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25cured, which can be considered to be the point during the curing process
beyond which there is no change between two consecutive Tg neasurenents
(ATg) . [Owoppii4teer m " phosphazene, " as used herein, ispraTcmNaiw/iord7ecul e, a
ring nolecule or a bridged nolecule that contains alternating phosphorus
and nitrogen atons with two substituents on each phosphorus atom and
represented by the structure (I) below 30 WO 2011/134168PCT/ CN2010/072371
(1) [0012] The substituent (-R) may be the sanme or different and may be a

Shydr ocar ik, }ﬁ%ﬁéﬁﬂo&e§ B é&tﬁﬂo%ﬁd Wﬂiraﬁ(éﬁéﬁy Ilesﬁ R4 Bptl(?hahg he Eﬂﬁ%@l@‘r defftd

conblnatlons t hereof The termn' has a val ue of 013] A cyclic
phosphazehe insthodmisesimaludes bxposing the mistury o eltqar)lpmtutw\abq@)the mt[ummﬂqeﬂ_R and
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3to aboumnhgcmﬂymanbnnm&unguakampy&mﬂf a suitable cycllc phosphazene is

cyclotrlp hazen re resented by str cture (II w.,. 15 0015 (n)
above. o@ﬁ@fﬁ The HeglpRent QAT Prosy a@mﬂéc H)a OS‘éne&ﬁyanRimClel
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bel ow. 2011/ 134168PCT/ CN2010/ 072371 - N=F - - nln [0017]R3 is a

bi - f unct i T6#dion Pt @ﬁanaemxzzs|r¢simt@epho|sp@@wblwl@magolgfcoglp@w; aceoptiopply
an epoxy hardener. The article may be a pre-preg, a laminate, an electrical laminate, and
combinations thereof.

10 [0007] The epoxy compositions of the present disclosure exhibit improved latency,
and/or higher glass transition temperature, and/or a faster cure rate compared than
conventional epoxy resins and epoxy resins cured with imidazole-based curing catalysts in
particular.

DETAILED DESCRIPTION

15  [0008] The present disclosure relates to the use of phosphazene blocked azole
compounds (PBAC) as curing catalysts for epoxy resins. In an embodiment, a composition is
provided. The composition includes a curing catalyst, an epoxy resin, and an epoxy hardener.
The curing catalyst includes a phosphazene blocked azole compound.

[0009] Curing Catalysts

20  [0010] The curing catalyst of the present composition includes a phosphazene
blocked azole compound. The azole moiety of the PBAC, can be substituted or unsubstituted,
and facilitates the formation of an infusible reaction product between the epoxy hardener and
the epoxy resin in a final article of manufacture, such as a structural composite or laminate.
By an infusible reaction product, it is meant that the epoxy resin has essentially completely

25  cured, which can be considered to be the point during the curing process beyond which there
is no change between two consecutive T, measurements (AT,).

[0011] The term “phosphazene,” as used herein, is a chain molecule, a ring molecule
or a bridged molecule that contains alternating phosphorus and nitrogen atoms with two
substituents on each phosphorus atom and represented by the structure (I) below.
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may be the sane or different and nmay be any R substituent as in structure
(). The termn' 5has a value of 2 to 15,000. [0018] Any of the foregoing
phosphazewe 20umsewwads of structure (1)-(1V) may be a phesplazen#7d’ocked
azol e conpound (PBAC). An "azole,"” "azole conmpound,™ or "azole group” as
used herein, is a five-nenbered heterocyclic ring structure containing at

| east one carbon atom and at | east one nitrogen atom The azole may or nmay
not be aromatic and nay 10 or may not be substituted. The azol e nmay incl ude
nore than one heteroatomand/or nore than one nitrogen atgq Nonlimting
exanpl es of suitable azole conpounds include imdazole, pyrazole, and
triazole, any of which may or not e substituted. [0019] A "phosphazene
bl ocked azol e conpound” is a|phc zeme conpound wherein each substituent
is an azole group. Nonlimting ekanples of a phosphazene bl ocked 15azol e
conpound i nclude the phosphazgnerof stfucture (1), (I1), (I11) and/or (1V)
wherein each -R substituent is an azol'e group. [0020] A cycl ophosphazene

bl ocked azol e conpound can be obtained through the reacti on between

cycl ochl o osphazene and.substi t.ut ed/ unsubstituted iy dazoles, triazol es
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reactions descry I [ ' . "
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cycl otri phosphazene bl ocked azol e conpound can be obtai ned 25(hrough two
step reactions: firstly, cyclochloyotriphosphazene reacts with diamne or
diol to prepare bridged cycl ochl of splRosphazene; then the bridged

cycl ochl or ophosphazene can react W tfFNsfibstituted/ unsubstituted im dazol es,
triazol es or pyrazoles to prepare i cycl ot ri phosphazene- bl ocked
substituted i m dazoles, triazoles or pyrazoles. Such reactions WO

2011/ 134168PCT/ CN2010/ 072371 are de rbed in Brandt, Krystyna, "Synthesis
and properties of the new reactive oligoners containggg cycl ophosphazene
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(V-1), eachliptitsphampiecofaudusthble eeclic phosghazens islagaddteipAdsphazengrepfisented by e
(V-1 representég?qgg%inidazolyl)cyclotriphosphazene. As shown in structure
(v-2), eatWe®Hd bi@%t my be a substituted imdazole group wherein the
substituent -R of structure (V-2) is the same or different and(rg sel ected
from hydrogen, a Cl1-05 hydrocarbyl group, a C3-05 hydroxyal kyl group, a
C3-C4 al kenyl group, a cycl ohex \9%;Sp, a C6-C10 aryl group, a Cr-C8

aral kyl group, a cyclic structure, rfdnd conbi nati ons 15t hereof [0024]1n an
enbodi nent, the phosphazene bIogﬁ%ﬁ 0l e compound is represented by the

structure (VI) bel ow. R R
(V1) \\i u//
/X N\
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[0015] The —R substituent of structure (IIT) may be any R substituent as in structure
(I) above.
[0016] A bridged phosphazene has the structure (IV) below.



(VI) WD 2011/134168PCT/ CN2010/ 072371 [ 0025] As shown in structure (VI),
each phosphazene substituent is a substituted pyrazole group. The
substit uewd 20R/Bfl168t ructure (VI) is the same or differerCTamtoion7shect ed
from hydrogen, a Cl1-05 hydrocarbyl group, a C3-05 hydroxyal kyl group,
C3-C4 al kenyl group, a cycl ohexyl group, a C6-Cl0 aryl group, a C7-C8
group, a cyclic structure, and 5conbi nations thereof. [0026]1n an

ar al kyl

enbodi nent ,

a

t he phosphazene bl ocked azol e conpound is represented by the

structure (VII-1) and/or the structure (VI1-2) below. MKR NN Wy/N R RR -(
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10

15

20

25

—N=F —|—R.— =

I
n R R n

[0017] R; is a bi-functional amine or a diol. The —R substituents of structure (IV)
may be the same or different and may be any R substituent as in structure (I). The term n’
has a value of 2 to 15,000.

[0018] Any of the foregoing phosphazene compounds of structure (I)-(IV) may be a

2% <<

phosphazene blocked azole compound (PBAC). An “azole,” “azole compound,” or “azole
group” as used herein, is a five-membered heterocyclic ring structure containing at least one
carbon atom and at least one nitrogen atom. The azole may or may not be aromatic and may
or may not be substituted. The azole may include more than one heteroatom and/or more
than one nitrogen atom. Nonlimiting examples of suitable azole compounds include
imidazole, pyrazole, and triazole, any of which may or may not be substituted.

[0019] A “phosphazene blocked azole compound” is a phosphazene compound
wherein each substituent is an azole group. Nonlimiting examples of a phosphazene blocked
azole compound include the phosphazene of structure (I), (II), (IIT) and/or (IV) wherein each
—R substituent is an azole group.

[0020] A cyclophosphazene blocked azole compound can be obtained through the
reaction between cyclochlorophosphazene and substituted/unsubstituted imidazoles, triazoles
or pyrazoles with tertiary amine as acid scavenger. Linear phosphazene blocked azole
compound can be obtained through the reaction between linear chlorophosphazene and
substituted/unsubstituted imidazoles, triazoles or pyrazoles with tertiary amine as acid
scavenger. Such reactions are described in Carriedo, Gabino A, “Phosphazenes”
Organophosphorus Chemistry (2009), 38 332-386.

[0021] A bridged cyclotriphosphazene blocked azole compound can be obtained
through two step reactions: firstly, cyclochlorotriphosphazene reacts with diamine or diol to
prepare bridged cyclochlorophosphazene; then the bridged cyclochlorophosphazene can react
with substituted/unsubstituted imidazoles, triazoles or pyrazoles to prepare  bridged

cyclotriphosphazene-blocked substituted imidazoles, triazoles or pyrazoles. Such reactions
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substituent is a substituted triazole group. The substituent -R of
structure (VII1-1) and/or structure (M 1-2) is the sane or different and is
sel ect ed woamimgdre®egen, a Ci - 05 hydrocarbyl group, a C3PO0B/dNzoroceyah kyl
group, a C3-C4 al kenyl group, a cyclohexyl group, a C6-C o aryl 15group, a
C7-C8 aral kyl group, a cyclic structure, and conbi nations thereof. [0028]1n
an enbodi nent, the phosphazene bl ocked azol e conpound is represented by the
structure (VII1) below. 20 WD 2011/134168PCT/ CN2010/072371 [0029] The
substi t uept defRriBéd #f BHAHLKeydMal "Qyﬂt§es¥s%d§ﬁ%er@és $Hthd BERREacAN oligork&d €Ct ed
from hydrogen, a C1-05 hydrocarbyl group, a C3-05 hydroxyal kyl group, a

C3- C4 al kesmiainigg exphophasnbgedne migties g Chamia Stogavaaa 01 986Y 13 O@gmé,—ﬂa C7-C8

ar al kyl , a cyclic str r i i - an
erbod mert 02 he  phalsharEbaticfe sfEgnRARE BREkHERRId BihERha st RSB g
st ruct ur eby(dtodptube(Vo) andiofthel Bfuos(\Vsey ddwir e (1 X) is a bridged
cyclo%?osphazene conpound. R3 is a bi-functional amne or a diol. The
substituent -R of structure (I1X) is the sanme or different and is sel ected
from hydrogen, a C1-05 hydrocarbyfygjoup, a C3-05 hydroxyal kyl (grqup, a
C3-C4 al kenyl group, a cycl ohexyl group, a CB-Clq?aryI group, a Cr-C8
aral kyl group, a cyclic structure, and conbi nations #hereof. 15[0032] The
curing catalyst in the present conposition acts\é§~aﬁr‘ fective curing
catal yst and provides gtibst atftial |atency to tgé\ﬂo tron. In addition
the curing catal yst prd&kﬁeﬁ%ﬁ%r fast cure mt tenﬁéﬁgtUTe above the cure
onset tenperature andapan\gffeg&hyely increﬁﬁﬁ(th QT@SSN ansi tion
tenperature (Tg) of“@pg\qﬂwgg gggﬁy resin c ﬁ;eg\ppvf6 ntional curing
catal ysts. As a reéult,fﬁhp;@feSent cured epoxylr an\$s | -suited for
20use in a variety Qf“aﬁplﬁcafﬁcﬁ§ incIudingRe%éﬁ%rk ~ am nat es,

el ectrical encapsulégibn and adhegi on, and flipyc Rpgﬁa@kaging. [0033]In an
embodi ment, the curing catalyst is a cycl ophosphazené bl ocked azol e
conpound. Bound by no particular theory, it is believed that the

cycl ophos ene npj ety of. t he PBA ntrjbutes to the latency of. th
o e oA s s G RGPS SO i TR of
curing cadraghy St Stilidlrk 2&d1) Repr&lentd ! IRKE(Hhi B ESPIOS cloti@hokShadéhed MUNEh S @t i ve

to catal yze the reaction of the epoxy resin with the epoxy hardener. The
anount ofsteguag y¥t2)t Gaele substitiens dnaie fend ssubplifhted hanid 1EMDs Wierein ABl i n

t he conposi.ti t- K Q) i ~ t: rgets
of the arEPalEg R e B B e e P o
curi ng cafaCybydroselyligsodpr o600 shydernwyealky]l groud, GeCeelibnyderavpi, ghyclobaxykd on
total solids content of the coppesiti i.e., the total weight .of the
Commos: £1 88 4 hokn aRbaied CopherUBHHRIE: RIS AR g PeieBht o
5 pergentithbyofrei ght curing catal yst, based on total weight of the
conposition, or from1l percent to 4 percent by weight curing,catalyst

r

based on P84l wei dhensmbodunens e shespbirena bloskabizmosgmirsst fig represented
by the structure (V1) below.

(VD)
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[ 0036] The epoxy resin conponent of the present conposition includes at

| east one epoxy resin, and in sone enbodi nents includes a blend of two or
nor e epoXWyoOnresli/1sl68 Epoxy resins are those conpounds contarmiNigioar2i7east one
vi ci nal epoxy group. The epoxy resin can be saturated or unsaturated,

al i phatic, cycloaliphatic, aromatic or heterocyclic and can be
15substituted. The epoxy resin can be nononeric or polyneric. [0037] The
epoxy resins utilized in the conmpositions of the present disclosure can be,
for exanpipgasian epRYsHR™H h HrucurE QWD) %@&H Hos%az%ﬁé%ﬁ(bs‘hﬁ%hf‘% Prsapafaey from
an eplhalohy rin and a phenol or_a phénol pe conpound; prepared from an
epi hal ohmrramleagrdumnﬂmﬁumﬂtuwep&toésltrliqﬂtfm(‘éé @pnersam@nydlrffemnamw ia selaetbdxyl i ¢
acid I ro f 8]1In
e embodromng e E8ES SRR SRyl GO MG AR KRG kP

epi hal ohygtoup) aanclohexyhgioab, DCs-8:1rErmoud, i (18 -Cangbyirgoupl heyditesnaktutey ped
conpo nds cIude nppunds havi ng an average of nore than one aromatic
hydr o PgWH' ﬁWchule Nonl i mting exanpl es of phenol type conpounds

i ncl ud e diobye)r oxy Phe0d Hbodhieme | phosphdRenB ibidREN Y cte cohisipg e edppdented
bi sphenol’s, al kyl ated bi phenol s, al kyl ated bi sphenols, trisphenol s,

phenol - al tyethg stenqtess (B-1) and/ef the sirexsira VIt N&Relows t he reacti on product of
phenol s and si npl e al dehydes, such as formal dehyde), phenol -al dehyde
novol ac resins, naphthal novol ac fé&ilhs, substituted phenol - al féHyde
novol ac resins, phenol -hydrocarbon resins, substltuted phenol hydr ocar bon
resins, phenol - hydroxybenz alde yde resins, alkyha

30hydroxybenzaldehyde r% g ocar bon- phenoI Zglm

hydr ocar bon- alkylated p oI S|ns or conblnatlons/fsz}e f.

2011/ 134168PCT/ C\N2 6039]The presegnt %ur»ﬁ§>céialysts are
particularly useful c taI zNﬁbNthe curiq f nultlrfu ﬂonal (e.q.
di -functional) epoxy Ne5| av=g an avera \e epoxy groups
per nolecule. Nonlimti exa esRof nultl-f t{oﬁal epo y resins,

i ncl ude diglycidyl ek rﬁ,hothf&/sfphenol A (DGEB ﬁg -for mal dehyde
novol ac epoxy resins, henok<f or mal dehyde novdi@ yhre5|ns and

bi sphenol A novol ac epoxy resins. [0040] hbnlinltlng exanples of suitable
bi sphéhol A-based epoxy resins include resins such as D.E. R Tm 300 series
and D. E. Ro§#1600 Se{d Show WNGhEhAl |ymiamald AlGedfom i

Conpany a(j nd nghggén anp‘es(o a@poxy no%oea rezlns ugﬂ$ﬁh |n t he
pr esent ciubstitoentrisa isnlstinde tragolnerenpe HTssubsiupnt FrR4obstaishire S TIddandoei al | y

| abl e 10 fr T
o opar at HoBr¢ BbAD S AL T e RGPl AN Ty e a e AL
Ki 1 k- O hngbup, BEYCY 1odeskyalkof orohie @8¢4 a'lieaiym etoagya cydfdheld.grodyoh Cs X1 PRI
267- 289. Exanpﬁg(%ﬁngﬁfoxy resins and th eug precursors syitable for use in

the conpdEPER-3 lgrefins & CESIssEUEEe. AikmpRtephBgreot.or exanpl e, in
U.S. Pat.ob®osy- 5, 13 18 YhtRBnt 4Rd pREPhasbrl BRARI LrofdcERRRAAN N8 Rpresbhtsd
amount of epoxy resin present in tﬁe conposition is from 10 percent to 99
percent by theptgiatyre beEBdelw.t ot al wei ght of the conp03|t|on or from 50
percent to 95 percent by wei gh epoxy resin, based on total g@ of the
conposition or from80 percent to 95 percent by weight epoxy r SIR based
on total weight of the conposition. on(i§%43]Epoxy Har deners [0044] The
n

| ) .
epoxy hardener (also known as a crgs r or a curing agent), is a
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conpound having at | east one group capable of reacting with the epoxy
group(s) of the epoxy resin in the present conposition. The epoxy hardener
may be arwanhnesbwsed har dener, phenol novol ac and anhya@ciraaN20ig237€r m

"am ne- based hardener,"” is a conmpound, either 25 polyneric or nononeric,
having at | east one am no group or imno group capable of reacting with
epoxy groups of the epoxy resin. The phrase "having at |east one am no
group or imno group"” means that the am ne-based hardener can have at |east

one amin 0[t0@i9] up andiRrsuikinleBRSIR SRGrIcHIrd OVIEN QUide 3Me Bpﬂlfﬂ@?é\ﬁ?arﬁﬁﬁ s@l@ct&@ re
ki nds of roup. The am ne-based hardener can be, for exa

al i p?at i cfrcpollv/émgnle a @anarhydmcar@ybglioym Ke-Corhyaroxarikgl stoup, 3&&4&«& | WD
2011/ 134
a1 i phat | TOUT S ononh e8P EC ERERBE, B G e R B el

diethylen&mﬁmﬁmbﬂemembfethylenetetran1ne tetraethylenepentanlne,

taeth h ¢t '
E:Qaa iﬂogﬂﬁ d?gﬁlmﬁlg%n telnf engr% ﬂpg]?ﬁpﬁ%ze %E)%E%J azole éc;rr?pngurrllg is represented

i met hyl hegamethydngaetd)deione, trimet hyl hexanet hyl enedi am ne, 5 and
bi s(hexanet hyl ene)triamne. Nonlimting exanples of suitable cyclic

al i phati c pol yanm ne-based hardeners include 1 ,2 -cycl ohexanedi{®&ine, 1,3
- bi s(am nonet hyl cyclohexane)ﬁ |sophoroned|a ne N-am noet hyl pi per azi ne,
bi s(4-am no- 3- nethylcyclohe hane, b i (4 anlno cyc
'%thHE nllnlting exanpl es of

| ohexyl ) met hane, andl, 3, 5- t 1 t hyl )
suitable aromatic polyanan)Bésg har d
di et hyl t ol uenedi am ne ( T ), ,Gkneﬁhyltoluene anmne?(EMMEMQ

di met hyl t hi ol t ol uenedi ang (ﬁET?&A) heny1en i
nmet axyl enedi am ne, diamn d{\ﬁenyF thang\;aﬂﬁ\ @d i |phenylsulfone

D cyandi amide (DICY) is a?«é\ r sp CI&IC dp”é fr’an ram ne- based

har dener. [0046] The rati e h r de Xy resin is sufficient to
provide a fully 15 cured epbxyFre ' The aff nt Nepoxy hardener present
can vary dependi ng upon the partitul ar hardenersFfused (due to the cure

chem stry and hardener equivalent weight). The ampunt of the epoxy hardener
present in the conpositions can range, for exanple, from about 0.3 to about

1.5 ddui viI8P3Ht s perStasiss ¥y isiakiidaad cyslonhrephapragpomegin. &ﬁﬁa@héﬁmcﬂw@i
exanpl e, &nﬁiﬁe 8996%hfﬁéj&%&gg&ﬁ”—ﬁ%f%@&lﬁ@t(maﬂs hl;gaﬁlé%&@fereﬁ?mf 'sélle&

an anount o at east percent, at [east percen east
percent, mmnﬂmdﬁ@ﬁnpeEbéhﬂndammbybgtmpJQEbﬁhﬂgdanmhplghmpsaéhdhudhﬂwtlc

anount needed to e r . B of illustrati.on certain
enbodi nortes. AscEEhE EE sy Torduor GroacBHE g0 e kuRsur oA o
from1l toc@difReoseihbredfy Wei ght epoxy hardener, based on the total weight of

t he conp03|t|on or from2 to 50 percent by weight epoxy hardener, bhased on
the tlot all00&ght ofTherairiag matdyst i he Q?Fé?nthPHWPSU?Ib aqty 35eAc BfCtNG CHERg ht
epoxy har I4 i an
enbodlneﬁgﬁﬁgﬁgn% %%eggg%%ﬁUMQB?gqﬁﬁkg?%ﬂ?%é@b g@g %%F@g‘"[gﬁégghg

[ 0048] | n mnvidesiod |fase aure at hemmpgamnes abswerth@i:ultehmsﬁdﬂrpp@hmltmmdl csanchf@btymlyjyl

et her of .bisphe o t epoxy. r.esin_of

conpos ¢ i BHERS BepRAFol OO0 AEPeiiuG FEd: T Mepgd SRR relifSbdimfired 1S

2011/ 1341@&9&1‘5{{0@112&11% Q482B/4%. [ADHBdsun, e p@éﬁbﬂcbulﬂ&hépoxgl h&sie Relsklitednfor

i ncl udes an am de- based epoxy hardener, [0051]1n an enbodi nent,_ the

corrp()?& t i YR 1n rﬁ‘c‘i’%’ﬁ@’soﬁﬂ@hﬁ@imlm“é‘t‘%% e]@fztnﬁpl lﬁwg}%qs glectrlcal encapsulation and

hexa(|n1QQ%gg&{%ﬁgﬁhp&ﬁbﬁggggﬁgzene and an am de-based epoxy hardener.

[0052] In an enbodi ment conposi tion includes a phenol novol ac epoxy

resin, [0033] In an embodiment, the curing catalyst is a cyclophosphazene blocked azole
compound. Bound by no particular theory, it is believed that the cyclophosphazene moiety

of the PBAC contributes to the latency of the present composition.



5hexa(i m dazol yl)cycl otri phosphazene, and an am de- based epoxy hardener.

[ 0053] I n an enbodi nent, the conposition has a glass transition tenperature
of at | eaw020453@Q680r at | east 145 C to about 160 C, or pgraaero/orpem 150 C
to 160 C. [0054] I n an enbodi nent, the conposition is hal ogen-free.

[ 0055] The present disclosure provides another conposition. In an

enbodi nent, a 10 conposition is provided and includes an epoxy resin cured
with a curing catal yst conprising a phosphazene bl ocked azol e conmpound
(PBAC) . I og4her Wh@%mohﬁt%f%ﬁffﬂ@@dt&lgﬁ 'ﬁtlhﬂ&il iH QI?eSprEs}éﬁt ESRRSk it it Of
the epoxy resin and the phosphazene bl ocked azol onpound. The conposition
may al so dffectivale cata}yzepmgpaﬁmndé leg eppxy d¢sm:vv@:bé@ ql@esvéaard@rmﬂhq greount of
conposi ti Y, e t resi

epoxy ha#%gﬁg?f0$§e$gg€%ya%%hres §9§§g gkgﬁﬁ“iggﬁ%ﬁrgéﬁ%’ @%ﬁﬁ?d g ove
The PBAC m‘agleshﬁg aemairpﬂnaﬁgmenepérlf@ﬁia&& tazoetseofatherpaitied talibs @rhanaﬁdtu&bbﬁe I n
an emhodi nent Be conposi tion gnclu

hexa( im Q251 §BOSIReTE: the B ] St usedtis 5iopt Gdwetcsnt to 10 percent by
hexa(i m da&ehty lbheadc b®tibtaPROKRNGHRRE Fnfle CRRMPHsiEIBR | (Ne., W 1R vedat loy thée
epoxy hardener. [0056]1n an enbodi nent, the conposition has a gl ass
transiti olmnepiienat iran esabagiment) e spmpasitien cestaing frpmak pergers t@StR@rC&bbbx 160

ot uags wrgt SRR, R el 88 ) WROALH) Pl RRAPh STk DReeg™ 1 7

hexa(lnldaz@mybyG@ghb@ﬂmghﬂﬂb@@bmméonpﬁﬂBﬁi@noﬁﬁwenbmdunmnt t he
conpﬁ@;tlﬁﬁ?%nclud reacti on product of a phenol novol ac epoxy resin
and hexa( azoIy&i@?%ﬁ%%?ﬁphosphazene 25[ 0059] Any of the foregoing
COMposi t i [0036]MRY COATHRIdpSRy Fabkh ImpbRE®R TR Piehdit o mPbsiGdrOmeRdBLitEeddt one

[ 0060] Opti onal Conponent s 061] Any of foregoi ng conpositions na
optional | egpomf,qsuvdén%mwemezﬁﬂhaoﬂinw@ ipplpdas a blengraf twg 9T B19rg §POYY é%lflsn)é@ﬁxﬁépoxy

resin co ot [

W oh do e it Bl ek TRK B L FHBA EPSArond? ThORhAY refi Rt
conposi t i @nsatonted e lmsataﬂatedualqdlapc odubialiphedie, 4theneé oommeteFmyclex ambtan, bot her
opthr mo nﬂ% useful. in 2011/ 134168PCT/ CN2010/ 072371 the

conpo?t |S(51ﬁ§ & e@p%yr]ieﬁla PHAT BPYPEIC FROPEPLIC such as silica; wetting

agents; C[obyr]ant S, Te@BodsreSiag bolizclli@ e, cofpasiBorsifalichraient dis¢l6dur@ganddelim UM
trlhydrate (ATH) and magnesi um di hydr oxi de ( MDH); roce55|ng ai ds;

f 1 uor escdRt CEFH AR GROXYIEHA oa%cwal?lpméﬁ@p@fwaﬁas prepepd Gpmagdrepihaiahydedn

t her eof | BY mpuh@c o MhloRydritd i
plast|C|£g¥§pa%%%o?hg?%’dd| vg% H#Jg %%gﬁﬁ% of wﬁ%?t%ve%%reggaélgﬁ the
conposi t i wegared fromvany Wlhdpb}rddmmgldom carthexyligtagics anfpreacedpfiomi theloxrdatiokdiof | ves
used d ng d sj red cQgracterlstlcs of the final cured epoxy resin.

Ther efor €, FHE g&@n}lve content can vary over a broad range. For exanpl e,
in some eobsg]i ment SIn driRecrfibodnst] ItlﬁHTSpd@CfdsdleufchﬂB@ b teRin9Prodacedf from 2n t O
90) percent wei ght additives, sed on the total i ght of the

conposi t i GHhalohyfonasd yRkene ﬁrp%)gliwtnp p8e APURAt Ry Phene tierecanpotadingleds ¢

toughener gmpdtedy Rfvird h0%288:d BPRRES thaﬁ&oédéuir@ﬁﬁﬁ‘@%dro%' ¥8ls P holecule.

pol yesters, and the |1 ke. Typical ranges for the toug eners, if present,

are 1 to N@llp@ltlngmxamplemf gﬂhtenoltiasea@omnouﬂde ipglidghtihy roxhaahcmi@o@phenoh This
i ncl S c ) e e

therlngégl abs? I C (ﬁ g}ﬁpo eﬁaﬁ 315 on’ %lﬁ\élatt%d%g) h%%lg nlfylﬂ¥d ﬁ%@%ééﬁ‘p%lss ?n(%s

15[ 0063] Tprenclaaipehsié | resms mcsvoﬂdmerephesthatt isdhes cdaomﬂ prodact ol phenalpthd smhply

contain o or, no en exanpl es. of sujitabl e sol vents
Cel ido Vet S T Eogag )y phogp [ B SR B kbR SES SRS, and
m xtures ¢Baitgel phg’r{cﬁfaﬁfeﬁﬁ‘& RROE N Sind, rf)ﬁéruﬂi@l %@5@&@ resm%t mblstuﬁfeh)’ﬂheﬁﬁt one,
met hyl |sobutyl ket one, cyclohexanone yrrol i dinone, propylene

gl ycol nonEmcepn etlgns. pridispoldiyedr b@@ﬁldﬁéhgrretwyms et halkylatedt atRiﬂenOl-

et hylgne 0 yl I I ) o]
|sopf§2an8%9”%£¥ugkgﬂﬁﬁ hﬂ lgﬁggg%ongﬁ&P¥o¥%§%132&%Eﬁﬁggg§§@%ﬁgke solvent
may be usednsbutmabmmmm@ﬂaxafe solvents may be used for one or nore
components. Wien a solvent is used, the anpbunt of solvent present in the
conposition is typically from1 percent by weight to 50 percent by weight;
or from 10 percent by weight to 45 percent by weight, or from 15 percent by
wei ght to 40 percent by 25 weight, based on the total weight of the
conposition, depending on the end use application of the epoxy resin
conposi tion. 8



[ 0064] Curing Properties [0065] The curing properties of the present
conpositions are anal yzed usi ng differential scanning calorinetry
(DSC). Cuwonglipsewerti es that can be used to charact eri PETRDh®/072371
conpositions include their Tg, cure onset tenperature (Tonset), tenperature
at the WD 2011/134168PCT/ CN2010/072371 exot herm c peak of the curing
reaction (Tpeak), total heat of cure (Alleare (J/g)), maximumrate of cure
and percent cure. [0066]During DSC, heat flow froma sanple is neasured
whi | e t hejogsyp! e '%%Q%@&%ﬂcuﬁﬂgpﬁh§§§ak&%ﬂﬁhhﬂ?Qw&Mﬁ@&cmﬁ@ﬁhgﬁﬁQﬂﬁhggft0
Tg, is observed as an endothermc Stepwise 5 increase in the heat Tlowin
a DSC curmelti-firgctroapk @e rdidundtionale gpaxy resinsphipaing eheverpex gl teosorrmeneaanekor ms
froma h gl.as lid .a.. Vi S i Qi - \Aj f er...l.nci in
t he sarrpla%rg?pesn%%r a }Je?gl,e ' tf11\]te08len%(l)té{ff’y fg%g?prlléseggn d%ﬁ‘%}’%ﬁﬁ%ie 8%251%5(:&&% lﬁgl?‘aﬁm ch
i s refl ecdigigcidsl ethtérasfiiEsgheadlhar(DGEREakd credohdorBldehyidesgovolaenspeky irsirshe

t enperat ure at_. whi the heat flow deviagtes fr a |ljnear response and the
exot her mi ke @a@ﬂ?ﬁéﬁ%@rfi&flw C(%aé%wlnﬁa@ﬁﬁiépée b8 TARRRERTYAFE 10 of curi ng
of the remoso)] At t heondiiid Ltk Mib1&f of Whitdblh bisPEenPSA-hRad ehbSWrdsisUhbiBdé 0 a

qguasi -l i near response. The area under the exotherm c peak in the DSC curve

can be i redipy suchcast 3 EgR V¥ 30A senesaandoP EcR/ Y 604 seres sommegpiallyagvagdible pioxy
resin cur i ~ de. T LEy Tg
and the not Doy QEREAE ER-BI A RERELERN Ry Is BRALy INFoROMAR S 22
cure of tihehppesmantisclospe sclidenssinssich he DEpdXY 408sserieppmorctidly avibable
conplete cur e w Il achie I mum val ue, Tg(00). As the resin
becoﬁgg H%FE%@Piggﬁgﬁﬁﬂﬁ@(¥W@mﬂ%§ﬁd@?£@%VF%@Pbecones increasingly snaller.
The heat b4gure camehgepisRdntd PekLFRINGs WRE PBHASRAIHhE bt eSS fdrh&a@PRXY
resin using the followi ng sinple calculation: (%cure) = éAHancared -

Al | ear ed)K{rIAQtthm@rnanxclqm@a@%P@W@h?f@hnqﬂggmﬁ RéaVobP, s~ Exgmplst ur ed
resin an - : f ; i - f ed
Fesin. 207 08B8) Fha: i BE pRERsoR e Ehse BnEiridllohs ofhis dhcldturcit

t hei r hi giisoldmgdted afiodeEpedd it Birfh PaaiNes 513 AMM0laed OHS 1888t curi ng properties
of t C itionsg_ at t era es _above. Tonset . 1S refl.ected in thei.r high
A 1o VPR P eindn aPR TS IhE SmPan 0L FosharerRidT e PHBRVERAY onal
curing cafréth Stpercef©MoasereentrBy Mgl dheribdgetiodretola? Welight af tHeompogitiemriffsndlazone
(2-Pl'). Thus, as il]lustrated in the exanpl es, bel ow, sone enbodi nents of
the presetitPeroat ioPpBarent Gisveish ARASHITPI/R tastfpersiofal avpiehf oh HiresoMPPEIHRR LT t hat
is at |eagsmlfh g@ltcel!lteﬁ)SbS ;;t?e e?i?f VERiAl dpBaPtrest? asBd HrelotdiNGBichDBE tﬁ% an

. L 1C
equi val ent conposition th d rs fromthe 1 nventive conposition only in

the curi ngpmmesitibyst - nanely, the inventive conpositions include a PBAC and
t he % Lgnal c arative sanples |ack the PBAC and have
an-i%ﬁﬂaggpgﬁased g%ﬁ%%gé%%¥%?yst, with all other conponents and anmounts
bei ng t hej0s44te or shesdpary ihatdeyer3@lsbhiosan®s a cW¥3slinker or a curing agent), is a
2011/ 134168PCT/ CN2010/ 072371 [0069]|ﬂ aggitionh t he phospha%éng bl ocked
azol e corfSTARHNE gt (e BN QURSFAPE e OicacBgtVituifp SR oM (H0é theiPexY o
provi de igh&RSRH pkledt Loffpb¥ifiot.O 'Ilfh@ ey ‘ﬁl@ﬂd@ﬁ@r ARBBOSh tdnfARe-bial rdtdhar s

fromthe inventive conposition only in that the conparative sanples use an
i m dazol ephsasleebvolaciang avhydridest Theatesim| ‘aokne-basePBaGendrSris exeampoandy ¢itheTg can
be | marove b | east, 5. C, _at | .10 . ayen a t > by
Fepl 2 no b nshERE it Feon R avay y oo SLBE e eifORor gy 1 o
PBAC cur i wigh egdxalgy@ips oBdreeeperp adinn®hé shipsedhadiag at eustede epmoysro@somintiavi ng a
Tg of at |east 130 %. This.iqglﬁgﬁs cured epoxy resin having a T%,Pf at
| east 140E"URNIC; et the, ATYRSTDASHE PYGERET SR BBV PoXsSt 088 i 3NN h EIAURGNY/OF Gt of
greater tiRaR oheQméno %&bq 3RdURRE havd HAd of Rlorel #indf oRBRILrobBOTEe amine-based
10[ 0070] Articles [O 71?The present conpositions can be used to fabricate
arti cl es.harganei entben fpr exampleean divhaiig palinreingran arpaatiq prlyaaiae pr an plicghc
conpqﬁjtgﬁﬂzﬁﬁﬂgnates, and electrical lamnates. The articles include the
pr esent pd&y resin compositions containing the PBAC and/or the reaction
product of the PBAC and the epoxy resin and optionally the epoxy 15
hardener. The term "pre-preg"” is a conposite of a porous reinforcenent

i npregnated with a curable resin conposition, such as the epoxy resin
conpositions described herein. Inpregnation of the porous reinforcenent can
be carried out by a variety of nethods, including, imrersing the porous
reinforcenent in a curable resin conposition, spraying the porous
reinforcenent with a curable resin cosposition, exposing the porous
reinforcenent to 20 a streamof a curable resin conposition and vacuum
infiltrating the porous reinforcement with a curable resin conposition.
Fol | ow ng i npregnation, any excess resin conposition on the porous

o o L Y



30carbon, graphite, ceramic or nmetal. WD 2011/134168PCT/ CN2010/072371
[0072] The term"lam nate” is an article made by pressing together, under

el evat ed worpariateses and pressures, the multiple | ayer ecofcnaormi72i7d] ayer ed
structure that includes at | east one |ayer of pre-preg, such that the

| ayer (s) of pre-preg are conpletely or essentially conpletely cured. An
"electrical lamnate" is a lamnate in which one of the layers 5 conprises
an electrically conductive naterial, such as a netal foil. A nonlimting
exanmpl e ofpo44) el eCtNdnﬁﬂ{itiﬂ%éﬂa 1R Jf BGitBHALR y ARG DhatiDl ity SR b @ hatbferPT €9
(the pre-preg containing the phosphazene .bfyocked azol e conpound or reaction
product tihelpéofthylnadirmie diethlenetriming trigihslesetpiraminentetra¢thytenepestametes of a

conductiv, I h £ oi | |.ai.d- - sed at
T R e g e G s
10f or m t heiethlyratdiaramk, | 2/idirasteylhg:0neR]yiNgetiamirie, ngireethgdenmrtis/lakdihmnme,
present disclosure are provided below .J0074] A co sition (El) is_ provided
conpr i%si g% b&@iqxwe%ﬁlﬁg?)ymm%n Mwl$f@si#ma§a”§fﬁ i A heHI T he
curing cajcMansihe-6RRBI | BR8erRrd N ASNNRZ €NE2-BY IsHeRshAZRife, CONBMHIIBminGHethhe
conposition of El wherein the curing catalyst is a cyclic phosphazenée 15
bl ock azotvelobefpelind. ESphorprediagHpdsi t i dhamimoghylpaterazineE? whidip@raminerd-
phosphaze I conpo C i ﬁg[ﬁp sel e d fr he
group con@‘lgﬂsl?[lcg%g%g ygﬁg{}/lg $c phg@p 4aaglgﬁédy§f6§ec)§'l |m%é’azol e%}lg cycf)llr%’%
phos phaz ems(abiimmkatioy | foenztaz ol Npnlanding eyoiples ghospblezanmatit gokadcimybazdl e.
E4. The conposition of .a f El.-E3 i,n the ring cataly ri ses
nexa(itm BT, U s BHShenegismine WBETEAL WiRgbliaitinte VIR
- E4 wher edimetnfBhiBROM¥nddRSiAe COMBTIES), di Gl pehiihedinias, ofmdi-sphediamin®, ES.
The conposition of any of El-ES wherein the epoxy resin conprises a phenol
novol ac ep@Ripodiphenylmethanerged dismperdiphesplsefongnyDisyardiangde WAy V) 1§ angieepoxy
har dener i jgex | y hardener. E8. The conposition of
any of Elﬁ?@égoﬁﬁr@gf%{:}g ?8?5%%?3‘? gféétgher of bi sphenaol - A,
hexa(i m d@84d]yl ) cydhetmiipldspbraz kardeneana epoxyarasuieis raffedent poypyoddh arfuédner .
E9. T (of0) sition .of .any of El.-E8 conprisin henol ,noval ac _epq
esi b e TAOoT g1 TR SmOpe b it dREne Rt (P R e iRl B Y
har dener . paltlddlar HagleaORNRE {duento Ghe aut¥ chémitry BAd hardend uilaRas welght)SThé on
tenperature of at |east 145C. [0075] Anot her conposition (EIl) is provided
conpri si rANARt &pHE R hrdane ATeHRNE HN dhe GOMPRITEORS LAY JAN0e fRTr PEMRLE. drom
phosphaz ~ ) i 10
o o e O R R cpro e quRafene O BEREC 1e8 Bmebhent. Fobauce
of hexa(iexataleokhel epoyy hadenqsicas bharesers imthe prosent paRyositoss m aEaBountid at
conpasi tian 2011/ 134 CT/ CN2010/ 371 of an El | -E12 hayi a
o ab 2 ¢+ AR oD RS R e het st s pagert v 1P et AEL I IOST any
of El 1- Bldcenh@f eHestditidoapo imioest needed tdicOleythé ehydxyeédier Bpivabios fihetigonA. El
5. The conposition 8’f any of E 1 1-E13 wherein the epoxy resin a phenol
novol ac ePSEYIP EHIORIIMENEO 1AM aYBE HotPOXEDBISRS P ePaRY IAGhaCETRBHIB DX ™ bsi n
i's provi dgthoandednb &y TRLAES/IRAAISRS, Pis¥d B e foHll Gt airahy Sbmp&RM 8f N9 a
phosphazene bl ocked” azol' e conpound wi th an epoxy resin and an epoxy
har dener .frath@ tendP hegentibyovdightlen baggd tohéharfosel weeght of the cempesitatur e

frath@ tens byovdighslepepeshasdgners bargd se weeght of th

above,t he _cprin n ratune, er h 0X r.dener.. ts. wth
t he gzpsoxyorr %élsnngitg ﬁﬁée%f&{e%gn(‘:”eeﬁj%ﬁ %p\élg chﬁfc?éﬁégr’ %3 e@l ?/%ttg‘?aé plr Bv\g}g(ﬁig%g ﬂ?:%r ed
epoxy resdompokitiégn. The 10 nethod of El 6 wherein the curing catalyst is

selected fr the group consisting of a cycl.i osphazene bl ocke

i m dazol e[TOO% cycl i gn ﬁﬂS@%ﬁ‘gf’@%ﬂlﬂ %‘ER%ﬂatf‘]g’Ftdég‘EfFagfmgaﬁaﬁ’ R ‘i}%t'lnpﬁosﬁﬂ%f%ﬁazene
bl ocked pybggiol e. El&n cMMRJFRIDAHe @po:dksiflof EScdmlpbsIMORTIE kIR Gitlet BY
catal yst is hexa(im dazolyl)cyclotriphosphazene. [0077] An article (E19) is

provi ded smheednpri ses an epoxy resin and a phosphazene 15 bl ocked azol e

o1 ooken 200t compatiad. Bk A e KA SR GoRFR R  EIRARIACENN: .

of El 9 wiperetenirt he phosphazene bl ocked azol e conpound is
hexa(i m dazol yl ) cycl otri phosphazene. E21. The article of any of El 9-E20
wherein the article is selected fromthe group consisting of a pre-preg, a
| am nate, an electrical |am nate, and conbi nations thereof. 20
[ 0078] DEFI NI TI ONS [ 0079] The term "al kyl ," as used herein, refers to a
branched or unbranched, saturated

10



or unsaturated acyclic hydrocarbon radical. Nonlimting exanples of

sui tabl e al kyl radicals include, for exanple, nethyl, ethyl, n-propyl,

i -propyl ,wo-2prioserwgl (or allyl), vinyl, n-butyl, t-butylPCTiICN2otoyl72370r
2-met hyl propyl ), etc. The al kyls have 1-20 carbon atons. 25[0080] The term
"substituted al kyl," as used herein, refers to an alkyl as just described
in which one or nore hydrogen atom bound to any carbon of the alkyl is
repl aced by anot her group such as a hal ogen, aryl, substituted aryl,

cycl oal kY[Ik)OS(ﬁUbSt | i bR EmBY&RAY Hﬁé%om@@&%tpﬁ}éﬁlh&adnka)fﬁlde 5%§Eh&§’t}ﬁ ener.

het er ocycl oal’kyl , hal ogen, hal oal kyl, hydroxy, am no, al koxy
ani no, tH|0©51]n|troInant¢etbedmbﬁlpe m®@m|lnﬁude@rdglym@r1@dfer:eﬁptmla}ellptme term

caryl, ﬁgda?cfelgnzéﬁlotﬁ ?;ISI%]zén% MY AL BLbGed %gi:&’ }ﬁ%hee%r whi ch may be a

smgle arorral aromati c rings are fused together,
| i nked cdeasynt!|y, In\4® @%ﬂﬂéﬁlﬁSE@fﬂp&\ﬁ@ﬂﬁicﬁﬂBB%]ph@ﬁollnonklacl epoxyaresmIMON

group su e.or eth Iene noi.ety. The aronpmtic ring(s) may

i ncl ude plﬁéﬁ(grlﬂadaﬁbﬁ%/yﬁ& triphospiiz e?ﬂfil an aérﬁg %i‘sﬁg@ﬂ?{ly harde8iy ot hers. The
aryls haV[?Oé-S]ZO CaNPQRA MBdAEmentt 0@8%1)%65&1&{ Ras @'gﬁ@ﬂ traﬁ’§tld%§%ﬂ1p@ﬁﬂhﬁ*b RfatS a
m xture of two or nore cogg)onents Such 5 a blend nay o not be

m sci bl e leadl 4pHass atlepdn 41 &d taaborbl @Y. aF greatgethyn 1§§hc(l?1t0a1619l°€nd may or nay
not be pgﬁﬁgdsepar%%emw l?}eﬁ‘t B‘Je%gglp orPsh efiffke CONtai n one or rnore

domain c urati ons erm ne m SSsion el ectron
spectros c[@ps'S] i ghtTh:eqnesteﬂr d1s<gosuxe payutesand)then cignpaanidnothein engiodonentkanown

int art 31 The term. co ition d. herei.n cl udes .a

et e AR RE & oV e SRR e ST BB Cr el E ool CaBPrgag | o
product s 2pkbs @ﬁ@&@él&eﬂ%ﬂol@%@ﬂl@ﬁﬁrﬁl (ﬂ’@rA{t@d Th fogh®r Wb@ds”ﬁfe&foh@)b&tl@ﬁ idcNfles
conposition. [0084] The term "conpri s@ﬁg" and its derivatives are not

i nt ended the reagbenupedeiief theeanony eesst angrifie plefirhazsaabloskdrzetetompopad dhe

procedur e gﬁﬁ&gﬁgﬁ Fnag alsBQﬂclﬁJ}ean?%g&% Rur@RECs di ‘?dslecy CPHV? Irﬁﬁseﬁw cloﬁ1p§£e19§r¥ t he

av0|d any process o osition c al e rough u
term' conrpay ke thg reavaign procluctad aarpogdatsini DRBIAG hep sy epryyihprdener, TEedippky e,

adj uv aor conpound whet her I ric r se, unl 1888, st a t he

Cont 1y e SR AHE Erore i i inyf o Phe BB AC BT e o B RS ¢ orm

the scopeazefe a:ampsmecﬁghmgdrg@dvteat ion ailn%nﬂioﬂﬁﬁerﬁorfh@n@hﬁposﬁﬁ)ﬁpu&[udes

pr ocedur e, excedotl those that are not essential to operabili ty The term
"consi sti agaly ‘i}’&&rllﬁmpl@é%onentor st efhor prré%,cé‘ﬂﬁre nBfoduct of

20speci fi I

ot hor v e e DR Ry Sle g P, g A Rl PR oo Blther

conbi nat i [@AS6][ 0085]114\ ahkm@domrmnﬁheuosnmsra@rohaso@ lgéass traemitieratebparagure lof dt ogen.

The teroa nons fromGr u and VI I of

t he Peri o i?b}@a&? ora %ﬁtil%lgtég ﬁ)é’%lﬁéol es o%re?‘ltglit% I???Wr%to; ln%‘l El:de hal ogens

( F G, Br[oos)], N, On ai?emBodiﬁa,enﬁﬂﬁ oSmpoéiﬁ{)IOE@ﬁl}ied‘khé efa0tyChrodiict of diglycidyl
heterocycllcfEtruct

cl.os ring. cyclic or polycyclic structure
wher ei n t#ero ’(jplheé‘ﬁgéraéldgla’éa ’(‘5‘&%’8&’%&%60%13%?@%%“6% het eroatom A

het er ocyclohss] St rUCtiyhe eﬁﬁﬁdl%n@pc%ﬂlﬁbsﬁl%n@ﬁdl\ﬁ’&é@'ft}ﬁ&reac{tﬁﬁ%%&ct By spR&al byl
"hydrocarbon,™ and/or mg/dr ocar byl group” refer to substituents

cont ai ni rtgbvohbyp@wdﬁ%ge M(lmbdmgwmmqsnmzmﬁ ng branched or

;2§£| iCc (se[gem 226“ ar |£rf1%1 ri(%r(ﬂ‘b@g%)%%ff&@%&%ﬁ%ﬁﬁ%@aye&ﬁ@g}?&ﬁer eof

Nonl i m t |dig:1®eah¢ﬂems of hydr ocar byl groups include al kyl -, cycl oal kyl -

al kenyl - 8I(ﬁadi enyl -, cly | oal kenyl -, cycI oal kadi enyl -, aryl -, aral kyI

al kyl aryl[0 MNd al k}ip}‘—gé%ﬁ‘:‘i%—Fen 0088] A "substituted hydrocarbyl,

"subst i t uossh)hy dr oGy Yoreg 6ﬁ§/c@ﬁ1po§ti&ﬁtmﬁy~'6ﬁﬂ>nﬁ!ﬂ3dﬁféﬁﬁé Riler G8AKRS iRker to
a hydrocarbyl” group that is substituted with one or nore 5nonhydrocar byl

subst i t uetie bptalipgsedan ap aPONYi E$in gomk@smtgqnepmwdarhof@ﬁ yukoeslasincakigpinatesuent
30 and which do not detrimentally affect the properties or performance of the composition, or

the final cured product made therefrom. For example, other optional components useful in
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group is a heteroatom [0089] Al references to the Periodic Table of the
El enents refer to the Periodic Table of the El enents published and

copyri ghtwo 2b11/GRG68Pr ess, I nc., 2003. Al so, any referen®es/aN208/0@RIUP Or
G oups shall be to the Goup or Goups reflected in this Periodic 10 Table
of the Elenents using the | UPAC system for nunbering groups. Unl ess stated
to the contrary, inplicit fromthe context, or customary in the art, all
parts and percents are based on weight and all test nmethods are current as
of the fihtRgmPaitorRiindMSHingGhRBHES: filfQE, RLK ROSHiSa; Aletthl h&HtsStabaRtPat ent
practice, the contents of any ref erenced patent, patent a i cation or
publ i cat i syeh as earbmbltapiorf@n@detaydaméf suchrag elunringmdtinydsate (A al(l(i)maglne§1um
equi val en e ce) W th
Faspect - tomyiredds (YPIT) oisfill sl REABREARE oMol Rl SLERTR) «RRRGL RN
desi gns (APEY roe rderivarates | tierba, Iﬂéfhlo‘dktngDaftﬁnﬂchﬁdi hharfectient flovotcontrglonsnst ent

W th efl nitio ecj fical provi de n.this disclosure and ner al
know f‘sﬁlc’czﬁ@ a&Ht"tﬁ{ TRIGH R me e @HIOvRLy %‘Ld“i“f‘?cﬂ’rﬁﬁfé‘t a Fhev%“li}é@“f’%ﬁag

i ncl Ud' ngvaﬁ"@eﬂeﬁ&ﬁfg oANHe h&'t@re AQhd pREEuIYRd IR ves Lbed! AHAItBEBEYRd CharBR8isid t |
provided that there is a separation of at |east two units between any | ower
val ue andOféh‘i‘yﬁmlgW@d aparviEesinasTherefeseatis|additive cantensrapp Py Rk drosyaideal or
ot her pr I

S gj]p Va?ﬁa Sin s'6 eﬁl%g%%rgan’gslgl%gog%gﬁgor[ nﬁ“cl{lc'ﬂat £5h 13 952811 fr&ln 2 to 90%15 100

i ndi vi du and sub ranges, such
to 144 mmnbﬁar&ghﬂzﬁithS Dagkd omtthe totamel@xpfthssd)mpmtwmr ated. For ranges

cont | ues ich are.| ess th n, one 5 containing fractional
ol B8R oS et sRicBinRS g 1AM Bide FeritiisTh o e oS BoRL G 1 o
be 0. OoohlloQaIQQ@lbber , @blyRfetinds, p@@o%ﬂﬁﬁ Cﬁé[}le%ﬁﬁ arfOthe ﬂ1ﬁ89$§p1@ﬂﬁﬁxﬁ%e§“fd}gh§l ngl e
digit nunbers Iessthanten( g. 5), one unit is

consi der dgughsners, ifpresentge b tca?%p@mrv bémraﬂt dgsegfonhaveight @fg@e pq’mwutloyl
i nt ended, ﬁ)%ﬁ, e
| owest vaT}ggglgﬁlgbs isgﬁgssfflggg‘:@gé %qr?l&u%% e{%egtg?ar gﬁto %E g%l%lﬁ%g@g%nt%g be
expr essl ybas¢doretle total3Gughtof thesompsutien. Nuneri cal ranges are provided within
this disc re for, anong .ot her. things, .. 2011/ 134168PCT/ CN2010/ 072371
e’ dtourPBeH; © e pordpe BBt & i k2SR firlge g S S ARSRaY 298 00RO he
conposi t i @bre saR@nts. hmovlarmﬂug ecdiaglacoduitable 65lvarisl ifefudp &etohes alkyhykivdied hese
conponents are defined. [0091]As used with res‘?ect to a chenj cal conmpound,

unl ess spB¥§a | ¢thars.y atoputie iveepcatbnas wnd emiityres Shererfi Lrefeied sabvents includener i ¢
forms anddc%foﬁé HEhFPethyl HeBAR 2R isM: &W%%@metﬁl@mf R/fremm ne,
tenperature (Tg), cure€ onset tenperature (Tonhset t enper at urpe at ?1

exot her m moméalc grcal Heormmqﬂn@ eﬂ@acnrppyiet(eTglpedmnonqrmﬂml d&eatacctatec aﬂlele(lw | .

(J /g) xium rat cure, . ent gre are det ned b f
G 1 7 0% e ot S kbt i AP BRESE maMiRL i ritibE TGEE Bgtdn®
10[ 0094] miﬁiemglfaSG,mlheaDWb mlhglemazeﬁtamgl e Wised [BRA a6 e@bavm &cﬂvénhﬁrn@ﬁﬁ@l eis

heat ed. The | ass transition event, corres ondlcr%hto TQ, |s observed as an
endot her n§sgd ré’ﬁ‘\‘inoééloF"r\%‘Pf%I%fg’éntﬁnW}F?é‘W‘ten IS3fed theammint efj3q) yent pepsent in

representge chﬁpés‘i‘%rpﬁ tyﬁlcé’lﬁr' ﬁ&ntlhﬁeré‘dﬁ%y \ﬁe@g?it ) %@&E&rww&rgma fldd o
glassy solid to a viscous I'iquid. further increase in the sanple

t enper at meecent he weahk yo ﬁé@me@\kefnwuahﬂ Pr fmawelr-‘gp@sent i wryghtwhi4@peraent by

refl egted a t u T e

t erperat Y B2 oAeR OF o kRl dTat BETOsl By Pa Rl F G P%Q%ﬁ%%ag%a%ﬁ the
exot her mtheplﬁadyrémrpcﬁn@isuroa (Tpeak) reflects the maxinumrate of curing of

t he remﬁg ‘} t he cgn‘ipl itlon of curing, the DSC heat flow returns to a
quasi 26 ]respo a under the exotherm c peak in the DSC curve
can be inpeggjat ed theIbmtnd PeoRRRt of tﬁéﬂp@eseﬁTle%Eos(nMxﬁ) areAﬁnéNjke@pgéiﬁ{greS' n

cures Tg increases and ATLure decreases exanpl e and not
by 1i m t adiffeientiad geanpinescaddrindgiey r€3e rﬂur@gs@omfaﬁséh% S bﬁawdo@ Pemgicdes.

[ 009 OEX@ P onof m

hexa%! aZ(I;ﬁll:jﬁ]k gg}gllz%t%cp s%tﬁgzgg 9&8 @H%Z?g : Eﬁ%og%’]‘ﬂﬁ%& gratur eaFiﬂé S
used in the synthesis of LC 1 are: (1) hexichlorocyclotri phosphazene
(HCCP), grade nane - PNC, supplier - Xinyi Chemcal Co. Ltd.; and (2)

i m dazol e, available from Si nopharm Chem cal Reagent Conpany (SCRC).

[0099] LC-1 is synthesized and characterized as foll ows. |mdazole (2.345q,
0.0345nmpl) is added to 150 nlL tetrahydrofuran (THF) and stirred until
solvated in a three- 30 necked flask. Under an N2 atnosphere, 1.00 g (2.874
nmol ) of the HCCP is solvated in 50 m2 THE and added in a dropw se fashion
into the solution. The reaction mxture is stirred



WO 2011/ 134168PCT/ CN2010/ 072371 vigorously for 1 hour, then filtered under
nitrogen. The solvent is renoved fromthe filtrate with the use of a

Rot ovap. wWbeoslol3iuwsr esi due is washed with 20 niL THF to PeFOr0WN7EHCE ed

i m dazole, resulting in the production of the product, LC1, with a yield
of 90% [00100] The reaction nmechanismis as follows: N NN F 5 [00101] The
product is characterized using 1H NVMR and 31P NVR. The peaks in the NMR for
the product are as follows: (1) 1H NIVR (CDC13): 8 7.74 (s, 6 H, 7.24 (s, 6

, 7.09 ] H P le 1:
|I;?)oxy Resel(xﬁtshegnj r@épga%@{#ﬁ@%ﬁ % dich? npar ed )K%Mt(??\l }%a%%fﬁ%e(sé ?{ﬁusm) (1/5 )Og%gﬁlﬁt?dgp ZeM

[ 00103] Thef crepandwetsentaduse. used i n the for mul ati ons for the inventive and
comer 2 RGETP! TS ST 8B AR PO i O
D.ER1Im ”ﬂ&lglﬁ)&sv%rﬁ%&fﬂncaienﬁléoﬁr%pondiﬁ?@n@éﬁgy is observed as an endothermic stepwise
5  increase in the heat flow in a DSC curve. Tg represents the region in which the epoxy resin
transforms from a hard, glassy solid to a viscous liquid. With a further increase in the sample
temperature, the epoxy resin eventually undergoes curing, which is reflected as a large
exothermic peak in the DSC curve. Tonset 1S the temperature at which the heat flow deviates
from a linear response and the exothermic peak temperature (Tpcax) reflects the maximum rate
10  of curing of the resin. At the completion of curing, the DSC heat flow returns to a quasi-
linear response. The area under the exothermic peak in the DSC curve can be integrated to
give the heat of cure, AHcu (J/g). As an epoxy resin cures Tg increases and AH., decreases.
[0067] The changes in Tg and the heat of cure can be used to characterize and
quantify the degree of cure of the present compositions. As the epoxy resin approaches
15  complete cure, the Tg will achieve a maximum value, Tg(x). As the resin becomes more
crosslinked, the heat of curing becomes increasingly smaller. The heat of cure can be used to
determine the percent cure of the epoxy resin using the following simple calculation: (% cure)
= (AHuncured - AHoured)/ (AHuncured), Where AHyneured 1S the heat of cure of the uncured resin and
AH.ureq 18 the heat of cure of the partially, or fully, cured resin.
20  [0068] The latency of the present compositions is reflected in their high Tonser and
T,k temperatures, while the fast curing properties of the compositions at temperatures above
Tonset 18 reflected in their high AHge values, relative to comparable compositions made with
conventional curing catalysts, such as 2-methylimidazole (2-MI) and/or 2-phenylimidazone
(2-PI). Thus, as illustrated in the examples, below, some embodiments of the present
25  compositions (“inventive compositions”) have a Tonset that is at least 10, at least 15, or even at
least 20 °C higher than that of an equivalent composition that differs from the inventive
composition only in the curing catalyst—namely, the inventive compositions include a
PBAC and the conventional comparative samples lack the PBAC and have an-imidazole-
based curing catalyst, with all other components and amounts being the same or substantially

30 the same.
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Epoxy Hardener DI CY Dyhard 100S Dugussa 5.32% Conparative 2-M SCRC 1%

and Curing Catal yst 3% I nventive Curing LG 1 1% 2% and Cat al yst
15* - wt % baieediion4tedt al wei ght of the conposition. [0010#CThaN2hrwogzd7ive and
conparative sanples are prepared and characterized as foll ows. The

I ngredients are m xed by a high speed m xer. The Tonset, Tpeak, AH and Tg

are
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[0069] In addition, the phosphazene blocked azole compound curing catalysts of the
present compositions are able to provide increased Tg relative to an equivalent composition
that differs from the inventive composition only in that the comparative samples use an
imidazole-based curing catalyst, and lack the PBAC. For example, the Tg can be improved
by at least 5 °C, at least 10 °C, or even at least 15 °C by replacing a conventional epoxy
curing catalyst, such as 2-MI or 2-PI with a PBAC curing catalyst. Some embodiments
provide a cured epoxy resin having a Tg of at least 130 °C. This includes cured epoxy resin
having a Tg of at least 140 °C and still further includes cured epoxy resins having a Tg of
greater than 150 °C, and an upper limit for Tg of about 160 °C.

[0070] Articles

[0071] The present compositions can be used to fabricate articles. Nonlimiting
examples of suitable articles include pre-pregs, composites, laminates, and electrical
laminates. The articles include the present epoxy resin compositions containing the PBAC
and/or the reaction product of the PBAC and the epoxy resin and optionally the epoxy
hardener. The term “pre-preg” is a composite of a porous reinforcement impregnated with a
curable resin composition, such as the epoxy resin compositions described herein.
Impregnation of the porous reinforcement can be carried out by a variety of methods,
including, immersing the porous reinforcement in a curable resin composition, spraying the
porous reinforcement with a curable resin composition, exposing the porous reinforcement to
a stream of a curable resin composition and vacuum infiltrating the porous reinforcement
with a curable resin composition. Following impregnation, any excess resin composition on
the porous reinforcement is allowed to drain off, or is otherwise removed, to provide the
"pre-preg". Examples of porous reinforcements from which pre-pregs can be fabricated
include fibrous materials such as fibers, woven cloth, fiber mesh, fiber mats, and unwoven
aramid reinforcements such as those sold under the trademark THERMOUNT, available
from DuPont, Wilmington, Del. Such materials can be made, for example, from glass,
fiberglass, quartz, paper, which may be cellulosic or synthetic, a thermoplastic resin substrate
such as aramid reinforcements, polyethylene, poly(p-phenyleneterephthalamide), polyester,
polytetrafluoroethylene and poly(p-phenylenebenzobisthiazole), syndiotatic polystyrene,

carbon, graphite, ceramic or metal.
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obt ai ned by DSC (TA instrunments nodel (Q2000) using the foll ow ng DSC
testing paraneters and procedure: 1: Equilibrate at 23.00C, 2: Ranp at

10. 00C/ mwot20112801680C; 53: |sothernmal for 3mn (for LC PLTaMN280/0027m n (for
2-M); 4. Mark end of cycle 0; 5: Ranp at 10.00C/ mn to 23.00C, 6: Mark end
of cycle 1; 7: Ranp at 10.00C/ m n to 250.00C, 108: Mark end of cycle 2; 9:
End of procedure. Table 2. Tonset, Tpeak, Al and Tg for the inventive
exanples (I E) and conparative sanples (CS). Tonseti C Tpeak/ C Al Tg/ C

D. E. R I m[@gih)Dl CY Galeabt$ “laminatd”Ss hnaftid8 nlale b plesRing Fodetifer SunkidP cRvabd - 8

temperatures and pressures, the multiple layers of a multi-layered structure that includes at
least one layer of pre-preg, such that the layer(s) of pre-preg are completely or essentially
completely cured. An “electrical laminate” is a laminate in which one of the layers
5  comprises an electrically conductive material, such as a metal foil. A nonlimiting example of
an electrical laminate includes one or more sheets of pre-preg (the pre-preg containing the
phosphazene blocked azole compound or reaction product thereof) stacked in alternating
layers with one or more sheets of a conductive material, such as copper foil. The laid-up
sheets are pressed at high temperature and pressure for a time sufficient to cure the resin and
10  form the electrical laminate.
[0073] Nonlimiting embodiments of the present disclosure are provided below.
[0074] A composition (E1) is provided comprising a curing catalyst, an epoxy resin,
and an epoxy hardener. The curing catalyst comprises a phosphazene blocked azole
compound. E2. The composition of E1 wherein the curing catalyst is a cyclic phosphazene
15  block azole compound. E3. The composition of any of E1-E2 wherein the phosphazene
blocked azole compound comprises a member selected from the group consisting of a cyclic
phosphazene blocked imidazole, a cyclic phosphazene blocked tridazole, and a cyclic
phosphazene blocked pyrazole. E4. The composition of any of E1-E3 wherein the curing
catalyst comprises hexa(imidazolyl)cyclotriphosphazene. ES. The composition of any of
20 E1-E4 wherein the epoxy resin comprises diglycidyl ether of bisphenol-A. E6. The
composition of any of E1-E5 wherein the epoxy resin comprises a phenol novolac epoxy
resin. E7. The composition of any of E1-E6 wherein the epoxy hardener comprises an
amide-based epoxy hardener. E8. The composition of any of E1-E7 comprising diglycidyl
ether of bisphenol-A, hexa(imidazolyl)cyclotriphosphazene, and an amide-based epoxy
25  hardener. E9. The composition of any of E1-E8 comprising a phenol novolac epoxy resin,
hexa(imidazolyl)cyclotriphosphazene, and an amide-based epoxy hardener. E10. The
composition of any of E1-E9 having a glass transition temperature of at least 145°C.
[0075] Another composition (E11) is provided comprising an epoxy resin cured with
a curing catalyst comprising a phosphazene blocked azole compound. E12. The
30 composition of E11 comprising hexa(imidazolyl)cyclotriphosphazene and/or the reaction

product of hexa(imidazolyl)cyclotriphosphazene and the epoxy resin. E13. The composition
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of any of E11-E12 having a glass transition temperature of at least 145 °C. E14. The
composition of any of E11-E13 wherein the epoxy resin is diglycidyl ether of bisphenol-A.
E15. The composition of any of E11-E13 wherein the epoxy resin a phenol novolac epoxy
resin.

5 [0076] A method (E16) for making a cured epoxy resin is provided and the method
comprises mixing a curing catalyst comprising a phosphazene blocked azole compound with
an epoxy resin and an epoxy hardener. The method also includes exposing the mixture to a
temperature above the curing onset temperature, whereby the epoxy hardener reacts with the
epoxy resin in the presence of the curing catalyst to provide a cured epoxy resin. E17. The

10  method of E16 wherein the curing catalyst is selected from the group consisting of a cyclic
phosphazene blocked imidazole, a cyclic phosphazene blocked tridazole, and a cyclic
phosphazene blocked pyrazole. E18. The method of any of E16-E17 wherein the curing
catalyst is hexa(imidazolyl)cyclotriphosphazene.

[0077] An article (E19) is provided and comprises an epoxy resin and a phosphazene

15  blocked azole compound and/or the reaction product of an epoxy resin, a phosphazene
blocked azole compound, and optionally an epoxy hardener. E20. The article of E19
wherein the phosphazene blocked azole compound is hexa(imidazolyl)cyclotriphosphazene.
E21. The article of any of E19-E20 wherein the article is selected from the group consisting
of a pre-preg, a laminate, an electrical laminate, and combinations thereof.

20  [0078] DEFINITIONS
[0079] The term "alkyl," as used herein, refers to a branched or unbranched, saturated
or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, 2-propenyl (or allyl), vinyl, n-butyl, t-
butyl, i-butyl (or 2-methylpropyl), etc. The alkyls have 1-20 carbon atoms.

25 [0080] The term "substituted alkyl," as used herein, refers to an alkyl as just described
in which one or more hydrogen atom bound to any carbon of the alkyl is replaced by another
group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, halogen, haloalkyl, hydroxy, amino,
phosphido, alkoxy, amino, thio, nitro, a heteroatom, and combinations thereof.

30 [0081] The term "aryl," as used herein, refers to an aromatic substituent which may be

a single aromatic ring or multiple aromatic rings which are fused together, linked covalently,
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287.7 140.6 C53 17.8g Ilg 2-M 0.4g 76.5 116 244.6 137 C54 17.8g I g 2-M
0.6g 71 103.4 213.9 135.8 [00105] The data in Table 2 show t hat

f ormul at iwo=otaisswseni ng LC-1 have a Tg about 15 10 C hi ghercNehawy7titose
containing 2-M. Latency is denonstrated by the higher Tonset and higher
Tpeak a. _f the fornulations containing LC-1 relative to those containing
2-M as the curing catalyst. Hi gher Al values denonstrate the fast curing
property of the inventive exanples. WD 2011/134168PCT/ CN2010/ 072371

[00106] Nedﬂlbﬂk@éf &4 k¥@nien 3R suéh %a Qet@?&e@rgﬂ%ﬂéfeiM&e@@ﬂi%@roﬁla{iggggés) are

cured at 160 Cin an oven for different” periods of tine m n, mn, 30
mn, 40 rhay inglrderpherahdapighyli anthragdnel, ped dinheey L Tamang atkeraffherardabaveple?? od of
cure is Q{g%§Q&§g in Table 3. Table 3. Tg values for 1E 2 and CS 2 cured at
160C for ditlerent periods of time. |Inventive Exanple 2 Conparative Sanple
2 Tgl / C Toas1] The term “blend” as used herein, is a mixture of two or more components. Such

5 ablend may or may not be miscible (not phase separated at molecular level). Such a blend
may or may not be phase separated. Such a blend may or may not contain one or more
domain configurations, as determined from transmission electron spectroscopy, light
scattering, x-ray scattering, and other methods known in the art.

[0083] The term "composition,” as used herein, includes a mixture of materials which

10  comprise the composition, as well as reaction products and decomposition products formed
from the materials of the composition.

[0084] The term “comprising” and its derivatives are not intended to exclude the
presence of any additional component, step or procedure, whether or not the same is
specifically disclosed. In order to avoid any doubt, any process or composition claimed

15  through use of the term “comprising” may include any additional steps, equipment, additive,
adjuvant, or compound whether polymeric or otherwise, unless stated to the contrary. In
contrast, the term, “consisting essentially of” excludes from the scope of any succeeding
recitation any other component, step or procedure, excepting those that are not essential to
operability. The term “consisting of” excludes any component, step or procedure not

20  specifically delineated or listed. The term “or”, unless stated otherwise, refers to the listed
members individually as well as in any combination.

[0085] A “heteroatom” is an atom other than carbon or hydrogen. The heteroatom can
be a non-carbon atom from Groups IV, V, VI, and VII of the Periodic Table. Nonlimiting
examples of heteroatoms include: halogens (F Cl, Br, I), N, O, P, B, S, and Si.

25 [0086] “Heterocyclic” or “heterocyclic structure” is a closed ring cyclic or polycyclic
structure wherein the ring members are carbon and at least one heteroatom. A heterocyclic
structure may be aromatic or aliphatic.

[0087] A ‘"hydrocarbyl," “hydrocarbon,” and/or “hydrocarbyl group” refer to
substituents containing only hydrogen and carbon atoms, including branched or unbranched,

30 saturated or unsaturated, cyclic, polycyclic, fused, or acyclic species, and combinations
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Tg3/C Tgl/C Tg2/C Tg3/ C NA 159 158 145 136 135 158 158 157 129 129 128 152
154 151 122 132 131 159 160 159 122 129 129 144 146 144
WO 2011/134168 PCT/CN2010/072371

thereof Nonlimiting examples of hydrocarbyl groups include alkyl-, cycloalkyl-, alkenyl-,
alkadienyl-, cycloalkenyl-, cycloalkadienyl-, aryl-, aralkyl, alkylaryl, and alkynyl- groups.
[0088] A “substituted hydrocarbyl,” “substituted hydrocarbon,” and/or “substituted
hydrocarbyl group” refer to a hydrocarbyl group that is substituted with one or more
5  nonhydrocarbyl substituent groups. A nonlimiting example of a nonhydrocarbyl substituent
group is a heteroatom.
[0089] All references to the Periodic Table of the Elements refer to the Periodic
Table of the Elements published and copyrighted by CRC Press, Inc., 2003. Also, any
references to a Group or Groups shall be to the Group or Groups reflected in this Periodic
10  Table of the Elements using the ITUPAC system for numbering groups. Unless stated to the
contrary, implicit from the context, or customary in the art, all parts and percents are based
on weight and all test methods are current as of the filing date of this disclosure. For
purposes of United States patent practice, the contents of any referenced patent, patent
application or publication are incorporated by reference in their entirety (or its equivalent US
15  version is so incorporated by reference) especially with respect to the disclosure of synthetic
techniques, product and processing designs, polymers, catalysts, definitions (to the extent not
inconsistent with any definitions specifically provided in this disclosure), and general
knowledge in the art.
[0090] Numerical ranges include all values from and including the lower and the
20  upper values, in increments of one unit, provided that there is a separation of at least two
units between any lower value and any higher value. As an example, if a compositional,
physical or other property, is from 100 to 1,000, then the intent is that all individual values,
such as 100, 101, 102, etc., and sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc.,
are expressly enumerated. For ranges containing values which are less than one or
25  containing fractional numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less
than ten (e.g., 1 to 5), one unit is typically considered to be 0.1. These are only examples of
what is specifically intended, and all possible combinations of numerical values between the
lowest value and the highest value enumerated, are to be considered to be expressly stated in

30 this disclosure. Numerical ranges are provided within this disclosure for, among other things,
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125 134 130 130 136 136 116 128 126 NA Teaset 147C, Tpeak 172C, offset:
193C, AH=11.38J/g 5 [00107] Tgl, Tg2 and Tg3 refer to the Tg val ues for
the 14, 2m020andi38red cycl es of DSC testing, respectivel yPCITEN2OB|0TEEI1Tg
values in Table 3 show that fornulations using LC-1 as a curing cat al yst
have a higher Tg for the sanme curing period, relative to the formnul ations
that use 2- 10 M as the curing catalyst. This denonstrates both the Tg

i mprovenent and the faster cure provided by the LC-1 catal yst.
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Cured with 2-PI. 0] The raw materials used in the forrmulations for the
i nvent i veva@waﬁwae@tealﬁucsmd@mmrt@s by evhschripese soimponehissresefingle are shown in

Tabl e 4. NO@G%C . nul%%g 2@%1@2&{& t6th AENRATANHuNE iU RBLi L RR% B ST N

Phenol
otherwise, the singular includes all isomeric forms and vice versa.

5 [0092] TEST METHODS
[0093] Glass transition temperature (Tg), cure onset temperature (Tonset), temperature
at the exothermic peak of the curing reaction (Tpek), total heat of cure (AHowe (J/g)),
maximum rate of cure, and percent cure are determined by way of differential scanning
calorimetry (DSC), TA instruments model Q2000.

10  [0094] During DSC, heat flow from a sample is measured while the sample is heated.
The glass transition event, corresponding to Tg, is observed as an endothermic stepwise
increase in the heat flow in a DSC curve. Tg represents the region in which the epoxy resin
transforms from a hard, glassy solid to a viscous liquid. With a further increase in the sample
temperature, the epoxy resin eventually undergoes curing, which is reflected as a large

15  exothermic peak in the DSC curve. Toet 1S the temperature at which the heat flow deviates
from a linear response and the exothermic peak temperature (Tpcax) reflects the maximum rate
of curing of the resin. At the completion of curing, the DSC heat flow returns to a quasi-
linear response. The area under the exothermic peak in the DSC curve can be integrated to
give the heat of cure, AH,u. (J/g). As an epoxy resin cures Tg increases and AH,,. decreases.

20  [0095] By way of example and not by limitation, examples of the present disclosure
will now be provided.

[0096] EXAMPLES
[0097] Preparation of phosphazene blocked imidazole
hexa(imidazolyl)cyclotriphosphazene, “LC-1"):

25  [0098] The raw materials used in the synthesis of LC- 1 are: (1)
hexichlorocyclotriphosphazene (HCCP), grade name — PNC, supplier - Xinyi Chemical Co.
Ltd.; and (2) imidazole, available from Sinopharm Chemical Reagent Company (SCRC).
[0099] LC-1 is synthesized and characterized as follows. Imidazole (2.345g,
0.0345mol) is added to 150 mL tetrahydrofuran (THF) and stirred until solvated in a three-

30 necked flask. Under an N, atmosphere, 1.00 g (2.874 mmol) of the HCCP is solvated in 50

ml THF and added in a dropwise fashion into the solution. The reaction mixture is stirred
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Dow Chem cal Conpany Epoxy Hardener DI CY Dyhard 100S Dugussa Conparative
Curing Catalyst 2-PI SCRC Inventive Curing Catalyst LC1 WO
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sanpl es are prepared and characterized as follows. The ingredients are

m xed by a high speed m xer. The fornul ations for the sanples are presented
in Table 5. The Tg val ues for the sanples are obtained by DSC (TA
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[00100] The reaction mechanism is as follows:
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5 J
[00101] The product is characterized using "H NMR and *'P NMR. The peaks in the

NMR for the product are as follows: (1) "H NMR (CDCI3): & 7.74 (s, 6 H), 7.24 (s, 6 H),

7.09 (s, 6 H); and °'P NMR (CDCI3): § -1.82 (s, 3 P).

[00102] Example 1: Epoxy Resins Cured with I.C-1 Compared with Epoxy Resins
10  Cured with 2-ML

[00103] The raw materials used in the formulations for the inventive and comparative

samples in this example are shown in Table 1.

Table 1.
Function Chemical name | Grade Name Supplier Weight Ratio
Epoxy Resin DGEBA D.ER.™331 Dow Chemical | 94.5%
Company

Epoxy Hardener | DICY Dyhard 1008 Dugussa 532%
Comparative 2-MI SCRC 1%, 2% and
Curing Catalyst 3%
Inventive Curing | LC-1 1%, 2% and
Catalyst 3%

15 *-wt% based on total weight of the composition.
[00104] The inventive and comparative samples are prepared and characterized as

follows. The ingredients are mixed by a high speed mixer. The Tonset, Tpeak, AH and Tg are
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12: Equilibrate at 40.00C, 13: Data storage: On;

230. 00C;, 2015: End of nethod. Table 5.
Svoi2d1vsiegBt  Sol uti on wei ght Stoichi onmetry
92530 325 3 74.5 100 134.23

cont ent

14: Ranp at 20.00C/ mn to
Conpar ati ve Sanpl es EW P% Resin
YPGTHENION0/0EpRTLYy XZ

obtained by DSC (TA instruments model Q2000) using the following DSC testing

parameters and procedure:

: Equilibrate at 23.00°C;

f—

: Ramp at 10.00°C/min to 250.00°C;

: Mark end of cycle 0;
: Ramp at 10.00°C/min to 23.00°C;

: Ramp at 10.00°C/min to 250.00°C;

10

: End of procedure.

2
3
4
5
6: Mark end of cycle 1;
7
8
9

: Mark end of cycle 2;

: Isothermal for 3min (for LC-1) or 30.00 min (for 2-MI);,

Table 2. Tonset, Tpeak, AH and Tg for the inventive examples (IE) and comparative samples

(CS).
DER™ |DICY |Catalyst | Tomset/ °C | Tpea/ °C | AH Tg/ °C
331
IST | 178¢g 1g LC-10.2¢g 113.3 139.5 367.8 148.3
IS2 | 178¢g 1g LC-10.4g 102.5 151.8 3224 153.4
IS3 | 178¢g 1g LC-10.6¢g 997 1512 3709 149.4
CS1 |178¢g 1g - 1914 198 4 2777 1412
CS2 | 178¢g 1g 2-MI0.2¢g 952 1462 287.7 140.6
CS3 |178¢g 1g 2-MI 0.4¢g 76.5 116 2446 137
CS4 | 178¢g 1g 2-MI 0.6g 71 103 .4 2139 1358
[00105] The data in Table 2 show that formulations containing LC-1 have a Tg about

15 10 °C higher than those containing 2-MI. Latency is demonstrated by the higher T, and

higher T of the formulations containing LC-1 relative to those containing 2-MI as the

curing catalyst. Higher AH values demonstrate the fast curing property of the inventive

examples.
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| nventi ve Exanpl es

10

15

[00106] Next Inventive Example 2 (IE 2) and Comparative Sample 2 (CS 2) are cured
at 160 °C in an oven for different periods of time (10 min, 20 min, 30 min, 40 min, 60 min
and 90 min). The measured Tg value after each period of cure is presented in Table 3.

Table 3. Tg values for IE 2 and CS 2 cured at 160 °C for different periods of time.

DICY (in DVF) 10.4 10 2 20.00 Hardener 0.19 Catal yst
2-Pl (in DVF) 144 10 2.3 23.00 E/H 1.60 Total Varnish gel tine: 210s 104.3

Inventive Example 2 Comparative Sample 2
Cure time/mins Tgl/C Tg2/C Tg3/C Tgl/C Tg2/C Tg3/C
10 NA 159 158 145 136 135
20 158 158 157 129 129 128
30 152 154 151 122 132 131
40 159 160 159 122 129 129
60 144 146 144 125 134 130
90 130 136 136 116 128 126
NA Tonset 147°C, Tpeak 172°C, offset: 193°C, AH=11.38J/g
[00107] Tgl, Tg2 and Tg3 refer to the Tg values for the 1%, 2™ and 3™ cycles of DSC
testing, respectively.
[00108] The Tg values in Table 3 show that formulations using LC-1 as a curing

catalyst have a higher Tg for the same curing period, relative to the formulations that use 2-
MI as the curing catalyst. This demonstrates both the Tg improvement and the faster cure
provided by the LC-1 catalyst.

[00109] Example 2: Epoxy Resins Cured with I.C-1 Compared with Epoxy Resins
Cured with 2-PL

[00110] The raw materials used in the formulations for the inventive examples and

comparative samples in this example are shown in Table 4.

Table 4.

Function Chemical name Grade Name Supplier

Epoxy Resin Phenol Novolac Resin | XZ92530 Dow Chemical Company
Epoxy Hardener DICY Dyhard 1008 Dugussa

Comparative 2-PI SCRC

Curing Catalyst

Inventive Curing LC-1

Catalyst

22



EW P% Resin content Solid weight Solution weight Stoichionetry % g g nol
XZ 92530 325 3 74.5 100 26.85 Epoxy 0.31 DICY (in DWF) 10.4 10 2 4.00
Har dener woO 2011/134168 PCT/CN2010/072371

[00111] The inventive examples and comparative samples are prepared and
characterized as follows. The ingredients are mixed by a high speed mixer. The
formulations for the samples are presented in Table 5. The Tg values for the samples are
obtained by DSC (TA instruments model Q2000) using the following DSC testing
5  parameters and procedure:
1: Equilibrate at 40.00°C;
2: Data storage: On;
3: Ramp at 10.00°C/min to 220.00°C;
4: Data storage: Off,
10 5: Equilibrate at 190.00°C;
6: Isothermal for 15.00 min;
7: Equilibrate at 40.00°C;
8: Data storage: On;
9: Ramp at 10.00°C/min to 220.00°C;
15 10: Mark end of cycle 2;
11: Data storage: Off;
12: Equilibrate at 40.00°C;
13: Data storage: On;
14: Ramp at 20.00°C/min to 230.00°C;

20 15: End of method.
Table S.
Comparative Resin Solid Solution
Samples EW P% | content weight weight Stoichiometry
% g g mol
Epoxy XZ
92530 325 3 74.5 100 13423 Epoxy 031
Hardener DICY
(in DMF) 10.4 10 2 20.00 Hardener | 0.19
Catalyst 2-PI
(in DMF) 144 10 2.3 23.00 E/H 1.60
Vamish gel
Total time: 210s 1043 P% 2.88
Tg2: 123 deg C
Tg3: 124 degC
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0.19 LC-1 (in DW) 90 10 1.4375 2.88 E/H 1.60 Total Varnish gel tinme: 210s
103.4375 p% 2.90 Tg2: 130 deg C Tg3: 130 deg C [00112] The data in Table 5
show t hatwohe11lig4xal ue i ncreases by at |east 6 or 7C foPCrleN2rwen7ive
sanples relative to the conparative sanples. [00113]It is specifically

i ntended that the present disclosure not be limted to the 5enbodi nents and
illustrations contained herein, but include nodified fornms of those

enbodi ments i ncluding portions of the errbodl ments and conbi nati ons of

el enents Oin‘ﬁlhh{z@”‘m embodi Ment $ E Qo N S&ﬁtn&?cl@e of the follow ng
claims. | ViEbalifbi 1341685 T/ q\'ﬁ%‘)/&ﬁfeﬁ} Gréib Welh 1. A Oim@ihdd-P"
conpri sing: a currng-tat gl yat L.UI?T‘l_S prlld.LUlleIUI oCKeu
azole c Xz?zﬁ Sath epgzi Fest mul:‘}i poxy—harc u%gs 2 T”.]‘;c € oHPposS; biﬁ)'i
of claim einthe phosphazene bBl-dbeked azole POXy

'DICY (in v

DMF) 10.4 10 2 4.00 Hardener 0.19

LC-1 (in

DMF) 90 10 1.4375 2.88 E/H 1.60

Vamish gel

Total time: 210s 103.4375 P% 2.90

Tg2: 130 deg C

Tg3: 130 deg C

[00112] The data in Table 5 show that the Tg value increases by at least 6 or 7°C for

the inventive samples relative to the comparative samples.

[00113] It is specifically intended that the present disclosure not be limited to the
5  embodiments and illustrations contained herein, but include modified forms of those

embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims.
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conpound conprises a nenber selected fromthe group consisting of a cyclic
phosphazene bl ocked i m dazole, a cyclic phosphazene bl ocked tridazol e,
and a cycwpeophisspRazene 10bl ocked pyrazol e. 3. Phe/@anpasiizion of
any of clainms 1-2 wherein the curing catal yst conprises

hexa(i m dazol yl ) cycl otri phosphazene. 4. The conposition of any of
clains 1-3 wherein the epoxy resin conprises diglycidyl ether of

bi sphenol - A. 155. An epoxy resin cured with a curing catalyst conprising a
phosphazene bl ocked azol e conpound. crAamms 6. The epoxy resin of claim5
having a glass transition tenperature of at |east 145 C 7. The
epoxy resin of any of clains 5-6 wherein the epoxy resin is diglycidyl

20et her of biSPhe“9i5$h1ogﬁon%omﬁﬂﬂﬁ-hOd for making a cured epoxy resin, the
met hod conpri si'ng: n1X|%g a curPng atal yst conprising a

phosphazene- blaoakiagd cata®el @npoising uptiosdhtfenabloepakazoteadinpoamd] a har dener; and
exposing the mxture to a tenperature above the curing onset tenperature,
wher eby 25t he FEPEEREF N ¥%cts with the epoxy resin in the presence of the
curing catal ysh dpexPh¥dde a cured epoxy resin. 9. The net hod of
claim8, wherein the curing catalyst is selected fromthe group consi sting

of a cyclic pHosphdZesemppaneef daindawsrein the phpsphagenstedkadzenie bl ocked
192201 Py AL PRGBRISAENS RLPBAS BXGAABI G or AT O
hexa(i m ddadiey imeigedlgtardyphogiphplzeee. blocked tridazole, and a cyclic phosphazene

10  blocked pyrazole.

3. The composition of any of claims 1-2 wherein the curing catalyst comprises
hexa(imidazolyl)cyclotriphosphazene.

4. The composition of any of claims 1-3 wherein the epoxy resin comprises
diglycidyl ether of bisphenol-A.

15 5. An epoxy resin cured with a curing catalyst comprising a phosphazene
blocked azole compound.

6. The epoxy resin of claim 5 having a glass transition temperature of at least
145 °C.

7. The epoxy resin of any of claims 5-6 wherein the epoxy resin is diglycidyl

20  ether of bisphenol-A.

8. A method for making a cured epoxy resin, the method comprising:

mixing a curing catalyst comprising a phosphazene-blocked, azole compound with an
epoxy resin and a hardener; and

exposing the mixture to a temperature above the curing onset temperature, whereby

25  the hardener reacts with the epoxy resin in the presence of the curing catalyst to provide a
cured epoxy resin.

9. The method of claim 8, wherein the curing catalyst is selected from the group
consisting of a cyclic phosphazene blocked imidazole, a cyclic phosphazene blocked
tridazole, and a cyclic phosphazene blocked pyrazole.

30 10. The method of any of claims 8-9, in which the curing catalyst is

hexa(imidazolyl)cyclotriphosphazene.
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