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-CURABLE FLAME RETARDANT EPOXY RESI N COVPCSI TI ONS

FI ELD OF THE | NVENTI ON The present invention rel ates
to a curable flame retardant epoxy resin 5 conposition
wi th increased toughness and fracture resistance,

which is particularly useful for preparing electrical
| am naCURABLA A ERB TARDART EROENTRENNTGMAOSEIONS
resins such as epoxy resins are comonly used, for
exanple, in the mcroelectronic and aircraft

' ’Iﬁé' ul ati ons of both the
mm 10 aircraft industries mandate

the use ofyd itk ﬁsén%ﬁj?emtes‘wQé%?ﬁl@ﬁhxﬂéretaﬁﬂt bl Yesin

flame retar epoxy resins I nclude epoxy re
aambsition with increased eoughins&emﬂrfrachmnesstamqegwmhlem phitigwierly useful
/ﬁ%et ar danc epoxy resin, by brom nating an epoxy

’égrf?fmnggﬁﬁfﬁ'@ tl""ci’act ure resistance, making it

hese materials into finished
-"‘“‘“" pj or problemin the

electronl i nd [ the drillabilit

br omi nat e@ﬁ i‘?ﬁ Hﬁﬁ@a[sggoxgggbnslqy% qnquusgﬁ}?gl?ﬁmple in
00 B dodletbhi6 ahd AftrafPiReaHss. Thorilatiodd of Byl #i¢ microelectronic and
conposites are_known to be very brittle, Thus, whjle

Mm@ﬁmmaada&p@ g yse o Sameas €PXy Tesse d aRiFally

sihd MERAE Gk 25 RIS Bortdinib P BroBRALX I swever, increasing the
part| cul a y when such epoxies are to be used in

flameq rotardancerafiai epaxypesi Ay bromunatin emeRAY Eafinefsdusps %&ﬂf;ﬁm
fﬁgﬁ & h%ﬂ#? ChetihusTh BlREs Biehd AR ORR) ffidiel BRALEES Y
2 SO i Ao
Brpmirated epaxysompesitennseld iroprimet antuit poaxd/ faba@t!ps, be¢ayse brominated
AR posi RANREA UG pE AR otk Bt IybfiBlion ik
Rﬂﬁpbﬂthom;p gTw?g?dg :]mlﬁutd the ﬂlémé?rwbtancem ﬁg/segdﬁ%na?hdtﬂqﬂy when
1R AT AR DE RSO PLSHSITaRE AP OB R BD Py 1osiB

pibteR@l G6d M infdrdefecabic agspnchmnei edsfly shattér duting drillih prdcedurey and,
printed circuit hoard fabrication. Epoxies in general

letémkmﬁletrépﬂéca?%‘?sy difficult to toughen and sone
epoxi es are, t oo ttle t hen ef e

Mbr eover , ?‘B%\‘ﬁ @“‘?WE" g ?S‘PB %jm%qal laminates
b;sﬂhbﬁdoﬁs £ Q¥h-Bonfhdt & epb Ry fRSing ForleRAnyf1¥ PR6SGBoRhs-EontkiHibS epoxy

use tenperature, creati ngI 30 unacceptable limts
8]

tﬂsms sich 49 ropecdengribied §n B4S. Patens Nor 6493:220; U.S; Pategt Application
?&1}1@5&& ﬁ@r%poﬁm@?ﬁ K Rl56 pef PuslidaBolPNe oW OORPY ¥ lhese

asse
bromine-free epoxy resins also have the d1sadvantage of being brittle and may be difficult to

- drill during printed circuit board fabrication.

Epoxies in general are known to be very difficult to toughen and some
epoxies are too brittle to toughen effectively. Moreover, increasing the fracture toughness
of brittle epoxies often comes at the expense of modulus and use temperature, creating

unacceptable limits on the applicability of these resins.
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t oughen epoxies with a mninmal inpact on the glass
transition tenperature and nodulus and wth the

advant ages of sinple processing and | ow cost. For

exanpl e, Dean J. M; Lipic, P. . M; Gubbs, R B.;

Cobk, R F.; Bates, F. S. J., "Mcellar Structure and
Mechani cal leeﬁmhal\l@@n@ﬁmawl@n@@lpg blpeleeopolymer selleassembly to

bR Ggrics st Pt bt e ok k{8 RGP and moduts nd

smhftheemlsmttgeedf sunple proesssink @sd mccosts [Foeexamale, PeangJ.IMs Lipic, P.

DoRbAR R RCRBb R FBREASE s e ek o %nd bR
P?Jﬁe?tféé BﬁBlo@M@&po%@FfMoug‘iea [EpbflesSUY. POIgmASKS.Hait ElPQ?mexf Bilysics,
orrelation ween the ratio of the sepa

3%%@%@95@991%@@0%%@@%@% self aEhrd ajsysioles aps
rl;@;eﬁeﬁfnﬁ&m&& SanGleaRR) xgl indr&448 R HaBErJ PBG0E éﬂﬁodeTBﬁﬁﬁenol A

rphol ogl es share t same basic spherical shape,
bpnxmsrmreklam@l@rtetcaﬁmmabwgm@ﬂc ahine g@ingaBas; a;ﬂeg@@b@aelapon

et 16 7 Atk slfo P o b e Al B s o

icorformm tecldssiaad tougheningasdchimsme , Thesednérpboiwzicseshare theersame bésic

epox. hout,. sacrifi her ertigs o
Sl sl Hedsspst dciipRons o The ellen BB 85 Bectond
Retekake . thd frachfre R6iSteic@d t 0 provide a conposition wth
an inproved fracture resistance, which overcones the

di sadvant ag@suldfbe Beauble BRfiRT dnather wi}&blﬁilr&!df itreyse\thictufe
overcones_the drjlli ng pr obl, errB of prl r@é’grl al s,
SiAmesy angtl fng

APErelaRfamee AT CRPXYTeRViEY propegiss of the

P& TEdiR Buch 3s Blet & &al@meamaéole epoxy resin
conmposition including (a) at |east one flanme retardant

epoxy resipis demed@(t proGidé b coMBositARRAIhRA improved Pédkure resxstance
copol ymer; and “{v a curing agent, Another aspect

ve@ewps the gispdvaniagep of H}W&P%@#Sopaauﬁ%é@g %'Fgcomes the

HbARIt&idi€si N composi tion including
m XI ng 25 t? at | east one flane retardant epoxy

rM@bmeMQﬁ anphi philic bl ock copol yner;
and (c) a currng agent. Still another aspect of the
present i n@ﬁ@ﬁs?&;@ of e ﬁre&‘éﬂf R edtfRR id iR cursbliCdpoRPresid

printed circuit board, made fromthe above curabl e
rces:msm@mpdgdmg @hat least onedlapeaetandpnt ieparyinesing (b)iat leatt gge

|n3’?1 g‘lﬁ%g sel%?&)zl’)‘}fl ?‘%ﬁé@fnano%g aTcrgrg??lug%res such

as worm | i Kﬁ(%tﬁé'r a%%&%ﬂh% sgﬁt p&(ﬁl is iflectdd& agﬁkéés?wﬁépmg

enbodi ment npone the present 1 nvention
ar cnrgblecrssin torhposition including mxxmg

(a) at least one flame retardant epoxy resin;
(b) at least one amphiphilic block copolymer; and
(c) a curing agent.

Still another aspect of the present invention is a cured resin product, such as

a printed circuit board, made from the above curable resin composition.
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appropriate anmounts and ratios such thatupon curing,

the bl ock copol yner self-assenbles 5 into a wormlike

m cel |l e norphol ogy; and such that the fracture

resi stance of the resulting cured product is

i ncreased. BRI EF DESCRI PTI ON. OF THE DRAW NGS Fj gure 1A

i s a trandhe oesehinvertionintismdirerisd tooanew tyragt o mygpphology
H@fu 'sglfs-'assghﬁl@& #ﬁﬁg 18 BrRR e i Bk Br SpheRchl Widelles. In
phenoF novol ac. [ rgure TA1s one 10 illustration
omgpacisht enbodimertt, thtiepnirlonerits eithepryseat inyantips hre grasent ie

retardant epoxies.of th resent iLn '

PSR reilS SRy b a8 Sfthle 0 HEK OB scassembles
nés av@eiin-likemivyllé Mmolipholaty; agdsuek thayihe fradtive resistameadf the resulting
i nvention and the geonetry of the prior art. Figure |IB
epedrrodudt isgpczeaset ati on of the wormlike geonetry and
configuration of Figure 1A. 15 Figure 2Ais a TEM

BREEFEDESCRIPTEON OF THE DRAWEBNGS an epoxy formnul ation

cured wi th phenol novol ac. Figure 2B shows a
r epr esent Figeé1 Ais 4 thasmizkion electtonthicobdopy (M) weiapy ofwetm-like

configuration of Figure 2A, Fjgure 3Aig. a_JEM] e
grcellesipap egoxwﬁorgwfaéta%ﬁwf Bithahsel fem‘)@&r %Sﬁlﬁe 14 one
RRSRMon PPHQERSt velok fHiebfocR Bosdlaié nfbdifRR TIRSE Aétatard BpdXies of the
the vesicles geonetry and configuration _of Figure

3A,
Pregent invantion apd ¢jeashyshevs the FiifffS@Ffﬁti? 8576 N SHARe Hest h 8 e optindsical
g%bﬁtﬁ%%to&' ﬁlﬁ%?%gnt i efichSnd thefgéGﬁEﬂr?p(]{f R prioP@XY resin

[ e epoxy formulmatio or wormlike
mi celle, | el oA I 0Bl kied
epoxi es; ?ﬁ%ﬁégﬁa?ﬁorwgéﬁ . |gure°4 shows tth\et0 wor m | i ke
confputation of Kigwats. t he fracture resistance to
approxi mately 1000 J/n2 even when the neat epoxy is |
t 0o bri tt | Rgiro2AbchTEM imagepéfspherical mieadlenin apgpoxyaiomyigfion

50 i aht _percent epoxy). DESCRI PTI ON OF THE
%ﬁﬁ%ﬁ&%&?ﬁ%ﬁ%mg Ix)general , the present

i nvention 4 |6 5 QURARLL b e iiGhdAlang o
ISOvor Im Xtﬁﬁg@%ﬁ‘&lﬁo@% aaﬁ& epo%tclibégy ngpg‘rglji e oﬁP%and

(]

m xture
senfipuedtionl of FigureAA. epoxy resins, wherein at -3 | east
one of the epoxy resins is a flane retardant epoxy
resin; (b)Figire BAass TBMcmagepdfi yssicles in an spaxyiomopasion vuted with
Cﬁ?ﬂt zi ni F“g an epoxy m sci bl e block and an epoxy
PATOSBTYI%" bl ock, and (c) a curing agent or mxture

of curing ent,s., The bl ock | .
moai 11 er 0 TEF B b8 SRR bt Hlidl S al3dn A% fonfiguration
I Bipdre 3A. :

Figure 4 is a graphical illustration showing strain energy release rate as a
function of epoxy resin content in the epoxy formulation for worm-like micelle, spherical
micelle, and vesicle modified epoxies; and neat resin. Figure 4 shows that worm-like
micelles increase the fracture resistance to approximately 1000 J/m?* even when the neat

epoxy is too brittle to machine samples for mechanical testing (50 weight percent epoxy).

i

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In general, the present invention is a curable composition including a blend

or mixture of (a) an epoxy resin or mixtures of several different epoxy resins, wherein at
-3-
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5 The conposition of the present invention has a

remar kably high fracture resistance. The present
invention is inportant because it utilizes a bl ock

copol yner additive that can be incorporated into a
thernoset at | ow concentrations (for exanple, |ess

tehst onof theépgiy resins senflameamidrdant epoxyoresidb) at 1Q§8tcbnwiambhiphﬂic

I ni mal., changes .t o current ) 0
Fingk FPa BN PR wsrony BuscRe sk any BTy yREpakledledk;fnd
(e cumgwgaﬁ oB inditere ol bifing@gérie rlrnedmhmpblwmss wied afd medifier
and is not extrenely sensitive to curing procedures.
fos meghpnicalpropertigs cphapsermt pHbeberbn enabi es t her noset
resins, such as epoxies, to be used._in

appl i cat i dA8 comBqsition of the present inyeationhag.a F‘?“’Qﬁblyst%@bﬁ'ame
TeldftaReS BB g:dséh\( ﬁm:ﬁt R iPPOHER DedusEi m&eg Pblot¥ %@%Q&ddmve

an epoxy resin thernoset, sald nmethod dramatically
thapeaobe ng:omhmtﬁdnmotadh@mp@s atdma nensewsfatipns(ifar example.dess than 5

?’E‘%Fﬁ r?mgta%de%ca gzﬁvto Icgg?flc?n ggg per ce r?r Sﬂaggﬁ it(} e n oﬁ%&ésmg

equigmdnt.ng the glass transition tenperature. The
present invention denonstrates a renmarkable
enhancerreri‘[heiprbsenn ug;bﬂ&ms;)rowddsbntdn;ﬂromgyeteated frothe uncured state

oXy res such as a bi sphenql epox
S Sbeine PAGRoR Tl s 2ot BRI ARE CY 0 cBRggpocedures
fro4dditlon] th@preSeatin@ériion BhidblEs RikBehetiesixd, €6chla epdxidsOid®e used in
flame retardance, The present invention has inportant

PIofs appligatignswihee fashire Ecé’(sfaé?fs‘s AEi§¥Rer i ng  tough flane
retardant thernosets,  such %\s; epoxy resins, such as jn

the m cr odiiE@Preseinventignprovides 3 methpd forRrengripg an epoxy resin
tHAFHSEE!, 5@ mefiBd dﬂﬂfaﬁéa@ly luﬁfu’o%n Qfe fHaBRrd TRAMARE Biﬂﬂﬁn@:fetardant

printed circuit boards her applications where
graxiqs avithe minimal acqepighle lqsetnap‘e?&heébet‘am 5tR9Ef‘§Htr?é'§ 20 pergent)
whilk IRQHEHNe tﬂ}!‘% LRGN thl¥EsideOn Provi des a

wth a novel

conposition nor phol ogy by addition of

bl ock copofp. ey t‘MJeBh&rfSl%Foﬁﬂa?eQ br nﬁ?ﬂmﬁ dnh&eRB i in toughness

archltecturet0|nduc - asse Into a worm |
mmgmpse@afor m:pni@ lepeyy resitisesuch asd lblazhen;ﬂ A ¢poxy mgbmth phenol

i nvq&? IB‘QePe Jé&a’ Soltbllifildn M&%#ﬁ%ésﬁ@h&oveg%ame

cont € i ncrease oughness o
tretsridmcanThe pteseﬁnnvmmrhﬁsempmhm;xhkahom tosapplmahmal requmng

ha as 9 d t o ot e eonet s. su
Yoieh Gt Pt s P o PPDEER, Fuh B BEF mioafelbetBnics and
Q&ﬁﬂﬁédd %c{)aftﬂﬁﬂ&ttﬁs :Ghd f)ﬁﬁﬂﬂlztr}ytiw]hs méfiufaddhre ekpmmduymie beards
r uci roving the fracture resistance u

i oBsAR PR R R e
qﬁﬁﬁﬂbgr or eIIipticaI In cross-sectional area.
Cenerally, the wormlike mcelles are relatively |ong

i n conpar i BRYprésentlifRition/hréVilles aWoinBosionAVie] RAvePnOPBSlogy by
addition of block copolymers with the correct composition and architecture to induce self-

assembly into a worm-like or spherical morphology. The micelles of the present invention |
are those which have a structure that contributes to the increased toughness of the epoxy
resin matrix, for example, worm-like or spherical in shape, as opposed to other geometric

shapes such as vesicles.
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5 ratio of about 3:1 or greater, preferably 5:1 or
greater; and nore preferably 10:1 or greater. Flane

Ret ar dant Epoxy Resin One exanple of a flane retardant
epoxy resin useful in the present invention is a

brom nat ed epoxy resin. The brom nated epoxy resin
conponent Weedikermicélles salff asimble, dgroxgmplesram trendiGetentitynes of

ko QA8 BTl P B BR B 50, SR 15

timexri Wierns likd raicelies greeqhangr areHiptieal &xf crbdsesemoadem&a. Generally, the
i nveption . incl trabronnbls

di.al i dyl
WP kR ss AR BRY (OB OTPRIR R0E g TR APk pspoct

ﬁﬁ@&fﬁb‘éu@yPBr SatérRERraB TS @dtéryana\ﬁwfé fegably 107 difgeater.
Dow Chem cal QCon'phlgny under the trademarﬁ’? D.E. R 560,

ﬁageﬁeéfd&m@ogxﬁegﬁ&Z D.EER 593, DE.R530 and D.E. R
538; m xtures thereof. A preferred epoxy resin

cont al m NOrR RIS ofESMithel ritardant dpBxyPresis abful iifihe PFdséH invention
includes diglycidyl ether of tetrabronobi sphenol A

is adroraigates epory resimp The m@nmtqd@ﬁxy neﬁv é‘i’ﬁlPQ?ﬁdeé?ﬁﬂ@éhft quezhle
@?ﬁé R t QE SHsd
eSY n S.ﬂl @%%0 OIJ %&¥ é er e n e@&%}@’msm well

or nore rom na epoxy resins
knoyvntie thel agn (Esdmplbpgfehmmm mmmgppoﬂyeeaﬁmsmf@le present invention

h .
R e B TR BBl B SR AT B o
brosidaeedfepotiesnciiis thoselcopmerciatly ataitbble fomcRheT)ovt Chanticalt

oy ene iRk D YR e SRS D 8 sth IREAEER! pi 530

dodl VB F0$38; 8l mixfurédiRetbof2 A phéfeR€ GRRY resifitohthiaing SXcHitat Gsed in

of a flane retardant epo]z/ resin useful in the present
thewessent dryentiondneiuges fielyeidyl cher offstabyorpehisnhenal dsughasD.E.R.

p&psphor ous-cont ai ni ng epoxy resin 25 disclosed in
U.S. Patent Application Publication No. US

2002/ 011934¢ pRkent G tAtioh @mpdeitfiiBnayR8htainG@khst one or more

Phosphor ous El enent Contai ni ng Epoxy Resin
b}'@na@@éth qpe¥sTesing (g ameage ﬂ@"g{gg’f brogglateg @PeXy resins may be blended

{o%&ﬁ&ﬂe 'irﬁk@gg F’:@ AgPr %@%&&? R&Bponkrt U RleGRestit invention. The

osphor ous ane ret epoxy resins disclosed in
bmmnmwnwf@e dpaxynesin Pornpasition imay be frofn abeut 5 wt percent (wt

PR 3RS0 percBh BRI Boff B TD R Bl W Sa Yprcent,
hind morePréferdll fromrabout(l 8 ma perderit ér sbiont 21ywtrpefcentence,
i ncludi ng, for exanple, nethyl diglycidyl

p hosphonat Anotles Exdmpil of Iaﬂanﬂyétardlnﬂspdmm&museﬁﬂ nmw present
dyl. ph h t e, but honat e
FMRYICR B aS eg e e ich S dipbindty Rl R ony i

aiaasa&mmt& Patest AHpBEdioN PublfeaBbnONy. I SH002/0N T30 N péritled “Flame

=

met dblegrl’q%gﬂg I phosphat eg &}X%?a'g' lg{pélsxggps’k’,ﬂhshed August
§9 Pops; ﬂ%hli refe?éﬁ@é’t EianﬂﬂéaloYﬁﬁdg or&féqﬁﬁféfﬁt&dant
al’l'yl cl phosphate hényl

pmypms@sc mpﬁmpp‘rcéﬂus P%P@ncemn Mathélogenated

phosphorus element-containing epoxy resin selected from those described in U.S. Patent

No. 5,376,453, incorporated herein by reference, including, for example, methyl diglycidyl

phosphonate, ethyl diglycidyl phosphonate, propyl diglycidyl phosphonate, butyl diglycidyl

phosphonate, vinyl diglycidyl phosphonate, phenyl diglycidyl phosphonate and biphenyl |
-5-
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p- et hoxyphenyl diglycidyl phosphate, p-propyloxyphenyl

di gl yci dyl phosphate, p 5 isopropyl oxyphenyl

di gl yci dyl phosphat e, phenylthiodiglycidyl phosphate,
triglycidyl phosphate, tris(glycidylethyl) phosphat e,

p-gl yci dyl - phenyl ethyl glycidyl phosphate, benzyl :
drggrcgdal phpsphohates miethyb Higlysidyh phbspluatd ethylt dighyidyl pbospbite, n-propyl

el o B P DY AR, BB SRR ety v
nlyl phosplﬁtepplEndenglj’cldﬁ ph&phat&qﬂm&horﬂjpm%glyﬁgyl@hosphate
T R ey AT

g&ﬁ&lﬁkﬁyﬁe@&‘f@}‘}ﬁﬁﬁ pﬁHﬁJﬁa@S hen 1th10d1 dyl pho hate, mdglymdyl

0- di hydr o- 9-oxa- | 0- phosphaphenant hr ene- 1 - OXi

ghasahatws(mro@eﬂuom osphatsy el idyl-phensheth ellridyliphosphate, benzyl
dis PD 3710,

ﬁ%%gyg O%P&ﬁ%%%dﬁxg rom gfeﬁé rl I-ger | acher of

Ger many; g

di hydr gxyp é‘%f‘i‘é@es %fadmﬁ hgloge@ated)}agos?goruﬁ ﬁwenan TPOXY

resinauséfil inthejpesestintention isféaﬂ hadhich3s bmadd@y)epomdmmg a phosphorus

bire}n%?tzcoé aé-r?@c%h egv#dl) @%ﬁcﬁg% Pﬁeggy)é!%xg%fepmduct of a phosphorus element-
dontEihiny lcorhpdimd; (sttbh Iay o1 045ty RNG-loxa-10-plaphaphenhimitepb-o 0-dkide such

tr J‘iﬂ%ﬁ H&%ﬂ %%W mtﬁ@ggﬁ@%&f@?gpﬂp P “8t’§1'119t§1 Polydis PD

BY LU, ’Oé’dﬁl&H&EM'l @Bmyd fediA SElI1108ileckeF6F Germany; 1o-§z’ ,5°-
bi sé@* m henyl ) phenyl phosphi nate, tri 3
xz%sn EQ; mpmmmeoro-wniq (§pehsas “Sanko

e RS e R PEARRAS ftmco

Wimdthyd+l -tag(#-hydroxypbenyl)- lsphenylnzethylnhiondi¢: msoh;mﬂrroxy-%ér |

e L

M@mel)mﬁmphme pimds, Mﬂ@&ombwl)plwylphosphmate, tris(2-

qm The_Dow,Che
SOERh LB DphGBRs R A A R P b i o R e
tphesphoras eiBﬂhent-miﬁmhing I&ox&p@mddﬁﬁ@ﬁ]hbﬁd'ldd utivith alPetilealdhydrin such
No. .6,403, 220, ~and PCT. Pub] j n No. WO 99/0045 1,
%Fmg%?mgﬁmukewrwb?%@ﬂ@ ‘g%?féi n by reference
The prese i npve t| on_conp cont
one br  ror e ERGRIGH SIS R A ORGS0 R Asd e fagxample,
ZNIB3C; aghésg rEitepOBOe{ih 0oBthSrciali b vHilable GoRCTHR TG Chemical
resins may be bl ended together to make up the flane

nt epoxy conpornent of the present invention.
The phosphorous content of the epoxy resjn _conposition

-

may be - 6OBFRACSHRGTIUS- SO IINE CPRRy eSS Upes! ig s Rresspt ifjyention are
RIREFiIBE in 1S Safheib, ¥6,403 220 3RQWCT Publicddh R8O 99/0671?9 Woth of
10 wt percent, and nore preferably from about O.

p@uﬂ@wcmp@rpm@hm\hwrﬁmen@mt The broni nat ed epoxy

resin and the phosphorous-containing epoxy resin
The present invention composition may contain at least one or more

phosphorous-containing epoxy resins. Two or more different phosphorous containing
epoxy resins may be blended together to make up the flame retardant epoxy component of

the present invention. The phosphorous content of the epoxy resin composition may be

-6-
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may be used al one, or m xed together; or the epoxy
resins may be conbined with other 5 flane retardant
epoxy resins. |In another enbodi nent of the present
invention, the flane retardant epoxy. resin conponent
may be m xed or bl ended with another non-fl ane
fietreabdatL.05epipercefitats about 20 ve percant, prefidbly fbmrablauittl veypercgnt to

r esi be a hal ogenat ed,. ot her. t han bron] ne, epox
i1t 30 Weereiin Snd Blog et SRt AT EpsBt oy 3 W percent.
maybe, for..exanple, .a chlorine-contajning 10 . epoxy. .
et h T SRR, Shosy A U PG DO porRigiog PGy Frsin
%132% ubtdl a0ge R hickdapEMer; dr @R eforsedinsafaytbedoftbitiel Yith other
et her of bisphenol A’ If an additional epoxy resin is
dlamg retprdat @PPY EHINS0 t he f 1 ame ret ar dant epoxy resin

there are nunerous_epoxy resins well known in the art
that can U8 asehaembadimsntnf thapresgatdayentionytheflamegetardant epoxy

hEs féht ﬁﬁ?ﬁ?/mﬁéﬁ iof‘blcﬁ!éﬁ %ﬂ%&tﬁ&%ﬁ‘-‘ﬂaﬁ@ ‘Pé%d{uﬁ%%&y resin.
conpounds usetful 15 in the practice of the presen

e aon-flame retaedantepany resinyegydeiadelogendled, qtias jiep brimiee, epoxy resin.
SRTB MrSFShtbpclls] B5nT L5y ol £l

i'nven conpo or @ _
epogyatsinl SThewdon-€lamp octard &t epoxiynésin hineadsodiean nbnakigenayed epoxy

roup., I n general ., the. pol yepoxi de conpound is a
g‘?ﬂ‘lﬁ'ﬁ}t‘%ﬂ%gyﬂ m%ﬁéﬁgﬁoﬁ atic, cycloaliphatic,
aromatic o het erocycl i ¢ .conpound i ch pogsesses
mor et han' [5ARsEPRELARSY it e iy @ shs ies Sedant cpoxy
GENH) Wﬁﬂn&&s&#&&feﬁbﬂ weéll Mdoth iPIRE a® ¥hafBdntbe selected to be
substituents such as | ower al kyl s and _ hal ogens. Such

8 witdbespapisaied epoy sesite] Juch pidional pPoRy reginicompounds useful
i tid ol of et R AVERiSh arE R EpdIRRE Thd Polbdiide

practice present 1 nvention are described’in the

- |qempoimd usedel in the pragticreafi thespresgntinyentionds suitphilyia compeund o a

%M@Jﬁgmbﬁl’né% %@?o%@%ﬂ tﬁérl’ogé\lﬁ,‘g’}eé?{r?}%guﬁrﬂ ggleﬁﬂ, the

Pat ent  No , I ncorporate
pelyepaxidscompandas a saturated drunsaferhited alinbatje cyotoadiphatic, aromatic or

. ot ) '
SRR ol 5By B 122586 5 oo
fcomnpouidregn besubstinited withohaor mdre fubbtudgts- sucl-&s lo@kmalkyl and
SRR s B o B P . P aronie
GofpPunds Gseful ibille BRctioef B@Presant ittetionfareddBsdritie irl 188 Handbook of
t han abou -7 Po] yepoxij de, .as _used herein, also

8. I _
BB B FR-Be o0 aPuieheg it 1967 gy MeGrpwHiflNew X ork,

84 ¢1 3. PateRi NG 4[086,¥28) Mo RrabdadierRind}abRreRdd €nder,
wherein the reaction product has, ° on average, nore

mB@&ndE{%lﬁ&i‘éaS-be%&d?ﬂ the

than one UPYRAHESsERIBOIRBo donip6!

illustration of fhe present invention, exanples o
lmastiee efiksayresentinyemtion, are polyepoxides having the following general formula:

7\
(CH,—CH—-CH,—O)n—R

Wherein R is substituted or unsubstituted aromatic, aliphatic, cycloaliphatic or heterocyclic

- polyvalent group and n had an average value of from 1 to less than about 8.
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5 that may be used in the present invention, include,

for exanple, aliphatic polyepoxides such as those
prepared fromthe known reaction of epihal ohydrins and
pol ygl ycol s. O her specific exanples of aliphatic

epoxi des include trinethyl propane epoxi de, and

d i g | yci dy |Pnl>@p<zu@e/ a3 whdhexein, alodagiwies parkially advanced epoxy resins,

ﬁg:%écqgé of oﬁﬁ'@axﬁ% cﬁﬁﬁ ULy I%ﬁfeféxﬂ‘ﬂle AR A ptduct has,

€ epox res S SucC or exanp

ghymra:gy:J mmblﬂmnswnoﬁnrp@teﬂhywud@qﬁlmmbbculc hat is, 10

conpounds havi ng an average of nore than one

aromat i ¢. hiystmglystragionofjtheyeesentihesniione examrties of knowpepoxy resins

B

ad tlhyéeqirqﬂrebiﬂ@hﬁhe kﬁovﬁi ﬂegdhaﬁ eﬁbplihaknﬂmkms lasd polyglgeoise Qther,

G e el oG Bhates BEHE CimREPERY Geside, tod distyeidyl-
ﬁ.%r&%he;x%ﬂé&ﬁfdﬁﬁd*@ﬁf% m'a m?y ebng«lmab?ﬂm ployeichepdint] carnylso
I nNatl on ereo erer e
Easbis Py SRt 6 o gl cpfbF AT q@a%x@w@b jois, thati,
xﬁhﬁ Pﬁa%ﬁl%raﬁ ‘Hv&é/gero?ﬁ{éi'd thsh GHe afipakia ﬁ}g)g}l gi;bl ttmélecule such

dr oxy drocarbon or a hal ogenat

d
hgqur@@mﬂardlhmmhwhr biphegpls Jrisphenots, hyjegspatsd \hlipé@%?

BATREUAE . AR B o T iy

pkichydé iow@)resimasubbtiute Pheaploidetiydenovelae resiophenal bydrmearbon
fol |
it GRS AERE Ay b A eipd ot by Hindiof ek

or C1 4’ ol BN PR ERRI G Sl or S pot AT,

hydtoacmnpmay begreparal kyoeqstingiah mmhsdrhy\mtb@:m . OXy
g%qgrg%goawr 2 ?%e%at% D pYBaRs hga}r)@:ﬂoﬁ 0 BEpBEAGHR Yud
b_b\llyé]gﬂmatcaﬂpmmﬂyis watil &nwﬁmdhmmstmﬁrhémr Eng@lvpg(m df
TN N

D1 e Al Y e B S BER RoRESIMBL L O

noi eti es. es na romat

al i phatic or cycloaliphatic. Eplyfunctlona

di hydr oxyhydr ocar bons or haloqenated -8 di hydr oxy

hydr ocar bons useful are #I in the art (see,

for exanple, Lee and Nevif sﬁpra and Bertram

U.S. Patent No. 4,594, 291, . 8, lines 24-36). Anbng
even nore preferred cl asses of pol yhydr oxy

tdfeRCR [‘img@fﬂ%referably chlorine or bromine, and most preferably chlorine; R is
hydrogen, or Cj.4 alkyl, and more preferably methyl.

Polyhydroxy hydrocarbon means a compound with a hydrocarbon backbone
and on average more than one primary or secondary hydroxy moieties, preferably two or
more. Halogenated polyhydroxy hydrocarbon means a compound with a hydrocarbon
backbone, which is substituted with one or more halogens and more than one, preferably
two or more, primary or secondary hydroxy moieties. The hydroxyl moieties may be
aromatic, aliphatic or cycloaliphatic. Polyfunctional dihydroxyhydrocarbons or halogenated

-8-
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hal ogenat ed pol yhydroxy hydrocarbons are the di hydroxy
phenol s; bi phenol s; bisphenols; 5 hal ogenated
bi sphenol s; al kyl ated bi sphenol s; trisphenol s;
hydr ogenat ed bi sphenol s; novol ac resins, that is, the
reactlon product of phenol s, |nclud|ng halogenated and

Xythydrocghensaseful aawelbkwmnlén §egefor expmpie, Lagingd Neville,
Jug{ rrﬁ}aﬂbmqﬁ,@ h%@m%m% &@wg&sza,g@d s of

kyl ene g e nost preferre

PﬁLYEé."L 8%%%%5&%{?%2&&&6& clalRs B Y. ﬂ;far&'a&,eeé ghd

cont al n subst’ uen that are

mdmy hydrévarbohsare fiealihydroay phenols) lblglginp]al hisphenols;
i RG0S red virhpnaly ety yfrpapod bisphenols

nbvalab resipd,-thatds;, meyedu&wj»r)adm ofybenols, including halogenated and alkylated
]ﬁvmlbl séS_ o dl %femglyr ornyaﬁfI ﬁ)[]c%lazld gydcr)gxygenzal%ehyd

Rilyefiidny g yphenyl) | - phenyl et hane;
.1, 1"-bis(2,6-di brono- 3, 5-di net hyl -4 hydr oxyphenyl)

propane; e modtprfett YRS Poiphysidky Ryiocatboss i thekfhydroxy

hydroxy henyl) sul fi de; resorC|noI and hydr oqui none.

thape vehish qontainobHitecs ity AIenqs Tgactive with the phenolic
R
%m Pﬁ‘*ﬁﬁtfuér FSUARRER ko228t B A5 kyphloy) propane
22 31554'113'5‘@‘3'(’2@35!9 prapryep 2 Byhis(3,5-dhBre-Ahadrioxypheny])ipropane; bis (4-

34 5 ' :
byl WS . S mbemAr L ey eiparid 1 2.6 bromo-
uﬁgimﬂhﬂw hydtohwlﬁnylpﬁropmms(mdxoxmteﬁﬁhmﬂfone bis (4-

dro n bIS hen henol A, bisphenol AP
Q Smggd °§mﬁlﬁhenyl et hane),

bi h I bi h trab
D SPhe) el @%seﬁffngfeefoé@mﬁé’ T TN —
ﬁbpml(bxﬁmeﬁm |Ad£ll?mﬂ:ﬂ1yroﬁﬁbp’aﬁe, IK;HJE—&BI-(Q-hydroxyethyl) 1,3,5-triazin-2,4,6 -

tg‘iglflzf‘;a/ll %J;%ﬂlgg—ol}y éY-Bﬁe opg%ldlh gro%gt%?églm%?yc}/cg?ethers

skrresbeélﬂm cdatedBil y@rogtiasid, bispiReolpbisghehol /A6 ispkenol AP (1,1-bis(4-
tetraneth | bi phenol, tetraneth | tetrabronobi phenol
wieoxyiabeny))-1-pheswatease) pisphsnol k, bisphael %rtetsﬁb@m@ﬁa engl A,

g,shgpo)“ dehy &%ﬁ@}ésﬁg 1) Elﬁ)@tfltut RBI-frmAfehyde resins, phenol-

es partlcu arly useful 1n the present

hydmwbmnldch}tdb trsis, antso-yproaybengaldebydasesins, dicyclopentadiene-phenol

o Oy T o s

rabrbmskiphénol] tdtwamethylirithgmictaphenbieteirhchlqpotigphemm] A and any
%ﬂ§¥eralhﬁTrgferred to as tetrabronobi sphenol A).
pAtE iny two or nmore pol yepoxi des can al so be

O A B i Bt RS B g ncode
tigBcidybetiier 0€£2,0bik hBydredyphedil) ptdmﬁﬁ’(ge@fh.lly @éfered to as bisphenol A)
G et e PR Sorock Fsborbong) REpR RS ayd

B¢ ERoRGISHRENd] ).t MExtileS bNA t@& sﬂmoﬂe RolyERoxfdes &@Nlso be used in
ring, for exanple, as illustrated by the foll ow ng

the weactiee gfgherpsgnt invention.

Other useful epoxide compounds, which can be used in the practice of the

present invention, are cycloaliphatic epoxides. A cycloaliphatic epoxide consists of a
-0-
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R On wherein Ris as defined above and n is as

defi ned above. 5 The cycl oali phatic epoxide may be a
nonoepoxi de, a di epoxi de, a pol yepoxide, or a mxture
of those. For exanple, any of the cycloaliphatic

epoxi de described in U S. Patent No. 3,686, 359,

isatureted carhoretingleaviiganispoxyaixggarborded tmiwdrecinalatbnisin theearbon

R Pl ol Mt B bR B (e

present invention include, for exanple,

(3, 4- epoxycycl ohexyl - met fyl ) - 3, 4=epoxy 10 cycl ohexane
car boxyl ate, bis-(3,4-eppxyg pxyl ) adi pat e,

vi nyl cycl ohexene nonoxi dg0 tures thereof. The
amount of the flane retaf dant~efo y resin conponent
used in the present invention may®be greater than 10
phr in a typical varnish conposition. The anmount of
Mb&TmRFSeqSéF@%ﬂdtabO‘éﬁ@dilltl%wlqggﬂwabﬁ‘@ range of from
about 30 phr to about 90 phr, preferably from about 15
40 phr to wwﬂpahﬁn@p gpekide pap @mbwpmwmgp &3

Db iR o3 oAl b\ oy P Bt ophdSponide.
algmbedﬂndhs dlatent Neo. S@ﬂ6\8éﬂ,tl)1corpdrated ltmemhpr,qﬁare@ﬁ rgqycbqused in the
P ifyefon s fiatulrifih, e cfispbitf bt W mef Bl in e
eréséﬂt(iﬁﬂehudnﬁnﬂﬂdﬁ;i fdi exdxﬁplé % 4-epaxyoyclobéxydpeethyl)F Hé-epoxy-

Tponent yse ate cond (g,é%wggd{?%gﬂt nt}oggwég,ﬁecyude

@Bdn&hawgﬁﬁﬁyﬁre3|n may | ose stiffness or nodul us. As
af orenenti oned, the epoxy resin conponent useful in

t he presentye dﬂ&ﬁﬂ&ﬂtﬁ@ﬂiﬁ’é’retaf&%h%@x 1e8h conipoNRhtCisedi@ithe present
mgenat ed and non- hal ogenat ed epoxy resins. _ For

premayhegreaierthan 19l Moy ivRies iTRish Eompaskione The amount of flame
rxt&%aﬁﬂé)ﬁlﬁﬁ Gtihe thnpe Efﬁ'&ﬁ" g6t 30 ﬁlﬁ"(ﬂb@ﬁt 9691311: Bfefe@BY flofh about

present |nvent|on 5 As an exanpl e one

éﬂmbdtQﬂé)mhr @fd more mpfe@blytﬁorm#@mﬁcnhr tqd&@hé@eseﬁ opdl tatal weight

v Qn
SRR b S e S R ol | SR .
ehoahast oﬁapexsepsmyascdes less thart 10 phr,dhn maﬂtent epoxymesin will become

oo BHER R e SRRy e, o S B350

gbﬁ@bﬁmamddEﬁw&ummqmﬂtmaﬁdmamepe@nuynnmﬁmnammahammdaumw
b on1nat|on ch as, f.or E. R 383
faflg ﬁaeﬂﬁﬂa"yﬁsw E‘ﬁ% gg:ffgf’ﬁ %ﬂuﬁavi ng a M,

f 360 / d f 178. B th b
&.r o wht nRS SRR Bt TRy (RPoBPosm RP B AP B

invention may include, for example, both halogenated and non-halogenated epoxy resins.

For example, brominated and non-brominated bisphenol A type epoxies cured with phenol

novolac may be used in the present invention.

As an example of one embodiment of the present invention, the epoxy resin
component of the present invention may be formulated by mlxmg two poly(bisphenol-A-co-
epichlorohydrin) epoxies, one epoxy resin with brominated aromatic rings, such as, for
example, D.E.R. 560 (available from The Dow Chemical Company) having a My, of 900

g/mole and EEW of 450; and one epoxy resin without bromination, such as, for example,
-10-
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as phenol novol ac hardener, for exanple a phenolic
har dener having a Mv of 472.5 g/nole and an OH
nunber ed average of 104. The phenolic harder is also
avai | abl e from The Dow 5 Chem cal Conpany. Bl ock
Copol ymer The present invention utilizes anphiphilic

B bBL3E3 dpailghie FomcBeavw Cheiosh Companyy havings Mk f HOuteole and |
@ﬁ%ﬁﬁ@xg%tp%gs%xg%@ggg Kvith @s%&;%%g of R Riener such

I scible p copo

popheatlmpdaehapdenpy Fee eraniiEPphenplis habdenerdiaging a My, of 472.5 g/mole

o] yi rene ol ydi h Si | ne, .polybu e

gr%* %‘e(?ﬁ Bglpgm&c%g ogﬁ($4d éll,he B%ﬁngofﬁ%ﬁler %ﬁ%vaﬁ%ieei{]om The Dow
OBéMREIGOnpaty. such as pol yethyl hexyl methacryl ate,

and m xtures thereof. Exanples of the epoxy m scible
Badck Coboiimier bl ock copol yner incl ude pol yethyl ene

oxl de, polynethyl acrylate, and m xtures thereof. The
present i pepdsert isRiBsSitlizéanphiphilic blodk Bopblyrheasintaiii an
or nore 15 anphi philic bl ock copolynmers. Two or nore

epexyspigsihle blegh epexyrEscitleMets ner s may  be bl ended
toget her to nmake up the bl ock_copol ymer conponent of

the preserfixamples af ﬁPOHYHmegS&I?&rRéﬁP%HWéﬂ%GePPIY%ﬂ include
@@g@% m}f@re@%@gﬁdgyuu&aeﬂgbagﬁ?%&e, Doty Birrle b1 siloKihe,

e conbl nhe arn addi fi onal

polybutglenaxfxidenpolylzenylens erddepalyalioh methybmethpraylateceh as polyethyl

1O 1,02 t .
SRRl vt bR BP, Bl AR Sl Al
@opdtympdr i cude ipbiyethylengpadidenpolymoéthyl eryjatep seivhixiunesehereadin

The anphi philic type of block copolyners used in the
present i riEkenirésent inyentidrecoaipbsitionroayecmtnirt dtdeastrame brmere

resjstance,. at preferably | ow.l.o0adi ngs.of.. hl. ock :

bRy e bk ngBiien T Sty SRR P ik Sppgpmers may

’Znglehwlge@ﬂﬁr idmfl{ealptthﬁlﬂodk&ﬁb(ﬁymgemymmhofehmgmsenanmﬁon. In
can ner al, eat.er .t.han .5 .t . prefer

Gl Pk s oppibadd Sk ieckss Esaibey Norg et pieiek fopotymer

2ROHd corfbirlel 1 gain dditidraPebntiél of the Dhislru@ RO khdpd aid1e

gﬁgxy_ resin conposition may be generally from about

enftonper cent to about 30 wt percent, preferably from

about 0.5 wt _percent _to about 20 wt percent, no
pr ef er abl yShalbamnensnts af hemgpolyjasre. fom epch %Q&IFSPE@W\‘R%%C“ may be

: sk 3botynter 87Mh8 BRYnt AvéitioRer cent
%&s&@%?e%ﬂmrcgm. %%pi}ggl ly, g 30 | gadi ng from

about 5 %ﬁ?ﬂﬂ%ﬁf bloRE Sopofymiéaifted intielpredent ifivention

bel i eved that the incfease in fracture resistance i
quefenably isteesase the frpttens kesistanpsy piprefersbly dow logdisgsnafiblock gerelyaner in

t ) AR i il SQARE i i
PR A B Ok, 5 SRS oy
haambé penetatly prehtekthaws tisyes) prefarablly greater than 10 times, and more preferably
up to about 50 times. The loading of block copolymer in the epoxy resin composition may

-

be generally from about 0.1 wt percent to about 30 wt percent, preferably from about 0.5 wt
percent to about 20 wt percent, more preferably from about 1 wt percent to about 10 wt
percent; and most preferably from about 2 wt percent to about 50 wt percent. Typically, a
loading from about 5 weight percent or less is used.

-11-
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m cel | e nor phol ogy occurs, it is believed that factors
that determ ne the self- assenbled 5 nor phol ogy may

i nclude, for exanple, (i) the choice of nononers in

the bl ock copolynmer, (ij) the degree of asymetry in
the bl ock copolynmer, (iii) the block cOponner

nol ecul ar It isdelidved thei thy incieasen fpdietresintanoé odchis vdmthe block

T N LT

mmne mmhoragly € While Qtri€fdt w&g uhdm‘gbdtﬁﬁﬁv the Roft-liR@opspherical

10 Ex of suit bl oc
9@&%9 98X QEGHFS, }tr‘Fali gveR RS Eictory SgfRe 5}6&# -gggmbled
Rﬁz a§ ifthfde kfoﬁ%ﬂlbhénﬁ’f the 8&&& of &on&ﬁérs ﬁi(ﬁE"BioSk copolymer,
ylene OX|de)-b- pol y(et hyl ene-al t-propyl ene)

po[&é of aymymetrrdmibe blegk eepekymen(El) @@@oy@pnp}ymer molecular
W @?ﬁem@[c&%%&hn%ﬁ'& 3 &?’an- ?(dd’{’é)‘ BﬁSﬁa(éeaotf‘é&mgaa@Qm for the

po acryl at

m@ae&pparattb') a pmioyc(akrmarpl;dlcbgy)p}ays aeuhmhayﬂ reled) creating toughness
S“h%l Glr\é@‘l HVA may be used. 15 Table I lists
%’ﬂ%ﬁeﬁlﬁ tacteristics of various bl ock
I f th
fn-"??i Do dpistioie ot et PiodecehmefiisP il in e ey SVeRithn
¥ yaphiphitic Blodk acrpolymtghéh asafod eidﬁ@fl@gﬂydﬂ@mk COE s?ﬂg).b-
EIEAMTETEN T e

e
metheerylatar-polyPosthylhexy] methicsdate) @OYMRACransgMA)PERMA may be used.

g‘%bl@ ®lists &Eﬁhﬁ%& HablcAWLRO 6F @:Jn%upﬂea%‘lrogmgﬁlg@&c uding the weight

scriptio preparat on.of
pereéni bof tha epdwry miscble hlock inrtheblpékogepplymer therbldsks @opdlmer molecular

I [ -sgrgg, G ubbs, J.M Dean, F.S. Bates,
%@Eg@c}%%@& ock Copol yners through Metal - Medi at ed
Li vi ng Free-Radi cal Polyneri{ggijon for 25 Mdification
of Thernosetting Epoxy," Macronol ecul es, 34, 8593
(2001); b) RB. Gubbs, J.M Dean, ME. Broz, F.S
Bat es, " Readd¢lvaulsBiChatact@istios gfileck CapolymedModifistsi on of
Therrmsettl ng Epoxy, " Macronol ecul es, 33, 9522 (2000)
allu b) IVl I-\ I‘II I I IIyBI%b t?ercentépd?&l €S, ]ubxtld{anebl S dWW/M

Char acteri zati on of
pl yal Idhibbc]?‘d’l y(et hyissitdeblocle) Bl ock @poleyner s, "

P

Mperot LJ, 5994 (1990) Hre—PES-PEP—btock
cppol %‘F?EBE@ ally has a | ecul ar wei gﬁ)t‘)b_of from 1.04
PEO-PEP-9 48 ' 16,800 1.10

“first block denoted is epoxy resin miscible
’PEO: poly(ethylene oxide); PEP: poly(ethylene-alt-propylene)

A description and preparation of the block copolymers useful in the present
invention is described, for example, in a) R.B. Grubbs, J.M. Dean, F.S. Bates, “Methacrylate
Block Copolymers through Metal-Mediated Living Free-Radical Polymerization for
Modification of Thermosetting Epoxy,” Macromolecules, 34, 8593 (2001); b) R.B. Grubbs,
I M. Dean, M.E. Broz, F.S. Bates, “Reactive Block Copolymers for Modification of
Thermosetting Epoxy,” Macromolecules, 33, 9522 (2000); and c) M.A. Hillmyer, F.S.
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about 2000 g/ nole to about 300,000 g/ nole, preferably
from about 5,000 g/nole to about .5 30,000 g/nole,
and nore preferably from about 6,000 g/nole to about
15,000 g/ mole. The PEO PEP bl ock copol ymer generally
has a PEC)meight fraction (W o% of fromabout 0.1 to
Bates ¢ Syntigesis pne Charadsérizationnt LiPolgaligane-Bolytethylengordde) Bherk
Egégqgg%g’f,?ﬁ M%z&{%@z@%&@g@ to about 0.5. The
bl'ock ‘copo

yiet "general’ly has a pol ydi spersity

55, pr of o abrp AL om 1% Ay toe oy dcar RRlhs of o

ilbup2@aymbik yo Foot3 081800 g/miol€) prefarabip from abow 5,000 ginmge to about

3O i, S ey o RPRLB0N P B SPpd S, Toe
PEOTEN blodk\Rpéliy@er g¥RetalBEhas B PEOOHREH fdctva\(Wigh) a1 fragtabyi@ 0.1 to
roup being.  reactive with the epoxy group of the
g‘m&&-fimrgfewblwfmn ehouh?-3 fo 8pop 0.6 sad more preferably diomsabapte.25 to

%gou@gﬁp ThOBEOL ptﬂﬂ&k%gaiw&%waﬂ{yfe ugﬁ@g(ﬁ%;{gg%gp@f or Mw/Mn)

epox resi ns. e curing agent resent
indexof fram about 1 Gty ahout2dyy preferahly fiomiabept ¢ Opozheut1.§;ank more

a§efea}ar§1n§§m%gg tﬁ'b it&ab g{ hvatives; oxygen-containing
8onpou% SUE0Th as AT oXylic acid term nated

Qﬁhxegigﬁs, anhydri des, phenol -fornal dehyde resins,

mal dehyde resins, phenol, bisphenol A and

cresol nowugl h i.C- ' i ns.: < 1
STt or - contlieifing R IIRbah PG OALEA G RO arkE; Htnss linking
Reeny)rusefabin i weseatinventidrayyt ll()jecany uomptgmg QMgSax&gdbe group being
tertiar, m nes, Le aci ds, W Ses. a .
et (5 by e SEdhe Ry gosin, e henBRae et sitl quping agents are
AedcHBeH if fe préliicudelerited Boolél oAlEp S Cedie ITHE ShtidpQigent aeful in the
their_ isoners, .  am nobenzoates, various_acid, )
RFFSSAY inverion mludes pittegspstetamingqorpouy suehes gmines, gRd heir
d8$ValiFes; 6B/gefctitnify cIEPOuRES sMSLH dafbokylR abid e&Ritated polyesters,

i nvention, but the present invention 25 is nat ]
eeiaydrides; ehenelofopmpldelude retins praine-fermpishyrlegesing hepel; bisphenol A
AP QR Nold2s HhERHE e SpliS Sl bl BNing Kibpounds such
8epolpsulfidss, PODIBESHBE; m&ﬂataiyﬁe&unmm such tegtiary amines Lewis
E@ﬁéie%\%aﬁe‘! any SdriRationd Aéﬂfo‘le @%ﬂaﬁ% Y0 1998, Dby Gan,

et al., ed here

IchrsTncorpora n by reference,
and inclu ggﬁ! YEr S ] .
mal ei c anﬂ§ ?%%%%ﬁé_lngg%glg ﬁ%ich§%§L§g¢gﬁﬁﬂ§%ﬁ§gPﬁﬂwn
tidomersa agimobénzbatesvatin0Oadi dbanhdrisies) paem!-aovotacingsilisiadé cresol-
content .of . nmore than. 15 percent. ner ci al .exanples .
SPVRIRASIns, for XAl Ty bF Dord T PISSERS TvERper B dhy et 1avention
Dbt 26012tdday tHe@isesNtiee eomfufds anhydride ratios of
1:1, 2:1, and 3:1, -13 respectively, and havi ng

mol ecul ar AedtBdHefmbodihghttd closLhnkersAi9éul i thepréeft;inveaton are

which are. _available fromE f Atochem S. A.
described in U.S. Patent gpph'cation Serial No. 09/008983, entitled “Latent Catalysts for

Epoxy Curing Systems,” filed January 20, 1998, by Gan, et al., which is incorporated herein

ug

by reference, and include, for example, copolymers of styrene and maleic anhydride having
a molecular weight (M) in the range of from 1500 to 50,000 and an anhydride content of
more than 15 percent. Commercial examples of these materials include SMA 1000, SMA

2000, and SMA 3000 having .styrene-maleic anhydride ratios of 1:1, 2:1, and 3:1,
-13-
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O her Optional Conponents In addition to the

pol yepoxi de, bl ock copol yner, and curing agent, the 5
curabl e epoxy resin conposition of the present
invention may include a catalyst as an optiona
conponent. The catal yst may be a_si e conmponen

" repedivela aehapng maleoelar WeightErapging @9@&?009&@ B0k and which are
- :yﬁft%n;z | the present invention are those
gg{a* ys sEi\fk?‘ﬁé:cﬁgmgt al yze the reaction of a

Eﬁgé’@%&h% gohgma curing agent (also know as a
inker). A preferred catalyst is

one whi chyr t ﬁﬁﬁ]&e feufle th
i nhi bi torhaat%ﬁ%{?H? ?ag‘ppo#l;dflﬂkgcg% at |%Iﬁcnon %gli?tr ng
dusblecpetytresia ):omfzrsﬁfoa rofithie presént inyentminysay ingudesat catalystas an
te ratures 140C or bel ow,

o popcped, The SRVt Bt Ot p SBER Guibonellis o Spmfigation of bwo or
ﬁmﬁ&a&aﬂy@y Gufalystasefabia tedf présent mhoxahe tliosd&talysts which
percent in_gel tipe as, determ ned b(ala stroke. c

o Phereastiofeef ol vepRide HDESTIHE A8 (S0 Kpew kg hgemes or cross-

lﬁﬁ(ﬁlﬁr gfp?{l ] ca&ﬂfsﬁk ¥d whidh RnfaBRIPAMRA H5the Prbekce bt inhibitor at
e, phosphine, heterocyclic nitrogen, amonium 15

1pwagmmannmthaa iss ooTi-enmng tempgratuse) - Reeferrblt the catalpst i latentat
tgélP&%n%rs] Bg t éﬁ{ 1RFC 6AbAdW, She nidF eﬁﬁﬁy%@i‘tﬁ)ﬁpﬁ(ﬁt bfbelow.

ni am ne cont al ni ng oun s and even nore
Tptenicy reronmtqdd»madmcmas dfet leas(o d;n@t 1Q@cpen¢ent ingehtime as determined

ook e e A Y 1 Cld Boliftc "t & e

&ﬁlﬁts&r@ébniﬁbﬁﬁis&:ﬁﬁtﬁxmﬂg&ﬂﬁb&phmﬂﬂnd hetblbeycﬂm aﬂmgen, ammomum
i nventjon. As h%#oustrat I gn %_ggl es g e'éicaGtal (s are
Fa08RH9 %aws%tle% DR MBEHS @&a%‘e% AP BEELTR ys

- hBK&RbERAC hﬁfbg&ﬁﬁd afife KRR gRomPbiirda bl Peven iriore sréferred

am ne conpounds such as ethyltriphen phosphoni um
emnogRds ﬂe@%%ﬁk?‘ﬁﬁ%&??l“ﬁﬁ&%’ﬁﬁ%‘ﬁ?%ﬂ%%oet at e-acetic

bE'nSyFSfmnéfréw% s e bed sy S B bk SBs oot
%mrﬁ@t'a gdgzr&}eﬁnceznﬁ byhsed ifpdm@iﬁesdnmndéiﬁi@h.eAs an illustration,

and ben i m dazole. 25 The

Mqﬁ&em@mc@ﬂ@s@at maybe usadyin BipPEesent inyertigoripelpds, for

_ ?Sh% ts&&bfe%%oﬂ Qﬁﬁd@@ﬁdh%]'s lﬁﬂ{ﬂ@ﬁﬁbﬁosﬁﬂéﬁuﬁfacetate

poxy resin, Cross |ng For exanpl e,
tthyltriphenyé pyosphmm;m b@tahssmtw mdawnmhxumetbalfanﬂm% metpbut

T e i e U o R

ﬁﬁﬂﬁrﬂm&ﬁazdleﬂj gthyb-dinethylimidazole ephenyl nnfdamh atdchenziidyzoleo
about 0.5 catal yst per hundred parts of resin being _
nmor e pr ef erteeatalytf, vien pemént,atré emmioxeﬂ nwsqiﬁtriemamoumwresmt in

iﬁgﬁl % he . cee ni i nv e 0 “E’ 0 %EII% aang‘ﬁl %?He Scmg?_hﬁgrgé,ﬁp%%;‘{ample, the

\WRhIgH indyDafaked ik Bh &S&n@bhﬁéﬁi\fa&ﬁt 0.01 b dbohteSpart per Kundsd pirts of
in the definition of "phr" herelnr%{pers hgﬁ#‘l%e
[

wmywbﬁoaveabouwlbtp@wt 100883 perBrndy brige pestsed and
t6Q8Ek0E 0.6 ko ab6t B3 BRRAR)s JePRundred parts of resin being more preferred.

Concentrations of components used in the present invention are measured as

parts by Weight. of components per hundred parts of resin by weight (phr), unless otherwise

-14-
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- Anot her optional conmponent useful. in the epoxy resin

conposition of the present invention is a reaction
inhibitor. The reaction inhibitor may include boric

- acid, 5 Lewi s acids containing boron such as al kyl

borate, al kyl borane, trimethoxyboroxine, an acid
heted. ithed resailin ﬂx@dleﬁmpcbn dofi “phréi herein, refersth thepolyepaxidel the block

ci | uobor i n nlc aci ds having a
%& rom%_% %%ﬁé &“mgh%FP. Atid, oxalic acid
and mal ei ¢ ric_aci hereln
£0 bori ¢ i ootk wm@ﬂ%ﬁi}n&@? Sy i oRp 6ot e
prbabinvetiondca rkactiod uhﬁimoﬁ 'Hiﬁryzdilbﬁl inhibitotmepintiudetiric asid,

f alews acgid with alts as al
EBWPQS%W“F%PWB& °raW\ %‘fﬁyﬁ‘?@nﬁtﬂ"’ﬁ%&’ﬁ%?@me an
Hcﬁ&ﬁ %@#ﬁl\d di‘ﬁ(ﬁ,nﬁlbﬂﬂs p&ehlofic Q&d Q’etraﬂﬁobonc acid, and

prefera Iy used he i nhi bitor and cat al yst na

swptic a¢idy BavingaanKa from hingd, sichas, sakieylic ped, mceh%l%ﬂnémﬂ@c
Eaggé gm? PlueleTN re%rﬁ] gb%né’&&& sme{,wg%@@me%@gl %[udﬂi@fné?zﬁ;onc

ds a conp anount
pcié antthomeahhﬂdmle; and cerhtEnatiatadfiadiewinaddwitle homy salte sich as alkyl

h
BERAT g opimte RS bR 15 8P el i 4868 oro acid
epEforablly ugdl. THE inbibiist aaabathlyst &lay befsephmc_ﬂj' yiled, iy order, to the

|ncrea3| ng amount of ibitor. will |elg a

CHRRIE SPAFN dFSHYCOMRO sifigef the preseat igusntion, pr maype addgd a3 4 cogpplex.
catal yst | evel the relative amunt of i nhi hi tor_can

be decr ea afﬂ&%@éﬂ?&a@ablmewg@w?% thg;Catalyst A fhe epoppy resin

%O dsitioR of 1 predBM iVentithh chithé &jiksRid 16 adjudd the JALHBASAEe epoxy

ut changing the catalyst level. The nolar _ratio

Eﬁm qeBIPRYIeN: Atsonyiqnt {ayels obatalist, fp incrrasing pmeynt efighibites will
GRIA dpesponding theldddd in Bifklge i) £ deliraitafatyst 1@6@1 tHe Pelative

Significantly inhibit the reaction of the pol yepoxi de
ground f mbibnteﬂcambe decreased te deaedse thg gl ttmweTQazscreasnﬁ?s igel¢ime the

taﬂlo\"i'nt o&' hlﬁl &8{‘&8%‘1&9 rvﬁﬁm&f Ch%l%ﬂ%%l& QJtalﬁﬁ & [ evel s of

experl rentati1 on can er m ne

R :ﬁ&l oeéfmﬁﬁﬁ{oiFFbe nitkduke At‘&ﬁ?&%? Ehgfocatalystis

time but stil ow a conplete cur
theatyatip asthichds sufﬁclent t@mgnﬁttaatly mhibitdheneadiion ofnhb polyspakideas

SRRy an el Rl Sn BBt B ot Boffon P gl

8hﬂplb exifériftheiltafion ¢ah idbtefinini®the pmaﬂaﬂé\edk df anhijétober migtures, which

I ECEI N SN TN A e

leRahple, acpeéi&eslb o2 r&o rhrdp opfnﬁﬁ,ﬁalttolcw@m Whéte up aBout 5.0 phr of
sol vent  or bl end of solvents. The solvent used in

G%*W"e@u ffPﬂbéh?ﬁb%l L 0dmahout -1 &y with § mereueigred range being
H‘a&%ﬁﬁ)@ﬁ b8s W@qemts in the resin 30 conposition.

It on, curable epoxy resin conposition of

t he prese nAndtﬂéf' nenb SV th &e a3ddth| '&ﬁ@u&ﬁle@goxy resin

fiddal
stabl e dlsper3|og dependi ng on the "optional solven
¢omplositipntof ¢he mmosvemmls applyerfor vblmd aBsslvepts. Ty s@bteetcused

f.

0 38 A A RS UESIL ity oo
tchmpgriteme it additice the ourable epoxgt egsinf @mposition of the present invention may
be a clear solution or a stable dispersion depending on the optional solvents used in the

composition. The solvent used is selected from those typically used in making electrical
-15-
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exanpl e, ketones, ethers, acetates, aromatic

hydr ocar bons, cycl ohexanone, dinethyl formam de,

gl ycol ethers, and conbinations thereof. Preferred
solvents for the catalyst and the inhibitor are polar

sol vents. Lower 5 alcohols having from1 to 20 carbon
laminates. Exanplessof stitablesalaenss emplayadtin thsiprespnt énvertiondecdede, for

i1 Y i1 I resin
GBI s, Wit Bl byt Byalo BB, cilloBBabots, " 28
dimethylfermanide, plyed] ethetsmnd icerpbinations therdoif.t or s of boric
acid or Lewis acids derived fromboron. |If the polar
sol vent s ®raferreddoivants foo the zatalystoand theankibieor iamstpolansolvents. Lower

2 it ; T ab . )
S e fiae BB AD B GRS 5 81 o g e S R 351 i ood
SoMshilith ancs Rl @THIAfoY remoftalGRov thé edsiiBiateiR whpep e fohraed.
oxi rane ring. Thus, polar solvents which do not

cont ai N hydre¥iVentSirfarftaladly séflab dlssoleinhibaspl toric acid or
N, - met hyl - 2-- pyrrolidone, dinethylsulfoxide,

Hewie a0igd depiverhipra boronnHf thegrotas RORIPIST &y Ayfrox copfaiping; hpre exists a
B AR PRI L R AR LRI oo
the s¢liwent endhipd serrydargirydrnzyl foagd: dncpering of the exinghe dpg ims,polar

di.- or .t.r.i hydr .

Soripmf3 i O b R REP OIS arp Blen B afiple, - met2-
patolidysl; dinethylsulfetide) dimettylforantiie asdtetrahytirofiaan. | Alsaioseul are
he sol vent, serving as a chain.extender,. or as. a CQo-

Sy Sy P oo oA S LRAISE ¢ eribefip ol thers
E&vﬁ)%' e Yhrélsarox PeSoupe.PLLiCul ATy WBefuL4r0 654 dit birtiiBydsoxyThe
total ampunt of solvent used . in the li{a@gle,ego,ﬁ% Ivhdr
eammpoyndss A5 63atRle d.2psoRpes dioh jcthylene gly Yeeanc- ol polybgdroxy
ﬁﬁgtkﬁﬁﬁﬁtof B2 sURbA Iﬂcilﬁﬁésqﬁaiolveﬁf ﬁzfrﬁ.ﬁdﬁﬂ 2chRig le¥@eder, D aslk co-

30 and about 50 wei ght percent, and nost preferably

prosskinkar 2nserding e thg pessiisgnechamismyereyiously gescilsdiconcpping co-cross-
filftead! € epoxy resin conposition according to the
present invention may contain usual additives such as

fillers, dyRSetalinfbdRUfSolvdnbbselin ﬁﬁicﬁraﬁlg%ﬂ({x?,res_in composition
surfactants, 25 fluidity control agents, stabilizers,

gericcpdiysayibh etwstmriehortnd byt 60.Righ' RsFreps Brvfsrabhbetween about
o B e A ol g s e

percemnposi tion of the present invention, the
conponents are nixed together by known nmeans in the
art at corhetdumble epaxyfresimeempesitiat heeordB(E to thepossént inyention may

preferably.jn |iquid.for The curabl e epoxy resi
CopBLP Kidices it Pk fres mEmfth S-SR SR lagts,
I3 By brited] Agents} AgbiliARAPERRA thaodid phRessimg udhésiongiomoters,
together in_any -16 org%r.@ﬁlternatlvely, the curabl e
Seyhilizersdppghening pacnis pahiiksretaidanty, esent i nvention can
b

e
Preparation of Blend

In the preparation of the blend or composition of the present invention, the
components are mixed together by known means in the art at conditions to form a curable
composition, preferably in liquid form. The curable epoxy resin composition of the present

invention can be produced by mixing all the components of the composition together in any
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produced by preparing a first conposition conprising
the brom nated epoxy resin conponent and bl ock

copol yrmer; and a second conposition conprising the
curing agent conponent. All .other conponents useful

in maki ng the epoxy resin conposition may be 5 present
brdet. hWdtenmativelg,ahpanitié epoxy msinmmposump of ehemrﬁstﬁ mventipnt dag be

f d s ;
bR e Y PR o BP0 S S somer p B BRI sromegin, 1

 tétfipcneRt@Rd bloclo 83pRret; ARd & Secbid EonipasitiGn! échiprising fieaxyring agent

resin composjtion. The curabl e epoxy resin

ERFRABERL: (A Pthir compenents useid in BakiBg the spoy SRR mResiigp gy be
RS il thE SRS pBBEG], bAome n?afyq;e‘éwfééltﬁa tht Bt é‘diﬁp%ﬁtlﬁn and some

poXy resin co ositronis Int formof a sol ution,
m’réc sdcand ¢pmoppsition e fistcompesitiongs thompirsi Wi theseeond

UAFRIRo fonine iﬁq%avéfege%gyg%é&g BBhdHiloR" TRL iRy kelin
a&nmsrﬁmmmnmﬂﬂ?ﬂmnFﬁﬂquhﬁkmémequmaymhhamwmﬁ?wmdahn
en acilitate ho neQus, M Xxj n the .
BrGRoIE ifols SPOBY TR PR hp LISER B4 ohgomBfpein the
EhBpdiefits Of the dorapYsition ate dabIVEdin s b5ReEntl SudH¥RIWEbE £ VHrnish is used
i nvention may include, for exanple, 15 acetone and

faciproduging g gpatedymticlet her sol vent choi ces can al so be
used as long as it _dissolves .all the coqp gents Ti, me
PYe

and t enperAg ¥fprsmgntionad, aﬁF‘B@é&l"‘F’émﬁY)Pe epplpyed 1 the hlend to
Yacilithie H)r)ioée'ﬂ@ous n?@ﬁﬂé Blo&ééb P_;‘ym@} bRAhifdte daegoxy, and curing agent.

tenperature o about 10 to about 60

ﬁhep@fmnypumwmd inghepressntipvantionsmainglyde, ferregample,
Q@n%ragg M.(El{. r ﬁ@d&ﬁgﬂ;’ %g%ﬁsogeﬁxpch%m%&nﬂﬂ Ge {1&[1 a.@lo%Q as it dissolves

Iclre i'e perro ntil conpl ete honbgeneity i1s
all tthessomponen@ur i ng Process The m xture of epoxy resin,
curing agent, bl ock co-pol yner, solvent, catalyst and
any ot her Tiowiahd tempershesefithe pracashis nebcmbsé; hut generedly thee

Goh .g e?% cgnrﬁ mg{eag \ ¥IB &ﬁln:e of Irﬁ%%xga%&?ﬁopé ?&%ﬂoﬁﬁﬂ) %yg}e?e?ably

[ ese proces es i nc ami ent er at
dioieatioat 265°C4b abait 601°C ardprera prefeabiy frem abmit A5 °¢ tocaboeti 40 °C for a
ation or, conbln rces. The

r a i,on of ener u .
@H’q#éﬁ%me Plcfﬁmeng homogeney 1S %%mswg step or

ltiple steps such as A, B staged cures often
gﬁ%@%&gggiln the electrical |aninates and conposites
i ndustries t he. curabl.e conpos n_can
post - cur ed%&“%\do"ipf”f g@ﬁ"%ﬁ%&? ﬁ’lﬁ?‘% o?mgﬂeerf fgyvent; catalyst
5‘]&& &@}eotﬂérltlﬁjl"mﬁdi’@prbs&hﬁm de coﬁlﬁbﬁuclm}ﬁah be afed acpcbrdm% to typ1ca1
el ectrica an1nate cur chedul e j ves an
Jrosgse ppetiosd by B indystey gfkmeé’r?%*ﬁ% melijc aoaie ”&t%’e&gﬁﬁ pure to
?eigrat@d teMpemYiturds W¥ing WePmAIOradafsH orkRofbilidtiSofleRbrbPysibes. The

by a Bto C stage cure in a consolidation press at for

exeabls comppsitiqndsn be curesbinene step pumeitiple steposuch a3 Ad} stagrd gures
]%iﬁ}x Bréfcdi %Q QidftriéH Pardlh Rl 08 iR ItesAndsERS UOE 1R cufdbRM
abou C to

composition can be post-cured using a different temperature or energy source after the initial

Q:

cure cycle. A typical electrical laminate cure schedule involves an A to B stage cure at for
example from about 90 °C to about 210 °C for about 1 minute to about 15 minutes followed
by a B to C stage cure in a consolidation press at for example from about 100 °C to about
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about 500 N cnR. The curabl e epoxy resin conposition

of the present invention naybe used to coat any

article for which a coating is desired. The article

may be coated with the 5 conposition of the present

i nvention using any nmethod known to those skilled in

230°Cofor about hulinuts togbotft 300 micmites ueder p praderre offeint algput 50 N/em” to
? kng, and contacting the article with a bath

contarning the conposition. Such article can be coat ed

wth the X e3|n co 0Si ti n
be parti alelﬁ@ ‘%r ‘881"8?/ WP@E@%O“F%PIF%C@ lgﬁ%’o H%X%e used to
Edsat?ny atrﬁﬂe fop sihich@ coatingfiaddsired. | The atticktnaytHeeoated with eherray

e furthe

PupaoR F (B DisSen rveptop ok methen Bowmct those,Seled o et
BRIAMY, for B&kphd, Bowdepcodiing) mp}ag.com;gaénd CORARIM ti kicle with a bath

relnforC|ng material . |n one enbodi ment, the article

pentaining Bme@msetm Snel ﬁgclﬁaqnéaeu capted wrth tb@@awﬁysrp&ne gomposition,
RAHRE Ektin ?aﬁ%ﬁ 528 §n BRUMYodifRht Where the Boatmg
n accordi ng tO t

conp03|t| present “Rvent lon ¢an
agattmylg dured; thepdrticlemapbsiuttber prasessed such thatithe partialiyecured resin may

Be BRAAMed° THERRE bikied R be B bR 57 Bmple meta, cement and
c@xrfpm&igtmmmf Intohe erpbeismeatt, thearticle isafibions rhﬁfohﬁ@jmiterial for

make conposi ter| al s by techniques well known in
£ARRPASHEfy gss(ﬂ' ‘Hmﬁ ®by inpregnating a reinforcing

mat eri al whﬁ | ten or  dissolyved resin, a% via resin
transfer PRy TSR FATRRSIHGR ARGOTdE te PG PTeSFRt dRVeRiqn can

bt eafloydto Ak EomdBitedBoriinke hlid B eflchéiics aaaluﬁ&iinaﬂ,awamn, and

encapsul ati on, or coating techniques. Al so

avtpmabile ingnstrips.r The Gyrabls AHEXY terin MpIsition @Bthe mwgeqt évenfion may be
BER%TS Riakd kit tRat&ils Byt BRRLAN R 1&43%%\/&.@ lﬂa%@ay sicl B,

of conventi onal €epoxy resins, such as a g ue,

mmgng mrﬂq)rﬁgg material wishvpelieni o1 gispadwddiresin 9¢ wpsésnrairannfgr

OB, o s W R aion ol ant ope
mwblmg, mapsslapan, fof caating teyhmmes UAlso,ftigy cundble epgxBresin @gmplositions

BLEREO ML BT RGRES: b SR rerd BB Bl

oar NOWN qUeS T e T
Epca(ypesmsmh sw/glné, icoating smldinf essahémgbed ding edsi) eﬁc@psulahng resin,

f t he .el ect dust
PRl PR e ”mﬁp%g%fné"”' oS tion of the
t t d that t
e oo ie b A B ket e Rn ey vct
GPepefis tRd TaiRiteR for exkniple, E&%hﬁteamigr&@id% by well-

according to the present |nvent|on will:

&RoVR ?e@mquﬂ {ﬁfm lpﬂwyf &he gﬁp’; inyentign, 1s,pﬁef@rp, y du'ected to laminates
¢hrast fn%‘é él&:u‘oﬂi@yﬁahﬁéﬁ-y iOrpordtiRf flelepoxy radh 9@11? foRitioR bf 18 § Brosent

in the electronics I ndustry, partlcul ar | print

wiventing. Bowasdeundhat eysnohen e regn mppoelgnmsma@dam simple
SHERALY Bniopln B Bl0 b QLG 3oty MrbadntchocERARE o the

ipreserth mvertnrwil) give gx@llentqbropl:ﬂles for application in he electronics industry.

Generally, laminates for use in the electronics industry, particularly for
printed wiring boards, are produced by impregnating a supporting or reinforcing material
with the epoxy resin composition of the present invention, followed by the resin being cured
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wholly or in part. Areinforcing material inpregnated
wth a partially cured resin is usually referred to
herein as the ° prepeg". To make a printed wring

board from prepegs, one or nore |ayers of prepegs are

| am nated with, for exanple, one or nore |layers of a
MvapHY dm m partypd ecinfatcirg rodteriad imprpgneted with Bpertialy odred whings usually

PR 8 el 2 Bbes” Th st £ BENES Pitpe ot ror eqesy gne or

anvye hﬁrﬂiff pRtpeghire Bmiitd AWl foreRaEmply, onb 6r mokildyeRf a metallic

artisan in formation of conposites, prepregs and
I“?Fﬁ"ﬁ]g?"@%as@%pl es of the forns of such reinforcing

materials are woven fabric, cloth, mesh, web, or

fibers, orlheseipforingnatensl, whichmaxbe impyesnated With the gpoxy resin

@&hﬁﬂsftﬁﬁ%‘fﬁﬁ%ﬁsé’m %Ne&iﬁnfegxcﬁﬁé &y dfedterlal lavﬁﬁﬁ RWotild be used b

General Iy, such reinforcing materials are made f |y

gkilled artisan m)fonnﬁn@rqf sbropasitesprgpregy anddanhinites: Fxamalse pfthe forms
LGS SHG! y

8 Sith ol ol o Pt iy B0 i, 2 B il ofin g0 of

asros§- plly lammata ofwnidicectioratly oﬂaﬁédcpamnslyﬁiaknentsa c(ﬂenera]ly, such

ol yst m)re I‘thUl. to es for
o o aa o o RiaT o B R hEn e
phastics vsedhraé @afoiriatig amawa mﬁpguﬁeqlﬁha&srb@ﬁ, boron fibers, and
fibergl ass, .in cFoth or vveg an illustration

gfeagis Tipers sucheas.fag instance; aramid otﬁfCf %ﬁlé‘d%ﬂyp‘? ¥idyrppe, more

E&E@ﬂﬁﬂ ¥ to Pkhke e RhAbs 6 PrittddVPiriRs BoRAY [h BeSbRll i diment, the
i.ghly suitable for inpregnating, for exanple, woven

grialersimeanaterials inglndeclass erfikeralassdin cloth crrefsqbrfmpr o%lwtﬂlmuon of

'Bfe LR PR, 1ETEb el ErBMoh RoBRAll ISl Ront igoton are

htﬁblytsuxz@e for amptegratiig: farlokamile, ovoveDglasdatiric165 C t o
about 190 C for a time period of fromabout 1 mnute
00 mnutes and preferably from45 m nutes

to about 90 mnutes. Optionally, nolded forns of the
cured pr otigered resip preduttmaytheobisined by hq:@ggﬁlecarable epoxy resin

PRSI £relpenh AR frolEito P o8P o Eb sl o

abaiz: 165/ %t toabout THO %C foe 8 itimetplesiod q:frfxmhmimst hmhml:n:tg abmm 260 minutes
void-fr . and. fu e DX SJ. 0

A Pt oo s st o oo es Bppalt, Rifag o of the cured
prudpcsndyibe furter pdvecipedatarttmpdritite of from 266120 10 BGELHIRE50 °C for

vvorml i k(ie Cel@{og %%og gt?v 0?%11'3 %S(Fcéupnf el%.lsdesuably

wm&a |a'hbﬂ16$en€6\ﬁt WAL 08 afd fdll chred BhokyRdsth product.
sel f-assenb I nto other norphologies, such as

vesi cl es. Flllyichil chrpdsitions made i URiuRABleRbmPsitidd of ¥e present
in the glass transition terrperat ure of these bl ends

ayvepioncoptainingdhe,worp kg miceligsaoraholegy hayeatdenstthres yausygl
RBfractetiRliy clﬁmﬁa@? td &ﬁer%ﬁ 16&@9031&11519@ﬁloblf‘cogygfgmusgﬁllf-assembled

copol yne A seco tralt 1s no a
e p&momholomes, sust @b vesiobes. wfasterautas @r ¢lelation ¢f uphio HQfC in the

%[a@s{ t!ransi%&xi%n{ gx%ﬁ:?ggﬁhese gle'%xﬁls as e 8§ S Cﬁ%su{g e({Pfga%%ﬁ Im%l?aglscl ty

P e asure romc
spqetoscopymat explained by the glass transitions in the block copolymer itself. A second

-

-

trait is no appreciable decrease in the modulus of these materials. A third trait is an increase
in the cntlcal stress intensity factor, K|, as measured from compact tension experiments.
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-19 The strain energy release rate, G, is calculated
using linear elastic fracture nechanics and, thus,

the inmprovenents in G , is a conbination of both the
reduction in the nodulus and, nore inportantly, the
increase in KL An advantage of the present invention
iThestrain emgpgpayglessenpie G4, iscalkculated nsinglinegr el4stib fractireateehanics and,

xhes. which are, known,to .be ve britt] e.apd
JH5, (o8 BoprE Vet i s 1S oo oot the dhgon L e mpdulus and,
nhere tepoeahily) tednaeust inckt.i ons, because with the
addi tion of block copolynmers wth the correct
conposi t i 0An advinfpe b theprestntinVéntion ik efdiylcompespiddk ontaining
into a wormlike norphology, it should be possible to
Orominated proxies; vehigh qre knoyp fargos FrRYerittierand ubaect ﬁ&nélgwwems, can
oW Pe & 1h Bfibrd E1edHoRicHpplidARSE, BRMBE Wwith $he aliflitibl of §16ck copolymers
dilute limt, block copolyners self-assenble into )
drithgheleqreegt compasitipkand anghitedting o wucgselEpssembly inte 8 woem-like

. : .
broﬁ%o(ri:éﬁytéig and nc}%-g%llr)lg%; nat eg&éggsxy rg@; h@g%r?gth%éﬁgreasem
rfmptestesistande wétheseagaerials.e shown in  Figures 1-2.
Spherical mcelles, shown in Figures 2A and 2B,

contai n a Mthle ditvae it Wlaukeopslymers seiffassenttyle miv dipgodered worm-like
mat i bl I t, i ndri cal .

s T Rl fiteles BedCahER wrmbioet e senomiadg ogred

Broringted tbnontBiérinkied ESoxy&is ahdfpREMIaivEisdpedAre shiwak

forms a_ cqraona shielding the epaxy i nm scible

Fypreide?- Sphearal grcelles, ghawpgn KigumsdPcge &8 contin hydmearbgy core

tshRoRiabd b¥in &gy Einlihvlie dbrofdVi cdierlv eyHhd cRIGkworm-like”) micelles,

copol yner's, where the l'eqU|_I I briumphase is largely

shown i HigwenlA ankel B jaredrog: thie tuperavherastherppoxy pmigcitigblogksforms a

t i enot h..of. . .1a i .

Sup Ll 6 GBI S OB T84yt T

yis
[y P%%EPMP@M—WH@WEM flibleck eapolymaers, where the

PGLRAGH phiep 1 38 Bliifed e Gy Qg pB0R iy RS me

3e3ih e IEngth ofib@epozp miscibloblotk) aThemorphtiogyf iy establisiredemp tre)initial

AEE RS iR fordb Bl TR SRt By S diioe e
tdueihg sthee. The apoxyesstt givd foe IFamses 13k e 3:1@%end 025 . BR. 383/D.E.R. 560

worm | i ke nodified epoxies (for exanple, D.E R 560)
i%&%@%@ﬁ‘%mn cally even as the anount of

br om nat ed in the fornyl atiqgn i ncreases to 50

wei Ght - por MO e pE cRoaY sFsin i Ehs WPRHACP O HBoT P Fp{Hoe the modulus,
r hibsdhHOE QgmficanBRt HEREVEY, Fighsd HShowk at ¥ Strdh sneég?v)- releiRe rate, G,
560. Neat resins may also include am ne cured

i Syorarike medificd epoxiesiéfos sxamnie, DF.B4§60) ingrsnses deaatieplly even as the
b o RASY R 1 B8 Fonlftior koser T pEL AE | Fie 4
Filsgishewsithe fracture resistance of neat epoxy resins, for example, D.E.R. 560. Neat

(@]

resins may also include amine cured bisphenol A epoxy (BPA348, M,, = 348 g/mole, cured
with 4,4'-methylenedianiline, MDA). Worm-like micelles gave the best improvements in
G., as shown in Figure 4.

The present invention demonstrates a way to simultaneously increase the
fracture resistance and flame retardance of epoxy resins. The present discovery has
-20-
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The present invention denonstrates a way to

simul taneously increase the fracture resistance and

flame retardance of epoxy resins. The present

di scovery has -20 inportant inplications for both the

m croel ectronic and aircraft industries where

rigpositant implications fiskdoth thévmicnssbectbnit hainarcraitindudties whgre xegulations

resi.ns. Typigcall i hcreasi ng t flame retardance of

oS e WEof Femappe bt OO int Fptonffe e 6% Hae regdmnce

i of afl epdxly eebir reliftePitOSRATe fcbieGfce/MblANE AN 18 phdcbis #ites

products. For exanple, a major problemin the )

rﬁlitfll?iil 18t Broducts. Fop exapipls, 8 majag pepblem inthe micjoelpptronics
ot . el I il

boar d ﬁftgétj)ri ca?fii%n. T |gtg‘g€g‘#2 igglrl]%d)%ltfésdsge&/i?%gﬁéte& i‘arl:é‘%%bgard

i farivation. yThisdefigichdyris evident indheriphhikity t6 machénestags samplest fopexample,

: gl ' . .Th jals. .
gftﬂxtﬁ ﬁ%’t i‘.l %{ ?&?r%%%é ﬁgmﬁgﬁéﬂé %Lé 2 gnapl%r 8@%g§rte§elrn n%gesntlon are

presen Ion are easy

Feh)f to pewessisinge seifassemidportmspmtmmkyuslynmpon bleaditg oyl thewdsulting

e Yoo SR Gt Sesne 1
an increasapi n fracture.resi stagge CONEeS

t the
expense of ~t e BEeF diin: ??d’oﬁ‘ﬁﬂﬂlt@f’se.xf’?‘i'?e phfbe use

[epeitirelany £1085106) , In B Peskritdfiettich, O iabtaRGesiskde hddiHhe
retardance_ is achi eved without a nmajor reduction in

{RETIARR T drbvey 2 BRIOF Fropetion &n the mogulus gadewith an increase in the
hREREHBIHIE - THUS USwaytha¥VBoen 16ed B6 SFeufrbit thel tPpiEd1 'hasI¥ R B epoxies

the typical trade-off in epoxies where toughness
veheestonghnesycomasa thecexpénse i ather desinablg properties por exaseple, some of
S5 oA O A OUERESd SRLBHE o M, oty
eéxtarip ipercens whyle thsirtTy irbfeages) forerample] tretotahexit 16 Percent.

i ncreases, for exanple, up to about 16 percent.

dearly, t6@leaiynthematérialodf themresentdseention doment fillow thopattetns

| RrBld ic BB BB TRt inelel SR AR Bl e
egpoxieeweratuocbrittixoto tovighen effettivelyoughen ef fectively. 20

The epoxy thernosetting conposition of the present
i nvent i on Thesepaxythenhosettingedmpokitiyn afithe freset eention hasradod

resjn.nrodyct .havi ng ,hi gh toughness,. ,hi el angat.i on,, ]
b B i b e P PG Mgt folhp i pton, high
hh(éﬁ‘ullqd_sﬂﬁw ifitefiakstres x k%}i,&’ﬂﬁhdnﬁm‘e,l\/qlﬁﬁlﬂieaﬁ*éﬁﬁtﬁﬁe_ i iaﬂ@}gsvw Wdtér@bsorption
an i.gh . stabili of . t hese .characteristics. an

TP A g %%91 O%?ssahqr&?rﬁﬁffr Sdar illystrationygcusedrenp product of

| thy/SH8dehOiflvéitidn hisQfor BXaMAN, 8 stran Slerd) rlle AR 84t b
ratlge((SImCi‘i ofnat If)éast aboS?- 25 1 6 Slmz,t g?ap%%gétsabom

109 a2, glassvapsiion tempergyredTe)of af leass eboybIO°C100 C. A
number of preferred enbodi ments of the present .
i nvent i on Amamben of praferred gmbpdimenta of the prgsduhigvention afeiiBustrated

AR e P
Fxapples.ng a Resin Blend and Sanples for Testing

General Procedure for Preparing a Resin Blend and Samples for Testin

A neutral solvent, acetone, is employed to facilitate homogeneous mixing of

a block copolymer, a brominated epoxy, and a curing agent at room temperature (about

21-
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30 A neutral solvent, acetone, is enployed to
facilitate honbgeneous m xing of a block copolyner, a
brom nat ed epoxy, and a curing agent at room
tenperature (about -21 25C), typically adding 23.nL
of ,acetone to a 40 grambatch of resin containing 1 to
€ nisaldy adging23 mio pixicgtons to a@@encbatgi ceﬂresmmmtnyen@l toy2

rt et

anmuh@tmrsgverﬂ@laj'x),vmdsmenﬂd einhdvediaddetiva¢inng aDSO°C figr one hour,

G R 5 oS 0 Mo

CthéiCk? N16GECI for B 0xhinkfs. 'Flﬁ@g Yceift midinGMAIUondEnSiidf oPfhe Spo

C S‘*‘é‘?& Uni f orm and bubbl e-free plaques are obtaine

baj/lc ‘i"]i’épflﬂretol"é%lagtl ng dried resin mixture to 150C

and qui ckl ourln the resulting liquid into a

pr eheat ed ﬁﬂf andtbubble-£ge plagpes arg ohtainpd by beatingthe resulting dried

SRS 1 PSS i G 7 ol e Sl GAANAS ) PALERRI Ol Afer
f“(‘jfmg)ﬁ% aifayernight #AG0°G titaesulting am ard $lowlypoodd thesom demperature,

appr OX| m#%b‘}é’c%l% %Pg&g“f?? 3 °n§h° ﬁ?egl‘“}fge? X%/ﬁl-}o' aq’rug produces

ta‘*@lmh ogereh usaegidmbb,mnddm;'ammtepmlpmue nmmu” nhﬁelyal)@my% 8emx 4
t hr ee-.poi e ci,nmens one illuystr on o

S R i e martatedin somen @psien lilco e point bepd
3pecimensadded to a 200 nL round-bottom flask. Then

5.8735 grans of D.E.R 560 and 1.85 grans of

MVE( 0. 4) 5. EEbR&uesulah@@kftﬁ@g& beedhr@ aBAREe.60erhfi€of D.ER.

flask. 21 nL of acetone is ed to the mi xture and

t¥¥é isAdded fo@ 200 mirrammdbatiom ﬂaskh”éhea SBTRS g3ms of Pdf-Re560@nd 1.85
WWG{@@H EH @blMédﬂBl?m'exsﬁ deﬁﬁ ﬁ)dthQﬁasﬁ §i WL of acetone is

When well stirred (around O grans

11
sédedltv %an dtkgmixgue 1S§haifeqér¢hltthﬁ D. éé{ ﬁﬁ&stentseto disselve. Then

ESilxird t rSEF’EP@%E 0
rati o of &tsﬁgga[()yné%g%%g% Vtvg&ltvﬁéi)l gg%@ylﬁmg%r#ﬁ SD-
{73 bpheppkuovelag isaiddad to thetmikiwre. Jie tastlting er®By £tBrositive catresponds

| bl oc

188 3 ¥end B3RP Yo AR RO (HF GBS e Wi pSigpretic

Oluht Qf ISD-173¢ phenwprm&eht: foraheeepowmldepetwgrmps $r0the Bllbck copolymer.
s S P R 85 e S B O At ety igotved.
I'The raebtdgmtsbmmﬁé ﬁﬁi@v&dbfxﬁd’\&cﬁdxﬁl&e 18 alld@ clesrRh R MEing & 24/4?
renmoved i.n series of stages to mnimze exposure o
teRmaector E}h?oﬁﬂletr %ﬁ?’ﬂlﬂéske\tﬁéhefl’é‘ﬁm ng. First, the
acetone is_slowy renoved. at roomtenperature for an

hour . ThenTRaAseRSs rrmeved infessriespt fiagesdeminimirg exppsarelof the
p2dnl toMetperbfbRidFbanife, CIARE, 1R acetditts Bk d;@fno@é&% f&fn t@lﬁﬁerature

hour. Next, the terrperature i s increase
Fien 2 bowr: Toe therpeipure i heatedit 50°6) ueing ee ofl dath erathécmpesam:@@@mol

2R8n8& b5 0PE for3e iU Nest, mz&%mpgfa{urpﬁ%éﬁedttg $5ocS4 held for one
hour. Then the mixture is heated to 100°C and held for 30 minutes. The oil bath is then set
to 150°C and as the oil bath is heating, the sample is removed from the vacuum line at a
temperature around 140°C (15 minutes later) and then poured quickly into a preheated
(150°C) mold.
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30 to 150C and as the oil bath is heating, the sanple

is renmoved fromthe vacuumline at a tenperature

around 140C (15 minutes later) and then poured quickly
into a preheated (150C) nold..-22 The nold is pl aced

in a 150C oven and cured overnight in air. The sanple

i s sl owy Eeondd iyplaged ine 1500rpyeampd cered peerzight in #ionThe sample
I 0C f 1, hour
APV SocIoq Rk 86 ol rgp i gha Bl Foobved 5 e 010 A W o
£30°% fer | bowainderfvaamm i thih dartei Ate Gdlyuret emoldedsanipled$ void-free

ool Ko o SR VAo B SPRRTR BF  80 & RO B o

produce c act rensio tensi | d dynam c )

mechani cal = Sp. ied§§‘8’bt}k§’afﬂ%feé§?°g&%€9pép¥ﬁ°§§?‘i Gygpact tension,

Rensite; et dyhatnic) mEdharmcdl Spodeso6Y sambles.pect r oscopy ( DVB)

sanpl es were test specinen bars machined to 28 mm

|GeneralXTéstingProbedare 2 mm t hi ck. Modi fi ed and unnodi fi ed

10 sanples were tested in a three-point bend

conf i gur at(1pDyhdinia metReitE shéctBscdpy EINE] saﬁlXMa kkereMMest specimen

%&gam C. I\{{scg%nl Cﬁll Testing Apgar atus (DMIA). At | east
maghiped (0,48 o [qpep; 6 m Wilesx 2 s ks Medifiedamd wamedified

\WBhfled Werk Bdied th 4 MiSde-Rtht BerdicBRfigdplon YRS RACONRYSes Scientific Mark IV

perfornmed first to "ascertain whether the rheoneter

Mechanieal Testing Appeatmv®MBAY | Atlessbiwes, buttynieally five, OMS

. . , . .
S50 b D TN O 3R
fagastiain mhytherf thd thepmettrneaded calibration. of 0. 01 per cent

while increasing the tenperature at 2C/ m nute from 25C
t 0. 1850C. TheH3MS gampleswére subjdcfeddola sinudohinl deformatiart tomeeasure the

he. tJ d i,Ri t | .
H)lle Bt 4 o ) o, ol o 5001 Bt 10 s and s
Elf DB pérbent whilerincreaging the tmelfahmgl(_aimgd:/miﬁmdﬂbmagdgtoflaﬁf@. The 7,
ass transition tenperature, Tg, were.recorded for
g"&?& hdsegté‘i% b @W?ﬁ%"'ﬁ@ f‘d?g&? EQ@@HS trBPs 5ROy ent
(corr@potilling t6 2 PBAX) in ARRENE bt ee WRerd =YV HekrodiR &%p\éﬁﬁfrsoc e flexural

was used. An increase in Tg ranged from 30C to

Mé‘ﬁ&i Eygnd glagsfeanpition t@m@%@“‘y e were regordeddpreach sample. The
SRS Beck e T 30 beroiif B | gg%pn% UBEhiSHE oh GfcA bYEK Eopolymer

machi ned froman epoxy sion

avap uyedmAntiacrogse in Traarrzed frem 307C o0 dependieg ontbe blodk capolymer.
thick to ensure plane strain testing conditions. The
critical pfﬂhﬂeldsé)qeaamplﬁs fareompactignsion(GHhianture tests wefeomachined

| il i ol
58 8 Dty S0A° CUBhot W b O Vel eOnnfl of Simples ot were 4
ais thickite ensure PABIFIsIrEIN Gebting COnditionsnThesritient plangutei feactuee
C3Uefiks® e ol RE S copon i e R cpo st A g using the
lcomprictitensib geyaietrs friethod descbiedrin BISTNEDS 045! MRe SEAGIdsRLe

notch. .Typicall.y,
precracked ug g a%resﬁ/razor blade tapped into the notch end. Cracks were initiated by

lightly tapping a new, liquid nitrogen chilled razor blade in the machined notch. Typically,
these samples were difficult to precrack due to their high fracture toughness. Tests were
conducted on an MTS testing frame in tensile mode with a cross-head speed of 10
mm/minute. The samples were pulled apart in tension at a rate of 10 mm/minute and the

peak load was recorded. Six to ten samples were tested for each material. From the peak
-23-
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these sanples were difficult to precrack due to their
hi gh fracture toughness. Tests were 30 conducted on an

~ MIS testing frame in tensile node with a cross-head

speed of 10. mmiminute. The sanples were pulled apart

in tension at a rate of 10 nm m nute and the eak

| lgagpnd dhe sapplsdimensions, the esiticalistressintensity fastoe waseal@idntgdand then
QAE fralfPlifdfdyAbleask L 181 ARAN usin %n%agnsﬁgfﬁ%fl SnSARRLE

dlmsn5|ons the critical stress”in tor was

cal cul at edpgp

was cal cul at egac{tjlglg%lgl}&%%e%% &% anﬁcigcvg Q’cai a?e%%ﬁm% %eefollowmg
redestion! cs. The fracture toughness for each sarrpl e was

cal cul ated using the following equation: 5 Klc= WK f~
awW where B sP,,;,h imum | oad at failure, Bis the
sanpl e thi tﬁlhe | the overall length, ais the
crack length an f(a/l) i S an expression accounting

for the g GREBELY. h@ﬁnﬁlﬂ% L .
D5045. The stral nlsgéﬁ%r gy re”}ég‘g%ﬁﬁ il@gs&%@%&new wis
dbe exeralltlenpth, ngsthe trackiengtl avdifia/ W)Gs drodxpresdiongacemmting fon the

a ere v is Poisson's
% é&t&éwgglgéﬁge‘gﬂ‘%m[goﬁght he Young's nodul us.
Young's no . Was measure t he s S franme at
the same c?#)ss e"gafgxﬁz%"a"{ﬁ‘ 2 C’W%Cﬂﬁgﬁgg%éi’plgﬂgtﬁe
tfelhsviogequpiatr:i ments. Typical strain energy rel ease
rates increased from 50 JImZ to 450 J/n2 to 1650
Jin2. (3) The ggxrphojogie bl qck copol yner nodified
epoxy conp&i ( YQ d B’P by transm ssion
el ectron m croscopy (TEM. TEM was performed on a 20
representative piece of cured material to determ ne
t he norphol ogy. A representative piece of the epoxy
sheet was whee oiOPEgok ratioPlakdntEBE D34, Hne FiS1he ¥ odng’s modulus.

i chert tra-mcro ed with a di anpn
SRR mpdpiol i Ptz PR s e M Bt herTngpanend speed used
bt thereonipact teisidiexPeritbents. Speed of 1.0 nm's using a
di anond knife to cut sanples around 70 nm thick. The
thin (ca 7Oypicd stefiCéneftyFeleme eatdslifatLel fdin BaY/81 to 450 J/m? to
g@(eaed on copper grids, and 25 stained with the
Y g ot a 0.5 w per cent aqueous sol ution of RuO4.

)

The sanpl e l.aced gn a 40Q nesh copper grid and
stai ned i n&l)ﬁg g?lgglﬁ? ofbleskecopplymerimadificd epexyreqmposites were

aAdtenaied %%%fsin%&oﬁ electrdn xﬂh‘w&o?g I('Ir‘]lgﬂ'ls n’f‘ﬁil\g fa%gfrfo%ged ona

bl ends, preferenti al I%/ oW ng
dﬁa‘@qentatlve piece of cured material to determine the morphology. A representative piece

of the epoxy sheet was microtomed at room temperature using a Reichert Ultra-microtome S
equipped with a diamond knife. TEM samples were prepared using the Reichert Ultra-
microtome S at a speed of 1.0 mm/s using a diamond knife to cut samples around 70 nm
thick. The thin (ca 70 nm) sections were floated on water, recovered on copper grids, and
stained with the vapors of a 0.5 wt percent aqueous solution of RuOs. The samples were

placed on a 400 mesh copper grid and stained in the vapors of a 0.5 weight percent RuO,

aqueous solution for 20 minutes.

For the PEP-PEO blends, RuQ, preferentially stains in the following order:

PEO > epoxy > PEP; for the methacrylic based block copolymers, RuOj stains in the
-24-
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PEO > epoxy > PEP; for the nethacrylic based bl ock
copol yners, RuO4 stains in the -24 follow ng order:
MME( x) > epoxy > EH. Wil e PMVA does not absorb the
RuO4 stain, the stain apparently penetrates the epoxy
around the PMMA to a greater degree than the bulk

cfplswying prider MVIG(0 r, epaxy™ Bl SsfloilechMMlAydoesiyat absodtuhs Rufs stain,

t

R R Ar ) bl e b oo B U PMIURTHE b alafelachiE o e
tﬂlﬂit]enolm Mf‘eﬂﬂmbn, Iaﬁy ﬁnrsatwddrg}ﬁnf dgll gﬁtps ilthe leﬁ(tﬂinm'scﬁblebloﬁbmﬂ also
with E or t he 0 0C pol yner _wa

et vl Rl B s riahinedify st Pos APPFARIGE By B MO0 i
JhedbiaR. TEé\étﬂhm@ Bme MRS bt & d"tﬂer\t?detoﬁfgl%c@ EopbBRnds! \Gas 20
These sanples had a worm i ke mcell'e norphology with
drigt-er of 10 nm and aspect ratios of around 20:1. 10

Exanple 1 Two grarrs of PEO PEP bl ock copol yner (fMeo =
0.25, NMh =The signedpamples werathgnimagedwithp B18 atag

%c&&atﬁ[ %%aoll_:lﬁ) A4 S%hésg s aneﬂl%:“ﬂaﬁg ﬁ%&%—@ﬂh icak moﬁ[fhomgy with

acetone e conte
vd;maetstqfﬂﬁemaad]aspbctumswwknd:mbl ymer was conpletely

di ssol ved (approximately two weeks). Then 14.00 grans

dixapiptenbl novol ac 15 were added to the flask and the
contents of the flask stirred until the phenol novol ac
di ssol ved. Twhgrafisaf RE@sRERblockxiopelymer (froa 02674 £88600 g/mole,

Sl Sl AR5 00 b 2R e PRI BB 22 L o

fapetoneyassadided td dtok flagk lnd thy contents veese surAﬂ udtill thdblbtk supslymer was

oD et SR80 bt Rt wk b e bl s sbenplpovolec

t\b&él addw td ROk IR chmEntl BEMME BERtifr&d &'ﬁi:th%%hénbl hvétak,
n_to, 100C (thirty mnutes). -The oil bath

@E ]é(F‘gt Iheeﬂ%gfa%ﬂ(ﬁad%es tq & HEsugm dine using £44/4heonneior; The apgjone

NdolVehtSiRas sty felndodd éﬁ'?&onsiteaﬁeﬁﬂﬁ&&n%ﬂ arly B thit SodaY HiBkided

l'ine. The epoxy . and bl ock copol ymer "bl end was pour ed

i (hity minytesn Atreithath was Elwd |aawn¢rﬁ1|e dlagkangd p éemmperntarg was set to 50°C.
lﬁ#@)lv@ﬂ’c%ag gelﬂﬂv%ﬂ fo§@ SBNCV an’i_l' ti?e t%}g%%ure% anr%ased to 75°C

ease spray mas cure over ni ght
i (3 hgum), and\thep to 1068C (thleiw myigtes)u Theeil hagh temeerrammsant to 150°C and,

SREPLBERSOBhAl B 5 R SREE s B Wi P oy
2420 Gldck copwiyanen blend wasjmmedantomn mufthiek rettlaﬂ’gulnt amld\@seheated to

0 i S5 R 50 S0 Bl e

NESOTC: amlmQrtﬁmmﬁ QAft tliie ovie Rak fifned oEthe tedultadb shnipld ﬁﬂs cooled to
poi nt bend sanpl es. The conpact tenS| on tests wer
d@?’P SFRRETRIRE: ﬁ%samrb AN S dropaaeld apibg blend) wis wt-cured at

P2OYC fiff bie hout idRE Gbui. Wﬁ@#ﬂh@ oWkntvR 42HedOH, ileQbrdda%Bhle was
bl ade (ne on a4 mmthi
cooled slowly to room temperature. The resultant cured sample was machined into compact

tension, tensile, and three point bend samples.

The compact tension tests were performed using a 10 mm/minute test speed
with precracks initiated by liquid nitrogen chilled razor blade (new) on a 4 mm thick
sample. Tensile tests were performed using a 10 mm/minute test speed. Three point bend
tests were performed on a Rheometrics Scientific Mark IV Dynamic Mechanical Testing
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sanple. Tensile tests were perfornmed using a 10

mm m nute test speed. Three point bend tests were
performed on a Rheonetrics Scientific Mark 1V Dynam c
Mechani cal Testing -25 Apparatus on 28 mmlong, 6 nm

w de and 2 mmthick sanples at 0.01 percent strain and
1PPaFals/oa 28 TeiAdengab e wids and 2 exrethick sampleodt/Ofilipgroentistreimand 10

r . il S i .
RO Sapa oS idelbal 86 2 Oihftnd 6 8l BBl P 1S white e
t9hasc dewnpil storage and IpseRoduli wiTdMmeas@d ER2sultS for thEPsampley XK. = 1.62

@@&N@é&%@ﬁ;ﬁi{%g@@%@ o, BI04 T8 Rl PECPEP

e 1 04) were added to 23 nlL acetone and stirred
umt the pol ynmer was dissolved (two days). 24.00

G ans D. E. 83 to the flask e

contents o?wf) %e@ﬁ%%o?@igﬂ?%(omg F@F%E@rr}\ge%{? T 890 gigole,

t MiYMy 3y1504) wereeatidddito(B gl @detone hnduiered ntfl v Pofinera dissolved
di ssol ved, The_ flask was

Z(?‘?e 02?% tirred until

PR ¥ RdnR1 383 averrsadiefl 1o therlasky apdyiha sentents of shecflask

t Sfifred Gt EIRECIVEE(08d R\WMyY dhRITOMRAH 120 gﬁﬁﬁ‘&' gﬁ%@f&‘i/b'lra@were added
I ed (thirty

until any resultant foamng subsi ] .
rA stirged)untihgisselvedy, The:flagk wvap pitacked tapyasmm lins ubing ¢ R4/40 gonnector

t .
r%ﬁ{)ﬂ&%ﬂ?xé} ?s#L rsﬁ)ot% at°§§f0a(tj}6§)rr1’g&tgﬁ%r§&?eh%%¥ é‘%ésr a urf%%
i subyided(thittyt minPE:S). (An dibbath) waspiated aronnd the f6<k@nd theiterhperature was
] ) il bath t rat ur t, to 150C

et ¥o'SET. mbiAS B e sl P 0 880 S0t anlfen 6 eBerit s
cbiflamw&ﬂ(lf hqng)}, ﬁﬂal(ejthaﬂﬁ aoofC (thgrtﬁninifee). Eme&ﬂ bﬁtﬁdelx(nperatme

ock .c r en our e nfo a4 mmthijc
6 DR 4ot v DB GRSk ved g eaparcigdFpm the vacuum
SpeAYRelepoky ald $162kRbopolymEr bléHal vhs hEhred fiffo & M Y thickhectdHghidr mold

s, cur.ed 9t° %SOC overnight in_air. After the oven was
t(preheatpd de 1 50°C) eoatedwith Sprgyos DigpF F.Ecmgldggiesss spray nihe mold
vREREMRABUTRC SRaniSRN IR he. MRS thESVRH Sis Frd Jef) fhe FEMLRarR %ﬁinple was

the bl end was 20 post-cured at 220C for one hour under
\e4elgt ta roemiiemparatire o Fhe saple wasreraevedfifom thp mold and dhe blend was

%Qﬁ%u?ed"ﬁﬁz@e% e%hﬁ%a%du%% I'Rnitées HRESvBA Waurmbl t'c?ff, the cured

resul tant cured sanple was nac into conpac
tsamplesras coaderbslowly terogm thmperatprei The resitentsared sasple Waemachined

ROyt RASE ebs R o WReRoRF R BRI (7ol od by

liquid nit Llled.razor bl ade (ne a, 4 n

thick 25 s Soeromrait st b S0e Pfided Bl ln(rdpigtegt speed
Maithnprecracks indtidterhy lspiiadirogeh chitledxarortbldde (gbw) b 8 8 Snrdeick

per forped..o Rheonetrics. Sci.entifi.c rk 1\ RBynam c
Eten 3, TS e ol e perRpe g 10 Popipift ok geed THFedpitbend
aets Wergperfdiined of 8 RREdSetidds SOieRtifidMb&kaVDynama) MedhRtlcal Gesting

rad/s, Te eraiure was jncreased by 2C/ mnute from
r‘%l?ﬁ‘i”fqéﬁﬁ@ iy pongy Qmapwide apd 3wy thick samples 4t 0.04 peseent sirain and 10

tsrﬁclﬂi aglr?%fhgurb %ﬁgﬂ%ﬂ%& by WRI/QifiRATMN Ridm B th 985°C while the
elastic flexural stbrage and loss moduli were measured. Results for this sample: K. = 1.64

+0.06 MPa m®, E =2.96 + 0.35 GPa, T, = 152 °C, G, = 803 % 47 J/m?.
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30 0.06 MPa m5, E=2.96 0.35 GPa, Tg = 152 C, G =

803 47 J/n2. -26 Exanple 3 Two grans of PEO PEP

bl ock copol ymer (fPEO = 0.25, M = 8,000 g/ nol e,

M,,,IMr = 1.04) were added to 19.05 grans D.E. R 383.
and 6.35 grans D.E.R 560 in a round bottom fl ask. 23
2. ne was added to the flask and the contents of

the flask 5 stirred until the block copol ymer was .

conpl etel y wom@EPaﬁﬁfrbimhmpe‘wmt(ﬁeo weeﬁsl% 8Dﬂ@g/mole

u nf/?{ glrd?@ gfé\% egi.a@dllﬁel 9?) ?ggik&was g? ?gu e §EH \]r:raliﬁ’%%m a

| riovret hpsmmgleuk QAMOawmnﬂwei aideditocthé Nk and we Bdnltentshof the flask
room i ratu nt
T —

bateh 128 $ran cff@ﬁehoaﬁmrad wehadtibPaid sBRE nidikRNRE! ?Bélﬂfsk was
GjlG(éﬂ:t%lto 50C., The sol vent was renoved for 10 1 hour

th¥pca king peing 34 connectorapd the pelvenh wagslowly Teaoved at
B0 @iperat et 1 kehihark Piming bbb (SIHPIRRAS, A6 Bith was
fodgced ground the flask and the témperatureavas ekt Qtiiﬂﬁe&‘he@lvfenmmbmoved for

W%W?éo"é‘ Gnd thBE¢h P ROHrah eé’\vQJ 26K &9!%%%6‘@ phrogﬁe g.lae\ﬁ?tg 100°C

poured into angura
18dr§) miwtese dI‘hmoﬂrbathpramre Bray sdtitd 150FC dndFafter watting for 10

d 0C
TGRS e s daoptRRled GURCtHE ekt Jre- Tharporciog bfesk copolymer
slmnlvmsmemmi 4hnt Wick e@(tfhgﬁmgdlslaf(%te&ated ngo%rmhtgd wah
e ah N R CIR R LR,
taur md.-r Belover WS thmbESk SR RN RNAIMER WS go&édQM&ﬁﬂLQmég]gmre

tenperature The resultant cured sanple was nmac

SRTER)fyas femoxprfrom theimagld pndethe hlmd wmoetecum ah 22086 for one hour
Sﬂ&&'vﬁ&m@ A R REPAE tulnBI SR bi %mgﬁervﬁls REAELHEH) to room

using a 10 nmm nute test sp recrac
Mﬁlﬂqf aured The resultpnt qired;samplg avas umhm@dnho seropachiensien, (ensild, and

4nt'ﬂ%& sanple. Tensile tests were perforned
u3| n ’ Eértrt?ﬂrin nute test speed. Three poi nt bend

keaﬁaﬁge}g%%ca%s%g?w %&ar a é(él Y%h%t speed

Gvitpregirabls awtihted hquuidlnﬂiogeradpllﬁsamr bﬁd@(hew)adsn:emnm thick

S e e S i SR 8 B PR ool Thee Pt bend

eésaiaverepérfcmmad od a Rhedirgies Sfidntiﬂﬁ\‘larﬂ’w llliyha:ﬁ!ﬁ Mechanical Testing

L TR MR —

Eatwrpfempéramwﬁi iafreased bﬂ@/ﬁﬁte*ﬂoﬁﬁ%oﬁ@ YARE td { BE@wmle the
25, MWn 8, 000 g/ nol €, 0 wer e ad

Plgs flexiral iginge andos e s w:ed Besil px/tm@rsamals AR
di VPR th*S, E =237+ 0.16 GPa, T, = 155 °C, G, = 1101 + 47 J/m.

Example 4

Two grams of PEO-PEP block copolymer (fpe0 = 0.25, M, = 8,000 g/mole,
My/My = 1.04) were added to 23 mL acetone and stirred until the polymer was dissolved
(two days). 19.05 Grams D.E.R. 383 and 6.35 grams D.E.R. 560 were added to the flask
and the contents of the flask stirred until dissolved (one to two days). Then 12.6 grams of
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(two days). 19.05 Grans D.E.R 383 and 6.35 grans
D.E.R 560 were added to the flask and the contents
of the flask stirred until dissolved (one to two
days). Then 12.6 grans of -27 phenol novol ac were
added and stirred until dissolved. The f]ask

alenabaelap ot Mde it ted sl dssalped 3 Bask Bh LD 0 4 a0
02l o' 0o icchl: G dhe LAY Gl AbwHAAReR HBER M forature unil

e resu oam ng subs (thirty

therresultant foataingiubsitiat (thiskpminykes); oth eil bainwas Mecetl jappyrd thedlask and
he tenperat ur S to 50C 0

PRI SN0 Gr ThpiohieRl g BV e HES°C and e

itdifefatre thak incréaded g0175ﬁ|:10 it hour)alanﬂ mgeto 100°C1EoEY (ﬂfu}utes)k yAn 311 bath

m nut es) . oi at was aced ar the.fla

6 Blnpe sy rsk Sl e epats ettt LAFC i Enargripe 10

HiRstbERe HAR va AxkonBGedfirdi BeRagiuatidel THe bty wadbiock copolymer

't ne. The epoxy and bl ock copol ymer bl en

d d.
b s o i sckemmlbick FRSUP A IS (reaing i B ©goRsg B
?5?%9 D%lgeinn ngﬁgéﬁm&d %waaggtﬁpi gggnﬁﬂcfwasr@akéa o 85(°@Pemight in

was cure overnight in 10 air.
Alirt evfiet the overewas\iaraed off, lsresuitant sample was eoolesip repapigmperature.

s coaled to ropomtenpenatu 0
"5 ol ek G SR L B it OB B 220 o one o
3206 vabifun®) Neftdd Geroverwaketurned offy the cudéd smpieveaseoelad slawly to room
turned off, t

h I . | ed .
EARRHE e eTHao) O SRR " S R ORRE IR AL od

| el p6iRfBAE banktptédsi On, tensile, and three point bend
sanples. 15 The conpact tension tests were perforned

usi ng a 10TRIYomipastiiéhsio SstsSireeperfonhédusigacOantiininute test speed
initiated by liquid nitrogen chill eg‘lra@%r bl ag‘%&ﬂgég
owittypracragks irhitiated bydiqrid nitrogra fifledrazardiade (Repa opaf

'{’sil'n?fb. TeAlc s e fePfotrRed usiip@sld mAMiinge st speed) dMeke point bend
e

s were perfornmed on a Rheopetrics Scientific "\ﬁtlkating

| sty ererperformsd A RBemetas SciegtiioMad Y Rimagie Mechapipal Testing
| . . IS at . an
| R0iheasfhs B3 Sr s Wl € PRIl 164 at@.00 bt and 10

Tenperature was increased by .
2664fsi Terhperdturerwas ngreased by 3PGlminute from 1@FCepReRiTy tad 85°C while the

el.astic fl.exural r i
-RaR iR en bRl ARG RS il Y

MPg.05 MPa B™5-F 2. 280H00.2 GBRAT, =T1532C163= 835 3 EI/#d5 31

J/nm2. Exanple 5 25 Two granms of PEO PEP bl ock

CBpadplé®r (fjso = 0.25, Wi = 8,000 g/nole, M,IM =
1.04) were added to 13.5 grans D.E.R 383 and 13.5

grans D.E.R 560 in a round bottomflask. 23 nL

acet one waSvadgens ¢fPECRRER blagkcapalymehiese 519:28nMs =000 gamole,

fl stirred il .the bl ol .

bt O e iR I3 oo Bk SR o S R BB R i e round

1Betm H4sRITB3 A, RRE6HONasnAdE ta the/fasicardditeabntentd of therflagidstirred

until dissolved. The flask s attached t 30 vagu

| ol b IF capabmergHaS GARIBEtSb Le] HEPPRBIBH, el thdn 11.0

S bW br priEBMRH 0184 wEr@ @Bded and stirred until dissolved. The flask was attached to a
vacuum line using a 24/40 connector and the solvent was slowly removed at room
temperature until any resultant foaming subsided (thirty minutes). An oil bath was placed
around the flask and the temperature was set to 50°C. The solvent was removed for 1 hour

at 50°C and then the temperature was increased to 75°C (1 hour), and then to 100°C (thirty
8-

s sample: K =1.75
t 0.°05
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tenperature until any resultant foam ng subsi ded
(thirty mnutes). An oil bath was placed around the
flask and the tenperature was set to 50C. The sol vent

~was renoved for .1 hour at 50C and then the

tenperature was increased to 75C (1 hour), and then to
m@sx {Teoil path- tmpmtmtv@s pet tor}R0°G pnd after wattiagh@ miguis dhe flask

dxgmﬂ%etg%% éggﬁggpr om t e vac%bw%lé&%ﬁ%&e %)I}ffn gﬁm%omed
bit@ckmt;hmkye@ngbllaemdld\&m«;hqwd rttebI50°C)mc@ted with, pn Py Film

gﬁgﬁﬂ lil Zele rml d %wgs ctu?eg %gg)g@hggt WaleD ﬁ.ﬁer the oven

s ﬁxﬂé@%ﬂ,ctﬂé &!ﬂu]ﬂiélt Q&Qﬁf \zaseballegfuroom tanhperatitbt 'é‘he sample was
oven was turne 0 t r t

oo hsend e e biend was st airal 229 T ot ot ot e,
u@@é%ﬁ%ﬁ% \RScuRRSEmEIY wasl cotllePatiidy mroomanﬂsmur

After the oven was turned of the cured,
Thessetantaredsemplé veas svichinedjniosompact tansiep.4ensile and thege point

:bgﬁﬂtafgg cured sanpl e was machi ned i nto conpact
SPOR >t ensi | e, and three point bend sanples. 10

The conp ac#hes ?Bgi 35181? {e’étﬁ Wefe N eRGil " iRg 248 'nﬁﬂ/nﬁnﬁ@test speed

m1 m nut e ks I nitiated
Immlpra:mkst mngted by ﬂnqmﬂmdrqgazdunddlrwebl(ad@(n)e%m a4 mn:*rﬂ#

t hi ck T 1
SRl TS5 e TR hE 35 i REH PlHR e T oidbend
R&s Wiré B forfleor iR BebRietrios SciatifieMark ['¢ DynarkicVdharaeal Testing

Mechani cal Testin rat S 0 8 mm.| on 6 mMm w de
TP o1 P R IoB ROt a9 SRR P L APIS A PR s and 10

13:§d/§ aflleSem %Jmﬁ{c?éawd% WerYmiiried RRE S6brdiempGhtiire tu1185°C while
romroomtenperature to 85vah|Ie the el asti.c
ftheolestia Aexral stomage andilosymeduliprrse megered. Fesplly i@ dhis sample: Ky =

Fieg% %66% n&l’h =938 ®i3 &Ha, =156 °C, G, =943 + 27 J/m>.

E—2 8570 13 a, Tg=156C, G= 943273/ n®.

%@%6 Two grarrs of PEO PEP bl ock copol ymer (fpEO = |
= 8,000 gl nole

ad ded to 2BwerEramsef8 ﬁ@'ﬁﬁ? d’l%‘tki CPP%IH“EM{PF‘P ﬁggy'\%’ %&8% g/mole,
5/‘7‘? L ) ge'%;aél S88698 mIl abeRnéHfd it fntiRpol§iher ﬁﬁl#ihskBIVEd (two

were added to the flask and th
cdnyS)eﬂB.é Gréms BE.RI W3 knd 13.5 graohs DE-Ry S %%P‘%déé“’(%ﬁ@aﬁk&nd the

{0 €.0WR of phenol
et e Qe i Ao Gp DO IO el TR 36 0400 ofphenc
afidvalab eﬂretaddal auammm tixmhéssolx;d n@heﬂ@hm m@@h«fdete paRcUgAdine
the s I
uPPc“i'ﬂa%Z‘g’ Cf %%401 gov?lfsj oggg%fx’gﬁrﬁ t(?ﬁyﬂé['a%ure until any
”}&Q\H{aﬁtsﬁ)axmﬁé sﬁbside@ ahiftywsisutes) 2 e dil aathmd plabed drovmd itheftagk and the
the tenperature was set to 50C. T Iven
e S 58 NG, STheSORCT RS TS, 108  BOB ) o hen the
V\-.%En peifut ERaSHcrtRed é@SQd (ll'lQM{')) andQl'iBi tb mm?Ct(Mrﬂ;Qﬁﬁutes) The oil
(thrrty m nutes The oil bath tenperature was
1 bglTteparatire wes sgbiotiSAY and afienwaling Kmeingles be f\\;g%‘”as discomected
d h%r%qgen\?a%&gg line. The epoxy and block copolymer blend was poured into a 4 mm thick
rectangular mold (preheated to 150°C) coated with Sprayon Dry Film P.T.F.E. mold release
spray. The mold was cured at 150°C overnight in air. After the oven was turned off, the

resultant sample was cooled to room temperature. The sample was removed from the mold

and the blend was post-cured at 220°C for one hour under vacuum. After the oven was
-29-
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fromthe vacuum line. The epoxy and bl ock copol yner

bl end was poured into a 4 mmthick 30 rectangul ar nold
(preheated to 150C) coated with Sprayon Dry Film
P.T.F.E. nold release spray. The nold was cured at
150C ogvernight in air. After the oven was t ned

tamed offthe Furatsamplawascoolad slewl) te sromyterpeRturt
smglemm LhiBSintd &g);,ggt B8 th48e Rk qm%;b%twm Aalngré@

post-cured at or one hour under vacuum

After the 3?18?&; ston thatd w&gg&ffcfme& Gﬁngcrwﬁﬂvxﬁamélt&t speed

was cool e to roomtenper at ur e he resul t ant

il ladcrasku muhde&\b)shqmtmrm Chﬂip@raz@whiabt(mi\@%uadrmm thick

t ensi t hree £s.
i 6%“? gr)t% YWe¥ 8“%3‘%‘ or rrggEl usi ﬁ’icjmfﬁwrtﬁ'r? gﬁen ite tes Omt bend
18§16 @ere patfbimedronarRhebmettics Sciemtific Mayk IV nynadantechagm Testmg

Samtion B0 s 6 g PO AHCA R IR s th OO R rgiyand 10

ﬁ@&ephe teiip &RuRd3 incRasd NgQQS/hﬁnﬁt@fr&n@&fnﬁ ffipedeatod 85°C while
Rheonetrics Scientific rk 1v Dynam c_Mechanj cal

the slastirflexnysaterageianddess TRAHH FRSHECASBEhTR ISR SSmpls K =
irE‘z ¢lo.oANP) 285 3= $s91 oA CPENE =S§/553’CnGa9§761915 yaf/ s.

e tenperature was increased C mnute fromroom
{:‘a peLature to 185C while the elastic flexural
orage and | oss noduli were neasured. Results for

(1L A Sy R S
ﬂlﬁhuyhﬁetbmgl(tn)éﬂdmyl copsatl yraas (yIMG (O- JdgEgIh(y)mq;ght fraction MMG block
25061 GhE Rt Bl i MMTHAZEOA, 2B tmole

M M221 Zm)JW&eﬁdd?edtm Uh62dryms DiB. Rr@B laad 6 3‘317 gtagsiChE.RMES0 in a

TS Pal gk, 2] P e e e 03 Ehnd e okt bt ok
RirfedRintibBiock ébpﬁlynbﬂﬂiﬁi:ohplete@ﬂlﬁdom& (on2 Hay)l Theclt lcﬁﬁ)@rmm

wer e, added to t eflask he s, of the ask
ghench syl ere a9d vﬁ%{h cgﬁ‘bflﬁ‘@la? iifadd B3 Sgomm
(100 8sitkPY 24/40 &ﬁ]ﬂe&& a8@the kelvdnt wahs16wly reayvad aflromrtanpéﬂd&ﬁ: until
and stirred until dissolved. The fl ask was ttacg eﬂask

goy reswltant fopmingisphsided (thigty spiputes) 0 Ap o Hath s plaf
2.8& ﬂ%[ﬂ’é e?td' SPBVERt s%lveﬁ%‘ r&ﬁ@%@ e 1UMo8r ktrﬂ)"(t and then
any resu t ant

oam ng subsided (thirty mnutes).
thel tempmtunmaspma@e@ ta 75Grd howd and thep to HEC {thigty mindtes). The oil

#’gfgq o ity gﬂ Eﬁ%ﬂ s5¢P@ Fx?]cg%er &Eﬁn? 06 WEiitkes RS AL WRY SiSkonnected

and nperature was
ifroft tha samhmding5 The¢ époh;owd)b,lockwdpdltmcr biand ¥@® poyredhintor a4 mm thick

i :ns auutﬁ% o {ﬂgP’Eeﬁ??&d 1 ?grd?*ﬁt%o"@& matéﬁragé\?eﬁmryzﬁfm bT FEY01d release

155, OThe@bRGvas iclifedut 156°C/aetiight in 4 . Afldi¢hesyvex wasatarhed off, the

ock copol yrmer bl end was gﬂuredgbetg%ﬁ 4 mm t hi c# gl 1d
rr@%l%t%m@%wﬂp %F@lf(dﬁ? EaLeapeTaigre; Jhesample Watfepy ] rom the mo
%H& aié%n@%s BbdtBuRRd Bt $20%C folBhShJue LRRE Pacutill AWter th6ven was

was cured at 150C overnight in air. After the
(;m@pd offighe gredsamplerwas cpeled slowly to room temperature. The resultant cured

sample was machined into compact tension, tensile, and three point bend samples.

The compact tension tests were performed using a 10 mm/minute test speed
with precracks initiated lby liquid nitrogen chilled razor blade (new) on a 4 mm thick
-30-
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resultant sanple was cooled to roomtenperature. The

sanpl e was renoved fromthe nold and the bl end was

post - cured-at 220C for one hour under vacuum After

the oven was turned off, the cured sanple was cool ed

sI oWy to roomtenperature The resultant cured 30
‘}e/ Trasiletestswere performed usinpa td mméninuteriest spead i Tleree poit bend

taa@%e&qseasrn;ea%q =SB SOEERRAACT iR OMIebERIR) Testing

were performed usin
pABRAEEsen 8 1hm lmged nmywlldeqmd a mntma@mpteh bt 0.@Chek@ADstrain and 10

b e th Tensil e tes
V\}/earag E{éér]%}’e‘g@" UL AT %gm?ﬁaglp TRy et@riﬁStéG while
pthie elastiveflestural starhge and l@s BRAGHD WeRIndSurad., Fitb@ﬂ&%ﬂh&%mple Ki=

Magk . | V. ¢ . Mechani cal Testin
iﬁ;iihtlémfnzsffma PRG0S Behota 2 6@ it S0/t
s,at 0.01 percent strain and 10 rad/s. The
m&ure was i ncreased by 2C/ mn fromroom
tenperaturS\vJo 185C while 5 the el astic fl exural
storage an SEOPERblack conelymer(/freme 9139 &fa d 6,800 g/mole,

t Wi, &amxi) @veréﬂdaed_to 2. r%l@iace%éﬂz %n%em&ﬂ e fo eﬁ%e@as QisQtved

=127
% R %@@Cwﬂm Bl‘ﬁe%k38ém gdded to(theflask and)ths Pontduits of the flask

e
;sglgt%g Exétﬁa - d$lg?(]i ggﬁé/% {cﬁ)fs}' O%hewgg]%?/ %ms \Baenob}l%vgg%‘ CeTe added and
1stirred wetil disyalyed. Xhe ﬂ@sk@aruﬁadhe&d% vadiifin ey Wit 0l dnnector and
he c tents . of the fl sk stirred until

t
g%‘g e@éﬁas?%%élg {emclv atJg )tempﬁﬁaétﬁ mﬁg ArRing subsided
r(d\ltbj' minutes). eArmditieath @adplacet lafdhﬁ&itliélﬂhéﬂ an@ ife géﬁum% set to
06‘2 s.attached t vacuum | i ne using a

SPIERL a8 PO ford How B0Lg <t & then thprisiperatire wesdnereased
tte TP @hotug, 8 teh tA100°C @hiHylrRhted)0 HE &szftﬁlté&ipgx%ﬂn was set to
nut es An oil bath was placed around eh
f’l@simﬁ??% Viaiting Aratmutes the ﬂﬂélswg%ilsep@nemd o, thermuum line. The
SPbADK IGRR cEFRD Y1ch ad pdiRt inla @8&1 &Eﬁ%&'ﬁg
ours

rrger ature V\BS | ncreased to

(grelesind tp 430°F) goated witheSprayorr Bey Etilm Pldélt‘ F. meldpeleant spray. vm mold
Sole chitd A 4%l k. "Rl o bl ol 30 B2 (LB st was

was di sconnec om the vacuum i ne
[sopledt tocsopm tsperatust.c Tk saspleppasiremoved fiomatheimoid ahB itelblend was

0 t dto 0 t
SRR 30 b WA SRR AROIL 9808 Sl e e
2@mplg svas moé@if?awlst ﬁﬁﬁ‘om\tﬁllipurzghb The mmtant/a‘ufearsmlhﬂg way ffachined
0 t ant was cooled to
\r/i%%r% '?%gé?%fl%?% Feé’s‘!pe‘l'ﬁ@etgﬁ?ﬁﬁ?’é‘tb@g ved fromthe nold
and the bI nd was ost-cured at_220C for _.one haur
under vacutii “ORPRE Fé‘)‘ﬁlﬂg tests SyereResformed vsine 310 mupaminyie tegt speed
sathmmmmmwdw hqiuﬂ‘vfﬁthbgta@clﬁﬂ’&ﬁ’aio‘? Braeé ?. WY 6 a I Hﬁn thick
res nt ..cur ed npl e .was_ nachi ned o conp
éiF ohensfigfests P@'?Oﬂaﬁ‘?juw 0 Wmmuﬁéwasw%ﬁl‘le%e pomi btivtests
Wmem ihcbidiits &R MR TV BYnatiib Mbcfhnk 1 Testing

nm m nute test speed
Apparatus on 28 mm long, 6 mm wide and 2 mm thick samples at 0.01 percent strain and 10

rad/s. Temperature was increased by 2°C/minute from room temperature to 150°C while the
elastic flexural storage and loss moduli were measured. Results for this sample: Kj=1.03
% 0.17 MPam®’, E = 2.56 + 0.09 GPa, T, = 103 °C, G, = 411 & 43 J/m?.

-31-



10

15

20

25

30

with precracks initiated by liquid nitrogen chilled
razor blade (new) on a 4 mmthick sanple. Tensile
tests perfornmed using a 10 nm m nute test speed. Three
poi nt bend tests were perfornmed on a Rheonetrics
Scientific Mark N Dynam c Mechani cal Testing

us on 28 mmlong, 6 mMmm wi de and 2 mm thi ck

sanpl es at_ 0.01 percent strain and 10 30 rad/s. N
Tenper at urevegramp aEREQPER blogk sepolmey (femof G389, M1 6,800 g/mole,

L at i | . astic .
%W,‘?L by ﬁerlte 9dded aBetb¥and S dé\ﬁl é%#{vgak fhg?olved (two

orage and | oss noduli were neasured.
daysy W:ifbrems KLE.R. 38303d 6135 @ran®s INBR. F6Gwerk added. 16 the flasiomd the .

GPa, .Tg..= 103 C 411 £ 43 J/nP. -31. Exanple 9
e G AR st lisn (G Y Toep RGP s of ool
Adl&0kergadiied and stivsd WitildissdlVod. Ve Elaskdmaditthched to d¥acuum line
acet onf @nd stirred until pollynﬁfrf was di ssolved (two .
Ysipg § 24/4Q copgectorang ths spivent was slowlyregoved a Fogmstemperaipre uatil any
PGB IRMAHIGE5IAR hin8RY). 2bil tith WasTRREE Rboindthe E&ﬁ and the

flask stirred untoi(l gi ssol ved (one to two da s). Then
femperagira wes w9t topi0eGolhe sobvenl was romoved ferddwun#t $0LE andrthen the

l‘ﬂ%ﬁﬁr{lg}anﬂé Wingx%gsﬁl Z D g& k?ﬁ&n}"@&d tﬁ%ﬁ R306%¢ qttﬁrtﬁmm?&j% "he oil

usi ng onnectdr and the sol vent was
bhth témyperature wasiseito 1560Prandeafisewaiting 0 minutes therfiask was disconnected

esul t ant f oam subsi thirt j.nut es). il .
5t it 23 Pk R ook obnier FeH b8 banrkdipRia 4 sy thick
mngnﬂgr theld ﬁﬁél;}eat‘léb 80 E38P@esohtedvevith SpRptEDrylRiln %.T[R)El r7mcgd release
50C then the eratyre was ] nGreased to
ey, o mold wat piredet SO e A, Afle thegasn o, the
Peshifant SHRAE Whe doBleddSrodhiterhferae CTRO Shnipld Wis ré@bied Bamlle mold

m nutes the flask was doi sconnected fromthe vacuum
lapdyibe birpd wanepsircurediatZ28 ko ensdroyrundenyagyrm. ABer i gvsn was

inth@ ¥, theBitdaRbtifle was e AHBWWAY 10 PBbA tén%’deﬁﬂlﬁ@.t €hk deSultant cured
150C) coated with Sprayon Dry  FilmP. T.F. E. nold

senple was maghined intyempast wnsien; tessileeanddthres soias bepd samnles:
in air. After the oven was turned off, the 15

resul t ant Mm%@%@@&%@mﬁ‘@%éﬂﬁm@ﬁ%@ﬁ speed
pos{i- cur edinfelt g‘éﬁg%q 'g(rﬁm(-)o%g[?fwﬂg%grdqﬁzr? gg@d%/@gﬁgéﬁe{]ﬁ% ter ek
istraploy Eensilmtests werermstforyied using e 10 mmethinutatpst epasds Thisopaiat bend

[ e r A I . . .
IR bRLRRIN £ ERRAAIS SR MR Y bRl Enica Tengine
tApparatup on P8 minelodg, Sanl wide anBlPemmahiplasimplesasd.0hpéresit strain and 10
wer.e performed usin 1 nmnute test speed o .
0 TR o Trefoat B Il JOG TP G 19 {0 while th
lRERS fldXuial Gofa BN 1643 nfoddli Wdtelthéasited. SRe¥lksSfor theiainble: Ky =1.17
tests wereg perfornmed usw\g a 10 nmmimnute test speed.
#ZEMBB M, Biahd7 20 @Pande 2 1 HelG 6 82 76 &/
Rheonetrics Scientific Mark N _Dynam c Mechani cal .
M@Q-Hﬁﬁaf%lpascmfm Wt 2 ShgspheropsComteaing Fgoxy Rasin
thick sanples at 0,01 perc nL strai n‘/and_ 10 rad/s.
Tenper at ur BVog@s AEPEQEER DiApk sepolymhs Uoeort &5 Houm000 gimoe,

DEIRNSLAt04) Srea@deh 3984, 98 rafds bf¥Ephosphorous-containing epoxy resin, such as
X792530 resin in a round bottom flask. 23 mL of acetone are added to the flask and the
contents are stirred until the block copolymer is completely dissolved (approximately two

weeks). Then 14.00 grams of phenol novolac is added to the flask and the contents of the
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nmeasured. Results for this sanple: Kk = 1.17 E 0.20

MPa m5, E=2.37 0.16 GPa, T. = 111 C, GG = 582 156

J/n2. Exanple 10 - Use . of Bl ock Copol ynmer vvith a

Phosphor ous- Cont ai ni ng Epoxy Resin Two grans

AER arEwtined untl thapheho} meyolcrdigsoives. dhzeﬂaslq\m aﬁw@e(bm vacuum line

g%xggi 2 140 SRR T b nPloRreRld nghﬁ}el%év&i% ﬂfoﬂiﬁmﬁératﬁre until
orous-contalni'ng epoxy resi such as

ﬂ%ﬁﬁt@ntrfmmﬂg subsided (ﬂnmyl niimttesp s biabith isagaced a!@fmd the flask and a

EemerBte G5 S e TP SRS iR YRR Sy (ks BN E Ll fie
%@%ﬁw@g d&&ﬁfd&ls 5% (le‘guig W?d ﬂ:@ﬁedx ?(l)mctmary rmfm«ag Thewoibbath
0 eno novol ac i s adde 0] e as ng .tne
é@m%@ﬁtr% iS¢t tp A%Oq‘ ang affqr yeapting for @tWP*&ﬂ'E‘E ?‘Pﬁqﬁ 18 Bﬁ@m“‘ed from
RRSAG O RE eplix§ 304 M8k copbBmbt Biekd d:sgrh FcdBiatbat dafh tRick

vacuum |1 ne usi ng a 24/ 40 connect or e acetone

sestapewler meld Grehwenipd feel iV Sroated With SprageryRmyAtiim B Tifnk.jpold release
t 3 ub Si t
3P R ot BN U6 BUGHRHRA i, A th SR ot ofthhe
resuliatit sdnepl&id Coolddhie rewrh temperatge. r Brepemplefirempv giold and the

B ot Rk G OB RO Py S e Tl e e
TR S4atleisRoblsd §6Wlylte robatempésiusf The resaitint auged sumple(is machined

m nutes the fl ask |s dj connect d frlom t he vacuum
linte somnacktension fensilcy §ﬁ”é?PEﬁ end are poured

1500 acéafﬁ&‘%&éﬁagﬁﬁééa” “' o 1B o testspeed
GRS Facks MiithYed by Tig mmahtﬁbgbﬁcmuwdzoablaaéeﬁww@mmmmm

alr.” After the oven is turned off, the 10 resultant, -
samplee Tensile tssfs ax¢ perionmsd wsing A @ pmy/ pinvte o3t spesdmbhige peint bend

't Wg‘*ﬁ orhéd dﬂl}eﬁﬂféﬂc? Smeﬁﬂfﬁr}ﬁarkw PRfimic M&Haridal ?&ﬁﬁg

f'or one hour un vacuum After he dven is turn

O‘Eﬁpmm on 28 ml!ms,aﬁtpm@nds m@o?om@dhlﬁk samBlesta 0,04 Bﬁﬁceﬂt Sm and 10

é;&gnlgl 0 e
i @‘g o) p""qc““ en%llgl‘gﬁ&l {lﬁﬂ ang tﬁrglet&gm nt ggﬁQBthﬂ
&wahsmisﬂeﬁhdsmagoandlmgdmcmswedre per formed usi ng

a 10 nmmnute test speed 15 with precracks initiated
by liquid nitrogen chilled razor blade (new) on a 4 nm
thick sanple. Tensile tests are perforned using a 10
nmm m nute test speed. Three point bend tests are
performed on a Rheonetrics Scientific Mark 1V Dynam c
Mechani cal Testing Apparatus on 28 nmlong, 6 nm w de
and 2 mmthick sanples at 0.01 percent strain and 10
rad/s. The tenperature is increased by. 2C/ m nute from
roomtenperature to 185C while 20 the elastic flexural
storage and |l oss noduli are neasured. -33 WHAT IS
CLAIMED IS: 1. A curable flanme retardant epoxy resin
conposition with increased
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t oughness conprising. (a) at |east one flanme retardant
epoxy resin; 5 (b) an anphiphilic bl ock copol yner;

and (c) a curing agent. 2. The curabl e conposition of
Caim1l wherein the flane retardant epoxy resin is a

i_nat ed epoxy resin. 3. The curabl e conposition of
Wm }/'he flame retardant 10 epoxy resin is

a phosphorous-cont ai ni ng epoxy resin. 4. The curable
conposi ti oh of <icumahe flagpartaiznt eprxy iesictompopitiby wish ircgeased -

Po@sHaBds chi ﬁg}nérmunt such that, upon mxing in the
un-cur ed s?ate t he bl ock copol ymer sel f- assenbl es

into a wormli k@, ﬁl%Ldngﬂgﬁgpgﬁgggﬁ xﬁgg that t he

nor phol ogy perS| Sts throug oF the

conposi tion; 5%?5 esi stance of
'theresultlngc ed %ﬂ]dlﬂg)(}'t%&%?& de 5. The

curabl e conposi giml wherei n the bl ock
copol ymer is ¢: esen ﬁ %nan anount such t hat, upon

mxing in jhe upCULefl cﬁxtnﬁés?ﬁon qI}%lbl Cﬁgﬁﬁylﬂ}?ngég}ardant

sel f- assenbles Into a spnerica

SpoxY resinis 4 hreminateg lepdxygssimper si st s through the curing
of the conposition; and such that the fracture

resi st ance3d.of tThe cumblelcompapitionrof Claifd Ipwinedels the flame retardant

urahl.e conposition of daiml
vﬁ%%)gll%§ tshaepq‘rgfp}é’ 8?)@?"9‘% TS di bl ock copol yner.
Z| OIEnggg Slrrgrfqo%gigt I og Sf?éﬂné)rﬁgllalm]l Wi e%u?th%b&ock copolymer is
Queéselt)in poAryGuit ych @e upbi mmm Mc&éﬁ%@t?ﬁﬁ)blo&%oﬁblymcr self-

The rabl e co Slt,l nof CJaim1 wherein the
0 p wory l¢,rorphalogy; such thatdhe raﬁrpgmlym mﬂlsts through
ﬁﬁéé‘iﬁnﬁ Mfﬁkeam ltibﬁ | fraldRi !
(P( gran GMA§m Qmﬁfsﬁ%tﬁk?_;é]%' cura%ﬁgg%%‘%ﬁ%get esglr'gm groe d
URS BCTGRYET e n the amount of bl ock copolymer is from
about 0.1 weight percent to about 30 wei ght percent.
-34 10. The curhsicerablssprmrasition et Glairgavherein thiblosk popolymer is

?ﬁ@éﬂt il @Sdrhoun® sucH kAt Ylﬁéﬂjﬁﬁ?u%tﬁ He @fﬁgfsg?eﬁ ﬂ}% bidek c&éo gpuer self-

e curabl e conposition o aim he cu
Agepbles into,a spherierd micelle olombology; girch thatdhemibrpbology peasists through
AR iihY Bthe composition; and such that the fracture resistance of the resulting cured
product increases.

6. The curable composition of Claim 1 wherein the block copolymer is a
diblock copolymer.

7. The curable composition of Claim 1 wherein the block copolymer is
poly(ethylene oxide)-poly(ethylene-ait-propylene) (PEO-PEP).

8. . The curable composition of Claim 1 wherein the block copolymer is
poly(methyl methacrylate-ran-glycidyl methacrylate)-poly(2-ethylhexyl methacrylate)
(P(MMA-ran-GMA)-PEHMA).

9. The curable composition of Claim 1 wherein the amount ef block
copolymer is from about 0.1 weight percent to about 30 weight percent.
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5 12. The curable conposition of Aaim1l including a
sol vent. 13. The curable conposition of Caiml
including a catalytic amount of a catalyst for
accel erating the reaction of the epoxy resin with the

curing 'ageg(g. 14. The, curabl.e coéngosi tion of Claim 13,

wher ei n t h&V-c at Theablecomposition of {Aaimel whegein the eppiy resin is

QiglPkl eBRFEHphéNAOf Cl aim 2 wherein the broninated

epoxy is tetrabronobi sphenol A diglycidyl ether. 16.

A cured regin PrREHIeBIBiRIdE Caifl 1 $hdréth MetRhhg agent is a
bl oc £ag

ggoxy resin containing a copol yner

prol agvalag, b divydndiamide, oxrnranhydideni cel | e nor phol ogy.

17. A fiber reinforced conposite article conprising a

mat ri x i ncl2idi nbhegurably compeditien afi§Baim Iriediding @ sglvaitt i on

according to Claiml. 18. The fiber reinforced

conposi t e &¥.t i cThe cyfablgicamposition ofiigim 1 inclading apatagticamount of a

AN riGacircuit.. 19, .An electrjc

LB OP ool € RABl o 0 EX esip My SRR Rk, e

epoxy resin,Cco Siti ccordi t.0 im.1l.. 20 20,. A

prepr eg co?r%risn?n%gé:&ab%gf% Ao %ligt‘f%céﬁﬂ&te[f)ﬂ tisan

dondabdle. epoxy resin conposition of Claiml. 21. A

| am nate conprising: (a) a substrate including a resin

colrrposi ti ?ms.of 'lﬂmognbbe)coigpsdiﬁbmﬁflcﬂljﬁimhé’&n &bfb?diﬁinétfbd epoxy is
er ,of . ne .di Spos on at | east one surface o

3%?3}/%@}1%0593& W‘Pygﬁgerr aminate of Claim 21 wherein

t he substrgée L‘&rtl&?r conpyises a  reinforcement of a

woven gl as$™fa TRFIE PR O cL 9EPEIB% § fifegstandant epoxy resin

@OfRSigta K6cki cBpdlraErSaRassesible® tté Q%oﬁ@-ﬁﬁé‘mﬂ:]eﬁéﬁogﬁgfohﬁ-
-35 23. Aprinted wiring board (PWB) nade of th

“l'am nate 0i7.0 aA fbéZeinforld cAmpPIsRE Btisle LOMpMNiFPRAN LAY iftluding a

curaple resin conposition_ conprising mXing: (a) at

| PP TFYIR FRMpASition aceptdingdelaimdsi n: 5 (b) an

anphi phi li ¢ bl g¢ck copol yner,, and c).a curing agent.
fphi phi 11 f8. QIche ﬁ%erp rein¥orced compositegrtl)cle of Cl1Ja11|n 17, which is a

laminate or a prepreg for an electric circuit.

19.  An electric circuit component having an insulating coating of the

€poxy resin composition according to Claim 1.
20. A prepreg comprising:
(@  awoven fabric, and
(b)  acurable epoxy resin composition of Claim 1.
21. A laminate comprising:

(a) a substrate including a resin composition of an epoxy resin of Claim
1; and

(b) a layer of metal disposed on at least one surface of séid substrate.

22.  The laminate of Claim 21 wherein the substrate further comprises a
reinforcement of a woven glass fabric, wherein the epoxy resin composition is impregnated

on the woven glass fabric.
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25. A process for preparing a cured resin product
conprising heating a mxture of: (a) at |east one
flame retardant epoxy resin; 10 (b) an anphiphilic
"bl ock copolynmer, and (c) a curing agent. 26. A
process of 3Zroduci,ng a coated article, conprising

coating ar3ar t i‘cprntedyviringRogd (BWB2magrnfithe lamingte of Claim 22.

according to Claim1, and heating the coated article
to cure tH epbREPcssEqrprepaning aygrable resin composition comprising

mixing;
(a) at least one flame retardant epoxy resin;
(b) an amphiphilic block copoiymer; and
(c) a curing agent.

25. A process for preparing a cured resin product comprising heating a

mixture of:
(a) at least one flame retardant epoxy resin;
(b) an amphiphilic block copolymer; and
(©)a ﬁuring agent.

26. A process of producing a coated article, comprising coating an article
with a curable epoxy resin according to Claim 1, and heating the coated article to cure the

€poxy resin.
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