, cycl ooct anone,
oo odBasHERBS RS of GRBRRCTGHE g T BT B e LR MEy b G BB Cs B

10 example, a bisphenol compound such as a bisphenol represented by Formula IV below.

In one embodiment, the bisphenol compound, component (B), useful for preparing
the epoxy resin composition of Formula I above of the present invention, may be any of the

compounds represented by the following Formula I'V:

R R

_|_ _|_
HOA<|_A/>\CA;|:/>;OH

R2 ( ) R2

537 (X)m~

R m R4

15 Formula IV

wherein Rl, Rz, R3, R4, X, and m are as defined in Formula I. Such bisphenols are typically
made by the well known condensation reaction of cyclic ketones with phenols. Specific
examples of suitable bisphenols of Formula IV may include compounds derived from the
reaction with of cyclooctanone, cyclodecanone, cyclododecanone, cyclopentadecanone,

20  cyclooctadecanone, cycloeicosanone, and mixtures thereof with phenol. One preferred
example of the bisphenol compound useful in the present invention is a bisphenol

cyclododecanone.

Preferred examples of the bisphenol compound useful in the present invention may
include condensation products of cyclododecanone with phenols such as phenol, o-cresol,

25  m-cresol, p-cresol, 2,4-dimethylphenol, 2,6-dimethylphenol, and naphthol.

The resulting epoxy resin composition represented by Formula I comprises a
diglycidyl ether of a bisphenol compound which may be used as a component for preparing

a thermosettable resin composition by mixing with a curing agent component.
-6-



5cycl oei cosanone, and m xtures thereof. For exanple, the bisphenol
conpound, conponent (b), may conprise a bi sphenol cycl ododecanone conpound.
| n anot hewoenhiodsérent , the process of preparing the epoP¢TS10/08€@NPOSitioN
of Formula | above conprises reacting (A) an epihal ohydrin conpound such as
an epi chl or dhydparingathe epoxyrresin kytipoditiorotiFdrBulohebode offhiegrgbenol i ¢ hydr oxyl
conpounds, .for 10 exa a bi sphenol conpound such as a. bi sphenol

npl.e,
r epr es BNEREPH et his g isphspelsgimpound, compopgid (B sy heeted it Het W RENoI
COMPOURdn FRIPRDEN: & Edout Y8 Gt pfEraBl CRBA! BBu [1FERRNbALFSY L ACERPST L1 On
of Formula I above of the present 1 nvention, nmay be any of the conpounds
r epr esentreprelyatlhdrdm hbawi20gvtForombloat 9AMwvt% BEwdroml the tovalwiregleiofithel , R2, R3,
R4,_X, and mare as defined in Forrmula |I. Such bisphenols are typically
made b§PPRENR | known condensation reaction of cyclic ketones with
phenol s. Specific exanples of suitable bisphenols of Fornula IV may include

conpounds d¥ethedy kpewmin His afte siichias thepmnethod flescyibed scthanbaie Magks) odecanone,

cyclodogﬁﬁgqgg » Y BEi AHELAVRRES cidDeCYiE R [gggp Ng.johY SRkl gosanone,
and m xtures tﬁgfegﬁ&%iﬁﬂﬁpﬁenop. C%%pfg¥9rrg@{e ﬁgpg'%ﬂotﬁgwggg%heno
conpoufldnssmfyik vised foneompreesemodt bisphendls omthespaxpiesiphehbbromyle I ofihdecanone.

Preferred exanBLes @f tgﬁ]bis henoh coggpund usgful in fhe Bresenﬁ

i nvent PGS PHRT UdECHNGEREHD S SH OB DU SHPUEP Bt eLahBIRESHHtH phenol s
SUEH agseRPBAR! tranSfef ERRIQLts cAPPR 64e8S ThescPro¢ L8R requAredr KHsEBidRYAsRBENA]

2, 6-di et hyl phenol , and napht hol . The resulting epoxy resin

conposhydroxide €Nr@Epniséhiodgh Wapiug mokt coormpen, other hasgh glaybedyed mtther of a

bi sph I ich d f. [
Cher moBBEESE B Bah eorsBets CBRYBG e GraRg TEMBRT B ar 2y B5EBR  component

| N prepabomigest bRa®BAXYs, hRshdkidannamk bhes sadh Kafismsbitytloah@eenOfDBBE present

i nvention, generally, the bisphenol conpound, conmponent (B), may be used in
an anpdwts Bell kpow dbidaartadeghoise of pgsess caghyyeoan iptlednse aBIRE  fr om about 15
wo%to r - |y, .2 . 20 9 . about 97 w %
pabbd” PRl likaRls bt HALBARK bl AV Rt o b iR R o
such ashlbléesieidetledgdainabeldpediePFhrasanaincchdepdss;, reSikpooducikesi ns”,

Encycl opedi a of Pol yner Science and Technol ogy, Vol. 9, John Wley & Sons,

may be usedFbodontOIppaERIoRE, fof cXngPOBNGINSsi V& fohele@PONY coBSdrRAtsOft if-or mul a |
of the present invention. Generally speaking, either a "caustic coupling
pr oces gesiigplego pavsclewstotah ahlommj@l@gomagb)rtdﬁ&ﬁgqe@rra%@ﬁaM@h@dsckﬁelséedjs ed.

These pr. S i h i i t hough
ot 1 STRSEEEE phgRhoL R dp IR AHE AR 45 BB & b ME ea A Lo .
f 020 exasbeeyse@ oup | and Group Il metal hydroxi des, oxides, carbonates,

bi car bonat es, net hoxi des, am ne bases such as di azobi cycl oundecene (DBU).

Aﬁ is well kngwikidn) bl BBoidé bf prob&s &9 bERiIBM toPldpse Bfe idBclavgeight dfithd uence on
t he

[199e2)

product (related to “n” in Formula I). For applications where low viscosity is advantageous
such as for liquid coatings, casting materials or composites, it is desirable to have the
concentration of oligomers (n > 0) at a low concentration (less than 50%). This can be

25  accomplished by methods well known in the art that involve using a high stoichiometric
ratio of epihalohydrin to bisphenol of greater than about 2:1. In some applications, for
example in powder coatings, it is desirable to have higher viscosities and therefore a higher
concentration of oligomer (n > 0). One method to make these oligomers is to use a “taffy
process” as described in the above reference by Pham and Marks. Generally speaking, the

30 taffy process involves the use of stoichiometric ratios (epihalohydrin : bisphenol) of less

than 2:1.



15concentration of oligoners and other side-products such as vicinal diols,
chl orohydrins, chlorides, and other chlorinated species present in the
epoxy r eswO 2prioset . For sone applications, for eramgiseoionsadhesi ves
for electronic conponents, it is desirable to have low total chlorine and

i oni ¢ chl or Adetheparabadimaht afite pividnt ddendaysldopedd py amadviahgedfepoxpiesphenol A
di gl ycidyl ether, such as described in U S, Patent No. 7,582,706 2Q can be
used. composition igglyfingdhe regetionpypduct gf (Iyp sioichiometrie §X<ﬁé§g€ %}eé)rt%oraaf ust the
nmol ecular bl i For
appl|cg%f:§§§g%%}ekﬁ%ﬁﬁﬁﬁigggﬁ%ygégyﬁ%egﬁ%gaggﬁgh@%gﬁ ? TIQUId

coat i ngsmpaasts hmgngran evdragesofonore timgmosictrestive hyalmgde&omqmr mdierultave t he

con entr on of oligoners t a Io ncentratlon t han 509 .
el e Lt DR AR o R AT S L RS e
usi ng é‘pcbdl&hg@ﬁ}?hf?m&%xl_’ylré‘slﬁ 8éthpostiorRp &@éﬂi’é&’w Féntu®a PittRBenol of greater
than about 2:1. In sone applications, for exanpl e in powder coatings, it is
desirable tg @@fﬁ%@ Bbf Mk S6RRbANERII EpRERIE H3aBkaNGmAgent rati on
ofngmmr 8|£%1rmﬁkgt3§a %E Elﬁho %S%OLJea"thy
pr ocessSmpaundesch abebisphenbhe above reference by Phan1and Mar ks. Generally
speaking, the 30taffy process involves the use of stoichionetric ratios
(epi hal ohydrin : bisphenol) of less than 2:1. Anot her enbodi nent of
the present inveption,ip directed to an advanced epoxy Fesin conposition

|ncIu ng the r actlo% oroduﬁt of (1) a gioichionetrickegxcess o one or
of(ﬁh (ﬂﬁltl s repnesente la | 4b and
(II) one or W' avingfa ]@ ﬁ*@ﬁéK¥ea8#]ve
hydr ogen aton1p @C Ie, 5exc|ud|ng an epoxy ality, wherein the
reactive hydrogen SO | S reactive with an epoxi e in said epoxy
resin conp05|t|oﬁ repKesented by Formula | above.r Cne enbodi nent of
t h&) conponent (11) may be a phenollc hydr oxyl - contalnlng conmpound such as a
bi sphenol . Fornmula Il wherein Ra, Fgmulgdl 23 R4, X, and mare as defined
in For gybRid R*, R'I R?, "Rﬁ‘ Rﬁt)@gﬁﬂ rrhﬁf\é 'aE‘geﬁle\HE}h ‘F%rrflﬁlgm )Jqstaﬁ 1§t@gé%tha39ig ap i's an
integer having a value of 1 to about 20; Qis a hydrocarbyl ene foiety; and
each ZVMgeﬁndebénd@ntﬂypseheuﬂg&rhaungahemgpémmadmnSQQIQngaof 150, S, - NRb,
wher ei ﬂycfrzgcarts)ylene 1¥1016 }%aaBQ %llchrfgsel}léfépendently selected from the group consisting of

15 0,8, -NR" wherein R" is a hydrocarbyl moiety.

By “hydrocarbylene moiety” as used herein it is meant any divalent radical formed
by removing two hydrogen atoms from a hydrocarbon. More specifically the
hydrocarbylene moiety is a divalent moiety selected from the group consisting of an
unsubstituted or substituted alkyl, an unsubstituted or substituted cycloalkyl, an

20  unsubstituted or substituted polycycloalkyl, an unsubstituted or substituted alkenyl, an
unsubstituted or substituted cycloalkenyl, an unsubstituted or substituted di or
polycycloalkenyl, or an unsubstituted or substituted aromatic ring. By “hydrocarbyl
moiety” used herein it is meant a monovalent radical, more specifically, any monovalent
moiety selected from the group consisting of an unsubstituted or substituted alkyl, an

25  unsubstituted or substituted cycloalkyl, an unsubstituted or substituted polycycloalkyl, an
unsubstituted or substituted alkenyl, an unsubstituted or substituted cycloalkenyl, an
unsubstituted or substituted di or polycycloalkenyl, or an unsubstituted or substituted

aromatic ring.



By "hydrocarbyl ene noiety" as used herein it is nmeant any dival ent radical
formed by renoving two hydrogen atons from a hydrocarbon. More specifically
t he hydr owenrbylesa4noi ety is a dival ent noi ety sel ect ed PCrarseetodsgooup
consi sting of an unsubstituted or substituted al kyl, an unsubstituted or
substi t ut edThy advaatdd/dpox @ mes2Ocoispidftidnt aftFetimola 15 ishatadvaiced epadyyeyial oal kyl ,
an unsubstituted or substituted al kenyl, an unsubstjtuted or substituted
cycl oaPldHs PreRgied FHRmK Hrane of 8o FPEyBELNY et fumyia loyith IR Ar 88k enyl , or an

st i, ) ; : " . 2 d
unsubs Eﬁﬁa‘ﬂlee&) ouﬁ&'sblﬁltv'iﬁ X :clqrgn tg@ r%g Iog% {h',aﬁ‘ Bne F@éetl\tyl%fdﬁ)(gg%?ltﬁ%m g%'y ety" use

herein i1t 1Is ant a no nore specifically, nonoval ent
noi et ymeédcelet etiefermtire tdvetige bydrogamnsoemtis rgcetofe waith amepdxsda groopoh said

substituted al ky], an 25unsubstituted or substituted ¢l oal kyl , an
e ANR e R e e g e LTI
SUbSt i {1y @fly BAKSMMbre AkNEAEUHSL felhedueK a8 WhSkkileotheral GaL KRRy of an

unsubstituted or substituted dii or polycycloal kenyl, or an unsubstituted or
subst i tilyéwxzaromatit compeunds Whechaate diftasent dppox therepax nresinned Eptnda LoThdor nul a

Il is an_advanc epoxy _resin product prepared from ope Qr _nore epoxy
resi nsPrc?Parﬁ}é?‘hﬁftg‘e i %‘“’%ﬁmﬁ“ﬁl BisReed endty 280 proghr 8 ‘é%%%eu ATHLRg an

aver agen®in petft®dt.han one reactive hydrogen atom per nol ecul e, wherein the
reactive hydrogen atomis reactive with an epoxide group in said 5 epoxy

reshn. The epoxylet 85IB cURBBuldhadvily KAMRRGE FERord @@k bhORatBve RREbdonal |y
include (I11) any one or nore of known epoxy resins, such as,” for exanpl e,

t he di gloycpatynolequbeinsludé ddydyody aoysationdithiel, diswipenandde, dinnote ar e di f f er ent
fron1tge 0 resins of Fornula |. The .preparat.ion of.the aforenentioned
advanc S ESEF AL omRd St Emmnde ol ineiadh Py tRinsin s E g
10Exanpl@secohddri @manmousido SHadNadURIReS Qid JRMBekdIRMydRkyBags,i ve
OExangl h dohadec a5y dl [

hydr ogen at om per nol ecul e i ncl ude di hydroxyaromatic, dithiol,

di sul f epfasecerRdarypRicEEo WY angh W BRYY iC e BEPueoprigidisnalic ludipousiasy

COY a1 LG DAL HTREY A G Pl AN BRYRurc 400 seCondary ani ne gr oups,
one secondary antrne gr§up and one phenol1 ¢ hydioxy group, one secondary
am ne group..and one carboxyli.c acid gr . or _one phenolic hydroxy group
15and one cAPBERYTIOSTGS HOg S R at Bk R PET O RRE SR P
st oi chicp®id hydrégthiaorRbert M6lc6@FROREpbRY G iR Be@YAlAEE6m Aol ®l:1 kan one
reactive h%drogen atom per nolecule to the epoxy resin is generally from
about @bt DP5¢lo prtheyablydrays about 905t letoabpoyt 9.8:d niubpake rwefosbly fremabewt 0. 8: 1,

and mopg AT fa%&&*-‘d.é’;g feﬁ]&%@ﬁ’&%& i i ethgdl%ggﬁjét Rlép%r Lo QMY aleGht s of the
reactive hydrogen “at 6m per equi val ent of the 20 epoxide group in the epoxy
r e n. epoxide groufén tae¢paoelEint reacti on may be conducted in the presence or

absence of a solvent, optionally a catalyst, and with the application of

heat and m XiThg adVdiReAEMIBLAEITR May tRAGhie (BN PreGéiitd UE hiRdnad ofat MoSpheri ¢,
super at nospheric or subatnnsgherlc pressures and at tenperatures of from

about sYvantieptighallit 2 oBalyet; axbwish dieaapabi¢afionfof hpatand mix@g. Eheo about 240 C,
and nDElc?vaB{:eenfleenrt %?alcﬁmfl ﬁl%ymbg%&%ucg'e%oat g:trﬁoospﬁgr?clf rSu&(I)sz%Spheric or
subatmospheric pressures and at temperatures of from about 20 °C to about 260 °C,
25  preferably, from about 80 °C to about 240 °C, and more preferably from about 100 °C to
about 200 °C.

The time required to complete the advancement reaction depends upon factors
such as the temperature employed, the chemical structure of the compound having more
than one reactive hydrogen atom per molecule employed, and the chemical structure of the

30  epoxy resin employed. Higher temperature may require shorter reaction time whereas lower

temperature may require a longer period of the reaction time.



The tinme required to conplete the advancenent reaction depends upon factors
such as the tenperature enployed, the chem cal structure of the conpound
havi ng nowe 20hzmesane reactive hydrogen at om per nol ecul eCergskayposhioand t he
chem cal structure of the 30 epoxy resin enployed. Hi gher tenperature may
requi re shoir ginerabahé tioe fbﬂutnemhem:aﬁsmlreammt:empmlah uiag rampe fregubse a

| onger period of the reaction ti eneral, the tine for the

advance ERttes eRorbet E%|Pé%fF@hIYnfévn@Qﬂlgé0rmWH?eamhoug 8 WPHit &Y Meeabout 24
hour s %Fe%lﬁ& ﬁJu?ggﬁﬁf?&{Est%Oath{WE (o about 8 hours, and nore
om ab

preferg out 30 mnutes to a ut 4 hours. A catal yst may al so be

added in t h%@%{%%ﬁg‘%ﬁ‘é o e a%ﬁéd e %@érﬁént?%ch?% 4@@%?% H%Xlﬁ) \hcl ude

phosphi nes anmoni um co

conpoungs uﬁdﬁﬂd%-lph&sphlmcthE)r tlualf:Ma@rﬁnﬁlﬁsm(ﬂﬁB’dﬁ)npoﬁpﬁﬂlqué XEx @h‘@dpﬁ@mﬁfn
sui t abl e phosphoni,um sal ts i ncl ude tetraphenyl phosphoni um chl ori de,
t ri pheRYPRRNY (Ro ok terviapramineyeRaNie PRGAHS F’E%‘PR}?Sp?féélﬁh‘Hﬁl um chl ori de,

tetra &%h@ﬁlﬂmiaﬂm P.Jd@ rtééf!@he&r\@ﬁ {MJ&%HBHHH ﬁ@n?z diwgﬁwilghosphomum

t et rabut yI'ammoni um chl ori anmoni um ¢ or|
triet hylhlamimmenhnylchblglphdmhohmrﬂoutnlyhdﬁnmrunwnhﬁduhmlonnhm cldodde; el at ed salts

where the n on is br Q{‘gf te benzoaI dI’OXI de. he cat al yst
. be ApR Bpam T ARt SRR ST isateT OMoRts & RSB GOn BB EIER Y 11 om
abpyit Qie@h?ylzﬁrﬁm@{?fﬁﬁi cHlorde, @ShoyTRmGoRNEH @El@ﬁhy ahl SThBd QM s V%ﬁ@@tﬂe%nﬁﬁqw 1.5

percent by wei ght based Upon the total weight of the epoxy resin and
corrpouh@nnémanqa@nbweatawddfydmche tTharratiest meadeicwplhypdingemtiicom per

15n0l egul €. det anc rn| n_.ady cenent n usef ul
oo oFPTIRgt R L sy FOSTROR O AT E PR R ety ind"whi ch
nmay befigAdRMECl0f o dttat P5eReRht byweih w%eﬁltlgorgﬂhﬁ €dtall WeikhtDf tiRad

5, 736, 620 and Handbook of Epoxy Resins by nry Lee and Kris |IIe

i ncor ptﬂsm@é weEPerrd Bayingie e of PUER S| 088 rektivhBydpganeato® Par  and
poiélhyglr ?& cont ai ni ng conpound include the di hydroxydi phenyl -cycl oal kanes
derive romthe reaction with of cycl ooctanone, cycl odecanone,

cycl o.dodeca@%% { ﬁC|€ﬂDent adecanone, %Cl ooct ad anone Ig%/&ll gl CcOS none
and ni xt ur e¥ 1HEFE TSN RO R hee é‘éBrreB?rrl. ©dardchol
2, 4- di gpdtyptdiR pRIGELINRL thedeGih k@fhpdslﬁﬂqmbmizz bts%hf t iy tHeyeeAui none;

b| sphenol A 25(4,4'-isopropylidenedi phenol 4, 4' -di hydr oxydi phenyl net hane;
4, 4" - t Kiveeigshan 8lven A 1.8 Patenb Nt 27 phEHdand arzdhoglqpf By diepine Ry Henry

4.4 - dLFé/ QL(P%MQN@D‘fl@yﬂnic})é&g?eiﬁiehﬁé)rlég tbﬂ r&&%gé(ybe“.zgphenone

11bs rox

i Lol A O S SR st i pren

3,3", 3dhy dﬁo&w@mﬁmyﬂoﬂkaﬂe@ %n&&%&ﬁ%d fé@aﬁmdmnh@f@clooctamne
3, 3" -di met hoxy- I sopropyl i denedi phenol ; 4,4 d|hydroxyb|phenyl

4,4 dpm@ﬁes&rwpmkmﬂwngmq, Crdprentadeganogp. W@b@&%@ﬁ@m |ide:;

b| s(4- h y

R PRI AL SRR R e nsragepeng gl cochor

bi phengld)digkeeiyhtsatinal; @-chlatortsordinby, détﬁaxnmﬂfgﬂﬂydrb@.ﬂﬂ@leabﬁphenol A

b| s 4' - hydr oxyphenyl) -1, 4- benzenedi i m ne; 1'-bi s (4-hydro, xyphenyl)c

hefé‘ n]éoprobﬂ’c@p p]&p@p})oﬂél Wy@rgéy(ﬂlghenylmethane 4.4' ghlodlpheno
2,2 542050 %2@4{1 a0 @{efneﬂﬂ 4 fd{H fn gfﬂ R&ny! ) met hane;
di cycl opesntgjtcfi'? g eno ﬁﬂ%& cl dpéent adi ené |pﬁ¥(=,\};r?lo‘f%E and any conbi nation
t her eoft 4'- 51IEydznm]&§Jl&31zolﬁhemhme dgl-bla(ﬂdhpbbmemxwphenﬁcthdm i ncl ude
4, 4" - d| c boxy cL L : e .
1s 44 )%roxﬁ/) enoxy)-phenylsulfone)diphenyl ether; 4,4'-dihydroxydiphenyl
disulfide; 3,3',3,5'-tetrachloro-4,4'-isopropylidenediphenol; 3,3',3,5'-tetrabromo-4,4'-iso-
30  propylidene-diphenol; 3,3'-dimethoxy-4,4'-isopropylidenediphenol; 4,4'-dihydroxybiphenyl;
4.4'-dihydroxyalpha-methylstilbene; 4,4'-dihydroxybenzanilide; bis(4-hydroxy-
phenyl)terephthalate; N,N'-bis(4-hydroxyphenyl)terephthalamide; bis(4'-hydroxy-

-10-



met hane, terephthalic acid, isophthalic acid, 1,4-cyclohexanedi carboxylic
aci d, 1, 6-hexanedi carboxylic acid, 1,4-butanedicarboxylic acid,

di cycl opewbadilemss4di car boxyl i c acid, tris(carboxyphenyl PogEtus2010/056102

1, 1- bi s(4- car boxyphenyl ) cycl ohexane,

3, 3", Sbipheiiygjterapmhiiyck: 4 44dihddioayjiexydeptoary bis(4'-hydroxyphenyl)-1,4-benzene-

4, 4' -di car boxy- al pha- net hyl st il bene, ,

101, 4- Bil@ng: éér'%&‘ylb\ﬁ’éwﬁ{‘-ewlMEIDEWHSM%{H%IP“HOI? pyrogallol;

1,1 -bh3(4=xcC e ' -4 ene,
b1 e eI A ARG G L saeerne.
4, 4' - bdiphamili trideddpantdstongtipbersdi aitd ahy4ombhenyh benadat edi car boxyl i ¢ aci d;
4, 4" -stil benedi carboxylic acid and any conbi nati on thereof. Exanples of the
di -5and pol grenplepbauns di-nad pdycdsbdx penzededilube o4 -ditaibodydighergnedi t hi ol
4,4'-d|nercaptodggheny[nethane_ 4, 4" - di mer capt odi phenyl oxi de,
4. 4" - dp}?g}ag%tﬁgr@p %@%ﬂ?’ﬂ?bg{ailf B‘éﬁel, ,4-cyclohexanedicarboxylic acid,
3,3', 5, L_ . _ .4' j i . - . 0 X i i 0|,
T 6- hok S quRarboghs feid, 12 HIRREAG UL AR vicko Ry A e,
lii i( tz) - aza'(éil,aap(tcmé)bhyph)esgaﬂ)r:hbmenﬁ,ﬂrﬁ—lsi@mamlap@pbhgfmyyc)lni_natﬂaa@e, ] f

, 1- bi s(4-mer capt ophenyl ).cycl ohexane, and. any comnbi natjon.thereof.
P0Examfied ot RN AT ARRER: {AcHisawosy SRR HEp Lk Ehe.
1, g di @,mlﬁﬁ{t&f‘daﬁ%&?phe%yﬂ:tﬁidné%agﬂéﬁﬁénle,l’-lﬁs(&'—cfaﬁho%?blﬂélh?l)é‘m&i@xﬁﬁé,hane,

yl'su

4, 4' - di am nodi phenyl sul f one, "2, 2' - di am nodi phen one,

4, 4' - dil 3ndieasbiophémydthydkéndene, 3,33dicgbsxy-t-anethorabhyzend, U3-diiachoxpaldboheny | |
3,3 -dinmethyil-4,4' -di.am.nodi phenyl , 4.4 -dianm na-al pha-net hyl] stil bene,
4, 2 - oD b B e BRU R ORI Y ot BURE -DRe AL RBE TR

251, 4- bj&étﬂb&i&iﬂ:@ﬂ%@?ﬂcﬁdcﬂ B SyCOEEh RGARereof.
1, 1- bi s(4-am nophenyl ) cycl ohexane, tris(am nophenyl) net hane,

1, 4- cycl ohexgngfbrRRloPthe db- frdprAnadiAMNAcud PSIRALNRidEbNY! enedi am ne,
diethyletriamne, triethylenetetramne, tetraethyl enepentani ne,

1 (3- awrmazeﬁ;e:dytmopetsdézdimer,camogi(pammpmw I4)4l§tdh;mczcabtbléi(phmyiopid@pyl )sul f de.
-(2-a poStpham iopthops
oo nat TR B AR methTuibeg, 33 S5 SRR A RSARAREL. Phe) nde

h
ani | i ne4-drerihkineaithibi, N&5-hekah®tithydl anp1-dinercptdmicth@ytani | i ne,
4-cyanoani | ine, 2,6-dinethylaniline, 4-am nodi phenyl oxide,

4- ani nbdr@Rersppivptarane bid2-marerpiicgneliylfisla) wis@ecrcaptephicndasthdhenone,
- am hoet trear . | P ) Istilbene.
4-am ”gﬁ%-bﬁgﬁﬂﬁérg%ﬁ%@{%{?ﬁc@dh%{hﬁ %I{gdn %{9 &%hb%aq dhgLdy! stil bene

met hyl ros n- hexylam ne, " cycl ohexyl am ne,

am, nonor bor hane,, and,a cqnbi nati on thereqQf. 5EX | es of the sul fonam des
TRl b Tt P M et
4- chl on gphigRiHober A& and-dRmiAcHeh e PhenyiasiihddpRiy BesthAre et hyl sul f onam de,
4- cyanosul f onam de, 4-su|fonan1dodu$henyl oxi de,
1

4- sul f bAafiaaeEpanylstEera e -dinny podiphravi sy pem #eptdéarsinediphenyl oxide,

4-sul f gnykam ' nyls, :4-sul.f onam dest. € 4° i arei el

4 sul 1 S ase R AT S B OB L o PBEI Y onari de, and
any counpr-dainios-atpheme@hylstilbene, 4 Exdifphiesbedkartilide, i’ rieghiaoaliBerencl ude

o- am nophenol , m am nophenol , p-am nophenol, 2-methoxy-4-hydroxyaniline,

3- 2y cl ofteiy(d-amingreaxN s rydonexage. di bhbistfbamingahayl)syilpherane, 5

but y| -A- . iLi -D - A4- axy _ i . . . .

4- (1- ( -Sg%{nﬁ%g%%egﬂyﬂe?%?%éfﬁ gﬁgﬁ?ﬁg%ﬁ%@?’, ﬁ@'hlake[?l%dlamme, piperazine,

4- (1- ( éthglenedipherydipaiyleyplijminetakthylen¢tédtrammmeotetracthylenepentamine,
1-(2-aminoethyl)piperazine, bis(aminopropyl)ether, bis(aminopropyl)sulfide,
bis(aminomethyl)norbornane, 2,2’ -bis(4-aminocyclohexyl)propane, and any combination

30 thereof.

Examples of the primary monoamines include aniline, 4-chloroaniline,

4-methylaniline, 4-methoxyaniline, 4-cyanoaniline, 2,6-dimethylaniline, 4-aminodiphenyl
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15phenoxy) phenol , 4-((4-am nophenyl)thi o) phenol, (4-am nophenyl) (4-hydroxy-
phenyl ) net hanone, 4-((4-am nophenyl)sul fonyl) phenol

4- (1- (4- awDr2ot1d6864di br onophenyl) - 1- et hyl et hyl) - 2, 6- di PCOMspéeN6d1)2

N- net hyl - p- am nophenol , 4-am no-4' - hydroxy- al phanet hyl stil bene,

4- hydr oxide 4-aaimodiphah yihetharé, Riydsinblipheeylsulfide, diamtihblychzdpheyidiiegxyani | i ne, and
any conbination thereof. 20Exanpl es of the am nocarboxy|ic acids include

2- ani noBEHRlRNAY]. ¢;amingi bsetragiRo-alphgrmeth it brog ems by mips.d,

5-met h P . . ' o 4o an o .
3-cyc|géé%@igz?gﬁgﬁggg%?J?%&%gyé?gggggﬁﬁg%%ﬁ%fﬁﬂhanino %%%%@%A ci d;

5- but ytembiantiorotherrzdi ¢ aci d; 3- phenyl - 4- am nobenzoi ¢ aci d;

4-(1- (3-am nophenyl) - 1- net hyl et hyl ) benzoi ¢ aci d;

4- (4- (4- am Aephpliey b) @t kylfgheridaiiacladd phendbdHorangide,no- phenoxy) benzoi ¢ aci d,
4-((4-aninophenyl%thio)benzoic aci d, . .

(4- ani ﬂﬂ%gqfw;l%w %Jéﬁoggyﬁepﬁéhl?mp[%@ﬂgﬂg}pépnde, 4-bromophenylsulfonamide,

4- ((4- an | ( i i d D .

1L R e b 8 Ao dodiBhenyoxie  oobenzo ¢ aci d:
N- met hysuferzamidodiphenyimethaned 4- sdammnmdeE nzgjtrenongy 4adupoaylmmidodigienylbene;

4- car boxy-4' - am no- al pha- net hyl stil bene; gl ycing: R} t hyl gl yci ne;

B Tt A R S R A R AT S S

4- pi peLihifinRsR. BRxiy Lnsihslionah@gdmopht hal i c aci d; and any conbination

t hereof. Exanples of the sulfanilam des include o-sulfanilam de,

m sul fani | am = f ani 1 de: 2-et hoxy-d-am Lciacid,

5 ot hy L 4 BC1 TBSacy Ho- TS ine KT e B o ARERARL ol

5- met hphnBasphiehan2meadioexly-ahydrobemiléree 3-cyclohexyl-4-hydroxyaniline, 2,6-dibromo-

3- phenyl-4-sul f.onani do- 1 nobenzene, o .

a1 (Hadiosniraop Rany 1 SRaeR et rtenakt hysheran e (o SdrpRemi do-
Spheny L&l hyi-haiyidtda)prindida s Wi -anaaplep Ragphamtl | -0 amfiio (4- sul f onami do-
phenyl Jthi'o)ani | i'ne,” (‘4- sul f onam dophenyl ) (4-am nophenyl ) net hanone,

4- [ 4- sldnospphenid phédydn)igapfeoplythjaphdnohé4-aminophenyl)(4-hydroxy-
4-(1-(4:sul.fonam do-3, 5-di bronophenyl).- 1- | et hyl )5 2, 6-di br onoani | i ne,
4 sul 1 BRI AR e RS D Tl £aritic) 3 S0t SnBpREFS Y

sul f onamhé&lRylathph 2, eretbthyihptiehbe Nemethyl-p-aminophenol, 4-amino-4’-hydroxy-alpha-

4-sul f onam do-4' - am no- al pha- et h

| st1l bene, 10
2. 6- di metnjetilbrns - hiiam-doaminns Abb e e boand. Sjmebi-atosrriins cof
Still ggPégg&PﬁﬂRRﬂhqﬁg&ﬁpf the present invention is directed to an

advance ctive resin conposition including the reaction product of (1) a
stglchionetyic defigcjency of .one.or .nor f ,t he epoxy. resin conpositions
"B esent ed BT RGY RUME B aURRSE e don e 2P ROREAYs #Bunds. navi ng an
aver age-aafinéBhgoit had, Lamifd@RELJiY EcillyfRERRy AL HilnBBinzBRIeRYI €, 15excl uding
an epoxy functionality, wherein the reactive hydrogen atomis reactive with

an epo§i5d§mgﬂkﬂr6'ﬁ“_nﬁn@'¥ﬁn60ié peidy 3ceelphexybripainebasroic apides rdibwmsy4+or nul a |
o TR A PINPIS AL Kol ST HRTRLHA g Tk o T opresent e
4-(1-(3-aminophenyl)-1-methylethyl)benzoic acid; 4-(1-(4-aminophenyl)ethyl)benzoic acid;

25  4-(4-amino-phenoxy)benzoic acid, 4-((4-aminophenyl)thio)benzoic acid,
(4-aminophenyl)(4-carboxy-phenyl)methanone; 4-((4-aminophenyl)sulfonyl)benzoic acid;
4-(1-(4-amino-3,5-dibromo-phenyl)- 1-methylethyl)-2,6-dibromobenzoic acid;
N-methyl-4-aminobenzoic acid; 4-amino-4’-carboxy-alpha-methylstilbene;
4-carboxy-4’-amino-alpha-methylstilbene; glycine; N-methylglycine;

30  4-aminocyclohexanecarboxylic acid; 4-aminohexanoic acid; 4-piperidinecarboxylic acid;

5-aminophthalic acid; and any combination thereof.

-12-



oH | Qd-CH2-CRa-CHRa-0 P 20 OHOHOH 111 - CRa- CHRa

-Z-EQ d-CH2-CRa-CHRa -00 - CHRa- CRa-CH2 -EZ - (-Zi R2 ( )PP ) ,00, 11, R37\
R4 Y Forwol2ailldeBe44 wherein Ra, R, R2, R3, R4, X, p aneCmse@oascidefi ned
in Formula I, yl is an integer having a value fromO to about 20; Qis a
hydr ocar byl Enemprlai; ef t;hc selamhlaiﬁidl@ ihdlaépe salémilayideheatlfadilZbidepm t he group
conS|st| n wherein Rb is a hydrocarbyl noiety; and Z1 is

p- Suﬁam}%@l% @n%lethﬁwﬂ&eapﬂgﬂné% agidi empthedgsuliepamsioal-8Pindri et y" are

used aﬁe&@ﬁ@'S%@&?{]? ggl?éﬂaﬂﬁ@o 1- ammobeﬂ?fh CQ”BHQ Qﬁsd‘ﬁ%hxﬂﬂioaf‘ average of nore

than one reactive rogen atom per ec seful as conponent (2)

sui t abhmirfobenzeeqcl- (lﬂ@ mﬂﬁohamhbph@s/il)nl wﬂmb@hymmﬂhm 4-(1-(4-sulfonamido-

5 phenyl)ethyl)aniline, 4-(4-sulfonamidophenoxy)aniline, 4-((4-sulfonamido-

phenyl)thio)aniline, (4-sulfonamidophenyl)(4-aminophenyl)methanone,
4-((4-sulfonamidophenyl)sulfonyl)aniline, 4-(1-(4-sulfonamido-3,5-dibromophenyl)-1-
methylethyl)-2,6-dibromoaniline, 4-sulfonamido-1-N-methylaminobenzene, 4-amino-4’-

sulfonamido-alpha-methylstilbene, 4-sulfonamido-4’-amino-alpha-methylstilbene,

10 2,6-dimethyl-4-sulfonamido-1-aminobenzene, and any combination thereof.

Still another embodiment of the present invention is directed to an advanced reactive
resin composition including the reaction product of (1) a stoichiometric deficiency of one or
more of the epoxy resin compositions represented by Formula I above with (2) one or more
compounds having an average of more than one reactive hydrogen atom per molecule,

15  excluding an epoxy functionality, wherein the reactive hydrogen atom is reactive with an
epoxide group in said epoxy resin composition represented by Formula I above. The
resulting advanced reactive resin composition may be represented by the following general

chemical structure of Formula II1:

OH

: OH OH
ZI—EQ—Z]'CHz—CR“—CHR“—o
P

| |
—CH,—CR*—CHR? —Z-EQ—Z]—CHZ—CR“—CHR“ -0
p

o
o_CHR“_CR'"‘_CHz-EZ— @'_zl
P

20

Formula 11T
wherein R?, Rl, Rz, R3, R4, X, p and m are as defined in Formula I, y1 is an integer having a
value from O to about 20; Q is a hydrocarbylene moiety; each Z is independently selected

25  from the group consisting of O, S, -NR", wherein R" is a hydrocarbyl moiety; and Z' is Z-H.

The terms “hydrocarbylene moiety” and “hydrocarbyl moiety” are used as

hereinbefore defined.

The compounds having an average of more than one reactive hydrogen atom per

molecule useful as component (2) suitable for reacting with the resin composition of

13-



Forrmula Ito provide an advanced reactive resin conposition of Fornmula II

may be sel ected, for exanple, fromany of the hydroxyl -containing conpounds
descri bedwahouaes®nef er abl y, the hydroxyl - cont ai ni ng corpoarsdowsedor n t he
present invention is a bi sphenol such as bi sphenol A, bisphenol F,

t et r abFonba $ phgioolde An abivspbéraattie @sid conipxtitioesf Féran@ofll maybe | n general,

t he advanced reactive conpound havi ng an average of nore than one reactive
hy dr og&HCAEb A FEAMRES: Bom &y & éhﬁp%%ylfzytal%%@mwe? feseHeedabPRRced
reactive resin conposition of Fornula Il is enployed in a stoichionetric
rati o (2: 1) Preferglsiethahygroxyloeansining compogmd ysgd ab@atpreﬁem iggentighés &rably from

about %Isghe%%l Eu%h%Q%iiéhh&o?Asbls H&oﬁrﬁrt%tr&%ﬁl%ﬁﬁég&bo}’ A, pSPhh P§ta ¢:0.10 to

about eS|ns represen ove “descri bed
For3rul mixturesyhddeofused in preparing the advanced reactive resin conposition
of Formula I11I. Preferred exanpl es of the epoxy resins which fal
within the staperdfthé A& abaveadtiieshpolind Rividy &Paler38 Jf Abrathaaraed reactive
resin conposition of Formula Il include the 15diglycidyl ether of

cycl odedeeninideogsngishe pel molecule, compopent| (2h asehidpantheradvansed sedctived in the
art that &JO#@DO%IU%)H ALk iR IV@%P‘Z‘Q&% stc?é‘l%hl cherrﬁéégrg% to 1”%81%{11911 having an

aver age an one reac ecul X he epoxy
resin fieprasent:0d1hy abarmo.es, Ipreefbmb@ frc&nraeajtrl @ijﬂeebioht D0.8c et mord Ng both a
termnal end with a functional oup such as a hydroxyl group and a

t et nH’fef‘?iﬁ‘dY\ﬁﬁopha%ﬁlti@ elfiRyb @H“g]u% Tmay result. It is contenplated that the
scope of the present invention covers such enbodi nents. According to one
first enbodilheppoxyfretinerepresenied by higahpyoescabadigrmydel mapbeusgddry resin

h f th
corrp05| Itengangstth?ldV dl%ﬁé:fjeagtl?ve re%n cg gmggtg %Serm%?”ﬁg;ls{ : gze gpof(yer ggle:‘]ent

i nventP ose erelrn I’

conposition_of. t aboye Fornula ) east on |ng agent
Aocor i ng t Begrb AT als oh Hecmsy fsiise Teh bl Hhin SEROpe OcnE i
ther”DF&hhﬁbkﬁn%@ﬁﬁﬂﬁ@@uﬂﬂ@%&xﬁ@&kﬂv@Qﬂﬁp@ﬁﬁmﬁﬁm@EﬁFhﬁnMﬁQﬁﬁﬂﬂmkﬂﬁ@ntlOn
di scl osed herein, may conprise (i) at |east one advanced epoxy resin

cohbosd@h@ﬁh@ﬁﬂﬁh@f@@bv@d@@ﬁwmﬂaﬂﬂwndand (ii) at |east one curing agent.
30According to still another third enbodi nent of the present invention, a
t her noset t ablvellddwaparent toeac skilled methe arteloatpios i tliram off the hévqnlced;ead;tixienve ntion

di | d -14- | t d
ot okt begud RRahe b M Tra T S S RV PR s R o 111

to the epoxy resin represented by Formula I above, a resin composition containing both a
terminal end with a functional group such as a hydroxyl group and a terminal end with an
20  epoxy group may result. It is contemplated that the scope of the present invention covers

such embodiments.

According to one first embodiment of the present invention, a thermosettable epoxy
resin composition, i.e., a curable or a hardenable composition, of the present invention
disclosed herein, may comprise (a) at least one epoxy resin composition of the above

25 Formula I; and (b) at least one curing agent.

According to another second embodiment of the present invention, a thermosettable
advanced epoxy resin composition of the present invention disclosed herein, may comprise
(1) at least one advanced epoxy resin composition of the above Formula II; and (ii) at least

one curing agent.

30 According to still another third embodiment of the present invention, a
thermosettable advanced reactive resin composition of the present invention disclosed

-14-



Optionally, any of the enbodi nents of the thernosettabl e conmpositions above
may include (c) at |east one thernpbset resin different fromany of the
epoxy reswooofoes@ponents 5(a), (i) or (x) described alporas2dio®sd¢16z m
"thernosettable” (also referred to as "curable”) neans that the conposition
I S caphahtkm, afaykempgssthjaelehedné ep@gndsih iand sy)\whiecakt onelallvarend eractive
conposition to a cured or thernmpset state or condition. The term

" cur edesyconnpsitivp Qb the 3bgvgispimyllhy | R Wi ttington in Wittington's
Dictionary of Plastics (1968) on page 239 as follows: "Resin or plastics
conpounds wRiPERnally; anyt ofethe empadimestsaf shegthemasedibelcenpesitions ahpe may
substantially | i bl i I i | r n

i at e (A Bt e AR W e A RIPIRE OB HESh O ARl o by
heai, ¢at@ ySkpdesorib&iatdverl The teehetHegabsemabla’s (alsdf tefairebi€d ng dutdbllg!) cur ed,

t hernosets cannot be re-softened by heat., Sone plastics which are normally

t her noBleait 1t the ROBROSRIES AR dteing yblsgterda pandifonsvuch wikiengesiie h ot her

mat er i @(l)rﬁposi 't@atéﬁﬁecférrtﬁérnﬁ)@a%it ondRRYye. the epoxy resin conposition,
of t '

conponent” (a), e thernosettable epoxy resin conposition of the present

| nvention may, DG any..gf of - ﬁer%[%"s’éiy isrcﬁa?i‘né‘ibdffﬁf \xﬁﬁ& %&%\{S\’Wli[tﬂl [§ikerence to
Formula I. I n"general, thé concen PACT on of the epoxy resin

conpos Didtinarycd Apaent1968) on e 80 tas Follovwie "Révar s adticabd@psiesls ivhéehTposi ti on
of the present invention naé vary depending on the 20 end use application.
Fot0 ex#niprié finghiata ap lintshet arbplex yresalitnedpesiiblesnd idedibiay vary from about
97 Wt %%rh G lAhe Htai Bt fend ARl R ARbnHlerdidr GRIERRRIA T On. I
some enbodi ment&. I'n ot her e oélnents, the epoxy resin composition may be
used i whath aaerownd by heai cagpl§1i9 or atroe bth20chwinticdl mmaba uA ftdi7bait @bublysacedon t he

t ot al i ght of the co sition; and the epoxy.resin conposition nay be
used i He? Osgﬁso%ﬁ{wtﬁ)&ﬁagﬁfgew&aﬁqﬁ% Nuta gk %h&rsaamaqﬁéﬁwop 8d on the
total wai@hha®f thbheose@TRBTirhdaAl of EdsRkindtWAs! oBBDAGARRE'S . The curing
agent (also referred to as a hardener or cross-linking agent), conponent

b seful ¢J I J ROSI L f f.i rst
nbodi mant , "hs T8 HABUREELbAR, e B o R e PR bl PR ) BEE L1
known therhbeettalslt epovo) isiinregmpbsitiompftha @iesdfd invdntied niay, beaank ywd thedpexy

car boxyl i c acids m ne,_conpounds hengl i ¢ conpounds, polyols, or m xtures
t her eo ?Sln‘?r‘ilésctr’g’F?,lr?g%Vﬁ‘rW%re E‘Fﬁe"toggﬁﬁglég' herein is intended to al so include
catal ysts or co-catalysts used either alone or in conjunction with one or
nore ot her HUESNRE-dherRncentationgIf die GroXy FSit eRmpRyitie FRMPRIENLIR).i HicERe

Present, hoYRMhb MR abRGE4d goﬁﬁysit%n Sttfie present invention may vary depending on the

20  end use application. For example, the amount of epoxy resin composition used may vary
from about 97 wt% to about 10 wt% based on the total weight of the composition, in some
embodiments. In other embodiments, the epoxy resin composition may be used in an
amount ranging from about 20 wt% to about 97 wt% based on the total weight of the
composition; and the epoxy resin composition may be used in an amount ranging from

25  about 30 wt% to about 95 wt% based on the total weight of the composition, in yet other

embodiments.

The curing agent (also referred to as a hardener or cross-linking agent), component

(b), useful in the thermosettable epoxy resin composition of the first embodiment, may be
selected, for example, from those curing agents well known in the art including, but are not

30  limited to, anhydrides, carboxylic acids, amine compounds, phenolic compounds, polyols,

or mixtures thereof. The term “curing agent” as used herein is intended to also include

-15-



curing materials known to be useful for curing epoxy resin based
conpositions. Such S5materials include, for exanple, polyam ne, polyam de,
pol yam nosigi2de/osp@yphenol , pol yrmeric thiol, polycarboxpCrasaciodsanz
anhydri de, polyol, and any conbi nation thereof or the like. O her specific
exanpl esalgfts bheo-cathlyng vagbeither aloheideindoajratoawithene bembadutherabiiaghenol A,
phenol novol acs, cresol novol acs, bisphenol - A novol acs, phenol novol ac of
di cycl 8%@ht adi ene, styrene-nal eic acid anhydride (SMA) copol yners, the 10
condensation product of DOP , , o

(9, 10- di hydFsxyplgs pkte toriphagsphuishdria therpreseat ingeiandagludg any ¢itbphenol A
resol e r i LN . i chel

i ncor pgéljgfgeragtﬁ%gg ilkﬁ"@@ to?%fs]g{egﬁ?% éﬂg&%ﬁﬁ%&g oﬁ%?%‘ﬁﬁc}jr? S%&el ?’ets)];‘]cil Preferred
exafpl anmtedfalstin€uds) fomgan@i polyaminen pblyaide, phleadinomaide| pslyplenol, esol

novol ac, bisphenol A, dicyandi am de, and any conbination thereof.

15Pr ef BelyBWie ik PekycyPorHic aciskandgnhydide. pelapk Ang andt spanbipasioarthereefRint i on
may in { LA di L am de: ; : such as bi sphenol
A novoPJaegﬁ%r @6%%@?@5? %ac gg%@g%%@#gvo@g@@gmg%%ﬁﬁ@P cont ai ni ng

bi sphetetlabrnsibidpharsol tAe pherdar anodl asspbre s inopoladBBApherm] -y woviotees qiebali ni ng

bi sphenol A novol ac; a phosphor us-cont aj ni.ng .hi ol A novolac; or any
conbi nEVTUH AHERETPEnBERREy B 6 Hrd) B UERE (e SrRauPenTon: ment of ¢ he
curh NgcafiRAativa ptdduct &F HOP (P11 €38 drdHVEBLA-90-phEAphYARGALARTHE- 10askidd)e

advant age of providing del ayed curing since gl cyandi am de requires

r el at i wethybisphgioltAergpele afanesamploas described inny Q2085 EIB60HE Ipr whights es; and

t hus, dicyandi am de.can.be added to a .t.hernosett] esiin_and stored at
Foom ¢ B EEPRI PR RS Pre g Gt s BT d S P ilethrRE”, e
CONMPOS kiiriphagefi Mgy Hichiie AdhandldevaasBycrb®] 66vdIe:) bephénol Mdidyh@danikleng a
catal yst, such as, for exanple, 2-nethylimdazole (2-M). I n general,
the coneb#brembtimtion theieofeuri ng agent or hardener, conponent (b), present
in the thernosettable resin conposition of the present invention may vary
dep®ndi ng oRrefé¢recdenxdmples ol gl duciagiagent ukefnl exherpiessnt irventeromay insfudsur i ng

agent uysed vary from about 0.1 30 to abaut, 150, part.s per, hundred parts
Cher mobonesl & FRundiari GeRihe ndv i sheh Bt B8R BiePEbodi hent s,
t he cutlich@op&fatlied®BiovbRc USB@niife-adht@RTdHisphamai AghchragmtaBethotisghengibout 95
parts per hundred parts thernosettable resin, by weight; and the curing

agent AeyBBAY); abeaming-cantagvwra bispheanigh mgvelee RigsrRiorancansiaing bispbendar t s per
hundreg r%%[)fag; 8%&@%%‘{2&%%&& in, by weight, in yet other enbodi nents.
e Inment a

In the secon ove, the advanced epoxy resin conposition,
cogponent (| of. the thernosettabl e advance oxy .resin conposi,tion of
Che or esent DlayaBiiamit T PEo TR et AR OB he Doy HHRE b BRI B Line
descri prderbonativn.t Didyghdimieat theh@bMthge dflproviding delafedieigdincet he
concentration of the advanced egoxy resin _conposition, conponent (i),

pr esentlicyandisigide kequirss exlatiuslehighl leamnesduisp xpckeding issipas prapsricsf andhe
Dr esenty, LM ARY. ML ARSI 00 O e £ USRaAPRI L AL] Ol EOT
exanpl €. "t he ‘anvun oI advance epoxy resin conposition used'nay vary from
about 2bowt 25°Cp AbditibnAY), Mebubiag @ebfDle of Meesin composition using dicyandiamide
25 may be conveniently modified using a catalyst, such as, for example,

2-methylimidazole (2-M1I).

In general, the concentration of the curing agent or hardener, component (b), present
in the thermosettable resin composition of the present invention may vary depending on the
end use application. For example, the amount of curing agent used may vary from about 0.1
30  toabout 150 parts per hundred parts thermosettable resin, by weight, in some embodiments.
In other embodiments, the curing agent may be used in an amount ranging from about 5 to

about 95 parts per hundred parts thermosettable resin, by weight; and the curing agent may
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10 total weight of the conposition, in sonme enbodi ments. In other

enbodi nents, the advanced epoxy resin conposition may be used in an anount
rangi ng fwormubwsds430 wt %t o about 97 wt % based on the troraiS2ewiogdiv2 of t he
conposition; and the advanced epoxy resin conposition nmay be used in an
anount be asdiingn himonhtabogihg 4@mMdbidut 00 adbidut Abpmtpebhsatitedparthe total wei ght
of the conposition, in yet other enbodi nents. 15The curing agent, conponent
(ii), eeppsetiablesian. dye¥sigheintyshPBeLHIRHBa 8poxy resin conposition of the
second enbodi nent, may be selected fromone or nore of the curing agents,

conponent ( B) the decond icpbadipsny abaiiet Hheadyanced epoxygetin €ompestion gpHRPRRNAt .
In gen ey £ n I f . cUring..age (1] pr esent
in ehettRerRSrFRBREN ARRhAR st PR AR e SERPIC By o) Vary
dep®ndimetidenny bethendvaized spoanpsihcadscibed dboke extnrplfeesnce keFawmulinil. of curing
agent used may vary fromabout 2 Wt % to about 80 wt % based on the total

wei ght of t hegdRemant toRBatdldai g iabddiahdcaBpaReithinldmifoliion, @hgidne0 Wt %
based on the total weight of the conposition; and nore preferably from
about 20 PigsvRtis thihbarmeottahlondused] noxy iesin earapositingHthepresdné inyenipdsi t i on.
In the _thir | t . eSi ngnt (X f

t ner mogidvaf EPIhT R e A8 RHEE] For RBE PR amlobhe ol b o

i nvent ggukxyrayin bempoyitivehded @Rgxary B6mmbeselIvi% fo picripa g Baded on the

t her noset t abl e advanced reactive resin conposition of the present

i n{&nt f&H. Werhe of isxaprinesition; ifcPigsebelineass tIn oter spdrdimeats theor a

conbi naf. : j r.es: ounds
cont o Aty 80 foctl TR IR £ Rl AR R S IR P RO TE

sat ur atlenht 87 wifislased at g, total wpigat ofahe coropasdtionphad the, adaxmerdbpaxy3Osior

het er ocycli ¢.and be .substituted. The epox esi n | so _be noneric,
of | gonERTEOGORBRY Repied in $hamapahegnging [1om SBREAhEEE ¢ 250Ut D3 YA DF { ne
presensnma:vtsmwefghn@ythbeoﬁﬁ&ﬁ%ﬁ% QMR RMbEARYALEPOXY resins in the art.
An extensive enumeration o epoxy resins useful in the present invention

isjdound in . i . "k 0 i e
Vel o |1 TBEER 80 DG ey B R R R i

i ncor posrapexitidresfehdsdeynd edbodineest, mbydeaplextyd fieogi o ersedeiof tremuoidgment s of
the present inventiogn disclaosed herein may 5 vary and may incl ude
convenf§da FOIQH%PCEB&%EC%@F%WW?’aY/%WFtEB‘FfSY e&iyof‘owﬁ? Qgﬁt ey 0961‘1‘%(“% may be used

al one or in_conbinations of two or nore. In choosing epoxy resins for
conposi t i on¥ ginstal.dBeernsentEatipn of ShrsFHivg AP nCYRRANCAt (dtPreisntinghe gi ven to

proper [ﬂeﬁ’ﬁo Ftalr)lg Ceshil ﬂﬁ,l., &Etﬂ)ql%.tthe %en‘%l venfidh %h? G Ide erﬁiﬂ% &%@gren@ roperties
t hat may | ntluence t E%I’OCESSII’] of the resin conpositlomn ny one or
coRi natd applicaiont \Mor exaniie.gho©hmbing of ponyg igeat nedmmy ey fisachbast t he

2 wt% to about 80 wt% based on the total weight of the composition, preferably from about

10 wt% to about 70 wt% based on the total weight of the composition; and more preferably

from about 20 wt% to about 60 wt% based on the total weight of the composition.

In the third embodiment, the epoxy resin, component (x), of the thermosettable
25  advanced reactive resin composition of the present invention may be any well epoxy resin
useful in preparing the thermosettable advanced reactive resin composition of the present
invention. The epoxy resin includes at least one epoxy resin or a combination of one or
more epoxy resins. Epoxy resins are those compounds containing at least one vicinal epoxy
group. The epoxy resin may be saturated or unsaturated, aliphatic, cycloaliphatic, aromatic
30  or heterocyclic and may be substituted. The epoxy resin may also be monomeric,
oligomeric or polymeric. The epoxy resin, component (x), useful in the present invention

may be selected from any known epoxy resins in the art. An extensive enumeration of
-17-



epoxy resin for preparing the thernosettable resin conposition.
Particularly suitable epoxy resins known to the skilled worker are based on
react i on woaduats8s4af pol yfuncti onal al cohols, phenol s, egTlusadiopbant c
carboxylic acids, aromatic am nes, or am nophenols wth epichlorohydrin. A
f ew nospdxiyredingseuitho cierpeedest innaltiodas folbtl on Lex dhpahé NebilkepKeridlandbabikgl yci dyl
et her, bjisphenol F di 8' ycCi dﬁl et her, resorcinal di,?l ci dyl. et her,

t et r abPoFRBIYSHERol MO 44K Beok Cogipgey-dYaW &CHer Y61 GWPKT &ni nophenol . Ot her

sui tabkﬁﬁeg99?;;’817ﬁﬁ&ﬂ??%%%r&ﬂ%g?&ﬁ%w'l ed worker include reaction products

of epi oro rin creso enol novolacs. It is also possible to
use a mxt Ui, oxWBsiR{ Jife BQ&&%&eB&%‘f@% QNP ERBYaiLESE] h&%ﬁ{ fhyin the
present invention’for e pr éparation o the epoxy resin conposi ion, may
be sel eatyadd higmdoda®neeaidngl adaddnahtreiafly adaitibke epoy raxarphizh nhidybeR. (1)
331, D.E.R 332, DE R 334, DE R 580, D.E.N 431, D.E.N 438, D E R 736,
or D. Eu§ed ajegis ogmporabinatiens st TR ar Bovs- CRERPRANS CRAFYAFNTAL) CHBPRMERNS As an
illust i : i i i a) may be
A A S AL T P e
wei ght batfaldbrb-vi8bsityeand @l pirepertids tBatinBainfuard tle pleassing ofthelredit gns/ cc.

O her commerci al epoxy resins that can be used for the epoxy resin
componENtPEY™he D.E.R 330, D.E.R 354, or D.E.R 332. Qther suitable

epoxy resins useful as conponent (b) are disclosed in, for exanple, U S.
Pat@nt Nos. Ay @18 Oopeynbinatigs of {igo opmgrsofdhoepaygayngyay bgusedas b

2006/ 0437377 D& AL RS RSB MR \os” D0060503175,

20050171237Pa1%919121{19 %1% a%?eoep%lxg frgs%lcsm %]:)vnvyn i&l%ehskiil edhvg(la'rﬁgy arie BGQH R .rrg}tc%%n herein
by reference: h apreferred nt, the epoxy

eNbodi ne resin useful in

t he coppdstts odpol§funthiéndd aRERG1E, phBNE AldyoldalSHIE ica:®Sx AlityacidsQ M@kiaCic Or

al i phatic glycidyl ether or glycidyl amne or a cycloaliphatic epoxy resin.
I n gendmiles rR@ieRbeps &flthteﬁé:hiqse&xﬂ%s*} few selimiingrmbadaments inchifent i on
depend h | gat | Hopev j ' r piisphenol A
(D%BA r%%%égfeef @v@s tl \éielg%ﬁ%gélg%lf ar’eﬁ1E glreg {ﬂ%%ﬁ%ﬁ%&y&)r@g@ Igrr ?sggc.n% her epoxy

r esi nsdhyridyé ethet, ecttabdorhotmsphendl A amdttkeltrighycidyé edreoofpsarobmibiphpidnol F epoxy

AT TS NG e N S
resi ns epiaidrdh9iRh Qi PE81 bNRHeROI novolacs. It is also possible to use a mixture of two
Or more epoxy resins.

20 The epoxy resin useful in the present invention for the preparation of the epoxy resin
composition, may be selected from commercially available products. For example,
D.ER.® 331, D.ER.332, D.E.R. 334, D.E.R. 580, D.E.N. 431, D.E.N. 438,

D.E.R. 736, or D.E.R. 732 available from The Dow Chemical Company may be used. As
an illustration of the present invention, the epoxy resin component (a) may be a liquid

25  epoxy resin, D.E.R.® 383 (DGEBA) having an epoxide equivalent weight of 175-185, a
viscosity of 9.5 Pa-s and a density of 1.16 gms/cc. Other commercial epoxy resins that can
be used for the epoxy resin component can be D.E.R. 330, D.E.R. 354, or D.E.R. 332.

Other suitable epoxy resins useful as component (b) are disclosed in, for example,
U.S. Patent Nos. 3,018,262; 7,163,973; 6,887,574; 6,632,893; 6,242,083; 7,037,958;

30  6,572,971; 6,153,719; and 5,405,688; PCT Publication WO 2006/052727;

U.S. Patent Application Publication Nos. 20060293172, 20050171237, 2007/0221890 Al;

each of which is hereby incorporated herein by reference.
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10l n general, the concentration of the epoxy resins present in the

t hernosettabl e resin conposition of the present invention may vary

dependi ngwonoties@nd use application. For exanple, the aeoarskolofsaozi ng
agent conposition used nmay vary from about 20 Wt % to about 80 w % based on
the total whi ghiefafedidhtbodongstht epoky psiafuesfabinyhé canpa@itimitof2ke peSnt 0 about
70 Wt % based on the total weight of the conposition; and nore preferably
from 1BWVEBHI CORPiREsF DA aBatE O RS Blysidy! dhet e Y HEPRE Yt of t he
conposi.idian: . :he third enbodi ment, the at | east one advanced
reacti %/S;edh?ig?lh?\tlcc%)r%ggﬁl?on, conponent (y), of the thernosettabl e advanced
reactive resgj P I nyvention. . he of the
advanced r oarprenr et idilodhe bR T eI ARl u o . T
For3wl eelapplica?idhn Hypereeatiglididy] etre efnbiksiicnonA eDGEBA Jaaidaletiedtiveeact i ve resin
conposi tion, conponent ( present in the thernpsettable resin conposition

)
of t heth5Feok afstPAHRIEHY Efﬁ%ﬁfﬁQ- (Pahey caRpeisainh 6AOPF telrstedfirry Bt WpKed bt on. For
exanpl : f i S mal may vary
From b b U B A PR Y P PR R SRR
conposidsinmlicycliccepvay eedod lingam B phatic epohyeresianirodabrembbisplidnel Adpaxgced
hydrox% - 25 containing.resin conposition may be used in an anount ranging
from abSiis ¥4 e85 HeTe980 wt % based on the total weight of the
conmposition; and the advanced hydroxyl -contai ning resin conposition may be
usH¥ in an LherneralrtBaeRnesniratiom ok A gPO3Y I by RreseabiB he thermpsataRls &ibn t he
t ot al [ s Of b i I - An optj.onal
t her m))é\%%lg(% tétg?ln?f{tgg &g%%?e%%wm%ea%geggéﬁﬁg %I?glir%%qggg ?%@llgg%bvné :g(Sdescri bed
t her nosetn@blthe armeunt of onghgsagenoasnpobitenoptd onglvatynesmabedt 20e8i% taray

include, f exanpl e, at |east. one thernoset resin comnponent |l ected from
epoxy Absat RO Wdf?ﬂ?‘?aé?fﬁm the gl Wﬁl;ég?%fstfiw%wmw_re{%w?lx %H}a%&vaigw% |

i socyapaiRul S WB baldmIdtha el W& ghi®F tiSconPiRARhI &nd Bl tefeMblYhbG I €Sins,
styrenic resins, polyester resins, vinylester resins, silicone resins,

melani akout 88iwi%; toahdutriOw (% basetl loa teototal Rregght phthleyromppsiepoxy resin diff erent
fromthe resin conponent (a), (i), or (x), is enployed as optional
conponent ( &) the thitdh@mbdtdmems getanbdast ane sidmarcodrpmsiitd @rin cohpositien.pr ef err ed

enmbodi nent, the _optjonal epo resin conponent, useful .in e present
i nvent FYRPYISET &3«9& the thF’é"%%#“éﬁ% a@‘f?&ﬁ‘ﬁff liﬁgg‘iV_r‘? IRFIR CRMBATIISY t R S‘?I]_ési n
conpongRbndd ma§ b afx’;n@f th& Ld&ﬁ_%@éh Ife%tivl%rrfgﬁﬁt tbMPo diflsHsTRsG veaRbsvd with N

conposition. Any on€ or conbinations of two or nore of the epoxy resins

pr evi owsérgnaetodiorbeld IHbove may be used as the optional epoxy resin
conponent (c), in the present invention for preparing the thernosettable
re2d n 10 coimpgsietal ahe cAifventepmnyof tigsadvandedyreacticb ughin ammaaitionpa@hpaedt
comercial ly avajl able epo resins. .. anpl es of .the other optional
epoxy @sPrﬁXe&F fig %P%ﬁ%éﬁ%ﬁ@ﬁ?os&% Of(t%xp_@ﬁ%ilte%epﬂ%m@&w@ for use in
the pr 8S5NHinkPRGRE &Ry l'iéll%H.dPoP@&hip‘I’é #60h b R BEMR)anésd BRI Fegied

di hydr oxydi phenyl - cycl oa ﬁane; epoxi di zed phenol i ¢ novol ac such as

epoxi digepospihenokd iBiyowot Gem abpstpliendt totabmoy 80 at% tmsedegothie ditaleweighenol

di cycl opent adi ene novol ac; xi dj zed brom ne-.cont ai ni ng bi sphenol. or
br o St 28 BEEERBIY ST UBPaEnegl” dhgREHBILERa Phardure RHEr D -
9195);(]: %ﬂﬁﬁ?g%ﬁﬂ@oﬁlﬁi@sit{i&gﬁhy tBéJus_EHdlqﬂ 4k in@hind ALgiRD @A dtoue2oRernd Wi th
eprcni oro rrn or relfated nmateri al .
P about %0 wt% based on the total weight of the composition; and the advanced hydroxyl-
containing resin composition may be used in an amount ranging from about 30 wt% to

about 70 wt% based on the total weight of the composition, in yet other embodiments.

An optional thermoset resin, component (c¢), may be used in any of the above
30  described thermosettable resin compositions. The optional thermoset resin may include, for
example, at least one thermoset resin component selected from epoxy resins different from

the resin component (a), (i), and (x); isocyanate resins, (meth)acrylic resins, phenolic resins,
-19-



In general, the optional thernoset resin, conponent (c), may be present in
the 20 thernosettabl e conposition in an anobunt of from about 5 wt%to about
50 wt % pweferialsBeas from about 5 Wt % to about 40 wt % amdTrmse@opsaber ably,
fromabout 10 wt % to about 35 wt % based on the total weight of the
conposinlyi@iresins, styreAit rogihd, poBksteorpianeiiylessafreding, Biliaone @fink,elamine

t hernosettabl e conpositions of the present invention nay include at | east
one cat@inysind mpguesthgrepst Pistaebly mnapexpreteditterst Howihe sRincnacHdapt ed

for poga)ﬁ,tn(?il: bZab] i@_@mpil(%éh Hgbgﬁﬂégf@%%ﬁﬁ ch ZAhE Ay 8§ettlaﬁ@ B, | east one

t her nose ng resin. tern y, catalyst used in the present invention
may becadpgitssh.f or a reaction between the at | east one thernosetting resin
and the at | east one curing agent. The catal yst useful as an optional
conponent i i érieeprefeacdembbiiaiing teoomamal dpory adsid den@Mepr@8skiMin havent i on may
be any catalyst well known in the art used for this purpose. For exanple,
the caPEP§¥inveaon Heludaeatdetih BUMEROXY Srthfltfert &ionhide rebeApgsnt (2),

het er og ' L j j sul fAoni et a

subst i (e PP ATRE e SRR R, PO For Bt gion,

non- | i of twong ez klesepoky tdsensqatadyssy dassebad abiome trfag bprussbast the nptéartal on may

i ncl ude, for .exanpl e, hyl tri phenyl phosphoni um. benzyl tri ne | ammoni um
O or | SR EHE aBparing () bRl RN e BepAtne e (stiorf Bl R &
Pai@nt cNapostict FFRQhoxy REAK ROfyAhaddhesReRidal el &ne&Rially i idha! es;
triethylam ne; and 5any conbination thereof. The sélection of the

cat al yspoxygefiod. i n the present invention is not linmted and coomonly used
catal ysts for epoxy systens can be used. Al so, the addition of a catalyst
i s opti onal Eandpldepfthd sthen optienas yisixgneqn differed frodesmpdrenc@d,dl)ysatl (x)s used,

preferred. ex | es of catalyst.include tertiar) 1 nes, i m dazal es,
or ganoﬁﬁﬁéﬁéﬁﬂﬁ%ﬁ, In AhfgPraRany TR AN 4 map e 5?%%@&?@ E}Se%%n&_i %F&O’ﬁlﬁeﬁ_ﬁfﬁde
terti agyabxDEPhaHERy@salkiiRs FHAMREEphenbi @hMﬁﬁ{@u@E as bpdxRAigRYpRAbINE,

as I
tributylam ne,  2-ret Kyl i m dazol e, benzyl Clil met hyl am ne, mi xtures thereof and
t h&S | i kevol&s psphaol Y\ mvefaer orepozideret! pberl kydyclkopbatnditng wayolavi efpoxadiest

1-met hyl i m dazal e - et hyl i m dazol e, . 2-et hyl - 4- net hyl i m dazol e

2. B chbisrhéBgGing iRt o PR biph et AR e LR PRI IERED and any

M Xt ur ghetdd@neitdre ‘chodeiRdNBkghsphefathatpeahadl mphendic ddhgpoual alithst sui tabl e
for the present invention include for exanple 2-nethyl imdazole, 2-phenyl

i m dazepiehloohgddn gy eebited/@p6[isl. 4. 0] undec7- ene (DBU), inidazol e derivatives
such as 2-nethyl imdazole - epoxy resin adduct, such as EPON TM P101
(avai | abl e Tr gmetdbxthonptBpetihaimgseCresim, cahpinena(ed raaybecprignhat thon t her eof .

20  thermosettable composition in an amount of from about 5 wt% to about 50 wt%; preferably,
from about 5 wt% to about 40 wt%; and more preferably, from about 10 wt% to about

35 wt% based on the total weight of the composition.

An optional component useful in any of the thermosettable compositions of the
present invention may include at least one catalyst. The catalyst used in the present
25  invention may be adapted for polymerization, including homopolymerization, of the at least
one thermosetting resin. Alternatively, catalyst used in the present invention may be
adapted for a reaction between the at least one thermosetting resin and the at least one

curing agent.

The catalyst useful as an optional component in the thermosettable composition of the
30  present invention may be any catalyst well known in the art used for this purpose. For
example, the catalyst may include compounds containing amine, phosphine, heterocyclic

nitrogen, ammonium, phosphonium, sulfonium moieties, a substituted derivative thereof,
220-



20l n general, the concentration of the catalyst present in the

t hernosettabl e resin conposition of the present invention may vary

dependi ngwonotihes@nd use application. The anount of cat @Cyats2usessinny vary

fromabout 0.1 to about 20 parts per hundred parts thernosettable resin, by

wei ght and mysoimbienoadherestt Sonlemootlieitingrekodplee ot the cﬁﬁI}a{ ystulimyhebe used in

an anount ranging fromabout 1 to about 15 parts ﬁ hundred parts

25t her FGSEY{RENEOR ey Mclygde. é%.egﬁppleaﬁaylfrﬂmélsbeﬁp ONIPE ahout 10 parts per

hundr e e . nts.

The. spaer B g o e BRP ot TP e

exper i biehtPatdny Noh4 62@&0]5|1mm1|qmratad Herefn indiefeyemepanidazidss triethydawmepd he

opt mimin $ert es éjesi red. The thernosettabl e conpositions of the
enf™ ?R?’gt?ﬂl h%@ i'ncl ude optional 30additives and fillers

conventl onally found in thernosettable resin systens such as for exanple

epoxy resi n18§8Hestion of e fdysiyedeliatheresh BYFRIYHS nat lipHed present

i nvent i n renfi usef ul
For ¢ hefimRl A8 LA o pRk Pl A MR LA g DR pPRL RIS

filler sptummdandqddphmdstdlﬁhemwm@tﬁperedeswremtherpmaiy‘su ionsad, ptefermdy dependi ng on
the intend f th therm)settablereln co iti.on npl e, the
opti onsrn el it @Fﬁ%ﬁ@ BRI R OFRBORRSPRAGE AR BT 5bmposi ¢ on
may include, but not limt one or nore of the foll ow ngl silica,

gl Hs, tal CM%Préfeﬂiié\faa@%@ts 19?19%@%&5 pekied suchgst far syamplentishyhingaent s,
colorl I gents,
degassh huaihme, ERLEILRERS RoAlAR Gzl O HADSN AR ORETAS miCBIR b Y

hal ogenat éxd like afspeciell yppetémtes,, arathd aﬂqﬁ—shladtmgemaniddzdlésaﬂremthylamdlamls, such as

phosph rus ont t |s),. .io ngers, W ers,

10f | ex Fﬂ’&%?@%%%tmf‘g 817@2“}16 Seeﬁ%%?%rg-%?%lg}l aZOEﬁaF’P Btits, f1ow
nmodi f i gjb%tltuftéd ihBlS0lR! SIBAY MiRfurdiRRordl 0SS control agents, anti oxi dant S,
mattl ng agents curing initiators, curing inhibitors, therrmpl astics,

Pﬁess' Ng &lSmo IJB{ FI%HICHI% SRR, ca{tﬁly&rsﬁﬁé}[ﬁé‘%or%’é@%%@'ﬁw
stabilizers, T1nert R 6rs, FIbrous reintorcenents oxl dant's, |rrpact
modi f i erctuderiol cmdhipg: 2-hexthypd phalatole, zaphetnytirmslazaiﬂd mﬁmtahimld[ﬁér(ﬁmidec—

Addi ti |II 15al so i ud uned ilica, ates such as
gl ass é&ﬁ@%& 19}1 Efrzfeﬁ‘éf?tb\?ﬁ ﬁ??}b"?'f‘e% lH’Pl dp ?nEPOX%F%g%& Lsgeh ns,
phenol L,CEPORI ™Sp1 (AN @RHlabR frdiR Hék?%'ﬂ-ﬁ@:ﬁlt? thEhdals), aa% aal ¥6mPBindl&Nt s,

vi scosity reduci ng agents, boron nitride, mca, nucleating agents, and

st abi | theeaos, anong others. Fillers and nodifiers may be preheated to drive
of f noisture prior to addition to the thernosettable resin conposition.
Adal t i onal | ¥n gdnked.ghepdricomn@dticadditlid coedyirpyestiaie tlenthehidetabkOeyint he

properties of the conposition, before and/gr after curing,. and oul d be
t aken FAHPEOHLIRIHRE P tf‘B’PHﬁ‘P‘h{nﬂ-’@afterg BT the&ﬁﬁé.lﬁfaaﬁn%a% d cured

produchmodhteraRans: &geétmdysvawﬁ@ﬁada%gmtm RENEID bR YR MEndlel phitdTi ting. The
preferred additives for the,” formulation of the present |nvent| on may be

opt i m thednbsettable resha, Iblyew;blgrtt insame embodiments. In other embodiments, catalyst may

be used in an amount ranging from about 1 to about 15 parts per hundred parts

25  thermosettable resin, by weight; and from about 2 to about 10 parts per hundred parts
thermosettable resin, by weight, in yet other embodiments. The specific amount of catalyst
used for a given system may be determined experimentally through simple range finding

experiments to develop the optimum in properties desired.

The thermosettable compositions of the present invention may include optional
30  additives and fillers conventionally found in thermosettable resin systems such as for
example epoxy resin systems. The thermosettable compositions of the present invention

may optionally contain additives and/or fillers which are useful for their intended uses.
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Preferably, the additives used in the thernosettable resin conposition of
t he present 25invention include catalysts, flanme retardants, solvents,
fillers, woizofloss@aent nmaterials, co-catal ysts, accel er COMS2018/0686102
optionally other application-specific additives such as flane retardants,
wet t i nThagpetasd asietieasfelicaddidiee ahdodr fillasnter s, thd theiresssrtaie gisant s, dyes,
stabilizers, UV-absorbhers, and toughening agents. As is known in the art,
it is PORRIMIQM Vi vy derandingondhedended Hir thdhe isFRoStiBle 5510t her epoxi des,
cyanat ggpd@is, M des, triazines, 30and benzoxazines, as well as other

ol i gorrers or polyners such as poI y(phenyl ene oxide). The concentration of

0, 0,
brof or abl y_bataaan ko TRALR: b BB RS GR pSith BRERFEDT) “between
about  Gorfiposiid oy alhide, thb net Bnitadieb, oRs br poefdtiabioflobaigiesicaapiasy, 0.1 wt %
to about 10 wt % based on the weight of the total composition. BeI ow about

0. 01 widg Matd Peudress; (eaivgediaridey \yetaag ABRNLY PEAMEIES: SAPTING AEHET MG ni fi cant
d t t w% th
advan ?e@&ség 4l ¢ u%'ﬁ%ﬂ gngg%enrtsgﬁ%ﬁfgﬁ% aﬁgfgg%ég%émgmgeﬁ@qmn@ﬁ%&a@ 9 the

property |nrp oveéne es remalns relatively
const aftg., 1norgamc(f“lanadmleeirmhslogermmiﬂm1yeremrdianﬂg ahd oon-Alog¢na@diflanee about 50

vol ume ercent i additives in enbodi nent ther
o RGN byePo% PO heRS dobia e T ARG Gu s P st RS0 about s

volyimenpebae s QPht ARA!ifRAdenie SabiRnds fdAm@ROUiow ndiRralkiuts, 2. 5 vol ume
percent optional additives in yet other embodi ments. 10As one illustration

of a th@mm@e:trtdam glo(ss centrol apents @nadiidants, rmmmwbtse:)lrlngmlhatetsngumgtl on of

t he pr ent | n .di scl osed h i er s resin

conpos T S S BocPaits M1 I Cpiskl P cOFRRE R e RS component
(a), (t:ampcsun(dx)uvafhdluzlag BHert fERSY, fiBRRs Geihfol@nRe@) intididaedidpdc or a
reactive conpound As af orenentioned, in sonme enbodi nents, the curable

conpos Moddiess @F@él%s%%m}?@iaétlﬁP%Fﬂyle&(f@ﬂtmlé%%l tbefﬁ%l%dfbtl‘éﬁsﬁﬁééﬂ]&r%’w an
'“ % 930G i fhd deFlime @ BRicR g%g%eéﬂﬂ% g?a%s B&aad8 oﬁ{m'et%ﬂm 1%81\{3?% 91’y8f ot her

erirals suc asareln I Ng agen enera IS no

cr| ti cadsinsypddfesdrxesig, pheotio mpanegptaphiad, ntdinﬁadhhﬁnmm&ﬁdeablbrasm@mgmts; on.
General |y, .the curabl e conposjtions my be forned by adm xi ng the above
conpon¥Hit &1ty ACAICHigALRE- RArARiIUATTe Y1 PUC AN e datbiiiAC D RMEBRpONent s

used i pkie et BEl ﬁB&ﬁfeF@rﬁL&b@ refitHt &Plo& iR BB LD ngﬁ@r%o%&’i%ﬂ t@het he

expected end use. he thernosettabl e resin conposition generally has
an avethegeosetthide udsar cwmpcgsittom Addigomadpgbewfoptionahadbitives @36Yhave abdfect 40, 000

nol e, .pref erabl fro bout 100to about 100 ans per nol e,
oPEisrBi iy g SEBRSIoBE1oE AHiSEATSUDG Gy SHes"BH Rk B most
pr ef er glloVint WEQMPoARdtind BRQoIPoaREK hnPBE e AMBrdEfrod®:t € The above list is
intended to be exemplary and not limiting. The preferred additives for the, formulation of

the present invention may be optimized by the skilled artisan.

Preferably, the additives used in the thermosettable resin composition of the present
25 invention include catalysts, flame retardants, solvents, fillers, reinforcement materials,
co-catalysts, accelerators; and optionally other application-specific additives such as flame
retardants, wetting agents, defoamers, adhesion promoters, fillers, pigments, dyes,
stabilizers, UV-absorbers, and toughening agents. As is known in the art, it is possible to
add other thermosetting monomers such as other epoxides, cyanates, maleimides, triazines,

30  and benzoxazines, as well as other oligomers or polymers such as poly(phenylene oxide).

The concentration of the additional additives is generally between about 0 wt% to

about 50 wt%, preferably between about 0.01 wt% to about 20 wt%, more preferably
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25The thernosettable resin conpositions of the present invention may be
cured in accordance with well known techni ques used by those skilled in the
art of cuwDngliowssent i onal curabl e resins such as epoxyPCEAISRGL0/036¢162
conponents of the fornulation or conposition of the present invention,

i ncl udbetyyetwubex 8RB vt% & dbeat N6 welpaidandst pegferably betvedshiabgutedyEnt%aonponent
(b), may be adm xed in the appropriate ratio; and the resulting final 30

t her modRRut A8 M 7ckssprbeh thearrishted ticdofrhgoBRosity il abat &t WiedBfidi ti ons to
forma i o t tructure"
used hgé&éﬁ%é%ﬁ éer;dlsl;r? gngﬁgr%lg%gﬁ Fgﬁ%s%gl?lg%&tgﬁgmg?%stg l'in ec#(atn Eer noset resin
st r uct theenosEhpdutte ambaetve nbdw@Okwvt%s theumbperey ingprovemant(s poronglgibyy théseai ned by
curing Cﬁ(ﬂe curabl e tlher settable resin described above. For exanple, the
curd ng?fERESITBHYGF " HE S OhEMB8Et t abl e conposition may be conducted at a
tenperature, generally, between about 0 C and about_ 250 C preferably 5

bet ween aboltiabl emaeyitions may srrduds from abow Uek torabsplSherlymeReiseRiut 40 C and

about  190G1 2 ddiGvdslifSorRE eQHEdiR@ndsN$n bieF FRB&H kB Soulrfbté Borhi PSTRRHs b may be
for a pﬁtgo et er m neéﬁr%)er%%% o(*l t1me V\%ﬂc'ﬁ can rané’e u?r om rrrlﬁ‘ﬁut essupggl?o
hour s, ingénlefainh ybduin 8. Irte abbutdnvdlume persemmpaobtd additibenytaind frohmakioes0.antal | ess

t han about .24 hours, preferably between about 5 m nutes and about 6 hours,
and P72 Vé)#%?yefﬁg‘ftmsﬂnagﬁ difives %yﬁh?tggr%‘t&pdérgm. 10 2 hours. The
curing conditions of the thernosettable resin can al so depend on the
colponent s Os&8¢ LM ClGheHIEPtNHE 6n dhft Srahigethdrderafle) é¥bosi ti on such

as a cal ys?tionl (%ffthé'gfegent hﬂeﬂﬁ&?gisamgqjepgﬁ,ttﬁe th%Hﬁé)Qﬂaﬂ@%sﬂP%p&hio% first
ol I owe tenmp post h

t enperature y a secon erature or post-treatnent, suc
post - t magtimeundesat dradi srerapbyy bsinngngtositenpemaionests agliowe (DO thpneleatabl vy

bet ween about 100C and, 200C. 15l.n sone e di pents, curing. may be staged or
" B- st afRdeHs %F%‘&Bh%n%%ﬂg 8ht Fiﬁﬁ%fdwé&l_%ﬁuagm AolhBmepoptoinetns; | ity, and
for ot BabokRRWA, ﬂl@%ﬁf&ﬁl%-co?{p%giti%s di?sylgseoqgie!tra{n hféfyféﬁﬂi@i@nﬁlgf @eludBast agi ng”, for

exanpl e, includes curing for a perio ime at a tenperature foll owed by

cut3 ngcdtalystaapmorgadicdillarj one catmeae hildjhives asalepaivat abeve; Badoagber ueiidy nay
i ncl ude‘%f%wo or .Iﬁore curing stages, and nay commence at tenperatures bel ow
about TEGE 2RSS EEM odi ments, and bel ow about 150C in ot her

enbodi ments. I n other enbodiments the conponents of the thernpsetting
conposi t i onhagf‘éle@@»rfﬁ?rﬁéanw%aﬁtys%ﬁ QT %C?@a%egtstqféﬁmhg%%ett@bﬁe Thi's

sol uti efmp&athdre Géhe¥AyNIR RurdbR d38Hsi@né BAY b BRIy ddnliSihg Shicibods 9l ass.
The solvent is then rénoved in a ventilated oven ang the resin is B-staged.

The coetmporfentyan siages orgahiigaheausby.e pheedgsiredambentsif gokpdnenty esd enltheand heat ed
to,forma finished 25part such as an electrical | inate or other solid

t oa " Reftnb Rl 56 o BRPR sbriShal Rpd e S b Bareftlshdise oLy obl o
thernosetta&he resin conmpositions, of the ﬁ% sent invention as described

above. Depehdf HGTBASEHtARIC &5 CRIBPOSHINN §eRER0N has Haveragq IR IR EYdRt resi ns

of thet}f%rr%g%fﬁf fhJhY S8t 800 IRY PR DO aﬁlstp@ﬁﬁl%‘&? BlefQhbl , trbsrmesetoongs wor k
structure with fillers, fibrous reinforcenent materi al's,

about 10000 grams per mole, more preferably, from about 1000 to about 5000 grams per

mole, and most preferably, from about 1000 to about 3000 grams per mole.

25 The thermosettable resin compositions of the present invention may be cured in
accordance with well known techniques used by those skilled in the art of curing
conventional curable resins such as epoxy resins. The components of the formulation or
composition of the present invention, including for example, a resin component (a) and a
curing agent component (b), may be admixed in the appropriate ratio; and the resulting final

30  thermosettable composition mixture may be subjected to curing conditions to form a
thermoset. The term “thermoset” or “thermoset network structure” used herein refers to a

substantially cured and crosslinked thermoset resin structure. This thermoset network
23-



30aspect shaped inorganic materials and/or other additives; wherein the

t hernoset network structure conprises a di hydroxydi phenyl -cycl oal kane
conpound weprasesdied by the Formula | descri bed above sech/tsgolbiosghenol

cycl ododecanone; or wherein the thernoset network structure conprises a

di gl ycktiydturetihwhe cofedacddin biytdined yd icpHienhe -cayablcohbinanettabdapoinnttseriedesent ed by
the Formula |1 described above such as a diglycidyl ether of bisphenol
cyclod@ﬂé@anone; or conprising a conbination of both. The resulting

t hermoset obtained fromthe thernosettable resin conposition of the 5

present i nvEnt$EMP. Si aymgasastipn ehthetthermepetipblerramipositiopmayydict i es, such as

d . L ; o ) |
It abi | YIpHeER 3y SRIREOT LGRS SRR avoh € AR PR BP0, leRadifer e
di hy dr baty@iphigny b5 e¢ ahadabdane0 conpotnsisfeafbly bawpeestamit 40 Agand absutpr ovi de

sever al |g§Loved properties to the thernoset resins of the present
i nvent 18 whéhe HBRAreEng Ge dnpertiablsdesipremerildomBry 8a & and/ or chain

ext endgf e e BATR] & irlOwBRARAE Sthol 2 BOMYERL NPl ACEIRAREy ST NS, the

t her no resins present 1 nvention conprising
di hydr caydemptianyd mosechaahtioan® noonpoanilssthveatidue 24 bbhmyprafgrabhpbaweeh

properties while maintaining its other properties such_as high t erature
St abi | eGP 2ARMAER P AR 6 OO between about's mimyleSind ahhoy e
meghand ahrsP AR enLiNg SHRINES of MR AMBMHsERBIREHTan aRBABFLRADBLRE functi ona
resins with low cros slink density and therefore rel atively tough;

(2) ancomperputsdisehandahy pptopet companchtsadded toithhermpdsgim suclansi catalyst,
tenperatures, of, greater than about 150 C preferabl at er, t han about 170
C, ndlBre b eaioginrtaruing may osent o Hod s sUSVEhRR Cur ed wi th

di cyanghcand égiperature or post-trealrddnt Ssudh @BQrtrdathidii bidinagisy Bdind eePpoagity (a
hi gh noi sture resistance or, in other 20 words, a | ow water uptake);

(4) a PoanerlOBiCelnaeferably kesweenaahontli QS Cradi20R°¢-act or (Dk/ Df) property; and

(5) based on an epoxy resin that exhibits |ow viscosity of |ess than about
1505 nPa- s ahusqureedrebatingnts.asising zy tetstaged 02 0B sRged’” toThevengundonirodehend on
several factors such as e resi.n and, hardeners | ect ed,. ot her

2aa ¢ et i RS R RAT, 650 1P DR RS FREO B ol BiiedBanpre, i n one
enbodi FEeved ©RREBAdINYfdrexhhpR) MERMEs &Ring fbPa ?&Mof&ﬁﬂe fa BPEARASI Y from
about 80 C to about 210 C, and nore preferably trom about 100C to about 200

C. follppieH burtcuripgfariapgricd of presé ahighsy teatriesiue o Bastyeedraringawyy, it is
Cheor | b i . ;
et he g udaRh of HRsp b st b uoltherlh PO REARAE b6y bIANAY: TLOVO0

of 20 heibiospenaldigemspsd bylost ghouc 150°0dn axee eabddingatsa [negigkt , t he presence
of the di hydroxydi phenyl - cycl oal kane conpound structure. increases the gl ass
t r ansi EMBAtiMERehaturRAetF §f thsrthennoseigae comppsidotyrsambinet vithohirdyint onal

resins td’%%hﬁ& th© URE(')S?@ qih‘?‘s%ﬁﬂgln, gﬁ%h\é%}n\fﬁﬁ isV‘AsEH' AHdoat Q%Jeﬁlolﬂ‘ihoeﬂ’ éu@H as

glass. The solvent is then removed in a ventilated oven and the resin is B-staged. The
coated fiber mat, called a prepreg, can be stacked, pressed, and heated to form a finished

25  part such as an electrical laminate or other solid form.

Thermoset resins may be formed by curing the curable thermosettable resin
compositions of the present invention as described above. Depending on the end use
application, the resulting thermoset resins of the present invention may comprise a
thermoset or a thermoset network structure with fillers, fibrous reinforcement materials,

30  aspect shaped inorganic materials and/or other additives; wherein the thermoset network
structure comprises a dihydroxydiphenyl-cycloalkane compound represented by the

Formula I described above such as bisphenol cyclododecanone; or wherein the thermoset
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The increase of the glass transition tenperatures of a host resin
conprising the dihydroxydi phenyl -cycl oal kane conpounds of the present

i nventi orwD20gewesadl |y in the 5 range of from about 10 ECrwsSamowse1dD0 C or
hi gher depending on factors such as type of hardener, resin, and catal yst
used i netgiork sthctire co@piifes a dgisicitihlectiarrof nglilainekydiphesyl-chomakatag' s nodul i of
a host resin conpr|5|ng dlhydrox di phenyl - cycl oal kane canpounds is al so

found FYNBINIGRIESOEFRY B8 FPpnyla W?écréleﬁﬁlg%bpgq il §&%mﬂyl§équr@§t. ves
WthouBlsgﬁ@lo?ﬁMAdoﬁb&gonJ f&véomhﬁsn 9%@951;1%&196‘5{19&hth9 present invention

exhi bi t higher Tg. It 1's 10t heor at the addition of the alkyl ring
petween L neThl ARORAR B SRS ML ANER SXGLORL PR, COTPOUndS

may | ower the Cross¢ ensi t erlc erance and
thus, presatit (iimmmfpd@plagzls é;cwgdsm emtamédmanlms;ﬁbpabéf suchSis EBos tilighass epOXy
resins. The thernosettabl e resin conpositions of the present invention may

be usefRfl meefanicghsirpgtiopinil e MIWAEINGeeh ﬁ@“{lﬂé%’ﬂ%thﬁ@éP?%HES“roéfa‘iﬁfir| ng the
final pherspseh ﬁ@%ﬂéﬁlﬁ?drﬁ?%{?% gose?@aﬁkarns%bahgﬂfog 2R e@Qﬁ%@lt slokage

stablllty For xanp e t resins e us I n castings,
pot t i ngmyvidenseagslingtowd, progati¢srtgshe thompnsi g obﬁhe Ipaﬂsemtanwl,tiomIEn
speci fical | in electrjcal or electronjc castings, ectric

P ect 1 BRmRTb a fogeosn e RahSHes SIE SrE SRodpsuFat PRI act r i cal

| apg nat&aparsd (HInVER onGPINBRSdsbER5sin® thPhRERSdkl M8int 0 tHeMSentiRGerdont her moset
resins of the present invention may al so be used in other various end-use

appl i ceempngng thcImmydfmnﬁx@nma&an@mwund@aaventgs follaitieg inyroyedst r uct ur al

| am nat es, .el ectrical ) coatln ) str tures . for the

nor os pRcaertiy S5t iR G s PRI e BEh R P B Pon oo

i ndust high casssWekinga®enfiey: the formation of skis, ski poles fishing rods,

and ot her outdoor sports equipnment. The conpositions disclosed herein 25nay

al so_be usefh)ig i Rﬁz‘é&'nfe%harﬂ@arl@k@@ﬁ?su&%@%%@ﬁ&&ghﬁ@ﬁ‘ waqQust ors, general
nol di ng powders, anent wound pipe, storage tanks, liners for punps, and

cot¥os dxfnnqtlesalst:am wubéctw agsslinkraensjtyoaridgtherefore relathfhEtOpglesent invention is
useful in manufacturing articles fromthe cured conposition of the present
i nvention. mhanmmphnkéﬂnﬁ@m]mmpmﬁﬁm&bmsehﬁﬂmigaﬁtcast%ngmnmxmmkﬁbﬁg, an

30encapsul ation, a in conposite, e. ticle may
al so | kepiss @@&Pogéﬁ%{?epr%faﬂr%ﬂy BT e SOBUa R CapEP B T B O Rt oni ¢
casti NghapnaBod! 18BFCiandhbHNe WAETUEQMWfh dicyandiamide;

(3) a higher humidity resistance property (a high moisture resistance or, in other

20  words, a low water uptake);
(4) a lower dielectric constant/dissipation factor (Dk/Df) property; and

(5) based on an epoxy resin that exhibits low viscosity of less than about 150 mPa-s

and preferably less than about 120 mPa-s.

The Tg will depend on several factors such as epoxy resin and hardeners selected,
25  other additives, and any optional epoxy resin that is chosen. For example, in one
embodiment, generally Tg is from about 50 °C to about 220 °C, preferably from about 80 °C
to about 210 °C, and more preferably from about 100°C to about 200 °C.

Without limiting the present invention to any one theory, it is theorized that the
addition of the alkyl ring between the bisphenol groups in the dihydroxydiphenyl-
30  cycloalkane structure may reduce the rotations of the bisphenol groups by steric hindrance
and, as a result, the presence of the dihydroxydiphenyl-cycloalkane compound structure
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potting, an electrical or electronic encapsulation, an electrical

| am nates, a structural conposite, or a protective coating. EXAVMPLES

The fol | oworg1igneseIpl es and conparati ve exanpl es furt her PCIrlusgewas@o2 he
present 5invention in detail but are not to be construed to limt the scope
t her eofncreases the Wakd watsitioartempantiraeIgpofahe dos resseconipatdieofcohvenribng

exanpl es. i nclude for exanple as follows: D E R TM 330 is a diglycidyl

et her Wl%.%ﬂb?ﬂﬂlprﬁe%whﬁ@léﬁr%apswiwétaawm gkl 988 ght (EEW bet ween 177
g/eq and 189 g/eq, available from The Dow Chem cal Conpany; D.E.R TM 560

i s a diglycilbyinceaapeef he glast wansitirndpmapiates of A hgst igsiarcorpoiring 1e equi val ent

wei ght Fﬁ&%xﬁlﬁah@?—%&lggﬁ %}poﬁH«?ﬂ%fl tﬁgglk%\éefn-[hfve dh %@%H%rtﬁ@ nct?l any,

Dowano vent arnin ene her,
suppl i echgbyf frbe dbowut @mnoczaiouaﬂﬁ)%myr, hlg’h@niepenliﬁr%éléh faStoas picﬁr‘a@kypra@\fol ac
epoxy resin, available from Plastics Engi neerin " catalyst” is a

cat al yatrdereiaregp. andirpralyst pasddp Gring e sedm: and ﬁ]&carla%é%ctﬂéOI}Sn Thét hanol ,
avai | ak}"gﬁ %15 %{Hdﬁlo?a 653, sin dr%l? h@gﬁ@&r&xgdl %&M&mﬁ@d&f@hﬁ@é from

Hexi on Y"' stan yandi Dynam ¢
Mechan aksalfouhdab ins ilcsvver t:bﬁ@aredtt«arﬂﬂmsfcomp@smg b[s@hd:nodikieﬁwamns wghﬁialtlw imetry;

"EEW s ds f 0X ui.val e "HEW _st.ands_ f dr oxyl

cqut varba i G e SOmPOS bR dhg BESE HERG PN HLD Bet Tareba of ands f or

teig ab&faeﬁzéa &ﬁh@f@%ﬁdﬁonmt}fefhugasmgrbe@%h\fﬁé Bi8hensl gBhpoh /2, supplied by

The Dow Chem cal Conpan XZ92747 i's bi sphenol” 20 A novol ac hardener having

a bi spd@m@ﬂoxymcbmyéﬂvclaaibme ®n%0bydmagmwerdmm$sdnrmlmg/dwm Hebtoe as KBE
F4113 m Kol en ca rom rea bi s A novol ac
it donnleR Ll ek aE ey sy, o R Ebr ETREERR o Btk s P v b

wei ght suchaR@Bs6) @kiny, avai | abl e from Kol on Chemni cal (from Korea); and
Herinol KBE F4127 is a bi sphenol A novol ac hardener based on KBE F4127 has

| over bi sph?ﬁ@theﬁn&%uﬁ&etr@sm c ftioh¢ o%/m)@r&%hgimemfégrmgrw Rkhy r@vai | abl e
from Kol on Chemi cal (from Korea | ow ng st'andard anal yti cal

eqli pnenng aapittah@tsmudls agthesa amdicitions mmummhb émal thermose@goinyto bays igh ent

wei gh asu imetri tratlo of epox rein
sarm e BT eD 50 gt eee yRuERy. Hardhigb o s o i PR RS 5o
t et r aefdyi HARY eATtpEiQatich, bamigal biks, @iClaghinatdsymioad spetidic@ly, Was
enpl oyed ggiﬁgggg?tcg%orﬁ?gco?dl ng to ASC'(I?% l1652 rretmhao iy P Thye gl ass

transi eleafictlamsiackpnic saftingy. aleesricab aseleeiepnis Paingse elesirical orslegkanisg
Cal ori 0% aF)é’ul%tB%C%leétrn?geTsllglﬁlng& Oitﬁl%ﬁl(fjalvgog‘%egitégegll&& E&ctﬁfe%aafl 520th /'minute.

The reac C|n a sanple of the
resd n therrﬁ@deufdsﬂl@ of thet presefitlinf agnahayalkwbe @de&tn@oalkr ﬁzﬁrﬁﬁs eddh@sd eactivity
measurenment of the resin 5solution is reported. as el apsed tine in second
requi r 8Rplicationgdnelpdias. for geample, r?@“ﬁdea%oail?st adhesives, stiyetusd A3BWAKS poi nt was

det er fromroom
Epor RSl LSkl SRR s Rl Aot B CTLE L o 100

was usbohrtioamieths like farhikee deammmsndusum dsemgdeasafouthe fodnatitGhfwhkss, gker f or mred by
using Ia)'oltésh Ef\‘ sﬂ%g%ogsv Iarrle otlillerC ouat(riloaolr%lzjoerrts %%ff?nggn(% The compositions disclosed herein
25 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.

The present invention is useful in manufacturing articles from the cured composition
of the present invention. The article may include for example a casting, a potting, an
30  encapsulation, a coating, a composite, or a laminate. The article may also include for

example, a printed wire board, an electrical or electronic casting, an electrical or electronic
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10 from TA Instrunments which is fitted with an auto-sanpling device and
connected to a personal conputer. TGA anal yzer was operated under nitrogen
at nospherw0 20hi@68@donposi ti on tenperature Td was neasur @dTASC@OM56102 t O

| PC-TM 650-2.3.40 with from50C to 700C with a heating ranp of 10C/ m nute.
Td was poteihgram edatrial opeeassitic siapdilationssn {lextciefdtiaminaes\d saictaeat | oned, 1. e.
1% 2% 5% .or 10% wei.ght l.oss). The typical 15experinental error was 1 C
Exanpl EOMPOSIRISARIGECREPBE of Bi sphenol Cycl ododecanone with D. E. R
TMB30 A 66.8 grans (g) sanple of bisphenol cycl ododecanone (189.8
mol ) EXAMPEES| ved in 133.1 grams of D.E.R 330 (371.8 mmol) in a 500 m
gl ass reactor at 140Cto forma m xture. The m xture was cooled to 80C and
t hen 100 ni ITh¢ érlkwengéxampley andapalppstive esanples omthe7idludgaothegsesent met hanol )

was. added to the m xture tart the reaction of_ the.bisphenol

bvel oabueRihak o Aeport Bl RF s Aot R va. earried out at
150C to form Advanced Resin A. After. 1 h f .t he Ad\{anced Resi n A was
char act er i z&@UBYs €0 4 %gnﬁrt%lsee‘?&;wfth?fpﬁozvd%?f@&? RariHdnfgsKANRlEd from

the tityRibee: MAsSRS203 9189 diFr Neptey of‘bé?ﬂen%’i Ma-vmg][h%l%%g%é%&it»ﬁaﬁdvanced

Resin A was neasured by DSCW th a 25 heating ranp ute. The Tg

was 54@cighbthiiaWabetweeittdnpleg and 189 g/eqfavaflaie rosaiheDow Wiespédnol A (230. 3

nmol ) s dis 31474 qr of DDE.R 330 (411.7 nmol) in a 500 ni
ol ase Famersy i Sayctott it fTEnihe ebarondPortioe! an Reendo

m 10 i geqPaledt vasigH(EER)ak ¥Sdut 895 WleqOsipb &l B9 $RE DA% CientiBil@SHRpahyvas 30
added to the m xture to start the advancement reaction of bisphenol A wth
D. E. R DegenoliiePYaag solgentwastainarg predylens glacolraghyd etherf wpplicopliat i ve
Advanced Resin R

i ~Ater 4 hou he rative Advanced i . A was
char ac o SR GG Bshe T il SRR DS oRY FOBE R BRI hee; n A

obt ai nethsfi¢saingiteerihg CoatiAareavdst ab awatabadmade of étifAMtipearyy pr&pRor@i@d) . The
Tg of the Conparative Advanced Resin was _neasured by DSC wth a heating

ranp ofidgeyiF h‘b@é?hair?ﬂeflvl?’glah]ﬁ@%élfaﬁ%éf L&AVl 10 @éﬁ‘éﬁ&“ aydiaBlfodecanone
S BB Elhan Sl s AT el e mbencagh b abeaal A sl
resi n' Mesharieddnatyaist ‘DS standnfol Bifferei@inl SngnridpeCAdviaroed HREWI Rtaodls
B Sphe?o(%lepo }9 flzq%?\(f)a ent %vré:(l)g %; ‘W'st%hﬁs' fo-lr-l}l/lygr%gyl equivalent weight; “2-MI” stands
for 2-methyl-imidazole; “TBBA” stands for tetrabromo bisphenol A, which has an
equivalent weight of 272, supplied by The Dow Chemical Company; XZ92747 is bisphenol
20 A novolac hardener having a bisphenol A content about 21% by weight, commercially
available as KBE F4113 from Kolon Chemical (from Korea); XZ92755 is a bisphenol A
novolac hardener based on KBE F4127 has lower bisphenol A content about 17 % by
weight, commercially available from Kolon Chemical (from Korea); and Herinol KBE

F4127 is a bisphenol A novolac hardener based on KBE F4127 has lower bisphenol A

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

The following standard analytical equipments and methods are used in the

Examples:

Epoxy equivalent weight (EEW) was measured by a colorimetric titration of epoxy
resin samples (about 0.4 mg) with 0.1 M perchloric acid in the presence of
30 tetracthylammonium bromide in glacial acetic acid. Crystal violet was employed as

indicator according to ASTM D 1652 method.
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A 20.0 g sanple of the Advanced Resin A (EEW= 520 g/eq) obtained from 10
Exanpl e 1 above was m xed with 0.48 grans of dicy and 0.25 grans of EPON
P101. Thewointwmsesasas cured for 2 hours at 200C to for mpCurusdoiReséin2z A. The
Tg of the Cured Resin A was neasured by DSC with a heating ranp of

10K/ m nut e. Tlﬂaglaﬂ'gtrmfs1t{anrtadp&amirm(lzg)\maas nicddied Bp Mpde@hiiaslSchxanpl e B 1520. 0
grans of the Advanced Resin %é g/ eq) obtained from Conparative
Exanpl S3RMAKEYEDRSES figk e Gite %C4\Blt1@ﬁaﬁ%m<sfralﬂpe§2@e€uwaat%nt w =14 g/ eq)
and 0.26 grans of EPON P101. The m xture was cured for 2 hour at 200C to
form Cured RBeraacyityfofe regingpludgn eigs measurggby ﬁlastn\g/al§amhﬁs@rtb@r%yl DSC with a
heatin e The
cured ?Oelgfl%rgoﬁheé%%ngpg de}%él%é %;Pec%-lig/gfgt %éelee%x&qnﬁﬁﬁ &Jgﬂr ?&&1&%1 s for Cured
Resi n dol(ashvanemitebias phagseal tirtey @d@dﬁe@mﬁaaefor gdhtion Egalrtphe’) a) 17a1d. Cur ed
Resin B (advanced bi sphenol A resin, Conparative Exanple B) with a simlar
EEW The useghofoftdagn @&ﬂh@ﬁ%t&m{a@@m@@mﬂ@r FRJousii aheginkhahpedr ed Resin
A has an increased over Cured 25 Resin B of about 26 C. Exanple 3 and
Conpar atG/ V@nw&ﬁmr@omtemperatw@bp@%ﬂ‘égg 280 °“€wo resins (Resin C and
Conparative Resin C) was neasured by DVA. The cured resin of Exanple 2

whi ch corrprﬂ“hemd@sifimne@ict énalrysiad]?(émaws bise;lghemﬂaburcylnﬂ dgonpognome resin

prepar usi.n ocedure in Exa 30 Pl enco
5693 (G ER ' rrsBA TS SRt e o S e Ear S P TR Do o
her@i nfidm TAURRENRAS Which 1s(fﬁl<«eﬂ%kl€ar§iuto§@rﬁpﬂﬁ dW& dRa%oAndetddStod
conventional bisphenol A, DER 330. arative Resin Cwas cured with

Pl encoparsgud cohpiter. nTGWaZ@tW%@P&W%@GYSPWOQH {tosspharat The Exanple )]
usi ng the [ r nparative
Cur ed ecs(?lnp O%%ﬁg?erg e?atu 1%ar g s?1}51[15 urr%%r(\agc rd?nr‘?qg I&nﬁgréa%t%ﬁirgél%%%dﬁ%about

130C. Fbrc toor@hOesieh a:)lﬁeahhg rahpye] (°Wminesd. nEdWéQdéQ@rnﬁﬂéﬂlﬂrped:ebﬁ@agBte t he
resins_have simlar_ glass transition tenperatures g Toughness may

be def %éépxss‘ypt&tmﬁerrwnmﬁﬁlgﬂg WodRib (e (® 0% wRight 1965 ddedwieddt |ess stiff

ofesult of the glass transition at about 130C. The
Young %eﬁg%lrn ?@Yg%;rc Cubreed Resin C decreases fromabout 5 x 109 Pa
bef ore the Tq aglo C atrM§3’$OOC The
YOUﬂg l;l 0 : ange (after Tg

A 66.8 grams (g) sample of bisphenol cyclododecanone (189.8 mmol) was dissolved

in 133.1 grams of D.E.R. 330 (371.8 mmol) in a 500 ml glass reactor at 140°C to form a
mixture. The mixture was cooled to 80°C and then 100 milligrams of an A1 catalyst

20  solution (70 % solids in methanol) was added to the mixture to start the reaction of the
bisphenol cyclododecanone with D.E.R. 330. The advanced reaction was carried out at
150°C to form Advanced Resin A. After 1 hour, the Advanced Resin A was characterized
by titration. The EEW of the Advanced Resin A obtained from the titration was 520 g/eq
(EEW theory = 551 g/eq). The Tg of the Advanced Resin A was measured by DSC with a

25 heating ramp of 10°C/minute. The Tg was 54°C.

Comparative Example A

A 52.5 g samle of bisphenol A (230.3 mmol) was dissolved in 147.4 grams of
D.E.R. 330 (411.7 mmol) in a 500 ml glass reactor at 140°C. The mixture was cooled to
80°C and then 100 milligrams of an A1 catalyst solution (70 % solids in methanol) was
30  added to the mixture to start the advancement reaction of bisphenol A with D.E.R. 330.

The reaction was carried out at 150 °C to form Comparative Advanced Resin A. After
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reaches 130 C) has a lower Young's nodulus (E ) (inproved toughness) than
that of Conparative Cured Resin Cin the sanme rubber nodul us range.

Accor di ngwg,200ursee4Resi n C has an i nproved toughness by Pagiusgoibiosghznol
cycl ododecanone over Conparative Cured 15 Resin C which uses a conventi onal
bi sphemdbuAthe Compardiive Aé&sinkédERedin Bxwigdhascadizedby ptresant THerEWtofale show
that an epoxy resin conprisi ng a diglycidyl ether of a

di hydr 6RYHR éﬁﬁdywﬂﬁwaame RE6H SrRbthE AidragomMghabout a8? #/¢gl ass transition
t enper resi ) J I ose based
on bis %F°gyﬁ? g%éeﬁgxg%%?g O?t}%nd gn%%&%?‘%ggég%‘%pﬂféqx%%%gégtﬁ ed epoxy
resi n P8Co¥ith héegingsemp of A10%ione.shladg avahdgier cured gl ass transition
tenperature (cured Tg) than an epoxy resin conprising a conventional epoxy
resj n basedTaa abiarbe dvdphénd] s8eloExdsrpheneZretind(Bxanpar &f haehighanpdkia BY. The
cured epoxy resin of the present invention also has inproved nechani cal

proper fhaééges%Hn%é Ritphgrele's sty Gomnsntive Exapplsaht igher &5 %A 1€88icAN cur ed
by pheﬂ@térﬁfig?agg)eﬂﬂgﬁre%in’?ggraggg{aﬁflﬂﬁe’ the epoxy resin of the present

invention has 25 inproved résistance to inpact (see Exanple 3 and
Conpar ALLYSeBX i Adk re@!R%si_of B Phi L RS el 9%89 d {2 pdy anc g4l
Bi sphemo y anone  Re P A Jopms 0 yctotodecanone

with D.E R 0 A 99. g, sampl e_of hi nol,.cycl odode one (0.57 nol)
nas sol ved R0 sHaPE ok AP AEPeTRE S e PORRATEEE ot ol s

r eggt OExahpit4abové @af arixadayiB9008 bdthEof di arfd (8! ERNWRT BEresN edot.ori@0 C and
then 231 ng of an Al catalyst solution (70 % solids in nmethanol) was added

t o t hemyktureuwes cuttiefor dgiisian goWRtdo dpien (urad Rasin Al Toailglof she GoedResin was
heat ed ,t 0 ut 0 Co~An v ed re loon_of  t LS n .
o o dadientee sy b NANANEERAS SO R A SR Reyin A L0 4

hour t @af o417Can Advanced Resin E. The EEW of the Advanced Resin E,
nmeasured by titration, was 297 g/eq (EEWheory 5 is 302 g/eq). The Tg of

t he AdvapeesitiReskimbie Breasured by DSC, was 13 C 75.0 grans of the
Advanced %em n E (EElW: 297 g/ eq) obtained fromthe above reaction and 29.5
grpdrs of Heph g 6t (ié A2l {a SRS 31311215?06-‘5‘_ $ Q)Y $Gbthiled Bofh Yagal ' PMto
forma Resin F%kal'[ﬁsg reacti 31|£ty e|Sl.ne. de t?ngei&ﬁ selcgngr)0 o?oﬁe I%Qesi n F was
adj ust Edample280baecmsdnisyd adttiodp goms wdiol (¢quevaentiwt sdl gtaqoand 20 % sol i ds

in Do | 10 | t B. Prepregs and Lam nates Prepregs were
prepa\p@%g@arﬁ%ﬁ%ﬁ%by wei ght of Resin F prepared in Part A above
(calculated without solvent, i.e. with 100% solid content) on 53 % by

wei ght of styf BixtEreevay ceed for dihguy $00He o foam Gured Resin Brdiedls fdrired Dowanol
TnPM) kA I ! i t was set at
abour TEuTE o e e R B R A e & e o egs
pr2par BasiaBowes WS'€. used to produce | am nates wi thout any further

nodi fications as follows: 8 sheets (each 20 cmx 20 cn) of the prepregs
wer e presselhé ovired rdsiisrof Axampel ankPO&nparadve Examnple Bsshowi thh TRIsEssUr e at
about Q.7 bar. to formthe | am nates. 20 Exanple_ 5 - Brom nated_Advanced

Bi s pheﬁgred@e@irb@ subansreuspherelsyclododecanone resin, Example 2) and Cured Resin B
(advanced bisphenol A resin, Comparative Example B) with a similar EEW. The use of the

bisphenol cyclododecanone illustrates that Cured Resin A has an increased Tg over Cured

25 Resin B of about 26 °C.

Example 3 and Comparative Example C

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

“Cured Resin C” (Example 3).
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A m xture of 150 granms (based on 100% solid content) of bisphenol

cycl ododecanone, 150 grans of D.E.R TM 560 (based on 100% solid content
wi th 58. 8WORp)1jo68dd 200 granms of Dowanol ' PM sol vent wa®Cthsegedséin2 a
reactor. The m xture was warnmed up to 60 C to di ssol ve the bi sphenol

cycl ododecafonpaafite Rb€in 0 is.aRRohMibioAali tisphbeol 26 NERVEA0.! CoivpRtisoRednt . The
m xture was then heated up to 100 C with 0.643 ﬂr anms_of Al catal yst

sol ut i STVETY Wik Pigece .113?%&[%%1 YRy e HRE RaTIR LU EOMPRRNG xt ur e was

heat edgi.%}%lie@ﬁ%ﬁh%g{é%@)éedhf%eof%bﬁitiv'e!ﬂ%a lygnt started to boil at reflux

(137 C e advan reaction e bi sphenol cycl ododecanone and t he
D.E.R TM 56 i . 5 ] . forma

br om nat ed %Hvaﬁ%:egg{ggg(?r@étpa hgé rﬁ(r)e%[%%%negtﬁggé %éq\?%ﬁ élgs eé}tfr?%G was cool ed
dowh t enipeemuuic€MREstaboitel30°C. The IughidsWoaithd abbe: (g @fint ben thy @mpaadded
Advanced Resin G were neasured according to the nethods stated above. The
resul t Becapes the &3siy have pighijapgkass wpitionipRagavees (JLéq (EEW heo is 302 g/ eq)
and the Tg was 13 C. ' The bromi nated Advanced Resin G was used to
form a resi Aorghngss mey badeiined by ardipplen¥ewne’ xpodylay (Rind The o2y Bsins goti | abl e
fromT 1 cal 9. % Lgh f the

brom nizil”t‘72 SeggYAv vacﬁlg?tlas &y ép%&% e;tSIzi]it r%glefgrpa(c)%%&rta ﬁsétlcgig%tv%mr{te%@t?b?hgnd 33. 29% by

wei ght YofingZ 9 adihsaRd of Cad% Rysimei dgbiteak 64020005 5 Well0d Pa dkfoeelthieTelat 13% by
wei ght of 2-M solution (20 % solids in Dowanol ''PM to forma resin
fo?f(gul 480°6nto abeuthbx 1@k e tRe b a4 B8 °Cesin fornul ati on was neasured three
times with an average result of 249 seconds. The Tg were neasured by DSC

(film by sdhanionas’sweduluygE fof mraDRGIn 6 1 fig robkar mpaiolys rangee(aftet he an

average, r L1t o 120, C e r,esi rauyl at i Qn S su uently cured on a
hot pl getagﬁ%ﬂ 3?7@ lgsfaglro Wfb%u%? gnsoiagfrlllg (%61‘%@@ X)?d,\%ﬁg}?ﬁe%a? lgasn tp %t orma cured
br om nabagaatvatuad Rdsgpdemntle saine raisted aanri eardge s iAtcoidadig ICurddbREt@NPl e 6 -
Formati on of _an Epoxi di zed Bi sphenol cl ododecanone (Bi sphenol

oycl ode@éaﬁaﬁerowﬁfar%%rsssbbwgaé@pmno cyclododegrmengl gy rPraRArHi Ve SHERD|
cygd odpdat anopen ac&rnghﬁg)ngmisﬁ%n{ﬂe%pti ng the bi sphenol cycl ododecanone
Wi wi t :

th epichlorohydrin aratio o 5:1 (epichlorohydrin to hydroxyl
(-OH) equivalent), according to the follaw.n rocedure: 20A.two liter,
throb nacks T B HIPHIG el el b IRy ReaR i W P f i ost ac i cai 1y
cont r otbrapridiead digydidntetier vas dibharog ¢diphédyin cid16alRiffoaiound Yigd Origlacanone
(176 g, 1.0 hydroxyl equivalent), epichlorohydrin (694 g, 7.5 noles) and
i sopr offaiioylaaragsigon sempgratied FsInoF ) than &ERTEENERShGRAXYHeYUB etph astheser eact or

was maj [ ' t @%gﬁ; t 0 itionally
equi ppg %09 %%gﬁ%%og%e géeirg%rﬁgfrﬂh glldne ailtk %Eﬁ&%% Aga%ee‘{urr%%ogg?ésgﬁ Cl ai sen
adzapt oof thaprawetrihemtionishovwgehighal @tred dladsRMnbiZion senlperatared cared tTig) tlan assenbl y
(PTFE paddl e, glass shaft, vari.able speed notor). An initial sodi

hydr ox MYEPEQITEYR 6ATP2EYS P foRErEPTal f_@%ygr‘reélﬁ@s‘?ﬂé faaeﬁ@aolr/%m XSl 4r m

vent ed aﬁcﬂéb&b%ﬁ@&ﬁ%ﬁpl@‘]ﬁf TRP c3@d TpSE 8Sin of R ﬁr@s’%‘ﬂl nvBgtidH AR Was
stirred to give a slurry of the bisphénol cycl ododecanone in the

epi chl onphyelt nactandal gopentipasiwh.as 8@hhess caMpaied e & somfenpast epeguesion,
stirrin s stopped.. An aquepus,.| ayer and an organic |ayer were formed.
The aqtiastey PRSI TRisendovddRe Pl {heemiy tine o ERES ey Thipuion has

25 improved resistance to impact (see Example 3 and Comparative Example C).

Example 4 — Laminates Produced from Advanced Bisphenol Cyclododecanone Resin

Part A. Advanced Bisphenol Cvyclododecanone with D.ER.™330

A 99.88 g sample of bisphenol cyclododecanone (0.57 mol) was solved in
399.88 grams of D.E.R."™ 330 (2.22 mol) in a 500 ml glass reactor at 140 °C to form a
30  mixture. The mixture was cooled to 80 °C and then 231 mg of an A1 catalyst solution
(70 % solids in methanol) was added to the mixture. The resulting mixture with the
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-32- stiffing of the organic | ayer were resuned to 50 C. Dropw se addition
of a second portion of sodium hydroxide (20%in water, 80 grans) was

conpl et edwowver1/@e64ni nut es whil e mai nt ai ni ng the tenper afaraSat10H861@2
Simlarly, after 20 m nutes of post-reaction, stiffing was stopped; and an
aqueousd 1atadyse solatich s lagalitd abbwdyle0 °@e e ddenmeed reathien afjthe disphbmyier was
renoved fromthe m xture, Thg,organic layer was washed with 3-4 portions
(250 nfYqledadeeanengarhthe 4-Edei omGwes satiestouiat 190 L igaBeutd hgpur {hE0rgr gani ¢

| ayer wasaehi-8%edy, gotary evaporation of the organic |ayer using a maxinmm
oil bath tenperature of 75 C was used to renove the bulk of volatiles

presence in p .G I r . ey t4 E%{;Cfor 2-3
hour (16 nbgw%%gv gg'@lg Azdﬁ'gx(gerd aRrréBg Hlo ’qgéagﬁll%gi%é' éﬁ%ﬁ@%&%ggﬁ rké‘f/q[cﬁ odo&¥anone,
whi£h weX)2a/éq)ambpdpeifithe AdVvanctERSsih EQbietsuretiey DBCUa hy°d.i qui d was
solidified to a brittle solid at roomtenperature (about 25 C). Exanple 7 -

Advanced Br oponad@slofipenyiviast RebarErEcE Wy= 29iv@BgeshtiReartrb@thibdspoxi di zed
Bi sphenol Cycl ododecanone and TBBA 15A 7.63 anpl e of an epoxi di zed

S e
bi spherrertieyaidoifoaearehlepineblBE HAERIWEESEY g/lga) wahtadyadad 7pdn Exanpl e 6
above 521 Q1 f ( 72 , .. 8% Br r in an
2 o noelir oM Ay RRENTS TDhe v Fidnag dni o PE R 0" 0oas
grans ohs Mjucad & 38k sev@s] Bdaiichg 400t hg ohtrRgeN selugom 20t %rselidim Pelvart ed
reactigp of the epoxidized bi sphenol cycl ododecanone product and TBBA was
catVied oW at 20120 C for 1 hour to form an advanced resin. The advanced
resin was then dissolved in 2.98 grans of acetone (80 % solids in acetone)
with DI CY t Bat 8 Brepregssind Linyingies. The resin mixture was cured on a hot
plate at 170C for 10 m nutes and 190C for 90 mnutes to form an advanced
brom nat ed Bppragsmesé prepared by tcoatifigel 1% hy wievght pf Besin Fereavahiodtirtbk om nat ed

epoxy resi asured three ti 5 The resin n avera

Foact i P A yaT SatiaevohhderhTE 100 aoRd Epteiiutn 2 B wfieBl SERete 111y
The fi hgnaRiass<EGtANPEHcRert3MERidh) OThdblfer PDSwR el AtpNg Gn Refh FUL & The resin
had an average Tg of 168.3C. Filmdeconposition tenperature (Td) of the

br &M nevapdraggsoiayanraysh whighdemperstwewapset TGhaat toY Wi frg abenttdhainytasdedur e

st at ed Oabo g, The results of the Td neasurenments are shown in the follow ng
Tabl e [° P65 1P178068644PCT/ US2010/ 056102 Table | Wi ght Loss (% Film (Td)

Temperat ur eTflec %re%regs prepared above were used to produce laminates without any further

modifications as follows: 8 sheets (each 20 cm x 20 cm) of the prepregs were pressed for

1 hour at about 190°C in a flow press with pressure at about 0.7 bar to form the laminates.

20  Example 5 — Brominated Advanced Bisphenol Cvclododecanone Resin

A mixture of 150 grams (based on 100% solid content) of bisphenol
cyclododecanone, 150 grams of D.E.R.™ 560 (based on 100% solid content with 58.8%
Br), and 200 grams of Dowanol 'PM solvent was charged in a reactor. The mixture was
warmed up to 60 °C to dissolve the bisphenol cyclododecanone and the D.E.R."™ 560 in the
25 Dowanol ™PM solvent. The mixture was then heated up to 100 °C with 0.643 grams of A1
catalyst solution (70 % solids in methanol) added to the mixture. The mixture was heated
continuously until the Dowanol "V'PM solvent started to boil at reflux (137 °C). The
advanced reaction of the bisphenol cyclododecanone and the D.E.R.™ 560 was carried out
at 137 °C for about 150 minutes to form a brominated Advanced Resin G. The brominated

30  Advanced Resin G was cooled down to room temperature.
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210.7 2 250.0 5 297.7 10 300.9 Exanple 8 and Conparative Exanple D Part
A. Prepreg Procedure Prepregs were prepared by inpregnating glass web

(Por cher woybha/MNB644628/ 36 am ne 5silane finish) with a warnisstonsedure. One
varni sh m xture (Exanple 8) was nmade fromthe advanced brom nated resin of
Exanpl e 7; ahe EEWt hed tiarTg sif @iElemn&nz(téﬁ)nmhraa&ddVReEnaGpI\x&reD)m@sured
conventlonal epoxi di zed bi sphenol A advanced with TBBA The pre regs were

f or med2FOIHES & & Hedors ﬁ?aFQSlt ahqvgat Bic skt deslisted prefjions: fireEEMangs
Lay- ypggzﬂggaﬁwtpalr g@zgyeqyﬁmghgq the magni sh onto the glass web. The
S

varni s spread acro 10gl ass web before the glass web was passed

through ther @é &%B%Bat%&’ g@%iﬁceflﬂég n'E¥a géeﬁ%? B?ec! P[PM‘{%ﬁoﬁ %tﬁ passed

through the treater; At a era ween -180 Cto
form thﬁdému|XZQYQ4V)E1@(DKZQZ7BaﬁbalﬁbIeLfMﬁ1IT&b®dW @hadualeCorﬁpdl@m nat e was
prepared by stacking 8 plies of prepregs fromPart A above with 15 copper

foils on bohposi 3w % Hiewdghl dfeke M&%hﬁnd&é@ﬁ&%e@& Ré0n Y BtRinkd BGhT @M

tenperature to 190C with a heatin 3 K/min and kept 90 m nutes.
above reaction and 33.29% by weight of Z92747 and 6.63% by weight of XZ92755 were
solved in 0.13% by weight of 2-MI solution (20 % solids in Dowanol "™ PM) to form a

resin formulation.

10 The reactivity of the resin formulation was measured three times with an average
result of 249 seconds. The Tg were measured by DSC (film) by scanning two times from
50 °C to 220 °C at 20°C/minute with an average result of 120 °C. The resin formulation
was subsequently cured on a hot plate at 170 °C for 10 minutes and 190 °C for 90 minutes

to form a cured brominated advanced bisphenol cyclododecanone resin product.

15 Example 6 — Formation of an Epoxidized Bisphenol Cyclododecanone (Bisphenol

Cvyclododecanone Modified Epoxy Resin)

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

(-OH) equivalent) according to the following procedure:

20 A two liter, three necks, round bottom glass reactor equipped with a thermostatically
controlled heating mantle was charged with the bisphenol cyclododecanone (176 g,
1.0 hydroxyl equivalent), epichlorohydrin (694 g, 7.5 moles) and isopropanol (373 g,
35 % weight of the epichlorohydrin used). The reactor was maintained at 50 °C during the
experiment. The reactor was additionally equipped with a condenser (maintained at

25 -15°C), a thermometer, a Claisen adaptor, an overhead nitrogen inlet (1 LPM N, used), and
a stirrer assembly (PTFE paddle, glass shaft, variable speed motor). An initial sodium
hydroxide solution (20% in water, 180 grams) was added from a side arm vented addition
funnel over 20-30 minutes. The resulting mixture was stirred to give a slurry of the

bisphenol cyclododecanone in the epichlorohydrin and isopropanol.

30 After 20 minutes of post-reaction, stirring was stopped. An aqueous layer and an

organic layer were formed. The aqueous layer was removed from the mixture. Heating and
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The follow ng Table Il shows a conparison of the properties of |am nates
made from a conventional epoxidi zed bi sphenol A advanced wi th TBBA

( Conpar atwoeoBxmsqie D) and | am nates nade from an epoxipdirasdotoiosghenol

cycl ododecanone product of 20 Exanple 7 advanced with TBBA (Exanple 8). WD

2011/ 068644 BEMH WM O12966462 rdsakled td 50 °CCorppwat hddtibxanpleoh pxdiop! e 8
For mul ati on Epoxi di zed Bi sphenol A Advanced with TBBA Epoxi di zed Bi sphenol

Cycl odetiedann Aedingids e inwater98BRamar vas Swnpleted oper2donmutey addican de (DI CY)
2.8

maintaining the temperature at 50 °C.

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

colorless liquid. The resulting liquid was solidified to a brittle solid at room temperature

(about 25 °C).

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

Epoxidized Bisphenol Cyclododecanone and TBBA

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

20 120 °C for 1 hour to form an advanced resin. The advanced resin was then dissolved in
2.98 grams of acetone (80 % solids in acetone) with DICY to form a resin mixture. The
resin mixture was cured on a hot plate at 170°C for 10 minutes and 190°C for 90 minutes to

form an advanced brominated epoxy resin product.

The reactivity of the advanced brominated epoxy resin was measured three times.

25  The resin had an average reactivity of 205 seconds. The Tg of the resin was measured by
DSC (film). The film was scanned 2 times from 50 °C to 220°C at 20 °C/minute. The resin
had an average Tg of 168.3°C. Film decomposition temperature (Td) of the brominated
epoxy resin was measured by TGA according to the procedure stated above. The results of

the Td measurements are shown in the following Table I.
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3.0 2-nethylimdazole 0.08 0.10 Lam nate Properties: dass Transition
Tenperature Tg (C) 130-140 167-169 Deconposition Tenperature Td (C) 315 298
Exanpl e woSynideesits of eCDON A two liter, three neckspcCrasadobsiioom gl ass
reactor equipped with a thernostatically 5 controlled heating nmantl e was
charged with the bisphenol of cycl othbtielcanone (-176 grans, 1.0 hydroxyl
equi val ent), epichlorohydrin (-694 grans, 7.5 noles) and isopropanol (-373

grans, 35 % weight[of_Th | Th eact or was

addi tional |y equi ppe(})v%ﬁ’rﬁgs z%bi Ey b[rbé%rs‘?f“é))e%lﬂ Zté 15 O, a

t her nonet er, a d ajsen—ada |JL 157 everhead Foger— Al et (1 LPM N2 USEd),
and a stirrer assenbly (Teflon paddl e, dl as%“yl!]aft 10 vari abl e speed

motor). After dissplving af 50 C, [a sol ut1 ops®h Sodi um Rydr oxi de (20% i n

5 297.7
10 300.9

Example 8 and Comparative Example D

Part A. Prepreg Procedure

Prepregs were prepared by impregnating glass web (Porcher style Nr.7628/36 amine

5  silane finish) with a varnish mixture. One varnish mixture (Example 8) was made from the
advanced brominated resin of Example 7; and another varnish mixture (Comparative
Example D) a conventional epoxidized bisphenol A advanced with TBBA. The prepregs
were formed using a Caratsch pilot treater 3 meters in length. The “Hand Lay-ups” were
prepared by pouring the varnish onto the glass web. The varnish was spread across the

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

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

between 175-180 °C to form the resulting prepreg.

Part B. Laminate Procedure

A laminate was prepared by stacking 8 plies of prepregs from Part A above with
15  copper foils on both sides. The 8 plies were pressed at 20 N/cm® from room temperature to

190°C with a heating ramp of 3 °K/min and kept 90 minutes.

The following Table II shows a comparison of the properties of laminates made
from a conventional epoxidized bisphenol A advanced with TBBA (Comparative
Example D) and laminates made from an epoxidized bisphenol cyclododecanone product of

20  Example 7 advanced with TBBA (Example 8).
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water, 180 grans) was added to a side armvented addition funnel over 20-30
m nutes. Stirring commenced to give slurry of the bi sphenol of

cycl ododeweanoneéesd4epi chl orohydrin and i sopropanol . ThePCensesianss1e2 was

mai ntai ned at 50 C during the reaction. After 20 m nutes of post-reaction,
stiffing was stopped and the aqueodsbledyer was renoved from 15t he organic

|ayer !—Ileatl rlg ﬁnrl cfl'F'Fl ng n'F the Ol’gﬁl’}l Fal |ﬁ\lnr \WAS racunr'ed t 50 C

Dropwijse addition of a secg nng Afphiafle Bkaspdiim hydrox@ﬁm(p@%l n water, 80
grans)| to the organic |ayer wa gorrp | et ed over 20 m nutes while maintaining

the tenperature at 50 C. After%BZO m nglﬁpz pos - riga&idigsd Bispigsnost i f fi ng

was stjopped, Fafgulhtieh aqueous th\?'&gl fiIr om Cheod&cganec | ayer
produgt. Then the organic Iaye’?‘g)él e@\/@(é‘ﬁé@%th 3- %@gh@édqpﬁh TBBA

mlliljiters )3 deronijzed water tri—a pHpf— 7 of tjgorganic | ayer
was achi evedqae\/\% fggll 068644PCT/ USZOig(?OSMOZ Rot ary evapor atilon of
t he or|gamicydndip@iid&iddIay)a rmaxi mum oi R.&@ath tenperature of385 C was used to
r enov fhn hnlk nf fhn Unl fllnc Enrfhnr rnfarv nvaporation at—125C for

2-3 hdur (%@W}n}l‘i@%\}% 235- 235 gra%gof transparent, cdl-H1ess Iiquid
whi ch sotTdifted to a brittte sotTd at Toomtenperature (-2
resul tling resin was the di gl ycL@tmna@tl?reper@es 5 bi sphenol cycl ododecanone

( her ei p—eChON}—and—had—the—foHowngproperties—deseribed—+n—Tablel |1 1:
Table |I 11 \@gé TaBSliloﬁey n|Tg (C) 1 130feni ng Poijnt (C) 2 1Melikovi scosity at

Temperature Tg (°
Decomposition
Temperature Td (°C)

315 298

Example 9 — Synthesis of eCDON

A two liter, three necks, round bottom glass reactor equipped with a thermostatically

5  controlled heating mantle was charged with the bisphenol of cyclododecanone (~176 grams,

1.0 hydroxyl equivalent), epichlorohydrin (~694 grams, 7.5 moles) and isopropanol

(~373 grams, 35 % weight of the epichlorohydrin used). The reactor was additionally

equipped with a condenser (maintained at -15 °C), a thermometer, a Claisen adaptor, an

overhead nitrogen inlet (1 LPM N, used), and a stirrer assembly (Teflon paddle, glass shaft,

10 variable speed motor). After dissolving at 50 °C, a solution of sodium hydroxide (20% in

water, 180 grams) was added to a side arm vented addition funnel over 20-30 minutes.

Stirring commenced to give slurry of the bisphenol of cyclododecanone in epichlorohydrin

and isopropanol. The temperature was maintained at 50 °C during the reaction. After

20 minutes of post-reaction, stirring was stopped and the aqueous layer was removed from

15  the organic layer.

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

20  organic layer product. Then the organic layer was washed with 3-4 portions (250 milliliters

each) of deionized water until a pH of 7 of the organic layer was achieved.
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150 C (nPa.$) EEW neasured by titration (g/eq) eCDON 31 74.6 120 236 ' From
-20 Cto 150 Cwith 10 K/ mnute 2 Wth 2 K/ mnute 10 Exanple 10 -

Pr epar at iwo 20f1/@ms8®aewder Conposition Usi ng eCDON ApPRO/us261a0pd162 of t he
eCDON (EEW 236 g/ eq) prepared in Exanple 9 above, 1.06 g dicy (equival ent
w = 14 g/ mBlojarpechpdration @f HRONMIOhyswerstngn xetinfiln s dathdempératibe & t o a fine
powder. The powder was than cured for 30 mnutes at 200 C. The gl ass

transi 77 8 WaskpRe tramevy thepull ofithe velatlgs + Figher hetpigyaporaaen #el257déer  r om 50

€ L2 o2 e B TSR 121 s P, S RGBSR ISR 0,

Conposhbiiar sdhi @Qro@nﬁ@ﬁi\p@ﬁlﬂr@ MQS °8¢S1Hile resulting resfh Wk @e Slﬁgl’j’zﬂl@yl(éfheaﬂf epoxy
resin D.E. R 330 (EEW 179 81% %hym dyl ether of bisphenol A material,

comer bisalllqngpl wéndOémaéomr ad leadl thoitoanyg propeiegydesgribedy

(equi v%f ] m’ 14 g/ eq) and 0.359 EPON P101 were m xed at 120 C and 20
m nut es e'1 C. The resulting product was m xed 10 seconds at 150 Cto a
fine povvder whi ch was than cured fir] QSﬁém nutes at 200 C. The Tg of the
resul ting product was recorded fro to 300 Cwith a heat ranmp of 10

C/ mnutp. The Tg of [the resu[ting thernoset was about 143 C
Example 1 Tg Softening Point | Melt viscosity at meaEs:Er\Zi by
. o1 o2 o
Resin (°C) °C) 150 °C (mPa.s) titration (g/eq)
eCDON 31 74.6 120 236

TFrom -20 °C to 150 °C with 10 °K/minute
*With 2 °K/minute

10  Example 10 — Preparation of a Powder Composition Using eCDON

A 20 g sample of the eCDON (EEW 236 g/eq) prepared in Example 9 above, 1.06 g
dicy (equivalent wt = 14 g/mol) and 0.35 g EPON P101 were mixed 10 seconds at 15 °C to
a fine powder. The powder was than cured for 30 minutes at 200 °C. The glass transition
temperature (Tg) of the resulting thermoset was recorded from 50 °C to 300 °C with a heat
15 ramp of 10 °C/minute. The Tg of the resulting thermoset was about 198 °C.

Comparative Example E — Preparation of a Powder Composition Using a Conventional

Resin

A 20 g sample of an epoxy resin D.E.R.330 (EEW 179 g/eq) (a diglycidyl ether of
bisphenol A material, commercially available from The Dow Chemical Company), 1.4 g
20  dicy (equivalent wt = 14 g/eq) and 0.35g EPON P101 were mixed at 120 °C and 20 minutes
at 180 °C. The resulting product was mixed 10 seconds at 150 °C to a fine powder which
was than cured for 30 minutes at 200 °C. The Tg of the resulting product was recorded
from 50 °C to 300 °C with a heat ramp of 10 °C/minute. The Tg of the resulting thermoset
was about 143 °C

25 As shown in the above Example 9 and Comparative Example E, the use of the
diglycidyl ether of bisphenol cyclododecanone (Example 1) as compared to the use of the
diglycidyl ether of bisphenol A material (Comparative Example E) resulted in a thermoset
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25As shown in the above Exanple 9 and Conparative Exanple E, the use of the
di gl yci dyl ether of bisphenol cycl ododecanone (Exanple 1) as conpared to

t he use ovotha/wBgkyci dyl et her of bisphenol A material PCCarspaoaséve
Exanple E) resulted in a thernoset product with a Tg of 198 C versus 143 C,
r especpiodettywitilh&gws @9®PC vasudl 4 YL rdpéctBehierThefusb bs pkeligiycidyldtiadofecanone

i ncreased the Tg of the resultlng t hermoset product b{ 55 C. Exanple 11 -
Cure oPis m?qq?da@a@g?n%m%%qdé o g@éﬁ@\vemtlwthaljmosa Rpdees b325g8-:  and

2-phenylim dazole 5 (0.038 g) was mi xed by cryogrinding. The cryogrinding
pr ocedéﬂﬁl@l&:&m&ﬂ_ﬁw ds to a stainless steel cylinder with

t hreaded ends, adding a netal ball, cooling the contents in liquid

ni t rogen, aAcBaHtpﬂmfrﬁ'@E(BH (ééégm:dlw 0034 Poamd Zphewylinitdeotey| i nder was pl aced

SUEIN (S 2 ok g T A b e S R R 4 o

pan, aﬁ@hd@@@b@dlﬂlé’ss@teépcﬂﬁ@m%)&@éhd@ﬁ eAdd@0 addih®h nf¥al BalWoBsing thef orma clear
casting. A Tg of 202 C was observed by DSC. This casting was cut into 4

pi ecescondeiih pli@ie nipgeaing iikakingg asjembinfpr 1gindigetss wbhecylindeewas n a st eam
t ocl C f t h
T S

of 2. 3Awidhionl5f tﬁsppaﬂatﬁotﬁ tiexamiple was-pléaet én af aldnfmbn ]SMI &aal\hbﬁtbd th ey
The sane procedure described in Exanple 11 was repeated except that the
f o ¥ o uredien dhi L et AgeiguicpiEorngsdeqrspdimredol € Al dglyvrtyl et her,

4 51 gdp eg\’e(a %(CEQS &ﬁl)lfi_lca%ﬁﬁl% %apg@'ﬁ{do 19&%,04th g%gg alag%velg‘hea_ ghn(afaH%gl?r C was

observe sor t on Wwas epoxy
resin penmposertiptaced | ﬂn:psteam agtoa]ravepxow °Cefpr 86 enimeek. leetmg}ﬂtcgaimwﬁ dagh gener al

For mul Ia)'iel:f:: wgg'eR)}prés]s'e as a pércj:'él'r?tag(eczlndl tlkllgél\va uzes 'sv\\e}f! a\)ere?ggél to g;'lVE: a Vaf'ue of Ra0 N

2.3 wt%.

15 Comparative Example F — Cure of D.E.R.™ 331with dicy

The same procedure described in Example 11 was repeated except that the following
reactants were used: D.E.R.331 (bisphenol A diglycidyl ether, 4.51 g), dicy (0.44 g), and
2-phenylimidazole (0.05 g). A Tg of 139 °C was observed by DSC, and the water

absorption was 3.9 wt%.
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R2 () RRa OHR2 ( ) RR R3 (X)rii RAR3 (X)rii R4 Formula | wherein Rais a
hydr ogen or nethyl group, R and R2, independently from each other, each
repr esentwoa2otydsa@gen atom a hal ogen, a substituted or pamasbewiosaved al kyl
group, a substituted or unsubstituted aryl group, or a substituted or
unsubsCiAIMeSd aral kyl group; a nitrile group; a nitro group; a substituted
or unsubstituted al koxy group; X is CH2, CH(R3), or C(R3)(R4); mis an

i ntegral nunber mtewﬁﬁre&nadmlp%@i;ﬁomdmms@%dnBﬁoxy' fegRpanEEry iy from each
ot her, each represents a hydrogen atom a hal ogen, a substituted or
unsubsfallogtiegigeiieka} Fogpelap: a substituted or unsubstituted aryl group, or a
substituted or unsubstituted aral kyl group; n is an integer having a val ue
fromO to about 10. R’ 2.R'The epoxy resinRtonposi Ri'on of c¢l,aim1l

com ;;cz@%ﬁ,%%;;@;ﬁf of ?%d@%{?“e[{{% chag! Kige compound

roduct of
(a) one or re hyd&@xy )co ai ni ngga ound gmﬁi

1. 4. The advanced

( a 8toighionetric
excess of one or nore of, /t he epoxy resins of claj
Iy ;
y"iRfe fol | owi ng genera

epoxy resin conposithéﬁ)Sf\R1ain13, representﬁﬂ/

chem cal structure of Formula I1: Formula Il WO 2011/ 068644
PCT/ US2010/ 056102 wherein Ra , RFEorRR41aIR3, R4, X, and mare as defined in
Formula I, y is an integer having a value from1l to about 20; Qis a

hydr ocgmbyteRe;g rﬁrﬂé/%}dgﬁn apehefRE Brofipi R! AORDeNABA deXil P BbRLLLH offePrBathe group
consisting of 0, S, -NRb, whéréin Rb is a hydrocarbyl noiety. 5. An
advanc epresents wdydspgen gom, edntogemi anybstegied oc onpbstithiedraliyd gpavipsi ng t he

reactio duct of (. ne, or nmore h %%ox | - cont ai ni onpounds with (b)
et of SEEE FongunfBlef! Spodat S oM HbReY o SPRb TRy FRLRRAGE Ol e 1
6. Thenagh ] ad@tkd YiRupydudgentcdViudiubsigitddasikdk yc@omR N fsi M, fH®PRi m 5,
represente 2¥ the follow ng general chemical structure of Fornula |1

or C(R")(KR"); m is an integral number between 8 and 20; and R™ and R”, independently from

each other, each represents a hydrogen atom, a halogen, a substituted or unsubstituted alkyl

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

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

2. The epoxy resin composition of claim 1 comprising a diglycidyl ether of a

dihydroxydiphenyl cycloalkane compound.

3. An advanced epoxy resin composition comprising the reaction product of
(a) one or more hydroxyl-containing compounds with (b) a stoichiometric excess of one or

more of the epoxy resins of claim 1.

4. The advanced epoxy resin composition of claim 3, represented by the

following general chemical structure of Formula I1:

leiﬁxuq&o<j}%;§z>4}qu;aw4{Q@kgj$4nwo{12%;§1>4}kaff>mw

R \g

r/ \R4_

Formula II
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OHOHOH CO-CH2-CRla -CHRa -Z-EQ d-CH2-CRa -CHRa -0 Il 11 PO - CHRa- CRa- CH2

EZ- (-2t PR2 () ,(X711\ R3/\ 4 RY Fornmula Ill wherein Q Z, Ra, R,
R2, R3, R¥O2p11/06864and m are as defined in Fornula I1; 2CTitS2@q081020 Z- H;
and yl is an integer having a value fromO to about 20. 7. A process

for preparimR® AR, RIOKY R*eX] andanapasidefioed of Fdrovil, & id arofntegeahavidg g£onpri si ng
reacti n% (a) at least_one epoxy resin and (b) at | east one conpound having
je

o aver e BhR hisr BOEhAR (it PR AR B LS ot R e, excl ud ng
an epo%‘éﬁecftéﬂ“ﬁ&'rﬂﬂ@%ﬂoggico &IngIdR J, RE_NRBGHHeYen Ry%raoﬂﬁ?o@a}%{ﬂ%cﬁg&eam ive with

an epoxi de group i epoxy reésin conposition represe y Formula |.

8. The process of, cl.ai ' f | I nt (b),
conpri ses a%i sp e nag ?A@S(rzrﬁl%t%?y?g%&el tsl §H@ie“§°?%§e@’?lhcé’ 8}%0 ’ﬁggmgﬂr&%ggﬁg ?hgl Formul a
| V: RIWAHD praflict o) \ond 2Emole hydr@x l-cpRRining compounds with (b) a

stoichiometric deficiency of one or more of the epoxy resins of claim 1.

6. The advanced active hydrogen-containing resin composition of claim 5,

represented by the following general chemical structure of Formula I11:

Rl

on
Zl—EQ—Z];CHZ—CR“—CHR“_o@
N

R2

oH OH on
O—CHR_CR'_CH, .EZ—Q]_Z1
p

Formula III

wherein Q, Z, R?, Rl, Rz, R3, R4, p> X, and m, are as defined in Formula II; 7! is equal to

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

7. A process for preparing an epoxy resin composition of Formula I of claim 1
comprising reacting (a) at least one epoxy resin and (b) at least one compound having an
average of more than one reactive hydrogen atom per molecule, excluding an epoxy
functionality, wherein the reactive hydrogen atom is reactive with an epoxide group in said

epoxy resin composition represented by Formula 1.

8. The process of claim 7, wherein the bisphenol compound, component (b),

comprises a bisphenol compound represented by the following general Formula IV:

R1 R1

_|_ _|_
o2 S )

R2 ( ) R2

< (X)m~

R3 R4

Formula IV
wherein R1 and R2, independently from each other, each represents a hydrogen atom, a

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

group, or a substituted or unsubstituted aralkyl group; X is CH,, CH(R3), or C(R3)(R4);
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R Formula IV wherein R1 and R2, independently from each other, each
represents a hydrogen atom a hal ogen, a substituted or unsubstituted al kyl
group, a WOhsti/aesdsed or unsubstituted aryl group, or a ®abaiSenedonr
unsubstituted aral kyl group; X is CH2, CHR3), or C(R3)(R4); -39- mis an
i nt egr al isAdiitegrab@iniee beBvean@ add;20amnd KRB awhR4 Rddependapgidentish dtham each

ot her, each represents a hydrogen atom a hal ogen, a substituted or
unsubsF?“ﬁlJF%rﬁseélF%@y]Ilydé?%ﬁ?pmr& %ﬂ%@gqnt Eu?‘éﬁ“&%‘e%?fwﬁ‘é‘fﬁtlf%%@kélr%fPuIb foup, or a

substi Ed’ﬂsﬁglt&f or%%ﬁlgﬁtdtédﬁ ﬁ d?él subdtRBd or uns bstﬁuteg Qﬁu&g s of claim

7, wherein epoxy resin co conpri ses from about rcent by
wei ght to akput r

conposi ti ontboand%R @%e&%%&gﬂ%’mv’ﬁW%Qx%gf@p%?ﬂp?s:ﬂ%}}e@rﬂ rom dagg&%lgéﬁtsg@%ent by
wei ght atiaut a0 peitceBbypesighitd abyut\8si [ghienblays edighnbdsed ah towslivadightaff tide
conposition. . 10. . A thernosettabl e resin conposition corrprl sing (a)
the coRYBRYSHBH apd WapIRimsompngyt (B corapréses Fran Mt AYPHERTPY Wergh t(fe)

0P | Onbd 80 BeRUil o GBS on toral weighkor HCCHBLABRCT Labl e Testn

conposi tion arm 1 erein the Tonposition is a powder coating
g?g‘;gf: ;'gogn(‘? ; d\a/%ntgér oset'tzﬁ)% resﬁl H@togltigﬁ) g?l%ghglhgﬂ% thesclsorgn ol?ség)gﬁf géogf)ssaf or
o Shnimtr ekeasa: o mto ik sosngcasit comosiilone,
pres y i unds Vi ng
an average of nDTRe tHRANRRELIE &G EBpARInAFRMiAL IOMyRSlil Mk @6Mbssitiexcl udi ng
an epoxy functionality, wherein the reactive hydrogen atomis reactive with
an epoki cRovgieo apating ogmpeﬂépwyarrdg¢tﬁ6@dwpm§tetqomp0ﬁlélpnesent ed by Fornmula I.
13. The process of claim 12, wherein the advanced epoxy resin conposition
iFs repr eﬂanﬂéd b prt%@% glirlpmgzarigg geaévaallcectémlxiywmn s@mmtgm?cm%ﬁmgrrgl a l :
ornmul a erein Ra, R, m are. as def.i.ned in Fornul a
I,y |§ea8ﬁﬁ“5mﬁ%%68}‘3}1}?&?)?%‘@6’&“6%‘?@%% Siﬂrf:lo{ @%B%’E%re% COBPPEI8 My dr ocar byl ene
m)l et Yie ﬁ?élént@diﬁi% Férrhsla T 36 eReRd earid % 1) 98k 8F Rk ¢d; n%mulhbﬁhﬁﬁﬂgjﬁl SRS Ng of
where Rb is a hydrocar noi ety. A process for preparing an
advanc are @an, Phe/eeagtee ydeegep atin p@trfn@bmzim @phlghnge@cqppmg fyneyiogality,

st 0i Chi RIRAT 1 rdRTiL &R EEYerOlioRIEr L0 i B oS ARICRNY it &8I D, KOTRORT L1 OnS
represgn{3 dl =] P Tar T Wi f”ﬁfp one re conp URdS havi ng

an aVEE@gpos(iﬁon represented by Formula L

13. The process of claim 12, wherein the advanced epoxy resin composition is

represented by the following general chemical structure of Formula II:

m/;\m_%_@ ;f? oo o GM@ @_(}wf_\m
&

R/ \R4

Formula II

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

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

14. A process for preparing an advanced reactive resin composition comprising
reacting (1) a stoichiometric deficiency of one or more of the epoxy resin compositions

represented by Formula I of claim 1 with (2) one or more compounds having an average of
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WO 2011/ 068644PCT/ US2010/ 056102 nore than one reactive hydrogen atom per
nol ecul e, excluding an epoxy functionality, wherein the reactive hydrogen
atomis rwecebivesmiut h an epoxi de group in said epoxy rePCm/UsSOMPOSI1DE ON

represented by Fornula |I. 15. The process of claim 14, wherein the advanced
react i were $ah On€ HAPHSE li}id@digeh&td’rﬁ peessietad, dxylddng dnadpogyfuigtigediey,al chem cal
structure of Formula Ill: OHOHOH 111 0-CH2 -CRa-CHRa, - Z- EQ A- CH2- CRa - CHRa

~00- ChiRareerke ceastye hydrogen gtorp i psagtive igly an epoxada 2rRup i SafhERY Ze5T |
wher ei p ﬁ?bmﬁgnﬁﬁgme bf%bnﬁ&, , m and Q are as defined in Formula Il; Z1

IS equa an |nteger having a value fromO to about 20.

15. The process of claim 14, wherein the advanced reactive resin composition is

represented by the following general chemical structure of Formula I11:

(I)H (I)H (I)H
1
z —EQ—Z}PCHZ—CR“—CPR“—O —CH,—CR*—CHR? —ZEQ—Z]—CHZ—CRT‘—CHR“—O@
P
( )& () ®

3/ \ 3/ \

W-Jk

Formula III

wherein R?, Rl, Rz, R3, R4, X, Z, m, and Q are as defined in Formula II; 7! is equal

to Z-H, and y' is an integer having a value from 0 to about 20.
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