WO 2011/ 100049PCT/ US2011/ 000225 1 5PHOSPHORUS- CONTAI NI NG EPDXY RESI N Fi el d
of the D sclosure The present disclosure relates generally to epoxy
resi ns amstoizniip@od4ocul ar hal ogen-free, phosphorus-cont aiPoTru$2@pon0223 esi ns.
Background 10Epoxy resins are used ih both industrial and consumer

el ectroni cs because of, anong other things, their chem cal resistance,
mechani cal strength and el ectrical properties. For exanple, epoxy resins
can be used in electronics as | am nates, adhesive materials and/or
insulating materials, such as interlayer insulating filnms. To be useful for
t hese applications, t he e&ﬂﬁ resins need to provide certain necessary

15physi éal , thermal, RVS{GNT AN BRI BESMNIr e resi stance
properties. For exanple it is _advantageous for epoxy resins used for

el ectric applications to have ELEM%HﬁgagégiiianS|tlon tenperature (Tg).
Epoxy resins, hgwever, can be fl anmabl such, different approaches have

been nade to |n§%’RresFPt£ﬁ§§l°ts%’§lr§ft&§rﬁ?éerla® ©FBYY FUL 38d in FAREUAR n' appr oaches

have 20beemaloadtetfect phopptovisdentinarrpsgakstsance. The first approach nakes use
of hal ogen conpounds. Hal ogen-contai ni ng conpounds have been commonly used

in the electronic industry to inp hékekbnde resi stance to electrical and
electrq i c assepblies. For dtet abr onobi s henoJ-@ éTBBA is a

typi cal *hal ogenFRBN SRR g'SE W%%HHH‘FH% a8"HBEh ﬁf@@?? WeWa°%hs a flane

r et ar dant h@mngmﬁxymhgsﬂﬁschdﬁm&@ughn&5hﬁﬂ@gemsaamﬁmmﬂmMQWQQMpounds can be

effective, they are considered t o, be un desirabl.e from an
envi ronrrentpﬁﬂpe%‘fe%tr%)ﬁ?ffampledu%oxtydes%lr}siéalb S %InlelﬁcyrorB?S arsilarr?‘r‘ﬁ? %%on hazar dous

substancesaduﬁwagm&hasamﬂmnmmamn@mamﬁmEbeﬂhmmﬁm@waOH@mmmgfmnatniheir end of
life. The seco envi ronnent al concerns of

a res
the Tirar SROTORdTRN-EazleuioR ThehRBEaN % 1 Enes AR aseR | n whi ch
hal ogensf r@bysaﬁbdﬂpm]mﬂ@tr&abmuﬂadnmd mmpmretreshitm pfo@emeﬂém:y Summary

Enbodi nment s_ of i esent disclosure in sphor us ontalnlng epoxy
Fosin of o Omibi LR pmres‘%eééfffef%w@‘ B Fogoz2s 2

5( For mul a hjghR2E2trzitiOn Em‘ﬁer/a\uremr ¢+ C-. R-CH
Epoxy resins, however, can be flammable. As such, different approaches have
been made to impart flame resistance to epoxy resins. Two main approaches have
20  been taken to provide flame resistance. The first approach makes use of halogen
compounds. Halogen—containing compounds have been commonly used in the
electronic industry to impart flame resistance to electrical and electronic assemblies.
For example, tetrabromobisphenol-A (TBBA) is a typical halogen-containing
compound that has been widely used as a flame retardant for epoxy resins. Although
25  halogen-containing compounds can be effective, they are considered by some to be
undesirable from an environmental standpoint duei to the possibility of formation
hazardous substances during the incineration of electronic components at their end of
life. The second approach, in a response to the environmental concerns of thé first
approach, is an “environmentally friendly” approach in which hélogen-free
30  compounds are used to impart flame retardency.
Summary _
Embodiments of the present disclosure include a phosphorus-containing epoxy

resin of a compound of Formula (I):



wherein each Z is independently a conmpound of Fornmula (11): 10(Fornula I1)

, a conpound of Forrmula (II1l): (Formula IIl) OHO 15 , or a conpound of
Formul a (W@)2n11(iBeo4orul a 1 V) OHO Px 0 2' wherein: 20each RELTASA01R000235
i ndependent|y hydrogen or an al kyl noRety; R in the conmpound of

Formula (I) is a cycloaliphatic diradical, a bicyclic aliphatic diradical,
or atricylic aliphatic diradical having 6 to 30 carbons; and wherein each
Y and X i s independently hydrogen, an aliphatic noiety having 1 to 20
carbon at ons or (Bmakeyati ¢ hydrocarbon noiety having 6 to 20 carbon atons.
WO 2011/ 100049PCT/ US2011/ 000225 3 5Enbodi nents of the present disclosure
al so include a curable conposition forned with the phosphorus-contai ni ng
epoxy resin. For the various enbqdi nents, e curabl e conpositions can

i ncl ude a phosphorus-content of /W2thin a rgggs of drom 1 weight percent
(W% to 4 wt% Enbodipent he present ¢t\sc surézalso i ncl ude a cured
epoxy that is 10fornmed wt |ggéjphosphorus-$;\é ni ng epoxy resin. For the
vari ous enbodi nents, the c epoxy can h | ass transition
tenperature (Tg) of withRy a range of grees Kel sius (C) to 200 C.
Enbodi nents of the prese stc sure ur@ er Hinclude a process for making
t he phosphor us- contalnln reS|n t hat dBs provi ding an epoxy
resin with a 15functionali | east 3 Ry oxidizing a reaction
product 'of a condensati on/iLE/ enol and a d dez and reacting the
epoxy resin with a phosmhoru nmpound t hat.-cont ai®s a phosphor us- hydr ogen
nmoi ety. Detailed Description 20BRbodi ments @ the present disclosure

i ncl ude a phosphorus-contai ni ng epoxy resin that can be used as, anong

ot her things, a self-curing conpound and/or as a conponent in a curable
composi 1 on, L0, f OLM3 GHLEChEROX Yo pH1gs BNIQSRNGHS- cont ai ning epoxy resin of
t he present lsclostre ¢ SO er epoxy resins in curable
conposilli ons to(Homovle&l3e the thermal resistance (e.g., Td and Tg as

25di scussed herein) of the cured epoxies forned with the other epoxy
resins. The phosphor us-contai ni poxy resin of the present

di scl osure al so provides the advant agé bei ng hal ogen free while acting
as a flanme retardant for a cured epoxy fornmed in part with the

phosphor us- eeemedund pgFepoleyilhDesi n. Such cured epoxies formed with the
phosphor us- cont 5g£ﬁgn§poxy resin can al so have suitable 30t hermal and

el ectrical properties useful for electronic applications including

el ectrical |amnates, interconnect GdbDrates, build-up filns, solder

masks, castings, and adhesives. Specnf/hélly, t he phosphorus cont ai ni ng
epoxy resin of the present disclo §é0VIde i nprovenents in
t hernronmechani cal properties, such as increésing the glass 35transition

t emper asure of the cured epoxy.

, or a compound of Formula (IV):

(Formula 1V)
OH O
SN /Y
_P<
X
wherein:
20 each R; and R; is independently hydrogen or an alkyl moiety;

R in the compound of Formula (I) is a cycloaliphatic diradicaI, a bicyclic
aliphatic diradical, or a tricylic aliphatic diradical having 6 to 30 carbons; and
wherein each Y and X is independently hydrogen, an aliphatic moiety having

1 to 20 carbon atoms or an aromatic hydrocarbon moiety having 6 to 20 carbon atoms.



WO 2011/ 100049PCT/ US2011/ 000225 4 5The i nprovenents of the present

di scl osure can include increasing the glass transition tenperature (Tg) of
cured epowxoesiiiooed w th the phosphorus-contai ni ng eporgTrissemn/oszeh that

t he phosphorus-contai ni ng epoxy resin3can be used for m d-tohigh range
applications that undergo tenperatures of at |east 150 C, and preferably
tenperatures of at least 170 C. In addition, curable conpositions forned

wi th the 10phosphorus-containing epoxy resin of the present disclosure my
al so pravide, i BmBEElinkht®Bf the plekciiBis¢O®ieHIRNEGudeAlRRDIABTbsSEPNYSI cal
properties, such as thernmal resistance. One method for measuring thernal
resi st ance P@Eed §vithdhesRivoaphors-coplanHgIePeiy deh Jidr theomrieusppdedimenes. (Td) by

det er m ni nghd HigableIRPbAidHs @arinc i £ PhozphtRistihte REIF eI A Wshor@hna cured
epoxy degrades as a sanmple is heated at a fixed rate.

15Phosphor UsYEEWPEFSTt M 0%yt Pesi ns of the present disclosure can provide
cured epoxy resgmSodnkhts §£khd pREentlisd18ARLalIBIRL1fde a cured epddQhdiiional 1y, the
phosphor us- cont ai ni ng epoxy resins of the present disclosure can have a

nol ar r'dt i dorBred 88 BF RGSRIRDSSAMRMECARY esih foaHigerarioussmbodimenisy 1 @ 1, nore
pref er abl y tfe @RBd@poxylcah Bavé a glaks traktetioRBshpePnE er 3k Withih@Mnge of s 0 3 © 1.
20For the various enbodi ments, such a phosphorus-containing epoxy resin can

d
be represeﬁF%ﬁ”ﬁVbémégﬁﬁ%aﬂh%%f Formula (1): (Formula I) wher ei n each
Z i s i ndependenthyodimeRBOUE pre@hnt &iodlsWteFuitel Includ®é FRESN S nhdkdng , @ conpound
of Formul a (Illgz WO 2011/ 100049PCT/ US2011/ 000225 5 5(Fornula I11) OHO Px
, or a conﬂﬁﬁﬁﬂI%PW?B?WﬂPQgEP%@?Q%¢@?Hﬂﬂ%EFVPV@HQapkmyﬁr%W%Wéhﬁ.each.Rl and
R2 is iindepapdentityyorByeigen efixid@ndh kiétioPiRlM.of Rebiiemkaidiféoal i phati c
di radi cal , bicycljc aliphatic diradical, or _a tricyclic aliphatic

[
di radi cal PRHC ¥EAREYHP 8P B22HS B LPUBHS With A AL RBH USCogIUN | s

i ndependentiay cdnyshisagmbsphafis Al drbfath&ietypi ety having 1 to 20 carbon atoms, or
an aromati c hydrocarbon noiety 15having 6 to 20 carbon at' onms. For the

vari ous enbodi ments, the phosphorus- containing epoxy resin can be forned
by reacting a phosphorus conpoundp&@itddanddérstica Phosphor us-hydrogen noi ety
and an epoxy resin. For the enbodi ments, exanples of the phosphorus
conpound cont ai Hh&giirﬁzrph@ﬁﬂd’lﬂéuﬁtdiycﬂh’sﬁlﬁerﬁblmiaﬁ:hysphdﬂﬁi—bkdﬁainibglépoﬁze ?ot )
limted to, 9,10-dihydro-9-oxa-10- 20phosphaphenant hr ene- 10- oxi de ( DOPO) ;
15 25 ox ks RALEG PHEES SR ey T ot Sl DR Round ahot & &

1, 3, 2- di oxaphespitot & naaee cdm@si2iod tofoap hosphedoaneThelphdsphorus-

containing epoxy resin of the present disclosure can also be used with other epoxy

resins in curable compositions to increase the thermal resistance (e.g., Td and Tg as

25 discussed herein) of the cured epoxies formed with the other epoxy resins.

The phosphorus-containing epoxy resin of the present disclosure also provides
the advantage of being halogen free while acting as a flame retardant for a cured
epoxy formed in part with the phosphorus-containing epoxy resin. Such cured |
epoxies formed with the f)hosphor_us-containing epoxy resin can also have suitable

30  thermal and electrical properties useful for electronic applications including electrical
laminates, interconnect substrates, build-up films, solder masks, castings, and

adhesives.

Specifically, the phosphorus-containing epoxy resin of the present disclosure can
provide improvements in thermomechanical properties, such as increasing the glass

35  transition temperature of the cured epoxy.



di oxaphosphol ane; 2-oxide; 5,5-dinmethyl-; 1,3, 2-benzodi oxaphosphol e;
2-oxi de; 1, 3, 2-benzodi oxaphosphol e; 1, 3, 2-di azaphosphol i di ne;

1, 3- di netwpl2011/109®@92- di azaphosphol i di ne; 1, 3-di net hyl - pamas2e1ax00@es For
t he enbodi nents, DOPO is the 25prefer#ed phosphorus conpound used in the
present disclosure. For the enbodi nents, Rl and R2 can be al kyl

noi eties that are saturated |linear or branched nonoval ent hydrocarbon
groups optionally containing oxygen. For the enbodi nents, the alkyl

noi feti egl can i nchélﬁiﬂar@\&hiaﬁ)t@?ﬂf@ﬁ&sm tia¢1Bsuee d’aﬁﬂ?:ﬁjd@ﬁr}cfd’aflfkfg fhethlSSZO
preferably within a range. o romlito anpl es of a noj eti es

i ncl ude, bd‘ta”%%[‘rtémﬁ%ffmi% (rerdque ep%&éﬁ@f@%ﬁé\?ﬁwe T °°ri‘t§'8‘ﬂgopyl
n-butyl, | <pbuirddin sue8emabtht yhospBdits-Ekdimibtépsky reait@amBd X Yor nBl-ROXY, propoxy,
|sopropoxy,1£%butox |sobutg%%%§ WO 2011/ 100049PCT/ US2011/ 000225 6

5sec- but oxy e TaRee aBRHcalsns that eepRAurese b egitd o hyt- and B 0poxynet hyl |
and but OXyﬂaﬁ;haYAturesF&Tat tehg 1 @O dinneatiSn, ceXBIBRbASosRfont femEywipaki phati c
di radic clic all hatic dlr di cal s dtricyclic aliphatic
di radi ¢ I s plh?ﬁp éu? F\‘B]%‘E]‘B CRYY TS ﬂﬁtpr‘?sie?ﬁdfséﬁs‘frﬁmaéalé%ﬁi?éﬁ%ﬁ’d“ of Fornul a
(A): 10( Foragtitien ve)ﬂamee@ﬁﬁmuadtt@f d&@édmﬂyace(l B)ope,(uEs)rsmlaatrBhna:ILSa conpound of
Formula (O %W | a C% g a co oung For.nul a ( % ﬁ% Fornula D a
conpound of <& ne(psthod ﬁbff‘ﬁ"}j}l%‘lnggge% ‘ﬁs‘étﬁfﬁdﬁtﬁd“eé?ur BemsfRel(Fy : (Formul a
F) VO 20B&é&%ﬁé&%&%&kiﬂp@&%mh@aheﬁﬂ@%ﬁ% Afvhicarsmadight ( G
(Formul a G)perac':er%?ma/?)u r}g cgrfed le:}g)or*(y egra es as a galrzn%le is Iheatéj)at a fixed rate.

15  Phosphorus-containing epoxy resins of the present disclosure can provide cured epoxy

resins with Td’s of at least 330 °C.

Additionally, the phosphorus-containing epoxy resins of the present disclosure
can have a molar ratio of epoxy to phosphorus that can range from 10: 1to 1: 1,

more preferably from 6 : 1 to 2 : 1, and most preferably frofn S:1to3:1.

20 For the various embodiments, such a phosphorus-containing epoxy resin can

be represented by a compound of Formula (I):

(Formula I)

wherein each Z is independently a compound of Formula (1):

25 (Formula II)

, a compound of Formula (III):



10 a conpound of Fornmula (1): (Forrmula I) 15a conpound of Formula (J):
(Formula J) a conpound of Forrmula (K): (Fornmula K) 20 a conpound of Fornmul a
(L): (Forwol2a11100049\VWO 2011/ 100049PCT/ US2011/ 000225 8 5 pPCa/usenpow?ds of
Formula (M: (Formula M and m xture§ thereof. For the enbodinments, Ris
preferably a m xture of 1,3- and 1,4- 10cycl ohexylidene (e.g., conpounds of
Formulas (B) and (C)) or a mxture of bicyclic ClLOH14 diradicals (e.qg.,
conpounds of Formulas (F), (G and (H)) and can be prepared by one of two
conver sison pat hyeysulaThe first pathway i's hydrofornylation of di enes which
proceeds in two steps whereby an ol efi n-al dehyde is fornmed in the first
step foll owed by formation of a di £Dfeh{He. The second pathway is to form
the ol efi n- 15al dehyde by a Di el s- Al der \Ige/a%ti on of acrolein with a diene
foll owed by hydrofornylation as s i olr}g speci fic exanpl e bel ow. CHO
+ As can be recognized by those skilled if*the art, these
hydr of ornyl ations give a m xture of isoners of the dial dehydes. The
di al dehydes can t hen bfeF con\é?{\; ed by a 20condensation reaction with phenols
r

to the compSUAR RSP ERTITE2(Mdhere z i's hydrogen.
(Formula 1V) '

ke

wherein each R; and R; is independently hydrogen or an alkyl moiety, R is a

10

cycloaliphatic diradical, a bicyclic aliphatic diradical, or a tricyclic aliphatic diradical
that contains from 6 to 30 carbons, and each Y and X is independently hydrogen, an
aliphatic moiety having 1 to 20 carbon atoms, or an aromatic hydrocarbon moiety

15 having 6 to 20 carbon atoms. For the various embodiments, the phosphorus-
containing epoxy resin can be formed by reacting a phosphorus compound containing
a phosphorus-hydrogen moiety and an epoxy resin.

For the embodiments, examples of the phosphorus compound containing a

phosphorus-hydrogen moiety include, but are not limited to, 9,10—dihydro-9—oxa—l.0—
20  phosphaphenanthrene-10-oxide (DOPO); 1,3,2-dioxaphosphorinane; 2-hydroxy-5,5-

dimethyl-; 1,3,2-dioxaphosphorinane; 1,3,2-dioxaphospholane; 1,3,2- ‘

dioxaphospholane; 2-oxide; 5,5-dimethyl-; 1,3,2-benzodioxaphosphole; 2-oxide;

1,3,2-benzodioxaphosphole; 1,3,2-diazaphospholidine; 1,3-dimethyl-; 1,3,2-

diazaphospholidine; 1,3-dimethyl- and 2-oxide. For the embodiments, DOPO is the
25  preferred phosphorus compound used in the present disclosure.

For the embodiments, R; and R, can be alkyl moieties that are saturated linear
or braﬁched monovalent hydrocarbon groups optionally containing oxygen. For the
embodiments, the alkyl moieties can include carbon atoms within a range of from 1 to
20, preferably within a range of from 1 to 4. Examples of alkyl moieties includé, but

30  are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

and tert-butyl, and methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy,



Exanples of X and Y in the conpound of Fornula Il and the conmpound of
Formula rv can include, but are not limted to, hydroxy, nethyl, nethoxy,

et hyl , etwoxyi/ppo@pyl , propoxy, phenyl, phenoxy, -SH, t RCoMS2énlop0225

t hi oet hyl, and 25 thiophenyl. For theé6enbodi nents, X and Y can al so be
derived from DOPO For the enbodi nents, the phosphorus-containing
epoxy resin is fornmed by reacting a phosphorus conpound that contains a
phosphor us- hydrogen noiety, e.g., DOPO, with an epoxy resin with a

functi ormal idey-bafoxt tett@asdxy3meyhoRP@¥indi, 2tHdQy MethPRGLL RPN ARUEA, £ t he
condensati on of phenol and the dial dehyde. For the en%odinents, t he 30epoxy
resin for t%?”@ﬁﬁ&idizing the reaction product of the condensation of
phenol and the dbahdehydimaetomUoriRsydophne SREESL beyéMV M Mv equal s
wei ght WD 2011/ 100049PCT/ US2011/ 000225 5 5aver age nnlecu?ar_welght and M
equal s numiféPhally diradjerlsyardiaiay e alighaghiyadicalsifor K inglydey batarepotiimitsd 2,

pref erably 80t cobipghrortrBafuiaout 1.8, nore preferably not higher than 1.5,
and nost preferably not higher than 1.3. The average nunber of hydroxyl
groups Per nol efifim®u8#)t he reaction products can be within a range of from
4.0 to 6.0, preferably within a range of from4.5 to 5.0. 10For the

enbodi nents, the dialdehydes that c e used in the condensation include,
but are not limted to, dialdehydes a cycl oal kane havi ng carbon at ons
within a range of fram5 to 24, nore preferably within a range of from6 to
20, and nost® BP@V@ﬁ%EP?nWﬁé%hl1 a range of from6 to 15. Exanples incl ude,
but are not |inmteedult®) di al dehydes of cycl ohexane, cycl ooctane,

cycl ododecane, norbomane, octahydro- 154, 7- net hano- 1H i ndene (saturated

di cycl opent adi ene), dodecahydro-4, 9: 548< di net hano- 1H benzW ndene
(saturated tricycl opentadi ene). For I e, the condensation can include
condensi ng cycl ohexane di car boxal dehydeé wi th phenol. For the enbodi'nents,

t he cyclsoalakameodideodrbeodd @ghyde may conprise one or nore isoners

(1 ncl uding regiﬁjso rs and stereoi soners) of a specific dicarboxal dehyde.
20For exanpl e, TR %Ciase of cycl ohexane di carboxal dehyde i soners, one or
nore of cis-cycl ohexane-1, 3-di car boxal dehyde,
t rans- cycl ohexane- 1, 3-di car boxal dehi ci scycl ohexane-1, 4-di car boxal dehyde
and trans-cycl ohexane- 1, 4-di car boxal™dehyde may be enpl oyed. However, it is
al so possible to enploy cis and/or trans-cycl ohexanel, 2-di car boxal dehyde.
Additionally, a mxture of two or nore dicarboxal dehydes 25 which differ in
t he nunbera%f ring ggrbogt ﬁons and/or in the presence or absence, nunber
and/ or typ8SOBPOYRE ¥ P uents, e.g., a mxture of one or nore

cycl ohexane di c&loboabDilehyde i soners and one or nore cycl ooct ane

di car boxal dehyde i soners, may be enployed in the process of the present

di scl osure. For the enbodinments, th ndensati on produces a reaction
product that can 30i nclude a m xtur pol yphenol i ¢ conmpounds. For the
enbodi ments, the reaction product is @poxidized by using processes that
include, but are not limted to, reacting with epichlorohydrin to formthe
pol ygyci dyl ether. For the enbodi nents, the hydroxy groups on the reaction
product s areoropnwmepf Bomuht(B):gl yci dyl et her groups to produce a pol ygycidyl.
The epoxidationFB;qggEes a polyglycidyl ether having a 35functionality of
within a range Y n%4 to 10, nore preferably within a range of from5 to
8, and nost preferably within a ra i@.cf from6 to 7. For the enbodi nents,
a percentage of hydroxy groups cond into glycidyl ether groups can be
at leags WO 2011/ 100049PCT/ US2011/ 000225 10 590% preferably at |east 95%
nore prefe % and even nore preferably at | east 99% or
above basegggﬁ&?ﬁgoﬁﬁﬁég%% f hydroxy groups. For the enbodi nents,

t he phenol i c coffpouaused in the condensati on can be phenol
(unsubstituted). Additionally, the aromatic ring of phenol may include one
or nore substituent's including, but limted to, cyano, nitro,

hydr oxyl , unsubstituted 10or substit p al kyl having 1 to 6 carbon atons,
unsubstituted or substituted cycl oalf havi ng carbon atons within a range
of from5 to 8, unsubstituted or substituted al koxy having carbon atons
within a range of from1l to 6,




unsubstituted or substituted al kenyl having carbon atons within a range of
from3 to 6, unsubstituted or substituted al kenyl oxy havi ng carbon at ons
within a wenge/memd from3 to 6, unsubstituted or subst ipCwtusdoianyi22havi ng
carbon atons within a range of from67to 10 carbon, unsubstituted or
substituted aral kyl having carbon atons within a range of from2 to 7,
unsubstituted or substituted aryloxy having carbon atons within a range of
from6 to 10, and unsubstituted or substituted aral koxy having carbon atons
within & ranggpeinddr®einfui @)12. For the 20enbodi ments, a molar ratio of the
phenol i ¢ conpound to the cycl oal kane di carboxal dehyde used in the
condensati on caff¥EU#Phi n" a range of from4: 1 to 20: 1, preferably within
a range of fromb5 : 1 to 15: 1, and nore preferably within a range of 6 : 1
to 12: 1. For the enbodinents, the p ycidyl ether is reacted with DOPO
yi el di ng the 25phosphorus-containin Xy resin of the present disclosure.
A portion of the epoxy groups of th ol ygyci dyl ether are replaced with a
phosphor us- hydrogen noi ety when the pol ygyci dyl ether reacts with the DOPO
As DOPO i s aicoinpeshdcg Borntuiefyunct i onal ity of epoxy resins will decrease as
each nol ecul e of DOPO reacts with an epoxy group, thereby renoving that
epoxy group for &¥Bea i nking during curing. 30Therefore, as the anobunt of
DOPO reacting with epoxy resins increases, the crosslink density of a cured

epoxy resin and the glass transition erature can both decrease. In
contrast, the present disclosure re a polygycidyl ether having a
functionality within a range of fro to 10, nore preferably within a

range o from6 to 7, with DOPO and can maintain a functionality of greater
than 3, allowing the glass transition 35tenperature to increase along with
naintaining the crosslink density of the cured epoxy. Thus, the

phosphor us 2EBRPHMACAECEIY: resin of the present disclosure can WD

2011/ 100049PCT/ 920414000225 11 Shave an increased glass transition
tenperature as conpared to incunbent novol ac- based epoxy resins.

Reacting the polygycidyl ether with aphosphorus conpound contai ni ng
phosphor us- hydrogen noi eties forns théia osphorus-cont ai ni ng epoxy resin of
the present disclosure and can nake“‘LBeful in the preparation of flane
resistant 10materials. The phosphortis-Zontai ni ng epoxy resin of the present
di scl osure can have a phosphorous tent within a range of from2 w%to
20 Mt% nore preferably within a range of from4 wt%to 15 w% and nost
preferabl yawhhpdundarranga @f fromS wt%to 15 wt% The enbodi nents of the
present disclosure can al so be useful in other applications requiring flame
resi stant mat er@8f&a{nc| udi ng seni conduct or 15packagi ng appl i cati ons,

el ectrical and electronic applications; and conposite applications. In

addi tion, the phosphorus-containing rﬂaay resin is substantially free of
bot h brom ne atons and of hal ogen a 5HE>' For the various

enbodi nents, the reaction of the phisa(NLm-containing epoxy resin wth the
phosphorus conpound cont ai ni ng t he“phosphor us- hydrogen noi ety, 20e.g.,

DOPO, is preferably carried out wi rhout the presence of water (generally
the water is present in less than 5 wt% nore preferable less than 3 w %
and nost pf e¥eRoaBd ef Fumalafhin 1 wt % based on the total weight of the
curabl e conposih@i)a Recause water may tend to react with the DOPO and
cause foam ng. %Wier can be renoved using well-known nethods such as
heating in a streamof dry air or nitpegen, 25in a vacuum oven, or by
azeotropi c renoval of water using an §i§=nic |l i quid such as hexane or
toluene. This can be done either on <‘i§ DOPO itself or on the m xture

bef ore reaction. The present m cl osure al so provides curable
conpos&éions formed with the phospRorjus-contai ni ng epoxy resin. The curable
conpositions of the present 30 disclosure can have a phosphorus content
within a r%ﬁ@ﬁmBWiWH%ﬁFG?SPNw96tO 5.0 wt % based on a total weight of the
curabl e conposictdgfa (hhe curabl e conpositions of the present disclosure
descri bed herein may al so optionally make use of at |east one curing agent
(also referred to as a "hardener") and/or curing accel erator. Exanples of
suitabl e curing agents include, but are not limted to, am ne-curing agents
such as

Q3
e



35di cyandi am de, di am nodi phenyl net hane and di am nodi phenyl sul f one,

pol yam des, pol yam noam des, pol yphenols, polyneric thiols, polycarboxylic
aci ds andwenhydwides such as phthal i c anhydri de, tetrahpdrapsheihabizes
anhydride (THPA), nethyl WD 2011/ 100849PCT/ US2011/000225 12 5

t et rahydropht hal i ¢ anhydri de (MIHPA), hexahydrophthalic anhydri de (HHPA),
nmet hyl hexahydropht hal i ¢ anhydri de (IVHHPA), nadi ¢ nethyl anhydride (NWA),
pol yazeal i ¢ pol yanhydri de, succinic anhydride, and nal ei c anhydri de
styrene-mal ei ¢ anhydri de copol ynmers, Additionally, phenolic curing agents
such as phenol novol acs, cresol nov, and bi sphenol A novol acs may al so
be used.s Curing agents are 10 prefenab used in an amount of within a
range of from 2 vvtd%fté(&)wSug % based on the total weight of the curable
conposi ti off.°°mPoune o ccel erators (or catalysts) include substituted
or epoxy-nodi fi @brmakdézol es such as 2-nethyli m dazol e, 2-phenyl im dazole
and 2-ethyl-4-nethyl im dazole. Ohe eterocyclic am nes such as

1, 8-di azabi cycl o[ 5. 4. 0] undec- 7- ene- so known as DBU) and

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene (& nown as DBN) may al so be used.
Tertiary am nes and phosphines including, but not limted to,

t ri et hyl amanémixtvieptheneyf. dier the emboediipenty IRarprératdgnd mixtirpl€h§t amghesphi ne may
al so bggus I I '

ot byl {1 phers O S e B Bk P BB e pf el et at e and
ammoni um s&hdtss dicashralsde. 20cdyenerydstof ianwlgsl(E)mﬁ))rﬁnd thipneed aatn@ea)rmbared

benzyltri TR

accel er at gtrggw%-lal 0 gﬁ‘j‘@sf%ﬁ;?& g@ﬁ%?bﬁéﬁﬂgéﬁs‘ﬁﬁhf&‘ﬁﬂa E Thori de) are

al so usabl e\thq@uatrocaﬁt@ lgé’fpeq’ffavls Wheteby sn elefEi-alddilyde lsrﬁorlrmﬂggténﬁfSt gtep appl i cati ons.

Cat al ysts of from0.05
w5 t5 abong 308 e e A, L TRk B S T H R

corrp05|1t5| onldegiEby at[h%ls aidsottiastiontos acrolhie vofhta dmmfvlmed buf the curing agent

to the ph expressed in ternms of

equi val ent 9?(2?1?%“?1 tﬁe:%@f(l:%ﬂg Oﬁp%& B%a%%% &é’vqw valent ratio of epoxy to

reactive hydrogen (-SH, -OH, -NH or - HOoanhydfH@e in the curing

agent. The curable c R0 swt;oo Qf trhge:qs)res d| SC ure are preferably

prepared with an equ, e_f’ry\frﬁm’l 2 o : 301.20, nore

preferably within a range of omaHdOo: 1.0 OCII:IOO 1. 10 and nost

preferably within a range of/?roml 10 : 1.00 to 1. OOHO 1.05

General ly, curing the curable conposition formed with the

phosphor us- cont ai ni kg-epoxy Kes#n of For rrul a (1), in accordance with the

di scl osure, can be arried o t in hosphor us- cont ai ni ng

epoxy resin in the"n ﬁf?ﬂ%zﬁ&é’éﬁ%f)é]f [‘?ddﬂ thegrty sélwgrﬁp%ﬁﬁgﬂ%ﬁe%ﬁs mel t or

di ssol vi ngaintixtim of isshiktsabthe deatdettedes.. ThEdaMeheRks odn tBeH Beabhers@byent s i ncl ude,

Company. _ RREBRETEsteRond &R RaS e Broimi J0TTS 1 00HSRCT US2011/ 000225

13 5net hyl hﬁirbgeh ketone esters, and/or aromatic hydrocarbons. For the

enbodi nent s, used i a t to 50 % based on the
total weight o aﬁ"é’ eéﬁfgl?f‘gt} IBﬁﬁﬁgV‘P?‘BIH.O?%Wg’%ﬁF@H%e&QWPB@ %noved by
distillati Bmamdﬁpllﬂllﬁlvm&rahbﬂﬂnﬁhdrtb ngdrbhﬁnmxymeeﬂw‘xyoath)a,t the end of

the cure. g the e odlmenﬁ P t he p f;;Ih{Sﬁ]osui the curabl e

conposi ti oRS*Yorbted RPth PrHE %@ﬁ’ho 185’ﬁ %k fiorgvepBdy resin can al so

i ncl udés at thighstyl.obe tlma‘ena;oquncss}(tahmm cemmp@mbedthvedfmm Dloeovar i ous

enbodi nents, t 0 Ltion co e t he curab ition can

either be r eacp?vgh glrgq%ﬂglrr{lefltéatg i‘%oé&vﬁr 5F Cof'tt%mmﬁr'fgg’ﬁ'hrgsrl éscfo'g%t%}lym ng epoxy

resin of ttnectpngesaemphdnuscdrmmuncethaﬁmmtatdsa ph@pha)ushmmdnmny,se,g.,curabl e

conpositio 0 wi th the pho C x resin and the

15conposi tp(f%)anor{an ent” can 191 oﬁ?aforrl%gy Bpgtclzec?ﬁbl rY% arﬁacgnrbl t hen

reacting thredlmnoﬁqhhmndsnsaMaf phenmgareiptne(gaalddslda Bdfr tttermbpdmtst theli scl osure

tht a onNposk.t.i n nposi tion

Sonponant o EE TS S a R PR e e SRR oL TSR R B lon By BFoxi ce

r esi ns, cyardahedlelgefe'dspre&lrﬂmalmta@oerﬁtsm'rsty (W/ym;/mwcﬁale&te@hs cyanat e

ar omati c esters, naleimde resins, thernoplastics




20pol yners, pol yuret hanes, polyi socyanates, benzoxazi ne ring-containing
conpounds, unsaturated resin systens containing double or triple bonds, and
conbi nat iwo0tleoEef . In an additional enbodi meotrjustéig/ocozeiabl e
conpositions of the present disclosure can be forned with the

phosphor us- cont ai ni ng epoxy resin of the present 25disclosure and at | east
one reactive and/or non-reactive thernoplastic resin. Exanples of such

t hernopl astic resins include, but are not limted to, polyphenyl ene oxi de,
pol ypheny! sudh@nfsiecuno by aul zfnqrmequla@Inmbmrvéuéefrﬁa@anarmtgﬁwtmhsuféene
fluoride, polyetherimde pt hal i m de, pol ybenzi m di azol e, acyrlics,
phenoxy, aﬂEFaé()H’BP ﬁdir?féﬁglyd‘t@t E@ﬁ&@“@?@&tééfmO‘B(B’FE‘(f?ralflhém\}‘a%heb‘ih%“ enbodi nent s,
the phosphargscRi plepirtly SRRENer B 113 Ofhd NEra Y RSRIRE omyaﬁbms%amscan be

m xed with thernoplastic resin to forma hybrid crosslink

Pr epar at i oRCOTOlERE ibesrcdion singeds ¢ RSB & eseRf E9Ert0 ¥itbl osure can be
acconpl i sheekrlybis WithAR! 18ndoX B8 4@N% known in the art, including dry

bl endi ng t he indi vidual conmponents and subsequently mel t i xi ng, either

directly in theF@xﬁdaﬁ&laln%ﬁt@ﬂhd dt\;i\ﬁdeﬁﬁiégthfaf@nfbb Uteﬂhﬁlﬂxe@gﬁdgﬁslaﬁ%rpr prle m Xi ng
maseparat er... . , en tene nel ted by the application
of heat, ?L@ﬁ’)riﬁ‘ﬁ?ré “BUPFE)‘EfQit%idéﬁﬁdeIh%‘?eFnga W‘ﬂoﬁ‘ﬂiaﬂeehaﬁ%scb‘lk?(ﬁ? #8M&ont ai ni ng
epoxy reS| Withfn 4 AGeTESLN todl SiEb@ pHf@aBN dithine rand®of from 6to 20, and

2011/ 100049PCT/ U82011/ 00225 14 thernopl astic resin can be formed or nol ded
usi ng conv &S RIAETROY i 3igaee Lo &k léo#ﬁ?%%lgﬁ B o PeficFNot et i on

mol di ng, ga@ da&ﬁhﬁeesfdymoa@aah@@yd}&ﬂc@hagycl@@zide@darnlonﬁmava@uumdﬁ@r m ng,
therm)f , ﬁx”lﬂfﬁ gnd/or Iownol%rges % eor i n conbi nation. The
cur abl é ﬁ&d&?t 8H T B tRs sl tRd iR onsBeh AP 998 dé‘i’ e epoxy resin of
the pr esenﬁlnﬁhtl&@bOHLHeﬁz[ajmﬂerﬁé‘(eatﬁrﬁ&Hmhlaﬁénltdihdhé)SF& eEIBMpIGJtBEO be forned,
spun, 10or drawn.into.fi fibers, H’U|tl rgl na or extruded
sheets, or “¥ “%8%%%’8&1?8&8“%% Shighgp ‘?r‘é)‘Faé ‘B‘raﬁiﬁ & vd % H9-gani ¢

subst ances For the embodlﬁﬁdfntst, ke cydodlians d&ﬂib@fhlmmérnaﬁ&mﬁapnkﬁ)@ﬁb@m&- cant ai ni ng
epoxy resin _can elbl in ¢ onblatlon wi th oth e(gxlé lg QS in curable
conposi t i offSF'S "HEP R &S YRB I gieoPansTet Oziﬁégecg}c Grege %B’ fes forned
fromthe Oﬁ:bleﬂ’xaﬂﬁb)(lyl t}reessertﬁcyc'lrblexmtehﬁ@rbb&ﬁnﬂwye i’s&nﬁtrﬁl,?onblseldoﬂ@%y i ncl ude at

| east one e resin a poxi de resin ations of one

or nore of © %1538%;”1', g’ic?fg ﬁﬁ‘%h%‘ﬁetr@s “HgpRERaRe b lcf) P’Vi‘ggy(‘?dgsr esins are

possi bl e. Ey«mmkm lof- dlsumampmdy afi®@Bam3y¢Ibiedxticte] 4-Bichrbaxadehpde haym t ed t o,

t hose sel e%t ed fr en.—f[?ee eﬁ)gm es, hosg rus-f rﬁg1 epoxi es,

br omi nat ed %885’3%6 Wﬁv‘%ﬁ&sﬁ 8PEY otﬂteg‘lp iyoﬂraé‘é'c A%t ur es t her eof ,

epoxy 20f umgtdmﬂ@b{alpﬂiyyox,aacbﬂlmﬂmﬁa nﬁ:x@ﬂilteaclmedSlgr raoaadvdsaldebyddsoal i phati c

epoxi e g acryl a e/st ren n e reaction product

of i qélsd %o&QYfiFeééﬁ thesmém%l’r g:rmrgactajl SR a%an ‘%8nol eﬂr?ségcer%hbs ofdi tionally,

gl yci dyl etirebes and/or tmlaenf)ﬂmg’mlbﬂltms egremmturaof/m{eanmore ¢ybios@&aeenol

(tris-4-hy en net hane bi sp A cl opent adi ene

bi sphenol , glf%g’?%%ﬁ)f etlsroétrl ] searlilgl }é ranﬁ%r C C rcgnﬁﬁlﬁ%ﬁ%xa?d%@éd% 25cat echol ,

bi sphenol , mby spéremloyedAn thb|psq@b&_srmcﬁtheAFés§r&,dﬂselbsLSe(4 hydr oxyl phenyl) - 1- phenyl

et hane) , bi sphenol F, bisphenol K, tetrabronobi sphenol A, phenol -

hydr oxybenzal deffey the embsdinsnts gheswiertytimaxydnesszakabe by predwro thet @o

dlcycl en I I i hat thereof may be
3B ent:RALERRLAIBE A BREAR! coMBYRleE Pror AL dﬁm%%HP N tbg;eéﬁcctgn feof my oe

i ncI ude anprpax s c@0Oridigédby uFhng pt@msss tamlnblmybutamlmdlamtéddp, reacang)l e, one or a

m xture of i | koxi des of zinc,

tin, ti tan|WEJt)r41\1I£;')p18{1 ’gﬁd?‘“ﬁgﬁ"é’gﬁ% e%ély %‘etﬂydtlgog)é}lhe %gﬁoglﬁgng’rﬁﬁgand bor on.

Exanpl es ofydeulerdwnps thacagson arvduatnlasﬁdcrqndwdahwl@m@l etbérgsoupntl ude bori c

acid, metapapis .36 tirpnal as trinet hoxy

bor oxi ne, P%IB r?eta% |yg%5%x?n£e%8%ﬁ%tﬁ%g§%du g)%c?% Ri?l a@%th %‘gﬁ%{]l y

35subsBdt ufl@@tlcmxllltdeéwlﬂmbmaof fprR o b@meesrefembimltwah raesof zi nc hal i des

(such as Z%r@xﬁ 5 to 8, and most preferably within a range of from 6 to 7. For the embodiments,

a percentage of hydroxy groups converted into glycidyl ether groups can be at least



chloride) and other Lewis acids that tend to have a relatively weak

conj ugate base. WD 2011/ 100049PCT/ US2011/ 000225 15 5The

phosphor wsocont@mbeapng epoxy resin and/ or curabl e conposipcirarssoffi@ooresl with
t he phosphorus-contai ning epoxy resinomay be useful in the preparation of
various articles of manufacture. Thus, the disclosure also includes
prepregs of the above conposition as well as shaped articles, reinforced
conpositions, lam nates, electrical |amnates, coating, nolded articles,

adhesi ?/les, %)%jrgﬁ&irilﬂty PNeLUISLS nase froRAIEI 40 &kt OB IARICH kbRl prasRabIy T edhor
partially cure osphor us- cont ai ni n OXy resin or conpositions that

i ncl ude t hé® kﬁ%ggﬂé’fﬁ °-V8gﬁscegloﬂFW@‘”@B%%\?R)“H%’anFB‘fPSt he disclosure. In
addition, the c sitjons of the disclosure can be used for various

pur poses in thegfq%ﬁ%?r%#")déf“ﬁﬁ’gﬁpg 8??"‘%’@?"1?55? In ’ge RYMERHYLTE PFrasss,

i mpr egnat ehpicd dueitstiated). oxdditmpioy tdronddbid rivgbi gHelolofayasdideionnal addi ti ves
may be added to.the curable c ositian of the present disclosure. Exanples
of these addi'f fué)rsltgflenga(ﬂ?c?lfd\lf@sg‘i 8811%%83%%?’6?/%’85”‘?&}\Xaﬁf‘gewﬁmsf’nﬁdl | ers,

pi gmentl®, dyesstituked elkehhanipgdge Atabombdins, ngsuagaimntsor dubdititedant s,

fl ame-ret ar dant nd the |like. Sui.table fibro nd/ o articul ate

rei nf or ci nﬁyﬁ%%lgyrlﬁg S ?a‘r?]k(’ﬂnuat 2T 1A e ?frf’?or%gt%? ?hWPgstﬂg‘fte PUni num oxi de,

al um num hydbsituteld aldrky ks vingtabon2@ond wigtn a nagooftitdaes to g) ass fibers, quartz
fibers, carbon fjbers, ron fibers, Kevlar fibers and Tefl gon fjbers, anong
others. A SroRsPliSl s PR blgPleviaRrBi yapt R drereear BPBrbi ng

mat eri al s ¢an, umscbuideed oSsubatitametadireny oy hbdngd OObsrmtorhowithina ratgei ous

enbodi ngnt i brous reinforcin terjal.s ¢ cone in.the formof a
mat , clmgt h%gfr%glgn{oiér;dlgﬁus S{'tluf)egrosf .Su%%%n%%ﬁy ?n‘%%vt”ég %a?gl({nhagm&%‘?’@ﬂ? & conpositions
may al so i molgadéfrah d eddtcade, ofsubstitstyther gibstituted digkpl havprgassbohhe f 1 ame- out

ability of the cured co sition., EX | es, of ch _synergi sts include, but

are not |i r#ofn ed’ Ib!‘bn,a%fl%enné%%ﬁ)nrﬁl %3%?’0”%512%&%9%& ?%}Hmu‘ﬁ%ﬂﬁ%%d VI8 nc borate,

nmet al phosp@boattess within aasgExdfrbin(& o 10PaBBths(Beraitt &bt eubktitamdCd ari ant), and

conmbi natio reof . |n 1 tion, enbadi.pent f, the curable

30conposi t?g&g}%&ﬁgg%&g%@%gﬁﬂ%g ltglc?r?é%? er?%tggrgnf)ttoce)lrzs,ﬁéfpgh as nodified

or ganosi| aresodimpuxiadndedationditiradeydlic campaun) fo the eycydadicet onat es,

sul f ur - cont;ali Ri e and.c i nations .t hereof her jtives can

i ncl ude, bgt%%?)gagdneg%ﬁ ul%r:(i'![ ?‘Z%f’ Ctog(,jenwag{%fl RGPyt &5 er%fifgodn gi‘ élgo uch as

nmodi fi ed ol gasfesblyaniten a By ¢f)frd@0d: serliSed, andondé PR feGat{BykiGhemnge GrbH) ,

nodi fi ed f%p@rp%glr hgns and conbi nations thereof; air release 35 additives

such as ByK(7) A530, Byk(r) A525, Byk(r) A555, and Byk(r) A 560 (BykChem e

GrbH) ;. surface RS dnfodinRHENhePoISLycRy AR & @%%ed%gf bbyégielm%ﬂe rel ease

agents such as waxes; and other fufictional additives or prereacted products

to WDZ2201RIFRTTUwePCRIUSXPLLY 80208 PEsSit disrlowes. pobytier ofthogrry i es such as

I socyanat e poubssd}QBf%Wg@Ei@ﬁ’et}féyg’t@%p?ac@@&gﬁ §ph(§{;ﬂo¥$s¥}§9%§@ﬁ Rbig, mol ecul es or
ounds I s and

other ethylenically unSaturated co , acrylate corfbi nati ons
t her eof . ~ When the pejygycily! ¢therirenss VeiotPRBAL 45 DORQeisiimroghesdtthean be f or ned

from the phashanysr soR) Alsmisadl ERRKY LR ABML: IRRLG: GRIROS] LT ons of

the present 10di sclosure. In one enbodinent, a plurality of sheets can be

bonded t ogBRMEEIMB th@?frﬁramp‘émﬂla&@axwamf,or wherlakingdush@ariggconpri se at

| east gne hertfbR, 4aRd nn&me@ftpoﬂcbeetaﬁmaﬁnpe’pu@&gﬁg ALRLAY ERIXNidEesI n and/ or
e

curabl e conpositions fornmed with phosphor us- cont ai ni ng epoxy resin can
al so be us&PSICTAFUFRIEPPRSEHN a1dthe gatsdrangitn tempspturs eampdth decaeaset al  f oi | |

such as a GORRRLst R dresehidikcREure aat@d phiykitidynanahasiRh 9 kR rionkRGONt &l Ni Ng
epoxy resin_and/or curable conpositions fornmed with the phosphorus-

cont ai ni ng"&pBRyNe8S] ot 1o he mreriEfirabli ithins tanee offian ¢4 T.0U% enbodi ment s
al so i ncl udePrd A kid mhiakRra MRAoHal et or&dd tRE 3PAIRRAAH: P}ssGRALHIND a

| am nat ed substrate with the phosphorus-containi ng epoxy resin and/or
conpos?Pe i ofiBPHRIIHE 5 @sHenedt ST gaiines theosroshk deasivafdheavrddi ment s, the
phosphor usege@nt Bhudi ARG pIRREACYus. @fiathi b QS re 4R 6Hha PleSent 80O%d dagns of the
present disclosure can be applied to a substrate as a coating or adhesive
| ayer. Alternatively, the phosphorus-containing epoxy resin



and/ or conpositions of the present disclosure can be nolded or |amnated in
the formof a powder, a pellet or inpregnated in a substrate such as a
fibrous rwonhorwement. The phosphorus-cont ai ni ng epoxy PeSius2@angdd@es cur abl e
conpositions of the present 25disclosure can then be cured by the
application of heat. The heat necessary to provide the proper
curing conditions can depend on the proportion of conposition conponents
constituting the curabl e conposition and the nature of the conposition

conponernst s hednOi@ehsed Flageadiadn tetp@atGierad BbrEpaei D Auinb& ne¥oldchi s di scl osure
may be cur%d by heating it at a tenperature within the 30range of 25 Cto

250 C, pref@ied5PYYTBRNSC to 200 C, al though differing according to the

presence of a curin ent or its ampunt, qr the types of the conposition
conponents in tﬁéaceggg‘glpglymé%‘?“fri%‘maﬂhr?ép MUHEOPRYRA FRH2IPPR heating can be

60 seconds phespRérufibytrSgen \Whtedties Fdifs expabdsphdriEcomdinindédokgFesmag@edi Ng t O
whet her the curgbl e cogrf)osi ti ?n. i as a thin coating or as nol ded

) IS ltlgse(ill 9
articles of FRIAPFIORYIS 2SR Earhit seeiydn the grsparation of flaps yest88E as matri x _
rlesi ns 1oor nia'tebila_rs. mad pﬁo@pm@-@mpmgm i dpBsy rlepabfihglp}eaénltlyis&@sru_reeda.a;hwé cal and
el ectronic a cations, e.qg., en ied to an electrically
nonconduct ia\PBgsrPh?rgPsi cé’lnte%‘ﬁ‘t@ﬁ%aé’éﬁ%‘?ﬁ‘%)@z@ﬁ °it?1§_0 Y"rlf'( TBRUF QEﬂf%ﬁ%rrposi tion. WO
2011/ 10004 SREH 41220 LEFRROL2RE, do/1 SHEMANRL ISt preferablyl Methin@l rhipsiongo@xanpl es are
given to illustrate, but nqt limt, the scaope of thi i sclosure. Materials
Phenol . _avaiTaPa> P 198 BOUBiral edr et paRgy e SRS HeSLanE
di car boxal defyglicpibepaldtngfamiessistaitethtdrials\i2080ihQardBchdumbr ch i s _
incorp%rsated her ei nl.b%g[. ref erence in its.ent'.reé(r?/. d UV-dye, Durite(r)
SD- 357B°( t &FFaRAEARIETIoAR &I CristiAne S5F P aBRYERISod 8P ienesul f oni ¢ aci d
(PTSA) (0. 20p10ations Wei agbitipn, tRe/gtiokpHohe-cbfitifinRiegsmy r&itlfsisGhstanisiBofidec aci d, -

t echni cal CAS# 10043-.35-3), available from Sigma Al drich
Met hyl eth ?Q‘ggf)r& neAkERH an toégaﬂgg&'ﬁonbsr ade, available from The Dow Cheni cal

Conpany. 9 10-di hydo- 95 oxa- 10- phasphaphenet hr.ene- 10- oxi de
(BP0 avai I bl e aho Saia T NS St AR ROBROSLELL P
et hyl t ri phessyl pitodphlonphomisaoetpatrel cc@ABiHg tBSBBSpHodshydiodér adieqy, t 0 70% sol i ds
i n nmethgnol), il fa Aesar, Curin n Rezi cureTM 3026,
avai | arb%% e from %I ,@apg%fgr-a{)%%g%r rrei\é] o%gvgn O?}t t&%ﬁgf%‘%ﬁﬁ&%\e\?gﬁa %@Fe from The Dow
Chemi cal Confsarsypres2s Solessethdn 5 BGwanot PiofdPidl, lestizdn 3abl’e ahd mostThe Dow Chemi cal
Conmpany. S - et hyloi i %4.n. met.hanol ) ....avai l abl e from
Si gma Al dr ?%Egmé%ﬁ%ﬁﬁn?bﬁh%a)r %ﬁﬁ?gih?ﬁé{é%&/%ﬂetg %lllr%:bé cogn}gé)(sj‘g?%avai | abl e from
Si gma Al dr ibedauseEppo ynaRésidrio rext99830s DOVRIahdbduge foammgT Véat&wan Bheni cal
Company. BQerr-lléQ@(‘i ué}#gtxbggﬁnogn%eﬁh(;ﬁrs Ak 'hgar?ing PG AL YF gry(azl;%)r nitrogen,

25  inavacuum oven, or by azeotropic removal of water using an organic liquid such as

hexane or toluene. This can be done either on the DOPO itself or on the mixture

before reaction.

The present disclosure also provides curable compositions formed with the

phosphorus-containing epoxy resin. The curable compositions of the present

30  disclosure can have a phosphorus content within a range of from 0.5 wt% to 5.0 wt%
based on a total weight of the curable composition. The curable compositions of the
present disclosure described herein may also optionally make use of at least one
curing agent (also referred to as a “hardener”) and/or curing accelerator. Examples of
suitable curing agents include, but are not limited to, amine-curing agents such as

35 dicyandiamide, diaminodiphenylmethane and diaminodiphenylsulfone, polyamides,
polyaminoamides, polyphenols, polymeric thiols, polycarboxylic acids and

anhydrides such as phthalic anhydride, tetrahydrophthalic anhydride (THPA), methyl
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or -COOH) or anhydride in the curing agent. The curable compositions of the present
disclosure are preferably prepared with an.equivalent ratio from 1.20 : 1.00 to-1.00 :

30 1.20, more preferably within a range of from 1.10: 1.00 to 1.00 : 1.10, and most
preferably within a range of from 1.10: 1.00 to 1.00 : 1.05

Generally, curing the curable composition formed with the phosphorus-
containing epoxy resin of Formula (1), in accordance with the disclosure, can be
carried out by first melting the phosphorus-containing epoxy resin in the curable

35  composition to obtain a homogeneous melt or dissolving it in a suitable solvent.
Examples of suitable solvents include, but are not limited to, alcohols such as

Dowanol™ PM (The Dow Chemical Company), ketones such as acetone and/or
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Exanpl e 4 Exanple 5 Exanple 6 Exanple 7 Exanple 8 Exanple 9 Exanple 10 11
oi cl unx3 Wwhasphiwows- cont ai ni ng epoxy resin (3. 0% PhospiroTaspoiigho229. 00
10.00 10.00 10.00 - - - - - - - PhospHorus- containing epoxy resin (2.7%

5 thermoplastic resin can be formed or molded using conventional techniques such as
compression molding, injection molding, gas assisted injection molding, calendaring,
vacuum forming, thermoforming, extrusion and/or blow molding, alone or in
combination. The curable composition formed with the phosphorus-containing epoxy
resin of the present disclosure and the thermoplastic resin may also be formed, spun,

10 or drawn into films, fibers, multi-layer laminates or extruded sheets, or can be
compounded with one or more organic or inorganic substances.

For the various embodiments, the phosphorus-containing epoxy resin can be
used in combination with other epoxy resins in curable compositions to increase the
thermal resistance of cured époxies formed from the other epoxy resins. The other

15 - epoxy resins used may include at least one epoxy resin and/or polyepoxide resin,
where combinations of one or more of the epoxy resins and one or more of the
polyepoxide fesins are possible. Examples of such epoxy resins include, but are not
limited to, those selected from halogen-free epoxies, phosphorus-free epoxies,
brominated epoxies, and phosphorus-containing epoxies and mixtures thereof, epoxy

20  functional polyoxazolidone containing compounds, cycloaliphatic epoxies, glycidyl
methacrylate/styrene copolymers, and the reaction product of liquid epoxy resins and
tetrabromo bisphenol A resins. Additionally, glycidyl ethers of: phenol novolacs,
cresol novolacs, “trisphenol” (tris-4-hydroxybenzene methane), bisphenol A novolacs,
dicyclopentadiene bisphenol, 1,1,2,2-tetraphenolethane, hydroquinone, resorcinol,

25  catechol, bisphenol, bisphenol-A, bisphenol AP (1,1-bis(4-hydroxylphenyl)-1-phenyl
ethane), bisphenol F, bisphenol K, tetrabromobisphenol A, phenol-
hydroxybenzaldehyde resins, cresol-hydroxybenzaldehyde novolac,

dicyclopentadiene-dimethylphénol novolac, and combinations thereof may be used.

A Lewis acid may also be employed in the compositions that include an epoxy
30  resin. The Lewis acid may include, for example, one or a mixture of two or more
halides, oxides, hydroxides and alkoxides of zinc, tin, titanium, cobalt, manganese,
iron, silicon, aluminum, and boron. Examples of such Lewis acids, and anhydrides of
Lewis acids include boric acid, metaboric acid, optionally substituted boroxines (such
as trimethoxy boroxine, trimethyl boroxine or triethyl boroxine), optionally
35  substituted oxides of boron, alkyl borates, boron halides, zinc halides (such as zinc

chloride) and other Lewis acids that tend to have a relatively weak conjugate base.



Phosphorus) (g) - - - 100.00 - 100.00 - - - - Phosphorus- containing epoxy

resin (3.7% Phosphorus) (g) - - - - - 100.00 - 100.00 10.00 10.00 2693. 40
Cycl ohexawe 20atwe@benol (g) - - 4.00 4.00 PCT/US2011/000225
15
S The phosphorus-containing epoxy resin and/or curable compositions formed
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with the phosphorus-containing epoxy resin may be useful in the preparation of
various articles of manufacture. Thus, the disclosure also includes prepregs of the
above composition as well as shaped articles, reinforced compositions, laminates,
electrical laminates, coating, molded articles, adhesives, composite products as
hereinafter described from cured or partially cured phosphorus-containing epoxy resin
or compositions that include tH,e phosphorus-containing epoxy resin of the disclosure.
In addition, the compositions of the disclosure can be used for various purposes in the
form of a dried powder, pelilets, a homogeneous mass, impregnated products and/or

compounds.

A variety of additional additives may be added to the curable composition of
the present disclosure. Examples of these additional additives include fibrous
reinforcement, fillers, pigments, dyes, thickening agents, wetting agents, lubricants,
flame-retardants and the like. Suitable fibrous and/or particulate reinforcing materials
include silica, alumina trihydrate, aluminum oxide, aluminum hydroxide oxide, metal '
oxides, nano tubes, glass fibers, quartz fibers, carbon fibers, boron fibers, Kevlar
fibers and Teflon fibers, among others. A size range for the fibrous and/or particulate
reinforcing materials can include 0.5 nanometer (nm) to 100 um. For the various
embodiments, the fibrous reinforcing materials can come in the form of a mat, cloth
or continuous fibers.

Embodiments of the curable compositions may also include at least one of a
synergist to help improve the flame-out ability of the cured composition. Examples of
such synergists include, but are not limited to, aluminum hydroxide, magnesium
hydroxide, zinc borate, metal phosphinates such as Exolit® OP-930 (available from
Clariant), and combinations thereof. In addition, embodiments of the curable
compositions may also include adhesion promoters, such as modified organosilanes
(epoxidized, methacryl, amino), acetylacetonates, sulfur-containing molecules and

combinations thereof. Other additives can include, but are not limited to, wetting and

~ dispersing aids such as modified organosilanes, Byk® 900 series and W 9010 (Byk-

Chemie GmbH), modified fluorocarbons and combinations thereof; air release
additives such as Byk® A530, Byk® A525, Byk® AS555, and Byk® A 560 (Byk-
Chemie GmbH); surface modifiers such as slip and gloss additives; mold release

agents such as waxes; and other functional additives or prereacted products to
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5 improve polymer properties such as isocyanates, isocyanurates, cyanate esters, allyl
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containing molecules or other ethylenically unsaturated compounds, acrylates and
combinations thereof.

" For the various embodiments, a resin sheet can be formed from the
phosphorus-containing epoxy resin and/or curable compositions of the present
disclosure. In one embodiment, a plurality of sheets can be bonded together to form a
laminated board, where the sheets comprise at least one of the resin sheet. The
phosphorus-containing epoxy resin and/or curable compositions formed with the
phosphorus-containing epoxy resin can also be used to form a resin clad metal foil.
For example, a metal foil, such as a copper foil, can be coated with the phosphorus-
containing epoxy resin and/or curable compositions formed with the phosphorus-
éontaining epoxy resin of the present disclosure. The various embodiments also
include a multi Jayer board that can be prepared by coating a laminated substrate with
the phosphorus-containing epoxy resin and/or compositions of the present disclosure.

For the various embodiments, the phosphorus-containing epoxy resin and/or
curable compositions of the present disclosure can be applied to a substrate as a
coating or adhesive layer. Alternatively, the phosphorus-containing epoxy resin
and/or compositions of the present disclosure can be molded or laminated in the form
of a powder, a pellet or impregﬁated in a substrate such as a fibrous reinforcement.
The phosphorus-containing epoxy resin and/or curable compositions of the present
disclosure can then be cured by the application of heat. N

The heat necessary to provide the proper curing conditions can depend on
the proportion of composition components constituting the curable composition and
the nature of the composition components employed. In general, the curable
composition of this disclosure may be cured by heating it at a temperature within the
range of 25 °C to 250 °C, preferably 100 °C to 200 °C, although differing according
to the presence ofa curing agent or its amount, or the types of the composition
components in the curable composition. The time required for heating can be 60
seconds to 24 hours, where the exact time will differ according to whether the curable
composition is used as a thin coating or as molded articles of relatively large thickness
or as laminates or as matrix resins for fiber reinforced composites, pérticularly for
electrical and electronic applications, e.g., when applied to an electrically

nonconductive material and subsequently curing the curable composition.



Boric Acid (g) - 0.05- 0.05- - - - - - - Total Solids (g) 12.87 12.92
14.00 14.05 128.05 123.80 139.20 133.95 10.23 10.27 3198. 30 The
conposi t iwoxonfiokanpl e 1-10, were forned and agitated fom/ud2d00o@2bef ore
bei ng applied to woven gl ass form ng ftand pai nt sanples. The hand pai nt
sanples were then partially cured by subjecting themto a 170 C oven for a
sufficient 10anobunt of tinme to reduce the reactivity of the curing agent to
80 seconds. The resulting "B-staged" prepregs were cut into 12 inch by 12
inch squares. Eight sheets of thegxowsets were- stacked and pressed form ng
| am nate sanples at a tenperature of 200 C and a pressure of greater t han-
23 at mospher es (Tt floyDgzanmes)ars givergtopllisiresel byt najlisdt e seapanf ®6 ni nut es.
Exanpl e 11 pResseal ed to pilot plant scale on a Litzler 15Treater and
formed into a | am nate sanple. The thernmal properties of the | am nate
sanpl es fonge%ﬂt\%)I es 1-11 were analyzed and shown in Table 2. Table 2

Exanple 1 Phenol, available from the Dow Chemical Company.
10 Cyclohexane dicarboxaldehyde, prepared as described in W0O2001007382,
which is incorporated herein by reference in its entirety.
UV-dye, Durite® SD-357B (tetraphenolethane), available from Hexion.
p-toluenesulfonic acid (PTSA) (0.207% by weight), available from Sigma
Aldrich. ,
15 Boric acid, technical grade, (CAS# 10043-35-3), available from Sigma
Aldrich ' '
Methy! ethyl ketone (MEK), technical grade, available from The Dow
Chemical Company. A
9,10-dihydo-9-oxa-10-phosphaphenethrene-10-oxide (DOPO), available from
20 Schill and Seilacher.
Catalyst, ethyltriphenylphosphonium acetate (CAS # 35835-94-0) (diluted to
70% solids in methanol), available from Alfa Aesar.
Curing agent, Rezicure™ 3026, available from SI Group.
Curing agent, Dowanol™ PM, available from The Dow Chemical Company.
25 Solvent, Dowanol™ PMA, available from The Dow Chemical Company.
Solvent, 2-methylimidazole (20 wt% in methanol), available from Sigma
Aldrich. '
Sodium bicarbonate (NaHCO), technical grade, available from Sigma Aldrich.
Epoxy Resin, XZ92530, available from The Dow Chemical Company.
30 |
Test Methods

Glass Transition Temperature (Tg)

The glass transition temperature was measured on a Q200 Differential
Scanning Calorimeter from TA: Instruments (New Castle, DE). The temperature of
35  the sample was increased 10 °C per minute from 30 °C to 220 °C. Tgl is reported as
the temperature at which the mid-point of the first-order transition is observed on the
first temperature ramp. The temperature was maintained constant at 220 °C for 15

minute and then allowed to equilibrate at 30 °C. Again, the temperature of the sample



Exanpl e 2 Exanple 3 Exanple 4 Exanple 5 Exanple 6 Exanple 7 Exanple 8
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5  was increased 10 °C per minute from 30 °C to 220 °C. Tg2 is reported as the mid-
point temperature of the first-order transition. The temperature was maintained
constant at 220 °C for 15 minute and then allowed to equilibrate at 30 °C. The

~temperature of the sample was increased 20 °C per minute from 30 °C to 220 °C. Tg3

“is reported as the mid-point temperature of the first-order transition.
10

Thermal Decomposition Temperature (Td)

The Td was measured on a Q5000 TGA from TA instruments (New Castle,
DE). The Td is reported as the temperature at which 5 wt% of the sample mass has

degrades.

15  Epoxy Equivalent Weight (EEW)

The EEW was determined according to ASTM D1652-04 entitled “Standard
Test Method for Epoxy Content of Epoxy Resins.”

UL-94 Vertical Flame Test

A5 centimeter (cm) long x 1 cm wide x 1.5 millimeter (mm) thick 8-ply

20  laminate sample is made and conditioned in a 105°C oven for 8 hours prior to
analysis. The sample is supported in a vertical position and a flame is applied to the
bottom of the sample. A first flame is applied for ten seconds and then removed until
flaming stops at which time a second flame is reapplied for another ten seconds and
then removed. Five samples are made and tested. The results are reported as a 1™

25  Burn Time and a 2™ Burn Time and a UL94 rating is determined. The 1% Burn Time
is the time (in seconds) it takes for the flaming to stop after the first flame has been
removed. Similarly, the 2" Burn Time is the time (in seconds) it takes for the flaming

to stop after the second flame has been removed.

Examples

30  Formation of Reaction Products by Condensation of Phenol and Cyclohexane

Dicarbbxaldehyde

Phenol (598 grams (g), 6.36 moles (mol)) and cyclohexane dicarboxaldehyde
(74.2 g, 0.53 mol, mixture of 1,3- and 1,4-isomers; ratio of phenolic groups to
aldehyde groups equal 6 : 1, equivalent ratio of phenol to cyclohexane

35 dicarboxaldehyde equal 3 : 1) were added together in a 1 liter (L) 5-neck reactor.
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5  The mixture was agitated at 500 revolutions per minute (rpm) with a mechanical
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stirrer and heated to 50 °C. At 50 °C and atmospheric pressure, p-toluenesulfonic
acid (PTSA) (1.3959 g total, 0.207 wt%) was added in six portions over 30 minutes.
The temperature increased a few degrees with each PTSA addition. After the 6
PTSA addition, the temperature controller was set to 70 °C and vacuum was applied
to the reactor. The pressure of the reactor was gradually decreased to remove water
from the reaction solution. Once the reflux stopped, the reactor was vented and water
(48 g) was added. Water (79.0 g) and sodium bicarbonate (NaHCOs, 0.6212 g) were
added to neutralize the PTSA. When the reaction contents had cooled to room
temperature, the entire contents was transferred to a 2-L separatory funnel. Methyl
ethyl ketone (500 milliliter (ml)) was added to the 2-L separatory funnel, and the
contents were washed several times with water to remove PTSA-salt. The solvents
and excess phenol were removed using a rdtary evaporator, and the reaction product
was poured onto aluminum foil. Ultraviolet spectrophotometric analysis provided a

hydroxyl equivalent weight (HEW) of 118.64.

Preparation of the Polygvcidyl Ether by Epoxidation of Reaction Product

The reaction products formed above (107.5 g, 0.22 mol based on the
assumption of 100 % tetraphenol of the above structure), epichlorohydrin (414.08 g,
4.51 mol; ratio of epoxy groups to phenolic groups equal equivalent ratio of
epichlorohydrin to polyphenolic compounds equal 5.1 : 1.0) and Dowanol® PM (79.4
g, 12.7 wt%) were added to a 1.5-L 5-neck reactor. The resulting solution was heated
to 65 °C while being agitated at 650 rpm. Upon reaching 65 °C, vacuum (28.5
kilopascal (kPa)) was applied f_o the reactor and 50 wt% a‘queous NaOH (72.9 g) was
added to the reaction mixture over a period of 4 hours. Upon completion of the
addition, the reaction mixture was kept for an extra 15 minutes at 65 °C and then the
entire reactor content was filtered to remove by-product salt. The filtrate was
transferred to a 2-L separatory funnel, methyl ethyl ketone was added to the filtrate
and the resultant mixture was extracted several times with water to remove residual
salt. Thereafter, the washed solution was concentrated on a rotary evaporator to

remove unreacted epichlorohydrin.

Preparation of the Phosphorus-Containing Epoxy Resin (3.0 wt% phosphorus) by
Reacting Polygycidvl Ether with DOPQ




345.2 355.6 336.7 337.4 399.1 375.6 391.9 382.5 335.5 337.3 362.0
Preparation of Conparative Exanples Ato C Conpar ative Exanples A
to C wer eworda/foyosbor nmi ng curabl e conpositions with an epwus201@®00225
(XZ92530) and hardeners. The fornul atdioons and amounts 10illustrated in
Tabl e 3 are based on a percent solids basis. Table 3 Conparative Exanple A
Conpar ati ve Exanpl e B Conparative Exanple C XZ92530 (g) 10.00 10.00 10.00
Rezi cureTM 3026 (g) 2.87 2.87 - Dicyandiamde (g) .. -

S The polygycidyl ether (88.79 g) was added to a 250 ml round bottom flask

. equipped with condenser, mechanical stirrer, and thermocouple and heated to 120 °C
under a nitrogen purge at 50 cubic centimeters per minute (cc/min) flow rate. Upon
melting, the temperature was increased to 125 °C and Durite® SD-357B (1.39 g) was
added and allowed to stir for 30 minutes. The reaction mixture was allows to cool to

10 110 °C, and 9,10-dihydo-9-oxa-10-phosphenanthrene-10-oxide (DOPO, 12.3 g) was
added and allowed to stir until completely homogeneous. A-1 catalyst (125
milligrams (mg)) was then added and the temperature was increased to and
maintained at 170 °C for 30 minutes. After 30 minutes, another 12.3 g of DOP was
added and stirred until completely homogeneous. The reaction mixture was then

15 stirred for 30 minutes after the homogeneous mixture formed.

Preparation of the Phosphorus-Containing Epoxy Resin (2.7 wt% phosphorus) by

Reacting Polygycidyl Ether with DOPO

The procedure from the preparation of the phosphorus-containing epoxy resin
20 (3.0 wt% phosphorus) was repeated but with the following changes: use 21.4 g of
DOPO. |

Preparation of the Phosphorus-Containing Epoxy Resin (3.7 wt% phosphorus) by
Reacting Polygycidyl Ether with DOPO

25 The procedure from the preparation of the phosphorus-containing epoxy resin
(3.0 wt% phosphorus) was repeated but with the following changes: use 31.2 g of
DOPO.

Preparation of Examples 1 to 11

30  Examples 1 to 11 were prepared by forming the following curable
compositions in Table 1. The phosphorus-containing epoxy resin (192.69 g) was
added to a container capable of holding such an amount. A 50 wt% solution of
Rezicure™ 3026 in Dowanol™ PMA (53.6 g) and a 20 wt% solution of 2-
methylimidazole in methanol were added to the container holding the phosphorus-

35  containing epoxy resin. The amounts provided in Table 1 are a “percent solids basis”
meaning that the weight of the solvent (Dowanol™ PMA) of Rezicure ™ 3026 and

the solution of 2-methylimidazole in methanol are ignored in the calculations.



0.31 Boric Acid (g) - 0.05 - Total Solids (g) 12.87 12.92 10.31 The
curabl e conpositions of Conparative Exanples A - C, were fornul ated 15and

agi t at ed wonofi/tooups bef ore being applied to woven gl asecrarspingodzand pai nt
sanpl es. The hand pai nt sanples were Zlhen partially cured by subjecting
themto a 170 C oven for a sufficient amount of tine to reduce the
reactivity of the curing agent to 80 seconds. The resulting "B-staged"
prepregs were cut into 12 inch by 12 inch squares. Eight sheets of the
prepregswere stacked and pressed foggipg | am nate 20 sanples at a
tenperature of 200 C gnd a pressure of greater than 23 at mbspheres (atm
(2330 klPa) for a periqd ef| greater (than {90 g nutes. The t ber mabk |propenties
of the [am nate sanpEes for Gbnpagati vg Exagpl esg A Cywereanal yzed and
shown ijn Table 4. |Tablle £ | Gnpagati v | Exagpl e Al Conparats ve Exjanpl£|B
Conpar ati ve Exanple €|Tgk ((CF 13956 1229 ¥i9.94d¢g2 (| 142, 9 £21.4 418.
Tg3 (O 122 7+ Td
Phosphorus-
containing epoxy
resin(%.og/o} 10.00 | 10.00 | 10.00 | 10.00 | - - - - - - .
Phosphorus) (g)
Phosphorus-
containing epox
resm(gjopﬁ Y. - - - {10000 | - |10000| - - -
Phosphorus) (g)
Phosphorus-
containing epoxy
resin (3.7%
Phosphorus) (g)
Cyclohexane -
Tetraphenol (@) - - | 400 | 4.00 - - 39.20 | 33.95 -

Rezicuzg"" 3026 287 287 _ _ 28.05 23.80 - -

Dmya?g)lamlde - - - - - . - - 023 | 027 | 504.90
" Boric Acid (g) - 1005 | - | o005 }

Total Solids (g) | 12.87 | 12.92 | 14.00 | 14.05 | 128.05 | 123.80 | 139.20 | 133.95 | 10.23 | 10.27 3198.30

v\

8

Py
D

- - 100.00 - 100.00 | 10.00 | 10.00 | 2693.40

The compositions of Example 1-10, were formed and agitated for 2 hours
before being applied to woven glass forming hand paint samples. The hand paint
samples were then partially cured by subjecting them to a 170 °C oven for a sufficient

10 amount of time to reduce the reactivity of the curing agent to 80 seconds. The
resulting “B-staged” prepregs were cut into 12 inch by 12 inch squares. Eight sheets
of the prepreg were stacked and pressed forming laminate samples at a temperature of
200 °C and a pressure of greater than 23 atmospheres (atm) (2330 kPa) for a period of
greater than 90 minutes. Example 11 was scaled to pilot plant scale on a Litzler

15 Treater and formed into a laminate sample. The thermal properties of the laminate

samples for Examples 1-11 were analyzed and shown in Table 2.

Table 2
— I~ N < v o ~ 0o o 2 =
L L 2 2 L 2 2 2 i) ) 5}
£ = £ £ g = = g £ IS £
v} < ] < [ao] [+ < [=+] < a b=
b Ed = =< td < £ b td < b
o] m m m ad [88] 58] s3] s3] 25} 2%
Tgl ) } A )
(°C) | 163.3 ] 177.9 1 194.3 | 197.4 176.0 | 182.6 | 162.0
Tg2 i i i i
(°C) | 165.6 | 176.3 | 193.5 | 198.1 175.1 | 1749
Tg3 - - - - 158.6 | 149.6 | 163.9 | 169.2 | 172.9 | 174.6




357.7 356.3 339.6 Analysis of Thernmal Properties WO

2011/ 100049PCT/ US2011/ 000225 23 51t can be seen from conparing Table 2

( Exanpl esw@-20atiy100d49h Tabl e 4 (Conparati ve Exanpl es A- C) pChaS2athmoeaspl e

| am nates fornmed fromthe phosphorus-220ont ai ni ng epoxy resin of the present
di sclosure yield significantly higher Tg val ues. For exanple, Exanples 1-4
yield a Tg of at |east 20 C higher than the Conparative Exanples A and B
and Exanples 9 and 10 yield a Tg of at |east 50C higher than the

10Conpar at i viee@&anplle C. | Addiitional Iy} the¢ thermal | deconpositiop
t enper at ure [(Td) valjues petween (jhe Exanplles and Cpmnparati ve Expnpl es

remai n essent®@l|Bss urssh@ntped . 31714-(349.F| e | Tast| 385+ es i ars |wer.e| per f or med
with the | ami nate sanples for Exanples 5 - 8. Each Exanple was tested and
the 1st Burn Tine (in seconds), 2nd Burn Tine (in seconds) and the UL-94

e 7 Exanpl e

rating are ﬁ%}rggmioi ggggﬁl e Re E;Ic?bllgs ?t E)l(ggp:?ﬁrﬁ %(ﬁerrpl.e 6 Exanpl

Comparative Examples A to C were made by forming curable compositions

8 1st Bur

10

15

with an epoxy resin (XZ92530) and hardeners. The formulations and amounts

illustrated in Table 3 are based on a percent solids basis.

Table 3

Comparative Example A

Comparative Example B

Comparative Example C

XZ792530 (g)

10.00

10.00

10.00

Rezicure™
3026 (g)

2.87

2.87

Dicyandiamide

(g

0.31

Boric Acid (g)

0.05

Total Solids (g)

12.87

12.92

10.31

The curable compositions of Comparative Examples A - C, were formulated

and agitated for 2 hours before being applied to woven glass forming hand paint

samples. The hand paint samples were then partially cured by subjecting them to a
170 °C oven for a sufficient amount of time to reduce the reactivity of the curing
agent to 80 seconds. The resulting “B-staged” prepregs were cut into 12 inch by 12
inch squares. Eight sheets of the prepreg were stacked and pressed forming laminate
20  samples at a temperature of 200 °C and a pressure of greater than 23 atmospheres

~ (atm) (2330 kPa) for a period of greater than 90 minutes. The thermal properties of

25

the laminate samples for Comparative Examples A-C were analyzed and shown in

Table 4.

Table 4

Comparative Example A

Comparative Example B

Comparative Example C

Tgl (°C)

139.6

122.9

119.9

Tg2 (°C)

142.9

121.4

118.8

Tg3 (°C)

122.7

Td (°C)

357.7

356.3

339.6

Analysis of Thermal Properties




(s) 2nd Burn Tinme (s) 1st Burn Time (s) 2nd Burn Tine (s) 1sl1 Burn Tinme (S)
2nd Burn Tinme (s) Run 1 9.5 11.0 7.4 6.5 19.6 0.0 8.6 0.0 Run 2 13.1 0.0
WO 2011/100049 PCT/US2011/000225
23

5 It can be seen from comparing Table 2 (Examples 1-11) with Table 4
(Comparative Examples A-C) that the sample laminates formed from the phosphorus-
containing epoxy resin of the present disclosure yield significantly higher Tg values.
For example, Examples 1-4 yield a Tg of at least 20 °C higher than the Comparative
Examples A and B and Examples 9 and 10 yield a Tg of at least 50 °C higher than the

10 Comparative EXample C. Additionally, the thermal decomposition temperature (Td)
values between the Examples and Comparative Examples remain essentially

unchanged.

UL-94 Flame Test

15 Five runs were performed with the laminate samples for Examples 5 — 8.
Each Example was tested and the 1% Burn Time (in seconds), 2™ Burn Time (in

seconds) and the UL-94 rating are shown in Table 5.

Table 5
Example 5 .Example 6 Example 7 Example 8
lsl 2nd lst 2nd lst 2nd lst 2nd

Burn Burn | Burn | Burn | Burn | Burn | Burn | Burn
Time Time | Time | Time | Time | Time | Time | Time

(s) ) OO (s) (s) (s) (s)

Run 1 9.5 11.0 7.4 6.5 19.6 0.0 8.6 0.0
Run 2 13.1 0.0 6.9 5.7 14.5 0.0 17.7 0.0
Run 3 11.0 5.3 8.6 6.3 19.4 0.0 6.7 13.9
Run 4 | 8.1 7.3 7.7 6.2 22.5 0.0 14.4 0.0
Run 5 7.8 11.6 6.4 5.6 17.8 4.0 14.3 1.7
UL 94 Rating V-1 V-1 V-1 V-1
20 As seen in Table 5, each run for the laminate samples for Examples 5 — 8

resulted in a UL 94 rating of V-1. Without a flame retardant, these samples would-
“burn to the clamp” after the first exposure to the flame and is designated as
“unrated.” The V-1 rating for Examples 5 through 8 indicates that the flame retardant
such as phosphorus is active. In addition, the V-1 rating is acceptable for some

25  applications in some countries. '

The laminate sample prepared from Example 11 (1.3-1.5 mm thick) was also

tested under the UL-94 Flame test. The burn times and the UL-94 rating are shown in
Table 6.

30



~N B

4.5 0.0 17.7 0.0 Run 3 11.0 5.3 8.6 6.3 19.4 0.0 6.7 13.9 Run 4
7 6.2 22.50.0 14.4 0.0 Run 5 7.8 11.6 6.4 5.6 17.8 4.0 14.3 1.7
WO 2011/100049 PCT/US2011/000225
24
Table 6
Example 11
1¥ Burn 2" Burn
Time (s) Time (s)
Run 1 1.8 4.9
Run 2 0.6 1.2
Run 3 1.0 0.9
Run 4 1.1 2.4
Run 5 3.3 1.5
Total Burn Time 7.8 10.9
1" Burn + 2™ Burn Time 18.7
UL9%4 Rating V-0

The results for Example 11 are significantly better (indicated by shorter burn
times), and the samples achieve the more stringent rating of V-0. The V-0 rating is

one standard for electronic applications in the United States.



UL 94 Rating V-1 V-1 V-1 V-1 20As seen in Table 5, each run for the

| am nate sanples for Exanples 5 - 8 resulted in a UL 94 rating of V-1.

Wt hout awbl2armop@bar dant, these sanples woul d "burn toPChaseéianmpi22uft er
the first exposure to the flame and i2% designated as "unrated.” The V-1
rating for Exanples 5 through 8 indicates that the flanme retardant such as
phosphorus is active. In addition, the V-1 rating is acceptable for sone
25applications in sone countries. The | am nate sanpl e prepared from Exanpl e
11 (1. 3-fepyipp thick) was al so tested under the UL-94 Flane test. The burn
times and the UL-94 rating are shown in Table 6. WO

2011/ 1001049Pgr/ Uszglll 000225 24 5Tabl e 6 Exarr(gJ efPll é% Burn Tine (s) 2nd
Burn Tine (s) RRPIOTES-EOUAGIRGRODY 558 of 20ompRu! of FFrub (Ran 4

(Formula I)

. R2 R2
O~
z/o\f\/ z
\
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R1 H_\C___. R —C—H R1

wherein each Z is independently a compound of Formula (11):

(Formula II)

O

<

, a compound of Formula (11I):
(Formula III)

OH O

WY
/bp\/x

, or a compound of Formula (IV):

(Formula ['V)

OH O

WY
Pl
kr <

wherein:



1.1 2.4 Run 5 3.3 1.5 Total Burn Tine 7.8 10.9 |Is' Burn + 2nd Burn Tine
18.7 UL94 Rating V-0 The results for Exanple 11 are significantly
better (iwdi2oat®oo4by shorter bumtines), and the sanpl epcaaise@vumoike nore
stringent rating of V-0. The V-0 rati2eg is one standard for electronic
applications in the United States. WD 2011/ 100049PCT/ US2011/ 000225 25 W
Claim |I.A phosphorus-containing epoxy resin of a conpound of Forrmula (1):
(Formula 1) wherein each Z is independently a conpound of Fornula (I11):
(Formula I1)

conpaund, of For mul éé}lll): Formula 111) OHO ,y /\ x ,
or a conpound®gt QF%’} 'El”ldF?ﬁn.de'Et;:’o}Pyr‘rﬁ‘P “IQ(/)"’”@]&IQJ PeIYsx  wo
2011/ 100049PRT T4k 03 p&AE22Bormula 1 is a cycloaliphatic diradical, a bicyclic aliphatic
diradical, or a triclic aliphatic diradical having 6 to 30 carbons; and
each Y and X is independently hydrogen, an aliphatic moiety having 1 to 20

carbon atoms or an aromatic hydrocarbon moiety having 6 to 20 carbon atoms.

2. The phosphorus-containing epoxy resin of claim 1, wherein R in the compound of

Formula (I) is a mixture of 1,3- and 1,4-cyclohexylidene.

3. The phosphorus-containing epoxy resin of claim 1, wherein R in the compound of

Formula (I) is a mixture of bicyclic C,gHi4 diradicals.

4. The phosphorus-containing epoxy resin of claim 1, wherein Y for the compound
of Formula (III) and the compound of Formula (IV) is 2-biphenyl-2’-oxy, forming a

tricyclic structure.

5. The phosphorus-containing epoxy resin of claim 1, wherein X in the compound of

Formula (III) and the compound of Formula (IV) is methoxy.

6. The phosphorus-containing epoxy resin of claim 1, having a phosphorus content
within a range of from 2 weight percent to 20 weight percent based on a total weight of

the phosphorus-containing epoxy resin.

7. The phosphorus-containing epoxy resin of claim 1, wherein the phosphorus-
containing epoxy resin has a molar ratio of epoxy to phosphorus is within a range of from

10:1to1:1.

8. A curable composition, comprising the phosphorus-containing epoxy resin of

claims 1-7.



26 each Rl and R, is independently hydrogen or an al kyl noiety; Rin

the conmpound of Fornmula | is a cycloaliphatic diradical, a bicyclic
al i phati cwdizoadiossb, or a triclic aliphatic diradi cal haeirng2@ 100239
car bons; and each Y and X is i mdependently hydrogen, an aliphatic

noi ety having 1 to 20 carbon atons or an aromati c hydrocarbon noi ety having
6 to 20 carbon atons. 2. The phosphorus-containing epoxy resin of claiml,
wherein Rin the conpound of Formula (1) is a mxture of 1,3- and

1, 4- cycl ohexyl i den 3. The phosphgr us- cont ai ni epoxy.resin of claima1l,
wherein R i nylihﬁéu@g}?‘pcﬁmi’d’slgfm IQEF ’\Vﬁﬁre‘i“éheacurﬁagﬁ? POFUWI RA R i ¢ CLOHL4

di r adi cgJhgsphoftss c&?@nﬂh@ﬁiﬁQQE&%‘&W&]@U@M{;&B@%EM 631 Wit fet@hiBabed Wherein Y
for the conmpound of Formula (111) and the conmpound of Formula (1V) is

2- bi pherfylatotal yright eighaurgblg compesiten.c structure. 5. The ,
phosphor us-cont ai ni ng epoxy resin of claim1, wherein X in the conpound of
Formula (Il11) and the conpound of Formula (1V) is nethoxy. 6. The
phosphorllis- c@ntaedepxyefoomyd nétkithe posphausredntaihiay iepgxyarepinas phpousofc ont ent

W t hin a,range of from2 weight percent to 20 wei ght percent based on a
total weigRt 'of the phosphorus-containing epoxy resin. 7. The
phosphor us-cont ai ni ng epoxy resin of claiml, wherein the
phosphor us- cont ai ni ng epoxy resin has a nolar ratio of epoxy to phosphorus
is withild a rlAageredEPPRLM cAdm 14 gvherein the cgred gpesy hasiaeelass tgagiion on,

conpri si ol ereloTelc - gl =AY i /. WD

2011/ 1oégg%éﬁgé%euszoﬁ%g%fggpgl?h’nisa@gdf’ %ggéﬁ?lég’?g&%@fn%%gﬁsg%ﬁﬂ“& claim 8,
wherein the curabl e conposition has a phosphorus content within a range of
fromO0. 5, wei rcent to,5 i ght percent based on,a total weight of the
cur abl e Zompadt R POt FPersBEE By SRS R rBh fon
phosphonespaanieaif Within & pogy of €30 degddesa@eysiane 200 dedradsn®eldiug/. 11. The cured
epoxy of claim 10, wherein the cured epoxy has a glass transition
tenperature of within a range of from 150 degrees Celsius to 200 degrees
Cel si us.13. 12.A Jidge sUoe th &P dhe Pho§prRBLbRiaiMAEERIxY rbdhe BHIpedingPOXy has
glass transition tenperature of within a range of 170 degrees Celsius to
200 degrees e&Ividipga palzgydadycghes s§thfadiunciprpkiy af leestghvseesidiging ant ai ni ng

SPOXY T Gallion GRARIoHhAGhARERK et B0) ¥ EEIiYle, sher with, @ Funct! onat ity

at least 4 by epoxidizing a reaction product o condensati on of phenol
and a di al delspadeng tagolygycidylretlaartwithgp phveplpobsygpymiodyd thet bertaing 6h a
phosphor 0 und that.contains a phosphorus-hydrogen noiety. 14. The
processpgﬁmg %ﬁ%Vnga%H@F%Ythe epoxy resin has a pol ydispersity of |ess
than 2.0. 15. The process of claim 13, where the dial dehyde is cycl oal kane
dicarboxalde3¥d . 16. The process of claim 13, where the ghosphorus

, less th

e ! . .
compound?i s 8N4 PogessPd6legm dR et berp HissPRED Frs HdIRs BiPehEisposEx o an
2.0.

15. The process of claim 13, where the dialdehyde is cycloalkane dicarboxaldehyde.

16.  The process of claim 13, where the phosphorus compound is 9,10-dihydo-9-oxa-
10-phosphaphenanthrene-10-oxide.



