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A CURABLE EPDXY RESI N COVPCSI TI ON AND LAM NATES MADE
THEREFROM The present invention relates to

t hernosetti ng -epoxy resin conpositions 5containing a
certain catal yst system to processes utilizing. these
conpositions and to articles nmade fromthese

conpositions. Mre specifically, the pr esemmnlmmmmmmmm
relates to an epoxy resin conposition incl

ni trogen-contai ning catal yst and a catal yst adjswant

conpri Si ng a conmpound contai ning a carboxylic acid or -

an anh
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ni trogen-contai ning 10 calHEREFROM t he conpositi on.
Articles prepared fromthe resin conpositions of the
present invention exhibit enhanced thermal properties
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circuitry and for higher 5fabrication and usage
t enper at ur es. In light of the above, there
is aneed in the art for epoxy-resin conpositions for
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and for processes to produce such articles. There-is:
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In particular, there continues to be a need for higher
therrmlly resistant | am nates used as substrates for
PCBs.- i'n order to nanage | ead-free sol dering
tenperatures and hi gher in-use thermal exposure

requi renents. Standard FR-4 | am nates which are
normal |y used in PCBs are nmade of brom nated epoxy
resins cured with di cyandi am de. 15 These standard
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| am nat e having high thermal s3ability with high Tg,

good toughness, and good adhesion to copper foi

W t hout- t he use of expensive specialty resins or

har deners. : One aspect of the present

invention is directed to a curabl e hal ogen-cont ai ni ng

epoxy resin conposition conprising: (a) at |east one

epoxy resin; (b) at |east one hardener; wherein the

har dener is a conpound containing a phenollc hydr oxyl

20 functionality or a compound capabl e of generating a

phenollc hydroxyl functlonallty upon heatlng, (c) a
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30 deconposition tenperature (Td) of greater than
320C;, (3) atinme to delanmination at 288C (T288) of
greater than 1 mnute; (4) an adhesion to copper of
greater than 10 NNcm and (5) a UL94 flanme retardancy
ranking of at |east V-1. In one

enbodi nent, the non-nitrogen containing catal yst

adj uvant conpound capabl e of reducing the
concentration of nitrogen-containing catalyst is a
conmpound that contains a carboxylic acid or an
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deconposition tenperature (Td) “time to delam nation -
at 288C (1'288), adhesion to copper foil (copper pee
:strength), and flane retardancy (flame retardancy
ranking at |east 1JL94 V-1, preferably LTL94 V-0). The
present invention provides an inproved epoxy resin
system that can be 5used for making electrica

| am nates, including prepregs and | am nates for PCB.
The curabl e epoxy resin conposition of the present

i nvention can give a cured product having excell ent
balance of the follomnng propertles for exanpl e: Tg,
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10t her.nomechani cal properties (coefficient of thernal
expansi on, nodul us), and processi ng wi ndow, and cost
The conposition provides prepregs and | am nates with
high thermal stability and excellent overall bal ance
of properties, that is, high Tg, high adhesion and
good toughness. Cenerally, the present invention

i ncludes the use of a specific conpound, 15 herein
referred to as a "catal yst adjuvant", capable of
reduci ng -the concentration of the nitrogen-containing

catal yst frQpneahddihi, cialditoged E@.talmg%a@mﬁpimiaﬁaeompound |

be used in an epoxy-contai hi ng varni sh contalnlng
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conmponent. Epoxy resins are those conpounds contai ni ng
at | east one vicinal epoxy grotp. The epoxy resin may
be saturated or unsaturated, aliphatic,
:cycloal i phatic, aromatic or heterocyclic and may be
"substituted. The 15 epoxy resin may al so be nononeric
or polynmeric. Preferably the epoxy resin conponent is
a pol yepoxi de. Pol yepoxi de as used herein refers to a
conpound or m xture of conpounds containing nore than
one epoxy noi ety. Pol yepoxi de as used herein includes
partially advanced epoxy resins that is, the reaction
of a polyepOX|de and a chaln ext ender, mhereln the
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hal ogenat ed bi sphenol s, al kyl ated bi phenol s al kyl at ed
bi'sphenol s, trisphenols, phenol -al dehyde novol ac
resins, substituted phenol al dehyde novol ac resi ns,
phenol - hydr ocar bon resins, substituted
phenol - hydr ocar bon resins and any conbi nati on t hereof.
30Preferably, the epoxy resins used in the resin
conmposition of the present invention is at |east one
hal ogenat ed or hal ogen-contai ni ng epoxy resin
conpound. Hal ogen-contai ni ng epoxy resins are
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epoxy resin conpounds ot her tHm the
hal ogen-cont ai ni ng epoxy resin utilized in the

“ conposition of the present invention may be, for

~exanple, an epoxy resin or a -7- conbination of epoxy
resins prepared from an epi hal ohydrin and a phenol or
a phenol type conpound, prepared from an epi hal ohydrin
and an am ne, prepared from an epi hal ohydrin and a
carboxylic acid, or prepared fromthe oxidation of
unsaturated conpounds. In one enbodinent, the epoxy
re3|ns utlllzed |n the conp03|t|ons of the 5present
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conpouynds i ncl ude di hydroxy phenols, biphenols,

bi sphenol s, hal ogenat ed bi phenol s, hal ogenat ed

bi sphenol s, hydrogenat ed bi sphenol s, al kyl at ed

-bi phenol s, al kyl at ed bi sphenols, 10tri sphenol s,
phenol - al dehyde resins, novolac resins (that is the
reacti on product of phenols and sinple al dehydes,
preferably formal dehyde), hal ogenated phenol -al dehyde
novol ac resins, substituted phenol -al dehyde novol ac
resins phenol - hydr ocar bon resins, substituted
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anihvention i an keast Soe habkdgemtegior halegeneoitaidimg epoxy resin compound.
di am nodi phenyl met hane, am nophenol, xyl ene di am ne,
ani |l ines, 10 or conbi nations tereof . In anot her
enbodinent the epoxy resins utilized in the
-chpositions of the present invention include those
resins produced from an epi hal ohydrin and a carboxylic
acid. Suitable carboxylic acids include phthalic acid,
i sophthalic acid, terephthalic acid, tetrahydro-
and/ or hexahydropht halic aci d,

endomet hyl enet et rahydr opht hal i ¢ aci d, 15i sophthalic
aci d, net hyl hexahydrophthalic acid, or conbinations

t her eof . In another enbodlnent the epoxy
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25t he ,useful carboxylic acid substituted hydrocarbons.
I ncluded in the fatty acids are caproic acid, caprylic
acid, ‘capric acid, octanoic acid, decanoic acid,
lauric acid, nyristic acid, palmtic acid, stearic
acid, palmtoleic acid, oleic acid, linoleic acid,
Iinolenic acid, erucic acid, pentadecanoic acid,
margaric acid, arachidic acid, and dinmers thereof.
The epoxy resin, Conponent (a), of the present
‘invention may be selected 30 from for exanple,
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Thetis2és inle SOk BT thd é‘r@sehtﬁ@eh&ﬁl AdbeOfor Edafple, an epoxy resin or a
mul ti-functional phenolic cross- 30linkers describe
in US. Patent No. 6,645,631, -6olum 4, lines 57-67 to
Colum 6 lines 1- 57. I'n one _
enbodi nent, the curing agent contains an hal ogenat ed
flame retardant. Preferably the hal ogenated fl anme
retardant is a bromnated flane retardant. Mre



preferably, the brom nated flane retardant is a
brom nat ed phenolic conpound, such as
t et r abr onobi sphenol A or derivati ves.
Exanpl es of curing agents capabl e of generating
phenol i c hydroxyl functional ities are benzoxazines
and pol ybenzoxazi nes. By "generating" herein it is
meant that upon heating the curing agent conpound, the
curing agent conpound transforns-into another conpound
havi ng phenolic hydroxyl functional ities, which acts
asco%}b?nlﬂ{ujmn& a?&g’r} rI]ncsI g;%!(j; g—gmgﬁ néjﬂ!%ﬂﬁﬁ L?c{abghenolf rflbzp gxenol type
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even nore preferably "between 0: 0 and 70: 30, and
pr £90serigs; ?nm%gﬁvymbéro%@egywemwal Company. Examplfeﬁg epoxy
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curing agen Pesent
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The curing catal yst of the present invention,
Conmponent (c), (al so referred §v as a curing
accel erator) used in the epoxy resin conposition of
“the present invention include nitrogen-containing
- campounds which catal yze the reaction of the epoxy
resin‘with the curing agent. The nitrogen-containing
cat al yst compound of the present invention acts with
10 the curing agent to forman infusible reaction
product between the curing agent and the epoxy resin
ina final article of manufacture such as a structura
conp03|te or. Ian1nate By an |nfu3|ble reactlon
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20 thereof. Exanples of suitable catal yst conpounds

al so i nclude those conmpounds |isted in European Patent
- Speci fication EP 0.954 553 Bl . The

ni trogen-contai ni ng catal yst conpounds of the present
i nvention may bé used al one, in conbination with each
other, or in conbination with other accelerators or
curing catal yst conpounds known in the art. O her
known general classes of catal yst 25 conmpounds
include, but are not limted to phosphine conpounds,
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|'yst adjuvant Is a compound capab reduci ng
t h%,c"b Beitadseanai peith nersariy acid, Wbﬂ@ﬁceoﬂw &f"i‘ﬁ‘%’é‘cré‘%ft al yst'
in an epoxy i Ni.n
- phenolic h a}rg e B’%’ S gebm% Hont E‘t) o g\ > %begénntq g’.@“ﬁ?‘? gﬁg %fwed
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adjuvant is preferably a conpound contai ni ng
carboxylic acid or anhydride ttoups, or conbination
t hereof. The preferred conpounds contain at |east one
~25cyclic carboxylic anhydride group. In one
-enbodi ment, the catal yst adjuvant is trinellitic
anhydri de or an -oligomer of trinellitic anhydride and
derivatives thereof. Aigoners of trinellitic
anhydri de can be prepared, for exanple, by reacting
the carboxylic acid group of trinmellitic anhydride
with a polyol. Exanples of anhydride such as those
descrlbed |n U S Patent No 6 613 839 The catalyst
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surpri si ng'I'y [ n’prbves the varni sh processing w ndow. -

- The viscosity build-up during advancenent to prepare

prepreg is snmoother than for simlar systens that do
not contain such a conpound. 5The catal yst adjuvant
may be liquid or solid at anbient tenperature, and
preferably soluble in the varnish system conposition
at anbient tenperature. In one enbodinment, the
preferred catal yst adjuvant is liquid at processing
tenperature but it does not undergo extensive
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o SR P b o of By S B
C cmbfeﬁqmsatar%reﬁq@blmtm mby eesif @rodum! impyoh p e:ea;tnoens Pepaxise

t NGYhi Ao b RazbIRISEE) p{eembﬁgmew&yrréhﬁceﬁlp@]\éﬁtw EntaB} at least
of the catalyst adjuvant i'n air is preferably |ess

tfP&ﬁ°’i@°\!ﬁ°“i)é¥°E'@ﬁ‘f?Hﬁ’i‘¥l’eé‘P 180C, nore 15preferably |ess
than 5 w percent/nin, and even nore preferably | ess

than 1 wt pBRELFRYOHmEnt. feGHrine agetsalsq refered tgjaga fardener or a
adjrasvitnked, cmmpomt (bhetiBzedtinine EOIBQ:GEMS of thé ﬁr}ésehﬁﬁdanh@n includes at

e\f?ao oc(n%‘irgla J“iI: comn(%()um{1 wn‘ihhae %ll:e n?qlc I){drpﬁye funlsg nalltly.eaal%rdener compound

c c?ﬁpﬁbéq of igengrating 2 M@nvl&rhgéros!l fiinctionalityQdr aperm@rmert:qf P@ferably the
p%sﬁgugembya Yigad &3 SEuRIb EShidiRds VATGTHEAGRE hydrbi§i ween
20 percent and 10 percent, nore preferably bétween
fB“ﬁS‘@?"&'é‘FFt and 5 percent, and even nore preferably
betvveen 0.8 percent -and 3 percent. Too high
concent r at i BA™8les prompaings fith 2 ghgngljctidraxpl fugegionality (the phenolic

C @iififSagentd incRlic dotPode Bﬁ."ﬂg dn&V&ﬁEel dBnd @abte pHendlicERsupOpér
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Pfficg, At iens: Bine Qe indolE A bitdes SRRLY Bisgpnots
t dajogenated b@he@lsdhdlmnmmmnbt akylsehEphehds, lalky ated bispkenols,

briiddhbns, &'émemﬁ;(dé\féms ﬂhémﬁda\r@eﬂ;&%w% silhS ﬁﬂo%h%ﬂi phenol-

brom nat ed, oxazoli done- ¥ resi ns

e fsiehyde aeyqias reyinsesybeitd lrhs%éra'dﬁneﬁ ﬁ‘a‘f° acrefiyis) phegplfdrpcarbon
C Qegias; ﬁﬂsttt(ited’lﬂt&btﬂ{h_mhﬁaﬂﬂﬂ 1&ins{ ghenol- hydroxybenzaldehyde resms
n oaﬂc\y axe%zp%nOEj Q'lg zafd de ?e%njtn?izlydr ca?bd[r)l p?l op tesning], g; ocfar On-

0] en nce er mal
5 tlpEeeted ohnabmenbkdonden alspgd P@splrrsm@ymcemhmatlons thereof.

Tmef@:aesj and pHeﬁBlﬁQtu'u@'hgérﬁ irlules MBdt¥usdrialbainiiey SHehagce

tabili t t
N R e
one e I’Tbodl m{étcuﬂrtkeagém Iofa{he Bégénpmb&ttl}%g’ ﬁ'lgy Bthéle@tgd) ﬁ'ﬁm for example,

groups of the epoxy resin, Conponent (a),
c Bl APyl tiwrhenobA nevalac; bigphgal Ay etraprompRisphenoliAread mixtures
Cangpepfent (b), and the catal yst adjusvant, Conponent

(d), is between.l: nd refer wee

(01113 BRI ol B e oSS A EAE G cros
1:linkérs depbribed ir € ScPatane Ngr A9 53 hripluhat 4. higes 17y67tti Eolgmo Gimes 1-
capabl e of reacting with the epoxy groups when exposed

to the processing conditions described in the present

i nventi on. Cenerf1y, the flane retardant
conmpound, Conponent (e), used in the conposition of

_the present invention.is a hal ogenated conpound.

Preferred flane retardants are brom nated fl ame
retardants. Exanples of brominated flame retardants

i ncl ude 10 hal ogenat ed epoxy resins (especially

brom nat ed epoxy resins), tetrabronobi sphenol A (TBBA)
and its derivatives, D.E R 542TM D.E. R TM 560 whi ch
are available from The Dow Chemi cal Conpany, a

brom nat ed phenoI novol ac and |ts gI yC| dyI et her TBBA
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further contain-other conponents typically used in an
" ‘epoxy resin conposition particularly for making
prepegs and | am nates; and which do not detrlnEntaIIy
affect the properties or performance of the
conposition of the present invention, or the fina
cured product therefrom For exanple, ot her optiona
‘conponents useful in the epoxy resin conposition 25may
“include toughening agents; curing inhibitors; fillers;
wetting agents; colorants; flane retardants; solvents

thermopl ast jg eembpaﬁ.g.& g %gﬁgcnt éola.% &%ﬁ%f\ e%%”my

such as tetrag eno
t hestasdant. Rixfergplydhe M@g@@%Sem@setar%mals@b@rxnwmev@ydant More

Th ﬁreﬁﬂ{blw _th'é %ﬁinﬂnﬁ&fﬂ%ﬂﬁ'r&tﬁrﬂﬂﬁ isAfbréhifRaid pRabic doﬂlﬁ&ﬂlﬁ' £dth as
% qg m % (g%éptheg optional constituents such as
i nBFAURTRCIFRRER TS t i onal flane retardants, for
' le 30
sexanpl e @agﬁmxg@gd@e LEHAN G @ggxégom,ﬂ%xyl

decabr onpodi pheny osp
s uBctiggAlies ﬁ{?é’ﬁ?@"%?@eﬁ %ﬂqumzmzmn% %x ‘teenemting tijerRin it is meant

b Uthtaﬂq?n hédﬁih% ae ctnﬁ)ng gyt 80m§UuSdTﬂch$:rm§é§éﬁt&6£@5ﬂna trahsFGMYs into
contr.o en
e APou o BpE RUmP B et WAGH ot Pararipgasent

c oFtamplesaf Comgbrent (hpcusigesgents hay also exaludscompounds which form a

0P h PriEnomcdios Zﬁ)ﬁiﬁge E%eﬁ{ \.&(e)tq ﬂémh ééor eﬂrﬁ‘glg I abtgingd from heating

toughening 5 ates ase- sepa
paPtPEazines as\mﬁ%ﬁe%wé% -BgatestiNe 6,645, ﬁ%‘wéixamﬁlahofwm f@mwems also
pr ekriabdnyodaome 6f phBiphthaldin; beRoxaBTAE 6f m;mémab bemzbmaé of

th 0Q .nm __and. ev ower 00.
b psPRa? e Bing 8P ot e Mifine Y1 el Simephes descrivec
copwivy may alsmbrgsedhi ng agent, nore preferably the
tougheni ng agent is a triblock tougheni ng agent, or
15t he t oughenimgnothgesmibodinest, siesor sévepal eo-Eu@ingagknaliad d& ha Sontain
p r I I l i . E trl ity are
 PlFOR ook iy BehbiE P hngralne JHeRR: bl ity hmod ot
p oPspEROt 18 dﬁleewe*PO%trm (SEetoprinaashgts useBH fretbisynvantion asathese nerpounds
or kmlnué MRIskivkd iRkd RGb Ydacttvth RRVEpdXReY biAdl Moo P&poy REiRY to form

refera t he toughenjn ent does. not
o . BRTBaRR: el el S oo BRI MGG BECACT BRH R, raine-
201 echntainiggcanipoifnfssudlbdS aminee hrelr didylaydiamii€) @nd caplsosylic acids and
p r X 1 r ar
PrhRsh dngadls JAISHLBLRSRIL: phBBSRARIL ALl
bef“‘%e 8?1“"0'“5 a%@ﬁbtozercwgﬁa?nt (thppelapsade @F&'B‘I“?‘e‘b Mhelacm’e
angrod capuble amcmganmrmmdepy iebawadi yolvehivseso, %readasblﬁbetween

ph ase g |l.am nates
10800 0g P e it ot b B ok BT i ol
25t obgherad90:8 ladd 32 ﬁrefcralblm the &p@t rati@bbaking ageod ty periging agent is

SUGJiw&% 1968 268150:50) %@%&&@blp‘s&axén nrasarofm BO-h@ e fen(miMreferably
yner are Vea%%SUIta e because t |nprove

t oB“éﬁ?Fé‘s‘QO%a{‘% 0. apdymost preferahiy) t’lﬁB’\‘PE'é o Hdr§Q;20-
| am nates properties, such as Tg, Td, and 20 water
upt ake. EspdBt P §f aizpacaige erpsy fesings prseerablyrppitablert prpvide a

of gﬂly ea-lﬁcal-eiiﬁt Taaamumm chtﬁhg&@erﬁ RPVRICH 19 1BE PreBdnfhay iy \dcpbnding
an QC (0]

30 Pg/on the pamcu ar gurmg a§/ent use :“.ggcureg&emﬁté gr(rl:cg %ugirﬁgo‘%sﬁ%\{l equivalent

var ni's

VVI tvhlgbt) pshte hvmwrt:m Itiwacte insqne embsaﬂmertt@el ragtanTatioetweien the epoxy
excel | ent bal ance of properties, that is high Td, high
Tg, and good toughness. |n andther enbodi nent, the
epoxy resin conposition nmay optionally contain 25 a
fluorescent and a UV bl ocki ng conpound, such as

t etraphenol et hane. Preferably, the fluorescent
cofrpound is tetraphenol ethane (TPE) or derivatives.
Preferably. the UV bl ocking conpound is TPE or

derivati ves. I n anot her enbodi nent, the
conposition of the present invention may contain a
cure inhibitor, such as boric acid. In one enbodi nment,
the armount of borlc aC|d |s 30 preferably fron10 01 to
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concentration of solids in the solvent is at |east 50 .
peércent and no nore than 90 percent solids, preferably
bet ween 55 percent and 80 percent, and nore preferably
bet ween 60 10 percent and 70 percent solids. :
Non-limting exanples of suitable solvents include

ket ones, al cohols, water, glycol ethers, aromatic

hydr ocarbons and m xtures thereof. Preferred - :

sol vents include acetone, nethyl ethyl ketone, nethyl

i sobutyl ketone, cycl ohexanone, nethylpyrrolidinone

e S LRGN B\ cn 2RO SE sl s
et ﬁ@nponnlﬁt(wls betwpen kdawshisl, pmétr#éantweens 5 kaprlolpanm more

t 0+rb'1€ﬁ€by b¥dheBNE2: 1%&@1 bY Iif Qo FRAN SR efeMVEskd m%oﬁ.'bnﬂ!l&, with the
sol vent may be used, but al so separate solvents may be

usEnelscuBtERegh: hgt e e*af?baﬂgﬁﬂegcrl bed hout FroioB b pathe
5 f o¢onibirati@pedcyriigeageits. and curi ng agents are ketones,
i ncl udi ng acetone, nethylethyl ketone, and ether
aIf Coh(ﬁl S SUThe cﬁﬁmgf&itzhyﬁt of thé prydent 1fWeﬂﬂMi (Bﬁlpbﬂﬁly(ic), edlsaqéferred to
of et hyl ene

gl 'Sllgc Oc]u ‘6%“8? 1%?%@)"‘?%“% Iﬂ%lt ﬁ%‘g IerenSle Hﬁ’ h‘g‘ (SILVD(%?SCM invention include

nomooegehivphtaiging epmpayndsiwinet datkyyze the réGtiqur of theerepbxy reshwittingae
r eéd?ﬁg E%e\‘? ﬁ%%‘@%&?con&rﬁ;ﬁafaﬁ& co nglﬁﬂlto? tlre%es&d? ﬁaantlon acts with

cat al present i nvention include alcoh
10 ethg ﬁ*g@g ageRt @rfomaweflﬁsbleffwmraéwtmm the gurjggagent and the
et &k Presit Gda fisal RtiOR WF ﬁt&ﬁxfaﬁ:h)f&@kh mmiahhyéonqiohl&ror Qiminate. By

et hl'y 1nﬁ§glegea¥&c9nl pro. urc]:to is mgan@atrlﬁe épm()brefl a?s essﬁ:n a];ll?r Sﬁlgpletely

e n@mﬁ whioh fagExanipde paycseaana tiimg whent them jis litiporow|cha@ge between two

co&ggg@nkq;q&mgngn&l ition of the present invention
i ncl ude: an epoxy resin such as

1501 i gomeric angle enwamgat&héiﬁ.gb ﬁlcgyéuaﬁ%ﬁ%%&ﬁd RiaSRREIic

A, oligoneric and polyneric di
t ePiFR85R GORBRAUAGI78 ABYnC AT %?’P'Q@H‘EP FemBAAd p%ﬁmem 'ee nitrogen-
di gin)ﬁﬁh@data%ﬂ'&hpﬁlindbs spiadaadle, Aedivitives of 1m1dasole, or mixtures thereof.

oIS AR e o R L PR B PSR YRR E s i ng
30melpgimy1d¢zeg; 2rphepy! imidaizode, Qfeehy[-h@pegm imidazole, and combinations

20 ( béhex@otp I@ﬁﬁﬁﬂ)lb@of'ﬂ@iﬁa@%%{alygtléempaﬁdpﬂglim:lu&q}{&l: @&'npounds listed in
bi sphenol A novol ac gqeno A, tetrabronobi spheno

EH‘FB?FGHB?‘F‘E SB‘?Féﬁ"GT‘?"g%Pn%
or a mxture t her eof ; (c)
ni t r ogen- coRReRIPETa-cpRipiaing catalys E‘H“Po?é'“‘ilsrﬁf thePEsent inyengion say be
catisadl yioie, afﬁoul‘bﬁﬁtxorﬁ\uﬂheaaﬁothérl o¥eh l:dxﬁmﬁanan Wyth biheheaceslddators or
ggéjr%éa\%% UC mpoug%é%&\@ O‘I‘ e:lertr ??,‘é | Vcé\gn gﬁl@rapg?sges of catalyst
25 Thepmpomsls inshids, byt are het lipgiep tsihosrding compaunds, phesplanium salts,

| NyGRLbRY 1rﬁﬁ¥zoh§mr§hll§e§nﬁ&gﬁﬁlh@rﬂuﬁx Qal@n%d‘aﬁagﬁﬁcyclo compounds as
Preferabl e coqg§5|t|on of present inventjon

el AR S RHy SHiocl A s 2% Phegel RECRI S (spmles of
C Ojitabls batfyst brdnp@pads)to bexdsediin cambinatichacititte fiGogasbithiding catalyst
COMRlatAd 1S &egﬁesemg%mo% 23 rﬁcfugs Ehosﬁéomggnég ed ' inﬁ?.& Hfent No.
30 cab2dy¥P, a catalyst adjuvant and/or a flanme

retardant conpound. All other conponents may be

present in the same conposition, or sonme may be

present in the first, and sonézrn the second. The

first conposition is then mxed with the second
.‘15conposition to produce a curabl e hal ogen-cont ai ni ng

flanme retardant epoxy resin conposition.

The curabl' e hal ogen-cont ai ni ng epoxy resin conposition

of the present invention can be used to nmake conposite

materi als by techni ques well known in the industry

such as by pultrusion, noul ding, encapsulation or

coating.. The resin conpositions 200f the present

invention, due to thelr thernal propertles are

Y Y 1 . o r

453 B4 polynerlc benzoxazi ne,



25 fornms. In particular, the various conpositions

descri bed may be found in powder form hot nmelt, or
alternatively in solution or dispersion. In those

enbodi ments where the various conpositions are in

solution or dispersion, the various conponents.of the
conposition may be dissol ved or dispersed in the sane

sol vent or may be separately dissolved in a solvent or
solvents suitable for t-hat conmponent, then the various
solutions are conmbined and m xed.. In 30 those '
enbodi ment STHE G brloltel SQRRASI | ine eﬁo@&é@m’aﬁﬁabﬁdl&yof the present

cured or advanced, th onposi.tions of
r BETHION 530 MOV RiTeFRye 196 es e TeACuRn 6 6POxY gpcip with the curing
S Ohgght. oan. if Knloin iDthe & ahedncmm of cprakyétitebd @ilize&d dRepérds tifon the

RS bR R B S B 5 s
5 pr tmmssﬁ #e erpisles todlemthpufzcnited.CIni ang embodinént,chesan@iuneof curing
55 Sk fadfsusil it PrefRabBPSN 0 b@isg,apceﬁam&haﬁ wp&éenlme. ght to the

present inyention. nposi tions of present
i NGROAY FESH (‘i‘?é?ﬁs‘t?e"“éeh‘ﬂ%d'ﬂ%ﬁ PR‘RIefaﬁ'Yaff?"h‘P J BreEntp Sepstpent by weight,

megven Ghokd’lﬁmale froMasm Mehﬂ t@d pérbent b}ewﬁgﬁt anBeMHh &8 preferably

h t de t
e R T N T
10 pr gu@ggi to gqhd;ve;wug tqactgnw bimraterizad te/ the gehtime malt7D°C. In general, the
c ogme Bird et HilE o U AR o hﬂf‘c lirnalﬁtaﬂédelge &ﬁ@o@émmsﬁ%%oo s,

the artic I S_cont act ed osition

v aPrfeahlybgpysen 139 sand f#s a'é"n‘ﬁ%‘ﬁ |PFF€“r‘ﬂb‘Y befieep 18Q pand 420 s.
invention provides for articles, especially prepregs

and | ami nat’®e entjse eatalyse systsgn. Cormpenesé@)ser nart of te casalyss aystem can
I N¥Edtinbéibatly incorporated into the ﬁar&fn@ﬁ@ﬂﬁpohéh‘{ ! ion also
provides a prepreg obtained by inpregnating

15 I ei nf or cenmephe datalyt thﬁ/aﬁ‘?:m&ﬁkﬁd off the Pesdrt SaveitRA &fmponent (d),
i nve resent i nvent.i on

o V8 5 B s resin egeiion af WP MEER AT k5 akRlge of or
a ddbned swbstiuoe tompiohdnt fdr@ p6MInG Ofthé ¢antenrhtidnltf cii19R @i to reduce
Iplmoﬁ\gll elgplgu of cata st used n-me ﬁ)ﬁ%\}ﬁ%i EEOI?[;OI)\éEirQ%I I ene c%%[?yst adj uvant isa
bycq"zml%&'ffﬁg“ ffﬁ@ tbﬁ)@evéysbw@ﬁlp@gwamma nifregen blove
netal -coated foil. The curabl e epoxy resin

20 conpositio nPTGfeﬁtblYethp caslasiadjpyapeisicompdugd capabla bf reducing the

i Wn@&ﬂﬁ‘idn% tr@fmtfoﬁéd’léd?n%ﬁ?ﬂﬂfa%»sth ih QA ek g?lﬁg kﬁﬁéh containing
S nayvl 0

cl ot h, ro n
AR R e B A AR GOy Tl of eting with
C oepaiie gioops. iThe ealysadjavahas pntefeeabryafmﬁmomndrcent@nﬁmg carboxylic acid
| apd
{;'l]l ag?}t'q?i %‘Pﬁ[ﬁ horuﬁmrglgglo\ep@{nér ?%%ﬁ%ﬁ&{? acﬁmggtﬁld; J:C{%Ea’in aqgggst one
25 o| eyelic sashoxylicrahydaide srﬁuratln [Rhggmbodimset thegatalyst aqlheane psdstpellitic

[ CihgARATPRRIgbRBLT Rimdiig: RSB knd N i bRert] biigdims of
e curatiy res I nvention
I ITIFSlrme g i 8?2_‘}3&&% A" 3° Pfgﬁ’aﬁ?de % prﬁ%ﬁ’%ﬁeﬁ%ng ¥i8 Cathpiylic acid group of

| amimzHitie sphyduidshwithea pollyod t If.xaomles g6dnhydrida b as thlose described in U.S.
r ep L RRNG 61631888, ehLeaJaal Wi ad??svus&%mzeeﬂ x»a Lémhh& of the

co ositions’ of Pese I nvention I nc

0 rpRiBPgegicoRtpining ARyt cf“ﬁ’easd@lé‘az"éfy WBH"e‘“&‘RﬁaI"l"lSd‘"T"l‘P" t’ﬁé‘S'hgecl time
- I NarddienttallingtieOvarsith, pRARY Hnd B:indld REFRSS (fol XAMPRITESR - It is

Exanpl es of appropriate substrates include _

fi ber-containing material's sud®h-as woven cloth, nesh,

mat, fibers, and unwoven arami d reinforcenents such as
- those sold under the tradenark TBERMOUNT, avail abl e
from 30 DuPont, W/ m ngton, Delaware. Preferably, such
materials are made from gl ass, fiberglass, - 19 -
quartz, paper, which may be cellulosic or synthetic, a
t hernopl astic resin substrate such as aramid

rei nforcenents, polyethyl ene.

pol y( p- phenyl enet er epht hal am de), pol yester,
polytetrafluoroethylene and



that the reinforcing material is coated with the epoxy
‘résin conposition. Thereafter the 10 coated
reinforcing materials are passed through a heated zone
at a tenperature sufficient to cause the solvents to
evaporate, but - bel ow the tenperature at which the
resin conposition undergoes S|gn|f|cant cure during

" the residence tinme in the heated zone.

The reinforcing material preferably has a resi dence
‘time in the bath of from1 second to 300 seconds, nore

. pr ond 20 se ond
o BB TS 358k bR SRS DB roups
t ePHJEfFSat&M @pmfvessthe varijsit progessing weihdova SThe viscesity build-wrodutigd

C, adBh&mhiab prepdd gre[‘;rE%’ﬂ]sﬂ-nQotﬂ‘erttl%n‘}& sfmifi SystZRS khat do not contain

preferably from1l C. The residence tine of
t h&BBSPREPYei nforcing material in the heated zone is
fromO0.1 mnute to 15 mnutes, nore preferably from

50.5 nminute {THeqatalyst #linvast mayhg "ﬁﬁgpf?ﬂ“éﬁ'eﬂ"li’éﬁﬂywﬂ‘tp@m“% and
M pidfepablyCsofmblE i tht @%misk Qﬂ;m dofipbsRicalat srftbie: tpRRNEQ N8 oh

vl Sl RS QB Rl TPl prte s o
Cc ongtluateescertansige ©fApdritencdep sxrb@ntee taforpdesingt térepearawie d Fieacatalyst
ti %uvaﬁ){ .@E&faai@.hﬁ al ﬁg&gsrug%tgﬁlﬁéat&fe 1§thle£9ﬁ@feﬁ'5@thgtr Mﬁplam be

.. Nore refer y rom
noé?m?ﬁegwf'éﬂnsif"w Bithe egnesitien. zl’f?fe@blym%#wm '?f’qub%téso"c
i S with AR BEGEItY Beldw €00 TR, HEfefBRDelo® I0FARY Mok PRIFAIVRINw 1 Pas,
el g.tvlde%apéoggf&n@ﬁbg% 0 eh.< A3 éh@%,SEQJs%n.%ﬁnaehc%m%%m anot
enbu@bleorithe applicationchecaismtheegenerhts raugh p@nlpas'éh:b ratg of @@p@ation of

Of tHeQQ’(BI?ﬁ%HJGQanI IR ﬂtefu&ﬁly légp@lalfl \é §f p&&ﬂlﬁﬁm%[ £80°C, more
eS|gne eltO cause the solvent to volatilize so it can

1S pepre BSS theA @ VIt RErESY i @ad eyel MaEdIrefRrably fess thass | wt perggnt/min.
paHighiy votatitecaafysttalja vy Hobbd shitsiMTRRNRE they Bnd torxFhpdehke
. fprepreg are preferably processed
ma{l %ea em?%‘“é%t |"'llo aI ly with one or nore sheets
Hi i e G R -
paeft feomw .0 h‘t‘cembaﬂ@memmt rbﬁ!ovemhn@ismnemh'dﬂ prafemblyrbeteghn 0.1

201 Np&Qdt ﬁﬂtlo%&&t Ghiére ﬁ@ﬂuﬂﬁyrbc%g‘ 05 leQ&)t W&hy fnd even more
mat e &\%bgav fter he ‘contacted parts are exposed
T

t oP'é'f QEIF%% a%"e{"éﬁ‘p drafigh é%“"%'lﬂ“f‘?’t?fém Cafalyst
c aadjevahtie tie@onpositioa iofitht Presant Mvantion Rads tb B Garfodsprocesding window
AL HRILRing BRfHaeh RiahOtTh BuchAbih! RIARHR nERIBY s transicion
resin matri X ng the rern I &
Befeaperatyes; prgl lev P@GSlf"h@ coaier Hoiliengd abeebr&m and st acked or
fol ded and stacked into a part of desired shape and

25t hi ckness. Theadirendsadeantagseuslyoned with brpiated.exhzolident-modified
PSEpdx® relfA0) OSlQ:ﬁ ledey teink bRER shbw Rser thBmH Qaifly whEh Bddnpared to non-

preferred erature _used to_ cure thé resin in

t hl%mﬂ'éﬂafﬂg °6P '1°a ﬁr%akfé’ge-"weﬁ'éﬂ BSing; pBiIT Present ypRtjoR it vy suitable to

r eaihdmrecle thérmme), staplligssfisach dxsatidoreatbdifaliefoxy3aths systems.

Preferred tenperatures which my be used 10 are

bet ween 100Thke pra@ntibidntion iBRIEE vy Qfitablall enhdheé We @ftrnlal Gtability of
30 ang&)]uﬁ%girpgnss cgn[.‘tgm@% ure Pr[hﬁ)f I‘Sx[sasm eafs p)cenl:l ycp f :‘Zom g_:oanmd nﬁtogs

to 120 m nutes, and nnre preferably from20 mnutes to

90 mnutes. In one enbodi ment }the process is a

conti nuous process where.the reinforcing material is
~taken fromthe oven and appropriately arr anged into
"the desired shape and 15t hi ckness and pressed at very

hi gh tenperatures for short tines. In particular such

hi gh tenperatures are from180 Cto 250 C, nore

preferably 190 Cto 210 C, at tinmes of 1 mnute to 10

m nutes and from2 mnutes to 5 mnutes. Such high

speed pressing allows for the nore efficient

utilization of proceSS|ng eqU|pnent In such
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prior art conpositions, for exanple those containing
accel erators, such as for exanple inidazoles w thout a
catal yst adjuvant. In another enbodi nent, |am nates
prepared utilizing 5the catal yst and catal yst adjuvant
of the present invention exhibit a well-bal anced
properties, such as delam nation tinme, delam nation
tenperature, and glass transition tenperature (Tg).
The Tg is maintained in C, nmeasured by differentia
scanning calorinetry at a heating rate of 20 C mn, of

at |east 90; chﬁaE efbdaimt ﬁxfe?rg i aﬁo%fetuﬂzgn e85 g?l%g%sbf the epoxy

per cent, even nore of at
. pe'ie%rﬁmaﬂonmﬁ 0 apgphe ewn?aaqhab PEthe wfquypwakeéurdcner |
ut Cor@oneigt (E.)Ohﬁdﬂhdiﬂ&q‘s@dﬁlﬁﬁﬁl, %ﬁab@r&:ﬁt (dN$s Bétvhdeh 72End 2:1,

ol B B53 b L e ah bivorn | TR e

5 Ccuractist ptoeps aksdefine! yrisgraps capable poOReading oith @tepodyteoups when
r eéc'steH Wtﬁg g:%@ésntlggotgﬁggns%gcﬁb%q tljle p%esl-% iAJAStEo%?‘S es,

requiring a corre I NCr ease

terrper ature | S ,€ osed

e € e SRR R
mm@é%ﬁtth@resyntomwtwea rtiegenased compawidi Brefdnad fldbe retardants

begobRaIMaBdAme rdea sl ERhhMeLBRIBERed AHRGE @ Ohcihie
reS|n has. been achi eved when no further reaction

10 o xR 966 SBOBEEINERGR]Y Sramigated ey reuips)iptraggpmobisphenol A
C ATBBIAYREd iys deBGiEved DER 5321, DE RfM 56@whiels ar8 available from The Dow
T nat.e r.epa ed

{ P EE coRp AT ARKLR e noPSM B4 T8 B SATEE BN Hor
wi eligomer; HBBrsamerigtlicamerabraininated pelystgetvepalyomeme phienylefe oxide,
10 xftorkd B&ﬁ%eﬂeoanag&agoﬁzgl%ndlwnﬁ ﬂﬁﬁﬁrep%el%&f |d?ﬁ§rtall§ the

l5pe cent, preferabl erant nore preferably,
psRe g (hf inc gfﬁteﬁrnﬂ'é YSF Byyigly y" it SHogbingy) e

pepsheecﬂtc hagiankr (B)Sthe mi'rﬁ.)bﬁifd&(bj yr @donib@tidn thelofp ExAflés of suitable
r Zelrgri?wg%{% g’l‘ﬁﬁg h%%daqﬁjar%g]a@saa{ré %9!?62111: 1{)1 g%aper gresen eg.gta&:ﬁtgnetre%dants--m]
ac%aé!@mwwg-%@\i@ﬂwgmtm@maﬂm%t Fael}?mﬁlmts Cheppicals

adglisbéistidn, BA18mbd Mandt: EhedHiRbt Bidtef, BANMRAEME ONRP Si-bY 9655,
of the present 25 invention al so show measurable

20 | Pr ovenent ohfibnhie tﬂelaﬁrﬁﬂ'@lapﬂg' %ﬁlrctomgésltﬂfn Jr bR present mv?ntnon may

decorg03| tl on te erature 5 per cent o
{ Herek pin Qe PPt &@fcahwﬁd R PRI, =P oARE e particularly
e nfooniakmpremQEamﬂdmmes arid valticH dopedatimnénalildffedt the propemes or

| SRS Sd BB GRSl G YO ASE SR Bl
atthe¢refzem. Bar eygnenie. @@nmle@l cq;nnoamtmw@smrmmmm eanposition
25 Uty lﬁd:lﬂcﬁs tb@h&ﬂiﬂg@nt@"é@ﬁlgﬂﬁ]ﬂ&&f@ ﬁllers wetting aﬁents colbidnts; flame

ddl‘h F QE ceq t.her mal E ties
2EREP ARV SpeRiasticsyprogeng 5‘!’%%“}5 F%B%PP%‘H Y5
t hetrapbmymlnahc OrE) afdetumvp}rtmsmﬁUVrbwehhg crmposutisang Sther
Waéd@ftw@sb IHE Q%J gpesm%o&l?&ﬂﬁﬁ? &qﬁé ?égeﬁtqg\%)hm g!g%ls%%crh{d% other
const ant, Ion factor are co
t mﬁ,leﬂaéﬁmﬁmuws el a#lwmﬁcaﬁl!evwed edditiqnal ﬂﬁ@ekﬁ@mts for example
30 aCmBhORPSNMSS octabedPh@APRERIPbIidd, BEaBHRSNipheR§I dkide, phosphoric acid and
conpositions of the present invention, after curing,
give a cured | am nate product with the foll ow ng
excel | ent bal ance of properties: superior glass
transition tenperature (Tg >-130C, preferably Tg >
150C, nore preferably Tg > 170C), deconposition
“tenperature (Td > 320C, preferably Td > 330C, nore
“preferably Td > 340C, even nore preferably Td > 3500),
time to delam nation at 288C 10 (T288 > 1 mn,
preferably> 5 mn, nore preferably > 10 m n, even nore
preferably > 15 mn), adhesion to copper foil (copper
peel strength > 10 NNcm preferably > 12 Ncm nore
preferably > 16 Ncm, flanme retardancy (fl ane
retardancy ranking at Ieast UL94 V-1 preferably UL94



representative advantages thereof, the follow ng -

Exanpl es are offered. The follow ng 20 Exanples are’

set forth to illustrate various enbodi nents of the
present invention; and are not intended to limt the
‘scope of the present invention. Unless otherw se

stated all parts and percentages in the Exanples are

by wei ght. ' Various terns, abbreviations

and designations for raw materials used in the

fol |l owi ng Exan'pl es are explained as foll ows: 25EEW

ziogg L guc% cons? uglﬁ o[';ls lg élwﬁllrlgﬂlt la\Ag xac%uf% gl.ﬁtnotqlml ea)to, (l%eEVglgments,
sodurfdtsz)ms.ﬂewcmttol&en&s.tmastitsza?&;r brom ne content (by

wei ght, on solids). . ' Epoxy Resin Sol ution

A is a sol umicmnemborﬁnd:ﬂt.embpoiy refin xgmpogision May optiopallyicngfain a

[ .

or BEhHERRA R cehEf p BRI *ﬁaﬁ?@zﬁ%ﬁ ¢ toughening
5 29mgentisEspteR PhasEpeparated d@ﬂ*ﬂ@r%@mwle@ jpbarespge sigg s leperithan 3
M picktng r@tferaB@Q&%i%an DA aldve ﬁ%r@l}doﬁ&tmlmb nam, and even more

Epox in Solu on of a. bl
e p'?f %’aﬁé‘i‘?"i‘fg %B ﬁbél"fﬁ E@fe&?g'z g‘F RO Hsé&?gcg GaRplymer
I epighesinglagentyimore preferably e ooughatrethgem 6 Meiblobit ughesiheskent, or

ept(ﬂz:(}{)u l%mn 3 nE@%:sts%ﬁ filnkd ;ﬂ{lcleﬁf prefe;la% §6In
upRR 3 P N T

ur e acef one,
10 D@W@@Lar Fiaribleek sepelaipcHould have polystyrene Peibuadiene. @égplﬁ(methyl

Sommceﬁat@ sb@n@atﬁ?%ﬂ@{ﬁéﬁhyhﬁétﬂ%ﬁﬁteﬁ&k lla!Blly@{ltyl Adﬁwta sdirfents.

ERRE s frorRleCe 2B 0 B S sl VBT B Y e e
of is eqsioocym €3 1 SUL preferatilng | 'C, or@poiferddn e 57 dWhereptesent, the
- EPOSYentaRdn'br g&&g aéénlﬂ Es%emeenﬁ%wgﬁtpﬁ 0;%1 p@é?g'ably between 0.5 and 20

non- br om nat resi ge cent
15 1 gpiw, pere e@fwablmtwﬁ deénd 10sphir a4 eyeR mErpPrRierpblY be'rwee" 2 and § phr.
acetone, DOMNOL PM DOWANCL PMA and nethanol . Epoxy
“Resin Sol ut Inshe @s¢ ef highsE lamingies, dfe use pff adpeghering agent may be
br puEhd¥Rb Gp r@ﬂe‘io%ﬂﬂ%s and adh&fdﬂ% &%B&d m%ypdiﬁﬁdnﬂs%ch ﬁwene—

274, percent cent ercent sol

Py Adamen msBRHE (R foer are VB sl bef@a%%@cm@gmc
Soloughness vhthb&t nagaioe influere of otaerthdmn:{iemogepmxyucrm Tp<Td, and

20 SOkl rebicaﬂg E?Ij:g%xn&’l T?Jéat%%?ag@%gi.s d ég conbitatior dftivant in an

m X? non- brom nat e epo resi ns,
EEwomeontmnemls*mndﬁ biork pepolymer toughyning pgesh such @ SEY Rojymer,

a [Hahlepdx§-BhaRiBivaialh, mvnﬁ’ Mphéiﬁﬂc h&@ddna Rhds to laminates with
COMMEr Ci tion G.

o BHE LS R A o0 Bieh e t%rggﬂ"ess
DOMANOL PV, HEYY = 105, er _
Sol ution H fanghey neRt S AR TSt WW&%W’é‘rm@'oqpﬂ?'}ag’ﬁ,w" am

25 60a flesresesrt arsdbd UM dldcking compound, suchfas (Dkpsakigthane)VPreerahly, the
T 7 £ Pserably, the UV
6 FlciSent Ubmlfctind & douBRGERfancTrR) driefREE BRerably, e
S oP'GF'#"E&FOHEPGW}S’éP @8‘?\9' de5Mates-in a ni xture of DOMANOL
PMA and MEK, H ds f or
anhydride. PriR: bod‘ '\é% ﬁ1re CPIPPREIR E{he pre?ﬁ%'t lélwené' gh may
derongt 2 suge ivhibithe Sl.fcb |a$ wosiciagid f mrome Embodiment, the amount of boric acid is
30 preferably from 0.01 to 3 percent by weight to the epoxy resin (a) (based on solids), more -

preferably from0.1 to 2 percent by weight, and more preferably from 0.2 to 1.5 pereent by
-16 -
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/ OC (GOOCH, CH CH, - 00C.000 \ O00/ CCH,, _
commercially available from Shin Ni-hon Ri ka. NDA
stands for 5-norbonene-2, 3- dlcarboxyllc anhydri de.
52-M stands for 2-nethyl imdazole. _

DOMNCL PMis a propyl ene glycol nethyl ether,
comercially avail able from The Dow Chem cal Corrpany.
DOWANOL PMA is a propyl ene glycel methyl et her
acetate, commercially available from The Dow Chem cal
Conpany. 1OI\/EK stands for nethyl ethyl ketone.

AT T TR M L8 B Gfhrion of

orrea urec taln proper S are
f oimidaggle cgﬁ@tmgq bayis apid forms mquys Wghgwpwles which act as latent

I P&%@,ﬁa@mgmﬁp&ﬁﬁn Fl ammabi ity of |am nate [UL94]
| PC- 650- 2. 3.16. 1C Resin content of prepreg, by

t reat ed wei Ghe eporesin coropdsizioh bf thOGesEM i68DtiBn Rayl 18D optionally

%Jm%{}{ 46%866% lﬁ'letgé of.%zer chrn?&reﬁtg oi' tﬁ‘lg §A o@i'uQ;\M or any of the other
me, prepre mat eri a a'f

[ pgcgmog@tsgsgph Qslthmqpoxy resin, curing agent, and/or catalyst compound may optionally
‘be used in combination with or separately be dissolved in a solvent. Preferably, the -
concentration of solids in the solvent is at least 50 bercent aﬁd no more than 90 percent
solids, preferably between 55 percent and 80 percent, and more preferably between 60
percent and 70 percent solids. Non-limiting examples of suitable solvents include ketones,
alcohols, water, glycol ethers, aromatic hydrocarbons and 'mixturés thereof. Preferred -
solvents include acetone, methyl ethyl ketone, medlyl isobutyl ketone, cyclohexanone,

" methylpyrrolidinone, propylene glycol monomethyl ether, propylene glycol monomethyl
- ether acetate, ethylene glycol monomethyl ether, methyl amyl ketone, methanol,

isopropanol, toluene, xylene, dimethylformamide (DMF). A single solvent may be used, but
also separate solvents may be used for one or more components. Preferred solvents for the
epoxy resins and curing agents are ketones, including acetone, methylethyl ketone, and ether
alcohols such as methyl, ethyl, propyl or butyl ethers of ethylene glycol, diethylene glycol,
propylene glycol or dipropylene glycol, ethylene glycol monor\nethyl ether, or l-méthoxy—Z-
propanol, and the respective acetates. Preferred solvents for the catalyst of the present
invention include alcohols, ketones, water, dimethylformamide (DMF), glycoi ethers such
as propylene glycol monomethyl ether or ethylene glycol monbmcthyl ether, and

combinations thereof.

As an illustration of one embodiment of the present invention, typical

components of the composition of the present invention include:

(a) an epoxy resin such as oligomeric and polymeric diglycidyl ether of
bisphenol A, oligomeric and polymeric diglycidy! ether of tetrabromobisphenol A,
oligomeric and polymeric diglycidyl ether of bisphenol A and tetrabromobisphenol A,
epoxydized phenol novolac, epoxydized bisphenol A novolac, oxazolidone-containing

epoxy resin, or a mixture thereof;

-17 -



Note: Sim | ar nethod was used to determ ne varni sh
stroke cure gel tinme | PCTM 650-2.3.40 Ther nal
stability [Td]. Note: Td was determ ned with a
heating ranmp of 10C/ min; Experinmental error is +/- 1C
' PC- TM 650- 2. 4. 8C Peel strength of netallic clad

| am nat es [copper peel strength (CPS)]

| PC-TM 650-2.4.24C d ass transition tenperature and
z-axi s Thermal expansion by Thermal Mechani cal
~Analysis (TMA) [Coefficient of Thernmal Expansion
(CTE) ] IPC—TM65024241T| to del am nation (TMA
Met hod) [ T2@02 Phenglic hagdeney sughms, PPR)F%B%"%% ﬂ’%@“’é‘\d@@m’

t 1 Gigpheidl W’ltetrﬂimﬁdilﬂéptiélﬁl ANglobiesic hmddligomeie d8Gollythedic
Lned on films with a heating ranp

?W%Pﬁor?]ﬂ'x N lamnates with a heating ranp of
20 m t
TPC. T 650, B) & 1% %ﬁ%‘é@ r“{*?%r%‘a?v‘%ﬁ*aaﬁ' {Rngent,

par al | el pla rene
51 PC- TM 650- &9 BC‘T%‘YS %%Eﬁ“&h ?Fégg‘s{'"‘ﬁ%’l‘q&%@% ""dl" "§S B hhereor;
"~ epandy laminate integrity [high pressure cooker test
(HPCT)] Note: Lam nates coupons were conditioned in
t he pressur @)Y as6eletardanfadditive fudh &s TBBA aad dxgivativedhipleel. e
~at 121C for 2h Cure schedule for film
curl ng on hmt¢oﬁ@oﬁ&n&to¢mekemmsnmhesftﬁ)aﬁ%tﬁmelnﬁmam mixed

ut es Proced
SRR Ty ST G AR o oraET GO b S Bl O geced
10t hey prepirivg dfigt cosrpesiion comprisingjthageaxy ; resand\da@eedné cefmpasition
Cabétohing SRTRARAORSadnlr. St AN £rst SR EIBIoRd BmBRABA may also

tenperature and m xi ng the solutions, Prepregs we

pr EQBRTSe 2 BHFing saRlY Tkt RRly s gtraBdona WW@WWO&%"@ All

768§exgioa|§6rxeﬁds @fali bé feseatialihe c3rhe édrﬂios;hbn dAsbntk iydy't§ preSerd in the
orat or t reat

hor.i ter

i FioF 88 Ripedf BB SPheL Tk BRE R B i Hon bl vl eSha
151 e awrposigior pacpraduce i Gurrpledglogen-ernsainingflams refardayt cpexyakojn

B- sdR@8itiok:2aM nat es were prepared using 1-8 10 -prepreg

plies sandw ched between sheets of copper foil :

(G rcuit Foifhe ) Wbﬁeﬁﬂld&n-@&h@auﬁ okﬁ&snﬁtox&%ﬁ;orx 8f thd Prcscm

m nutes. Pressure was ad J ust ed§ control a | am na
r e dyventiop ﬁ%'@??t“s@q‘ﬂ makg Qpnmmggn%eé atsépmte_chmques well known in the

industry such as by pultrusion, moulding, encapsulation or coating. The resin compositions

20  of the present invention, due to their thermal properties, are especially useful in the
preparation of articles for high temperature continuous use applications. Examples include
electrical laminates and electrical encapsulation. Other examples include molding powdcrs,

_coatings, structural composnte parts and gaskets.

The epoxy resin compositions described herein may be found in various
25 forms. In particular, the various compositions described may be found in powder form, hot
melt, or altemativeiy in solution or dispersion. In those embodiments where the various
compositions are in solution or dispersion, the various components of the composition may
be dissolved or dispersed in the same solvent or may be separately dissolved in a solvent or
solvents suitable for that component, then the various solutions are combined and mixed._ In

.30 those embodiments wherein the compositions are partially cured or advanced, the .
- 18-



ngeral different resin and curing agent systens were
tested to verify the performance increase provided by
the present invention presented here and these systens

15 are summarized by the foll ow ng Exanpl es. Exanple |

Var ni sh Conposition Raw Materials Exanple 1 A

‘Conpar ative Exanple Exanple 1 B Exanple 1 C Epoxy
. Resin Solution A 27.9 g 27.9 g 27.9 g Hardener Resin

10

15

20

25

30

Solution C 15.4 g 14.4 g 13.4 g TMA 0 g 0.45g 0.89g
2M [20 per cent soI|d3|n DOW ANOL PM 05290459
was. added to t €

0. .
v a?q’rrpgﬂt'e'@ﬁﬁ the Presehh g*%% gy b foupdhinapop f‘g'?ﬂ""tf?fm’ or
65cqaet ©f B particular substrate.

In one embodiment, the present invention provides for a process for
preparing a resin coated article. The process steps include contacting an article or a
substrate with an epoxy resin composition of the present invention. Compositions of the
present invention may. be contacted with an article by any method known to those skilled in
the art. Examples of such contactmg methods include powder coating, spray coating, die
coating, roll coating, resin infusion process, and contacting the article with a bath contammg
the composition. In a preferred embodiment the article is contacted with the composition in
a vamish bath. In another embodiment, the present invention provides for articles,

especially prepregs and laminates, prepared by the process of the present invention.

The preseht invention also provides a preprég obtained by impregnating

reinforcement with the composition of the present invention.

The present invention also provides a metal-coated foil obtained by coating a

metal foil with the composition of the present invention.

The present invention also provides a laminate with enhanced properties

obtained by laminating the above prepreg and/or the above metal-coated foil.

The curable epoxy resin composition of the present invention is amenable to
impregnation of reinforcements, for example, glaés cloth, aﬁd cures into products having
both heat resistance and flame retardancy, so that the composition is suitable for the
manufacture of laminates which have a well-balance of properties, are well-reliable with
respect to mechanical strength and electrical insulation at high temperatures. The epoxy
resin compositions of the present invention utilizing the curative of the present invention
may be impregnated upon a reinforcing material'fo make laminates, such as electrical
laminates. The reinforcing materials which may be coated with the compositions of the
present invention include any material which would be used by one skilled in the art in the
formation of composites, prepregs, laminates. Examples of appropriate substrates include
fiber-containing materials such as woven cloth, mesh, mat, fibers, and unwoven aramid
reinforcements such as those sold under the trademark THERMOUNT, available from

DuPont, Wilmington, Delaware. Préferab_ly, such materials are made from glass, fiberglass,

-19-



Fil ms ‘v'veré, prep"eir'ed fromthe varnish cdn‘posi-ti ons
above and tested. The 20results of testing the filns

were as foll ows: Test Results Exanple 1 A

Conpar ati-ve Exanple Exanple 1 B Exanple 1 C Varni sh
gel time (s) 235 239 243 FilmTg (O 139 147 154 Film
Td @O percent .w loss (C) 324 329 333

The filnms prepared from Exarrple 1 B and Exanple 1 C.
showed i nproved thermal stability and hi gher gl ass

_tranS|t|on tenperature when conpared to the film

red 5fr.a ve

Ex
Ve errat o S AR et SRR hermeplt i oo st

- comgmidtreiaforaements, p‘ﬁlyﬁthy!ase, pal¥(p-phatyteaetereptehaidnada)eiolyester,
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st Ecm'tl‘,tl-atﬂ%oroethylene and poly(p-phenylenebenzobisthiazole), syndlotatxc polystyrene,
carbon, graphite, ceramic or metal. Preferred materials include glass or fiberglass, in woven

cloth or mat form.

In one embodiment, the reinforcing material is contacted with.a varnish bath
comprising the epoxy resin composit‘io_n of the present invention dissolved and intimately
admixed in a solvent or a mixture of solvents. The coating dcc_urs under conditibns such
that the reinforcing material is coated with the époxy resin composition. Thereafter the
coated reinforcing materials are passed through a heated zone at a temperature sufficient to
cause the solvents to evaporate, but below the temperature at which the resin combos'ition

undergoes significant cure during the residence time in the heated zone.

The reinforcing material preferably has a residence time in the bath of from 1
second to 300 seconds, more preferably from ! second to 120 seconds, and most preferably
from | second to 30 seconds. The temperature of such bath is preferably from 0° C to 100°
C, more preferably from 10° C to 40° C and most preferably from 15° C to 30° C. The
residence time of the coated reinforcing material in the heated zone is from 0.1 minute to 15
minutes, more preferably from 0.5 minute to 10 minutes, and _inost preferably from 1 minute

to 5 minutes.

The temperature of such zone is sufficient to cause any solvents remaining to
volatilize away yet not so high as to result in a complete curing of the components during
the residence time. Preferable temperatures of such zone are from 80° C to 250° C, more
preferably from 100° C to 225° C, and most preferably from 150° C to 210° C. Preferably
there is a means in the heated zone to remove the solvent, either by passing an inert gas

: through the oven, or drawing a slight vacuum on the oven. In many embodiments the
coated materials are exposed to zones of increasing temperature. The first zones are
designed to cause the solvent to volatilize so it can be removed. The later zones are

designed to result in pamal cure of thc epoxy resin component (B-staging).

One or more sheets of prepreg are preferably processed into laminates

optionally with one or more sheets of electrically- conductive material such as copper. In

-20-



10

15

20

25

Exanpl.e 2 Varnish Conposition Raw Materials . Exanple
2" A Conparative Exanpl e Exanple 2 B Exanple 2 C Epoxy
Resin ‘Solution B 29.3 g 29.3 g 29.3 g Hardener Resin

-solution C14.9 g 14.2 g 13.5 g TMA-C 0 g 0.6g 1.5¢g

2-M [20 percent solids in DOMNOL PM 0.45 g 0.37 g
0.15 g 10MEK was added to the above varnish
conpositions to adjust the solids

such further processing, one or more segments or parts of the coated reinforcing material are
brought in contact with one another and/or the conductive material. Thereafter, the
contacted parts are exposed to elevated pressures and temperatures sufficieni to cause the
epoxy resin to cure wherein the resin on adjacent parts react to form a continuous epoxy
resin matrix between and the reinforcing material. Before being cured the parts may be cut
and stacked or folded and stacked into a part of desired shape and thickness. The pressures
used can be anywhere from 1 psi to 1000 psi with from 10 psi to 800 psi being preferred.
The température used to cure the resin in the parts or laminates, depends upon the particular
residence time, pressure used, and resin used. Preferred temperatures which may be used
are between 100° C and 250° C, more preferably between 120° C and 220° C, and most
preferably between 170° C and 200° C. The residence times are prefc_:rably from 10 minutes

to 120 minutes, and more preferably from 20 minutes to 90 minutes.

In one embodiment, the process is a continuous process where the reinforcing
mateﬁal is taken from the oven and appropriately arranged into the desired shape and
thickness and pressed at very high temperatures for short times. In particular such high
temperatures are from 180° C to 250° C, more preferably 190° C to 210° C, at times of 1
minute to 10 minutes and from 2 minutes to 5 minutes. Such high speed f)ressing allows for
the more efficient utilization of processing equipment. In such embodiments the preferred

reinforcing material is a glass web or woven cloth.

In some embodiments it is desirable to sﬁbject the laminate or final product
to a post cure outside of the press. This step is designed to complete the curing reaction.
The post cure is usually pérformed at from 130° C to 220° C for a time period of from 20
minutes to 200 minutes. This post cure step may be performed in a vacuum to remove any

components which may volatilize.

The laminate prepéred utilizing the composition in accordance with the
present invention shows excellent balance of properties, that is a well-balanced combination
of superior glass transition temperature (Tg), decomposition temperature (Td), time to
delamination at 288°C (T288), adhesion to copper foil (copper peel strength), and flame
fetardancy (flame retardancy ranking at least UL94).
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content to 65 percent. Films were prepared
fromthe varni sh conpositions above and tested. The
result.s of testing the films were as follows: Test
Resul ts Exanple 2 A Conparative Exanple Exanple 2 B

. Exanple 2 C Varnish gel tinme (s) 293 296 259 Film Tg

5

10

15

20

25

(C) 172 172 158 Film Td 010 percent wt loss (C) 320
325 342 The filns prepared from Exanple 2 B and--
Exanple 2 C showed i nproved thermal stability when
conpared to the film prepared from Con'par at i ve Exan'p'l e

2 A while 'ﬁ{?m}ﬁ%{ltgsl SOSS uf:%&e rel t f th

The hi gher é concepﬁ?qaﬁet \ﬁagy tsHeO'B%‘fsf 'é’Po c
t hgresetirdnvrationsixhibit bmltayc:edSheEma mrpipe'tlas Waengombar@bwposingtésonilizing
Raﬁﬁ’;o'}@ft %ﬁrﬁklﬁoaﬁm&pﬁ Lﬁbsg%mﬁﬂlﬁé élc\‘,aelg%mcﬁ as for example

imidazoles without a catalyst adjuvant. In another embodiment, laminates prepared utilizing
the catalyst and catalyst adjuvant of the present invention exhibit a well-balanced properties,

such as delamination time, delamination temperature, and glass transition temperature (Tg).

The Tg is maintained in ® C, measured by differenttal scanning calorimetry at
a heating rate of 20° C/min, of at least 90 percent, preferably of at least 95 percent, and evén
more preferably of at least 98 percent of that for comparable systems prepared utilizing
imidazole accelerators. As utilized hcreih, Tg refers to the glass transition temperature of

the thermosettable resin composition in its current cure state. As the prepreg is exposed to

heat, the resin undergoes further cure and its Tg increases, requiring a corresponding

increase in the curing temperature to which the prepreg is exposed. The ultimate, or
maximum, Tg of the resin is the point at which essentially complete chemical reaction has
been achieved. "Essentially complete” reaction of the resin has been achieved when no
further reaction exotherm is observed by differ_e_nﬁal scanning calorimetry (DSC) upon

heating of the resin.

The time to delamination of laminates prepared using the composition of the

present invention as measured with a thermomechanical analyzer at a heating rate of 10°

'C/min to 288° C (T288) increases by at least 5 percent, preferably 10 percent, more '

preferably at least 20 percent, even more preferably at least 50 percent, and most preferably
at least 100 percent relative to the delamination time when compared to laminates

manufactured utilizing imidazole accelerators above without a catalyst adjuvant.

In addition, the laminates prepared from the compositions of the present
invention also show measurable improvement in the thermal properties of the
decomposition temperature (Td) at which 5 percent of the sample weight is lost upon
heating. In another embodiment the decomposition temperature Td of laminates of the
present invention is increased by at least 2°C, preferably at least 4°C, even more preferably

at least 8°C when compared to laminates manufactured utilizing imidazole accelerators.
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. Exanple 3 B Exanple 3 C Epoxy Resin Solution B 29.0 g
29.0 g 29.0 g Hardener Resin Solution G 15.6 g 14.8 ¢
14.7 g TMA 0 g 0.36g 0 g NDA O g 0 g 0.60g 2-M [20

percent solids in DOMNO: PML 0.45 g 0.30 g . 0.30 g

~ In addition to enhanced thermal properties, the non-thermal properties of the
laminates prepared from the compositions of the present invention, such as water
absorption, a eopper peel strength, dielectric constant, and dissipation factor are comparable

with those of prior art formulations utilizing known accelerators. .

‘Preferably the epoxy resin compdsitions of the present invention, after
curing, give a cured laminate product with the following excellent balance of properties:

- superior glass transition temperature (Tg > 130°C, preferably Tg > 150°C, more breferably
Tg > 170°C), decomposition temperature (Td > 320°C, preferably Td > 330°C, more
preferably Td > 340°C, even more preferably Td > 350°C), time to delamination at 288°C
(T288 > 1 min, preferably; 5 min, more preferably > 10 min, even more preferably > 15
min), adhesion to copper foil (coﬁper peel strength > 10 N/cm, preferably > 12 N/cm, more
preferably > 16 N/cm), flame retardancy (flame retardancy ranking at least UL94 V-1,
preferably UL94 V-0).

Preferably the composition of the present invention also improves the varnish
processing window. The viscosity build-up during advancement to prepare prepreg is

smoother than for similar systems that do not contain such a composition.
EXAMPLES

In order to provide a better understanding of the present invention including
representative advﬁntages theréof, the following Examples are offered. The following
Examples are set forth to illustrate various embodiments of the present invention; and are
not intended to limit the scope of the present invention. Unless ot.herwisé stated all parts

- and percéntages in the Examples are by weight.

Various terms, abbreviations and designations for raw materials used in the
following Examples are explained as follows:

EEW stands for epoxy equivalent weight (on solids).

HEW stands for phenolic hydrokyi equivalent weight (on solids).

Percent Br stands for bromine content (by weight, on solids).

Epoxy Resin Solution A is a solution of a blend of epoxy resins containing

oxazolidone-modified epoxy resin and a mixture of brominated and non-brominated epoxy



5

10

20

25

DOMNOLTM PM was added to the above varni sh
conpositions to adjust the solids content to 65
percent . Films were prepared fromthe
varni sh conpositions above and tested. The 10 results
of testing the filns were as follows: Test Results
Exanpl e 3 A Conparative Exanple Exanple 3 B Exanple 3
C Varnish gel tine (s) 246 327 276 FilmTg (C) 181 179
181 FilmTd @O percent wt |loss (C) 331 339 340

The filns prepared fromB and C showed i nproved
thermal stability when conpared to the fil m prepared

f r GHPEERYLT a2} percert By §. %P?fﬁ?“htsﬁpﬁF‘H’g sajidpin agpixpreef acetone,
traowAN@nthmpaﬁmemﬁ.ol 15 Exanpl e 4 Varnish

CE:Xog'pr‘rgIS Iet IE;()QFfﬁTxg Es %goluta onSB iISa sg}?mon of apl\)le% npéaprog;' }e\s/igs containing
oxazolidone-modified epoxy resin and a mixture of brominated and non-brominated epoxy
resins, EEW = 285, percent Br = 19.0 percent, 76 percent solids in 2 mixture of acetone,
DOWANOL™ PM, DOWANOL PMA and methanol.

Hardener Resin Solution C is a phenolic hardener solution, HEW = 107, 50
percent solids in a mixture of MEK and DOWANOL PMA. |

' Epoxy Resin Solution D is a solution of a blend of epoxy resins containing
oxazolidone-modified epoxy resin and a mixture of brominated and non-brominated epoxy
resins, EEW = 303, percent Br = 18.2 percent, 76 percent solids in a mixture of acetone,
DOWANOL PM, DOWANOL PMA and methanol.

Epoxy Resin Solution E is a solution of a blend of brominated and non-
brominated epoxy resins, EEW = 274, percent Br = 9.9 percent, 80 percent solids in a
mixture of acetone and MEK.

Epoxy Resin Solution F is a solution of a blend of epoxXy resins containing
oxazolidone-modified epoxy resin and a mixture of brominated and non-brominated epoxy
resins, EEW = 2635, percent Br = 1] percent, 80 percent solids in a mixture of acetone,
DOWANOL PM, and methanol, commercially.

' Hardener Resin Solution G is a phenolié hardener solution, 50 percent solids
in DOWANOL PMA, HEW = 105.

Hardener Resin Solution H is a brominated phenolic hardener solution, 60
percent solids in a mixture of DOWANOLT™ PMA and acetone, HEW = 128, percent Br =
17.7 percent. 7

' Hardener Resin Solution I is a phenolic hardener solution, 50 percent solids '

in a mixture of DOWANOL PMA and MEK, HEW = 107.

TMA stands for trimellitic anhydride.
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10

Epoxy Resin Solution A 2993.9 g 0 g Epoxy Resin
Solution B O g 3081.0 g Hardener Resin Solution C
1897.6. g 1590.4 g TMA O g 47.5g 2-M [20 percent

solids in DOMNOL PM 79.1 g. 28.5g VEK
was added to the above varni sh conposition to adjust
the solids content to 65 percent. . The

var ni shes descri bed above in Exanple 4 were used to-

i npregnate 7628 type E-glass cloth,” which was then

passed through a lab treater to obtain a prepreg.

Prepreg 5 resin content was. controlled around 44

percent. THEMpAr@stansds for @W‘Wﬁ‘(ﬂﬁ‘!ﬂ"‘dﬁ Herivedyernf ﬂmfpl&\\sn&ﬁasnulm
det el ned by corlﬁarl n'% t he e _mnimumnelt

cosi epreg gel tine. It is:
kno\wac S\ e transition is,
the better the procgssing w ndow 10 Exanple 5 A -
Conpar ati ve Exanpl edProperties of PrepegnhfaaiadailabRitom
Resi n_of Exanple 4 A - Conparative Exanple Cel tine @
| 70 Tepn B2

NDA stands for 5-norbomene-2,3-dicarboxylic anhydride.

2-MI stands for 2-methyl imidazole.
DOWANOL PM is a propylene glycol methyl ether, commercially available
from The Dow Chemical Company.
-DOWANOL PMA is a propylene glycol methyl ether acetate, commercially
available from The Dow Chemical Company.
MEK stands for methyl ethyl ketone.
The various standard test methods and procedures used in the Examples to

measure certain properties are as follows:

IPC Test Method Property Measured
IPC-TM-650-2.3.10B Flammability of laminate [UL94]
TPC-TM-650-2.3.16.1C Resin content of prepreg, by treated weight [resin content]
IPC-TM-650-2.3.17D Resin flow percent of prepreg [resin flow]
IPC-TM-650-2.3.18A Gel time, prepreg materials [prepreg gel time]

: Note: Similar method was used to determine varnish stroke

cure gel time

IPC-TM-650-2.3.40 Thermal stability [Td}

Note: Td was determined with a heating ramp of 10°C/min;
Experimental eryor is +/- 1°C

IPC-TM-650-2.4.8C Peel strength of metallic clad laminates [copper peel
strength (CPS)]
IPC-TM-650-2.4.24C | Glass transition temperature and z-axis Thermal expansion
by Thermal Mechanical Analysis (TMA) [Coefficient of
Thermal Expansion (CTE)]}
IPC-TM-650-2.4.24.1 Time to delamination (TMA Method) [T260, T288, T300}
" IPC-TM-650-2.4.25C Glass transition temperature and cure factor by DSC [Tg]

Note: Tg was determined on films with a heating ramp of
10°C/min and on laminates with a heating ramp of
20°C/min; Experimental error is +/- 1°C

WC;TM—650-2.5.5.9 Permittivity and loss tangent, parallel plate, 1 MHz to 1.5
GHz [Dk/Df measurements]

1PC-TM-650-2.6.16 Pressure vessel method for glass epoxy laminate integrity

. [high pressure cooker test (HPCT)]
Note: Laminates coupons were conditioned in the pressure
vessel in a moisture-saturated atmosphere at 121°C for 2h
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57 54 42 M nimum nelt viscosity el40C (Pa s) 10 21 32
97 Exanple 5 B Properties of Prepeg prepared from
Resin of Exanple 4 B Gel tinme 0170C (s) 154 106 94 42
M ni mum nmelt viscosity 0140C (Pa s) 27 38 59 123 The
prepreg (Exanple 5 B) produced with the resin of
Exanpl e B showed 15 i nproved processi ng wi ndow when
conpar ed vvlth the prepeg (Exanple 5 A) produced with
the resin of Conparative Exanple 4 A Indeed for a

gi ven gel tine, the m ni mum nelt viscosity vvas hi gher
and the var atl @f m_ni num nelt vis osugx1

function of e for film curing on heatmgp 10 minutes @170°C followed

by 90 minutes @190°C

Examples ~ General Procedures

Epoxy resin varnish formulations were prepared by dissolving the individual
5  resin, curing agent, and accelerator catalyst components in suitable solvents at room
temperature and mixing the solutions. Prepregs were prepared by coating the epoxy resin
varnish on style 7628 glass cloth (Porcher 731 finish) and drying in a horizontal laboratory
treater oven at 173° C for 2-5 minutes to evaporate the solvents and advance the reacting
epoxy/curing agent mixture to a non- tacky B-stage. Laminates were prepared using 1-8
10  prepreg plies sandwiched between sheets of cdpper foil (Circuit Foil TW 35um) and
pressing at 190°C for 90 minutes. Pressure was adjusted to control a laminate resin content

equal to 43-45 percent.

Several different resin and curing agent systems were tested to verify the
performance increase provided by the present invention presented here and these systems

IS  are summarized by the following Examples.

Example 1
Varnish Composition Raw Example 1 A Example 1 B | Example 1 C
Materials Comparative

Example

Epoxy Resin Solution A 279¢g 279g 279¢
Hardener Resin Solution C 154¢ 144 ¢ 134 g
TMA 0g 0458 0.89g
2-MI1 [20 percent sohds in 0.52¢g 045g 037g
DOWANOL PM] '

MEK was added to the above varnish compositions to adjust the solids

content to 65 percent.

Films were prepared from the varnish compositions above and tested. The

20 results of testing the films were as follows:
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gel tipme was snoother, as seen in Figure 1.
Experimental data were best fitted with a Power
equation. The accuracy of the fits was good, with

coefficients of determnation R2 > 0.95. 20 It is
known in the industry than prepreg m ni nrum nelt
viscosity neasured at 140C nust be kept between 30
Pa-s and 200 Pa-s, preferably between 50 Pa-s and 150
Pa-s, to ensure optimal control of wetting and flow
“during pressing operation. The width of processing

wi ndow was defined between the viscosity linmts, that

is between 30 Pa-s and 200 Pa-s, and preferably

betTeseRes@B Pa-s and 150 Pd-Bxampled Av d@xaihpie 1B QER&RHIOYC
wiindow is, the nore proceXonfpafaéived] yf t he conpgsition.
The wi dth of - proceSS| ng W rBkawplef Exgnple 4 B g$hows

<<

OVGVamlUP['%e'I'Fm HRCtE€asSe N %43A

Cagnpar a nple4A .gggrrparati\;EE

€ %xanpl e
pr

4P €preg

pr 0 _Pa.s 23

finf Pz ¢EPCESSI NG W NAOWS
OCGSSI ng w ndows from 30

iBanplr e 5
Pa-s to 2(

154
116

fr

diinb0d 248 peroend WOloR(SCYL 3

of

Lamnate

324 Exanpl €
a

pper cl ad

339- Prodl

|l am nates

1633 on

wer e

produced stacking 8 plies of the above pr epreg
produced i NThe@ne bepiredRbMER Imple $ Bemtl Exaifipls t @ wawad improved

35

n BEE RR o e QAR

R PR Re L5

In con

ere

ent

l];_cg t(ﬂtthe ?Qn prepared

51 afwm &omparpivs Exgmple 1 de mthile alhvarpisitee diplaysd sinilas gebsimapTlee higher

6Athe c&fa&nﬁﬁ&t dfme%cké}@&ﬁérﬁlalps%n

pr

ed from

Eﬂsﬁ%ﬁﬁ Exanpl e 5A Conpar ative Exanpl e Exanpl e 6B
La Prepared from prepreg of Exanple 5B
Varnish Composition Raw Materials
' Example2 A | Example2 B | Example 2C
Comparative
Example
Epoxy Resin Solution B 293 g 293¢ 293 g
Hardener Resin solution C 149 ¢ 142g 135¢
TMA-C Og 06¢g 1.5¢g
2-MI [20 percent solids in 045¢g 037g 0.15g
DOWANOL PM]

10

MEK was added to the above vamish compositions to adjust the solids

content to 65 percent.

Films were prepared from the vamish compositions above and tested. The

results of testing the films were as follows:

Test Results
Example2 A |[Example2B |Example2C
Comparative
Example

Vamish gel time (s) 293 296 259

Film Tg (°C) . 172 172 158

Film Td @10 percent wt loss (°C) 320 325 342
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Tg (DSC, md point, 20C/ mn), C 176 178 CIE <Tg / >Tg
(TMA), ppm K 91 /299 91 / 250 Average CTE (50- 260 O,
percent 3.4 3.4 T260 (TMA), min 34 >60 T288 (TMA), mn
5 12 Td(TGA, 5percentwt | oss, 10C mn), C 326 340 UL 94,
rating V-0 V-0 Water uptake (H gh Pressure Cooker, 2h,
121C), wt percent 0.38 percent

The films prepared from Example 2 B and Exampie 2 C showed improved
thermal stability when compared to the film prepared from Comparative Example 2 A,

while all varnishes displayed similar gel time. The higher the concentration of TMA was,

the better the thermal stability.

Example 3

Varnish Composition Raw Materials | Example 3 A Example 3B | Example 3C
Comparative
Example

Epoxy Resin Solution B 29.0¢g 290¢g 290¢

Hardener Resin Solution G 156 ¢ 148 g 147 g

TMA Og 0.36¢g Og

NDA Og 0 0.60 g

2-MI [20 percent solids in 045¢g 030¢g 030¢g

DOWANOL PM]

DOWANOL™ PM was added to the above varnish compositions to adjust

the solids content to 65 percent.

Films were prepared from the vamish compositions above and tested. The

results of testing the films were as follows:

Test Results Example 3 A Example3B | Example3C
Comparative
Example

Varnish gel time (s) 246 327 276

Film Tg (°C) .| 181 179 181

Film Td @10 percent wt loss (°C) - | 331 339 340

The films prepared from B and C showed improved thermal stability when

compared to the film prepared from Comparative A, while maintaining similar glass

transition temperature.

Example 4
Vamish Composition Raw Materials | Example 4 A Example 4 B
Comparative .
: Example
Epoxy Resin Solution A 29939¢ 0g
Epoxy Resin Solution B Og 30810g
Hardener Resin Solution C 1897.6 g 15904 g
TMA Og 475¢g
2-MI [20 percent solids in 79.1¢g 285¢g
DOWANOL PM]
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0. 35 percent Hi gh Pressure Cooker 2h + 2 min dip
@88C, percent pass visual 100 percent 100 percent
Di.c/Df. @ Miz 4.63 / 0.016 4.42 / 0.012 Dk/Df @Mz
4.22 / 0.012 4.16 / 0.011 ' Copper Peel Strength, 35gm
standard copper, Ncn2 19.9 18.6 Toughness (punching
test)* pass pass 'pass" nmeans no del am nation after
punching test (inpact test) -30- The |anmi nate

‘described in Exanple 6 R showed an out st andi ng bal ance

of properties, that is superior thernmal stability, Tg, .
flame retardancy, hum dity resistance, adhesion to .
copper, andVEBu¥Rhadkd taihe abaysi R orPRRCSHPY P Tél?s‘ the solids
highedtdo 6hpgeencopper peel 5 strength, and high

t e Compar ol BHisrt iR HRIL Bl L7 Y oRBRE TMpl e 7628
i ripredirgldsstclnth. wdlichsyaa Hieh pasyed thiongtea labiitreaterite phiajn @ prepreg. Prepreg
| RGQVdntt Whd@htrélled RBUtd LiSperdEt@ AL Brofessing window of the formulations
was determined by comparing the prepreg minimum melt viscosity as a function of the
prepreg gel time. It is known in the art that the smoother the transition is, the better the

processing window.

Example 5 A — Comparative Example

Properties of Prepeg prepared from Resin of Example 4 A — Corﬁparative Example
Gel time 80 57 54 42
@170°C (s)
Minimum melt viscosity 10 21 32 97
@140°C (Pa s) .

Example 5 B
Properties of Prepeg prepared from Resin of Example 4 B
Gel time 154 106 94 42
@170°C (s) .
Minimum melt viscosity 27 38 59 . 123
@140°C (Pa s) ’

The prepreg (Eﬁamplc 5 B) produced with the resin of Example 4 B showed
improved processing window when compared with the prepeg (Example 5 A) produced
with the resin of Comparativé Example 4 A. Indeed for a given gel time, the minimum melt
viscosity was higher and the variation of minimum melt viscosity as a function of prepreg
gel time was émoothet, as seen in Figure 1. Experimental data were best fitted with a Power
equation. The accuracy of the fits was good, with coefficients of determination R? > 0.95.

It is known in the industry than prepreg minimum melt viscosity measured at 140°C must be
‘kept between 30 Pa-s and 200 Pa-s, preferably between 50 Pa-s and 150 Pa-s, to ensure
optimal control of wetting and flow during pressing opefation. The width of processing
window was defined between the viscosity limits, that is between- 30 Pa-s and 200 Pa-s, and

preferably between 50 Pa-s and 150 Pa-s. The wider the processing window is, the more
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Var ni sh Corrp03|t| on Raw I\/aterl al s Exan'pl e 7 A

Conpar ati ve Exanpl e Exanple 7 B Epoxy Resin Sol uti on D
132.6 g 132.6 g Hardener Resin Solution | 68.5 g 68.5
g TMAO g 2.0 g 2-M [20 percent solids in DOMNOL PM
1.80 g 1.25 g MEK was added to the
above varni sh conposition to adjust the solids 10
content to 65 percent. Exanple 8 The varnishes
described in Exanple 7 were used to inpregnate 7628
type . glass cloth, which was then partly cured in

op e B Eo0etal BETENET AR SHad P b oF Gl 4w

t h@ser 400! pesremuncecise whea comparéd witteCommpeentive Exdnndé4 Aor 1

T SO Tt S Condgaiiiiyg Batiple A | BAGMPIE > B
bnpar ati ve Exanplie anpl e
. prepreg processing prepreg processing
windows windows
from 30 Pa-s to 200 Pa:s | 23 116
from 50 Pa-sto 150 Pa-s { 13 57

Example 6 - Production of Laminate

Copper clad laminates were produced stacking 8 plies of the above prepreg
produced in Example 5 between 2 sheets of standard 35um copper foil. The construction

was pressed at 20 N/cm? at 190°C, for 1h30. The resin content of the laminates was 43

percent.
Laminate Properties Example 6A — Example 6B
. Comparative
Example
Laminate Prepared Laminate Prepared
from prepreg of from prepreg of
Example 5A Example 5B
Comparative
Example
Tg (DSC, mid point, 20°C/min), °C 176 178
CTE <Tg / >Tg (TMA), ppm/K 91/299 91 /250
Average CTE (50 — 260 °C), percent 34 3.4
T260 (TMA), min 34 > 60
T288 (TMA), min 5 12
Td (TGA, 5 percent wt loss, | 326 340
10°C/min), °C .
UL 94, rating V-0 V-0
Water uptake (High Pressure Cooker, 0.38 percent 0.35 percent
2h, 121°C), wt percent -
High Pressure Cooker 2h + 2 min dip | 100 percent 100 percent
@288°C, percent pass visual _
Dk/Df @1 MHz 463/0.016 4.42/0.012
Dk/Df @ 1 MHz 422/0012 ' 4.16/0.011
Copper Peel. Strength, 35um standard | 19.9 18.6
copper, N/cm? :
Toughness (punching test)* pass pass

_* “pass” means no delamination after punching test (impact test) -
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Varni sh gel tine (s) 316 298 Sheet Tg (O 171 171
SHeet Td 05 percent wt loss (C) 330 338

The sheet Exanple 8 B prepared from Exanple 7 B showed
i nproved thermal stability when conpared to the sheet
Exanple 8 A prepared from Conparative 20 Exanple 7 A,
whi | e varni shes displayed simlar gel tinme and

mai ntai ning high Tg of the fully cured sheet. Exanple
9 Varni sh Conposition Raw Materials Exanple-9 A

Conpar ati ve Exanpl e Exanpl e 9 B Epoxy Resin Solution F
125 g 125 ¢ Hardener Resin Solution H79.8 g 75.2 g
TVA

The laminate descrlbed in Example 6 B-showed an outstandmg balance of
propemes that is superior thermal stability, Tg, flame retardancy, humldlty resistance,
adhesion to copper, and toughness. The combination of high Tg, high T4, high copper peel

5  strength, and high toughness is especially noteworthy. When compared to the Comparative
Example 6 A, Example 6 B, displayed improved thermal stability, _thile maintaining or

improving other properties.

Example 7
Varnish Composition Raw Materials .Example 7 A Example 7B
Comparative Example
Epoxy Resin Solution D 1326 g 1326 ¢
Hardener Resin Solution I ' 685¢g 685¢g
TMA 0 20g
2-MI {20 percent solids in DOWANOL | 1.80 g 125¢g
PM]

MEK was added to the above vamish composition to adjust the solids

10 content to 65 percent.

Example 8

The varnishes described in Example 7 were used to impregnate 7628 type
glass cloth, which was then partly cured in a lab oven to obtain prepreg sheets. The prepreg
15 resin content was 43 percent. A sheet of prepreg was then fully cured in a ventilated oven at
170°C for 1 hour and 30 minutes.

Test Results Example 8 A Example 8 B
: Comparative Example

Varnish gel time (s) 316 208

Sheet Tg (°C) 171 171

Sheet Td @5 percent wt loss (°C) 330 338

The sheet Example 8 B prepared from Example .7 B showed improved

thermal stability when compared to the sheet Example 8 A prepared from Comparative

20 Example 7 A, while varnishes displayed similar gel time and maintaining high Tg of the
fully cured sheet.
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0.9g 2.29 2-M [20 percent solids in DOMNOL PM 1.1 g

10 g _ MEK was added to the above varnish
conposition to adjust the solids content to 65
percent. 5 Exanple 10 The varni shes

described in Exanple 9 were used to inpregnate 7628
type glass cloth, which was then partly cured in a | ab
oven to obtain prepreg sheets. The prepreg resin '

-content was 43 percent. A sheet of prepreg was then

10

15

fully cured in a ventilated oven at 170C for 1 hour

and 30 minutes. Test Results Exanple 10 A Conparative

ExBgampte €xanpl e 10 B Varni sh gel time (s) 295 263

Sheet Tg (C) 154 153 Sheet Td @ percent wt Jass (C)

332Vg@g1 Carpposition Raw Materialshe  kExe8WIEAnpl e 10| Example 9B
‘ a E nrpl e-9 B shh mpairmg-%@hh |

red to-t .Qsén-eet—é(-aw,a' ot rpl-e] 143 &

A ain rg—TH288 t he
dg J 10g

MEK was added to the above vamish composition to adjust the solids

content to 65 percent.

E (am le 10

" The vamishes described in Example 9 were used to impregnate 7628 type -
glass cloth, which was then partly cured in a lab oven to obtain prepreg sheets. The prepreg
resin content was 43 percent. A sheet of pi'eprcg was then fully cured in a ventilated oven at

170°C for 1 hour and 30 minutes.

Test Results ' Example 10 A Example 10 B
Comparative Example

Vamish gel time (s) 295 263

Sheet Tg (°C) 154 153

Sheet Td @5 percent wt loss (°C) 332 338

The sheet Example 10 B prepared from Example 9 B showed improved
thermal stability when compared to the sheet Example 10 A prepared from Comparative

Example 9 A, while vamishes displayed similar gel time and maintaining Tg -of the fully -

cured sheet.

Example 11
Varnish Composition Raw Materials Example 11 A Example 11 B

, ' Comparative Example

Epoxy Resin Solution E 125 g 125 g
Hardener Resin Solution H 778 ¢ 732g
TMA Og - |2.1g
2-MI [20 percent solids in 12¢g 09¢g
DOWANOL PM] ) :

MEK was added to the above vamish composition to adjust the solids

content to 65 percent.
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15Exanpl e 11 Varni sh Conposition Raw Materials

EXanpl e 11 A Conparative Exanple Exanple 11 B:Epoxy
Resin Solution E 125 g 125 g Hardener Resin Sol ution H
77.8 g 73.2 g TMM 0 g 2.1 g 2-M.- [20 percent solids in

DOMNCL PM,- 1.2 g 0.9 ¢ MEK was added to. .
the above varni sh.conposition to adjust the solids
content to 65 percent. Exanple 12 : The

“varni shes described in Exanple 11 were used to
I mpregnate 7628 type glass cloth, which was ,then
partly cured in a | ab oven to obtain prepreg sheets.
The prepreg 5resin content was 43 percent. A sheet of
prEﬂﬁ%ﬂLﬂ@S then fully cured in a ventilated oven at
170C for 1 hour and 30 m nutes. ‘Test Results Exanple
12 A Conpar Ehe vamishpsdeprribed in Example 11 were used to impregnate 7628 type

glass cloth, which was then partly cured in a lab oven to obtain prepreg sheets. The prepreg
S resin content was 43 percent. A sheet of prepreg was then fully cured in a ventilated oven at
170°C for 1 hour and 30 minutes. '

Test Results Example 12 A Example 12 B
| Comparative Example

Vamish gel time (s) 2904 291

Sheet Tg (°C) 150 146

Sheet Td @5 percent wt loss (°C_) 346 1358

The sheet Example 12 B prepared from Example 11 B showed much
10  improved thermal stability when compared to the sheet Example 12 A prepared from

Comparative Example 11 A, while displaying similar varmishes gel time.

While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the present
invention lends itself to variations not necessarily illustrated herein. For this reason, then,

15 reference should be made solely to the appended claims for purposes of determining the true

scope of the present invention.
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Exanple 12 B Varnish gel tinme (s) 294 291 Sheet Tg (O
150 146 Sheet Td g5 percent wt loss (C) 346 358 :
The sheet Exanple 12 B prepared from Exanple 11 B
showed nmuch 10 inproved thermal. stability when
conpared to the sheet Exanple 12 A prepared from
_Corrparatlve Exanple 11 A while displaying simlar
varni shes gel time. While the present invention has

been described and illustrated by reference to |
particul ar enbodi ments, those of ordinary skill in the
art will appreciate that the present invention |ends

i t WHAT BEWAIMERSons not necessarily illustrat ed
herein. For t 15 reference sho
made Sol el y11 & CREEIB BN R R PROGEn FTBCELe o
_defp atieast ong epbbey resije scope of the present invention. -
\N-@z al éas% }MEQnJrSNhel'em tﬁ\e EH'EQ‘QJ' ﬁ a '891%8&‘3 Qaﬁﬁ ﬁ% Pbl{égol ic
resin composition conp
5 on@d@awwynqt@sqlw or acovmunéﬁam@agf g@ﬁl@ﬂtﬁaﬂrlﬂ@ﬁé\c hycm@'ﬂ ein
thﬁnaa,mﬁ?@ﬁonlhgatagcorrpound containing a phenolic 5
% unctionality or nd capabl e of
S e B S fiSae RS PRI a1y upon
hegt Iamgn-nmog(mr)onmmﬁ@tcathlyttIadjuwmcmﬁpoﬂﬁd @pable of reducing the
NI L OGe R U bRl r}.l'(%gn gbg[aﬂ‘llfs 8@“0' (d) a non-nitrogen

contal ning cata ound capabl e of
10 ewherein at 'Ffﬁém@é’h E‘@f?tOf ﬁ'FlaBQYe éPmPQ*Pé"‘Pl @ﬁ@g%‘i‘ﬁ“{ﬂéﬁ‘ﬂ‘f‘é‘l"ﬁ r-‘mgams

C adgbi:lor lf]nQne aﬂlﬁg DbVt RnpbrRAG hreHARgHatcdWheredfthd r'aﬁn composition

above . c n d S halo enated or con
G e
hainolye tetserokewlergel time dfeherrmn Wnumsrpoxsnsnnaomlmaddtouwset(oa)is to

a g@ B8 S’H?&ﬁg‘ &Jas@@d a0 CCEQIGtSQAhrHHﬂ g réslxmm{r&tﬁ(;ﬂ%med by

npoun racter|z I'n that the stroke cure
15 t i %‘“éfhetCH@b‘FéB‘P‘H "??tﬁ?ﬁﬁ‘@?st“i'%r?°1“§'"ﬁ'é‘le m%wrf@d"q“rbawn% properties:
seggnds tm@&%@ﬁemmmben measured at 170C; and such
&g a res t nt Cﬂ{eg EO‘OdUCt formed by 15curing the
b 22 %"g

| e e?J ges Sition contains the fol |l owing
we(3d) - bal anT2i$ of geperthanclsmin;
@ an adhesion to copper of gréater than 10 N/cm; and
20 (5 a UL94 flame retardancy ranking at least V-1.

2. The epoxy resin composition of Claim 1 wherein the epoxy resin is a
halogen-containing epoxy resin.

3. The epoxy resin composition of Claim 2 wherein the halogen-containing
epoxy resin is a brominated epoxy resin.

25 4. The epoxy resin composition of Claim 2 wherein the halogen-containing

epoxy resin is diglycidyl ether of tetrabromobisphenol A. |

5. The epoxy resin composition of Claim 1 wherein the epoxy resin is an
oxazolidone-modified epoxy resin. '

6. The epoxy resin composition of Claim 1 wherein the hardener is a _'

" 30 compound with a phenolic hydroxy! functionality.

' 7. The epoxy resin composition of Claim 1 wherein the hardener is a phenol
or a phenol type_compound, selected from the group consistipg of bisphenols, halogen'ated
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(I)a Tg.of greater than 130C; (2) a Td of greater than
320C;, - (3) a T288 of greater than 1 mn; (4) an
adhesion to copper of greater than-10 NNcm and 20
(5)a UL94 flanme retardancy ranking at |east V-1.

2. The epoxy resin conposition of Claim1 wherein the
epoxy resin is a hal ogen-containi ng epoxy -resin.

3. The epoxy resin conposition of Claim2 wherein the
hal ogen-cont ai ni ng epoxy resin is a hrom nated epoxy
resirn. 254. The epoxy resin conposition of Claim?2

o CENEEN R R R S LR —

5. théfeef. epoxy resin conposition of Gaim1l wherein the
epoxy resin gl

6. The epoxy’ frehg?%"q‘?ggﬁg‘loégﬁ (lghgt}]&g)?bguﬁ% “ﬁ%%\)/‘\%eégﬁ%eq r:sa
habw@arinatedipsenglig@sisonpound wi th a phenol i ¢ hydroxyl

sfunctionaligy. ThZep&@%sﬁR@Wo&tﬁﬁ'd?C%ﬂﬂQﬁiefﬁehﬂﬂf Qz{rde%@k m
enol type

1 where rde
& ORI cabiie Sttty ara R Pl oo
bi sphenol s, 10.Ahe gpax3iresth coBflesitiont®if e 1904t@rein the hardener is a
hy i novol ac resins, polyal kyl ene
Qg 9?’89%5 n%hgjr;l&g?gons t her eof . Pty 8y The
epoxy resin 1&6%9689"%“%??1‘ compesitignaf lajmd rveierpin thecatalyst is a
10hah&eB8kIid ﬁtrageh eokpdtal,ad apheNelanfindnfih Eompelnd, SNEmRRAM Hereof.

resin compo on of Claim1 wher th har ener is a
conpound caggﬁ* hg eB‘?""é‘é‘H‘e@B‘PP%‘&“&f’f%’d‘Pd ‘@1"”'" € catalyst is an

f uigitiazolrad ddriyatiNeif inid@dolengy.a mixture of thereof.  10. The

epoxy resin 15 Ogg%g&gylr&ﬁh (.%Fn San‘%nrgf%] mqr\ﬁ{eﬂ,l& th@catalyst adjuvant is

hardener is a oxazi ne . enzoxazl ne.
1a°¢h‘@‘>’b‘b€9® acarbpxylie errhpfersqet ‘Pf@rﬁ“'é‘l‘"ﬁ(}hﬂF‘?ﬁ 1 wherein the

1scat al yst i S1a. ﬂrﬁeb&ayeés@%ﬁipbﬁudmaftmm mmnmmyst @fuvant is
ure

T ARk 8 AT Bt G GPEiag S PRI 1 e

cat alyst is la,rn"heraspdazeslueqomosimmofa)lanme viifereiimthel B ggderated flame
or re%arggnz(éo% %nr?cI is EJ]lg§rgl%FblSphe ol A, a derivative o%gktmtlglﬁoﬁéﬁgé%l Aor

resin conp lon O ereln the ca

adFWVﬂﬁ%mP§dh carboxylic acid, a carboxylic anhydrjde,
2001 ~a m xtur esti'h@rep@Jy reslr5c§bﬂ)pos-fﬂitﬁ| of DR lrl&ﬂlildingasolvent

conposition 1.wherei.n c uvan

CrTher 1 et 1 dTaTR AP aE SagH iRt g g R ik o

anhydri de on 8 1T heteppxygesithempodition of Claim 14 whereinlthe cufgyghibitor is

ePRXNe dfsi N conposition of Claiml wherein the

hal ogenated fl ane retardant conpound is

t et r abr ono bllgpﬂ@ﬁa‘?"y Aesuhcoawpsrl\mqf\?éanafl wherein the amount of the
25t ethhrdéieaprodehEip BRI pdsitivh is¥ut thtahe RdldgeMObntaining epoxy resin to the

hardener molar ratio is between 2:1.0 and 1.0:2,

20. The epoxy resin composition of Claim 1 wherein the catalyst adjuvant is
present in the composition between 0.01 percent and 20 percent by weight on total solids.
21. The epoxy resin composition of Claim 1 wherein the catalyst adjuvant is
30  aliquid at 180°C with a viscosity of less than 100 Pa-s.
22. The epoxy resin composition of Claim 1 wherein the catalyst adjuvant

has an evaporation rate at 180°C lower than 10 wt percent/min.
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2016.. The epoxy resin conposition of Caim1l incl ud| ng
a ‘sol vent. 17. The epoxy resin
conposition of Claim1l including a cure inhibitor.

18. The epoxy resin conposition of Caim 14 wherein

the cure inhibitor is boric acid. 19.
The epoxy resin conposition of Claim1l wherein the
anmount of the 25hardener present in the conpositionis
such that the hal ogen-containing epoxy resin to the
hardener nolar ratio is between 2:1.0 and 1.0: 2.

20. The epoxy .resin osition qf Clalml wher

catal yst adPudl r'f’%‘g%‘frgg§‘é'ﬂ‘?°s1“‘r1“f‘ﬂ%°m6‘§|at“?agﬁ‘ "“H“J'"g an
bepwaassidcddpogidoic&nsrdingtb AGinper cent by wei ght on tot al
sol i ds. .
Cor‘r'pOSI tion oF‘he(_Slber rcm{ors\%i ecrgélﬂl%sngﬁxgc%g)?g a)n/né ?5 B chl? \;sa ah laminate or
i <t regpeegl foraniedectic cirgC with a viscosity of |ess than

5 100 Pa-s. 25, Anelectric clrcu1t%gmpo-mﬁ HBARX ¥n In§Fdtg coating of the epoxy
osition of erein the catal yst adj uvant

SRR %FP?‘Gng“‘a%'é'“hl 180C | ower than 10 wt

per cent/ m 6. A process of producing a2:’éated3arhclb.emnnpﬂ$m§ avatnechn article
conposite arti [

epoxyanreg%xynrescl:rb corr? o(s"'?I onc%técgto?:lm{ aéﬁaﬁrgﬁk @:Q&te@gmcle to cure
24he¢hey1feﬁlberPQ§ltWﬁor ced corrp05| te article of daim

10 20, which i8. & el RinBrishig: @ prepreg for an electric
circuit electric circuit conponent having an

i r{ghlaé”f‘i"ﬁ'b%gﬂ‘élai"hg of the époxy resin conposition
aqbp atlepogy tesinCompusition accordmg o Claim 1. 26. A process of
- produci ng a,caatad.arti &tsﬁl corrprl sing coating an
carticle with an epoxy PRSI C osition according to
Cl @) asubstraipiclding ngoom@s'e 6%&’@3“‘8? arcerdingte Claimp & and e

15 epsew 1dyBrSdf hefad BiREUEEd dridd 1easleae7surfécemfem QbseIPr-i Si ng:

a woven Sl n_.C osi t.ion
accor di ng t%’fI %F%‘am"{fte ¥ claih 28 0nS8! )ﬁye?g twelf%{%nﬁ%\ rises a
C omfpfdrasniege of a wovéraglasa fabtibistheinahe epokyithsin gomposijon ssyimpregnated

re&'tﬂe&&%ﬁn’s{ﬁ according to Caiml; and 15(b) a

| ayer o | sposed on at | east one surface_ of

sai d substrif-é& prmted circuit board (PCI%)gnadﬂxpét}qe éa{ﬁl%q %f (a?lm 28.

20 Cl ai m 28 wher.ai ﬁo&ehﬁoﬁﬂﬁﬁhﬁg’ﬂ @snf) ldédté’t&ﬁ'ndl@ mérpms:as cémprising
rei nforce ass ? ?reln t he

epBRYHES; ngsérS'ﬁﬁvd'glaP F%oxy D rén iTPPEg o '0" LEFAR T he woven
g| ass f abr i 32. The process of Clalm 31 whe@@‘l mgi\s@ptrqqu iad metat foili t

boar d ( PCB) 33Ta¢€pfest fcihidaRdeRitthe fe@i 8l 4%oppdd31. A

process for preparing a resin coated article, the
process con’i)‘fJ L8P RgeeDoft i HovheredtBe erosy éeswcf’ﬂp%fﬁm further
25 € PEvkiprikR Dhdloerp eslvdnt@n of Cl aim 1.

32, The progess, g{gcé;«'s@ﬂ&.%%lm%g | Bo LISy SRRbBlRich s i

metal foil Focess o er el
nepca\rdef bt meltg sqggpp@r dlspers:on form.

36. The process of Claim 31 wherein the contacting method is selected from -

the group consisting of powder coating, spray coating, die coating, roll coating, resin

30 infusion and contacting the substrate with a bath comprising the epoxy resin composition.
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34. The process of Caim 31 wherein the epoxy resin
conposition further 25 conprises one or nore
solvent(s). 35. The process of Caim 31
wherei n the epoxy resin conposition is in powder, hot
melt, solution or dispersion.-form

36. The process of Claim 31 wherein the contacting

met hod i's selected.fromthe group consisting of powder
coating, spray coating, die coating, roll .coating,
resin 30 infusion and contacting the substrate with a

37 "The b 048 bpSer B im i I PRt e material
C Os¥fecied omahengbgrdoadisting loegli$ dibkrgtass, t]ﬁk&tzglbapbrpthennoplastlc resin, an
¢ o&ﬁvo%i J}Q}\‘afrenﬂnlo?ciﬁxemféaﬁa%r %Oas)ﬂﬁe. Rt Aetald ﬁ%ombmatm{ns thereof.

t herno Ic resin amd Fein
car bon, gr aphiTheprogess efiffleim ﬂe&lﬁreuathel antiplatis aprepress wherein the

5t h%ﬁpafte comprises a material selet8d frdm e RFRIH %51%:89}:@ & gfl’dsmﬂ%&glass quartz,
wherein the artigle is a pr erein the

epre
5sbAPE% F‘ﬁ?‘é’PPBﬁ‘Fp'F?‘%'é‘g UBWeNGE é’ia{“%ﬂ g?@"@&"é’d cﬁ"i’%‘f‘%“" and
gr cmnibu&d&m ttietra:dﬂ,ganefwhgdea&se cohtiadiihg @LauBsSin a Gokh lcbmprisirz iy spoxy

th reBm c 05|tllo pum(’ljallglgn ucr)}vr\rllovees%l\%rt?sﬁ] d reinforcement,
ePan onbi nati ons ereof ; and wherein

t he cont act 391 g}‘he progsss of Glaim Wawhercinthp pibstratgisehies @fioriglass in the

loreﬁx'nﬂoFQWQQ%'cId&P&aQﬁHd opt i onally one or nore
sol vent (s) The process, of

d ai m 38 wha)-dihf Propgss gmlgm%h@er%" the catalysh js anjigidazpleqra '“"‘“"e_
I noftitvedakdlesf or m of a woven cl oth or a mat. _
40. The pro ;

i mi dazol e o??;[%nﬁliotc%g%k ! m_ Fe ﬂet’:ﬂﬁys?@&@%ﬂsacﬁ?é&lc
Th@l‘bPéﬁé@@yll@ﬁ"'@ﬁféﬁem@@ma‘ém‘?@ﬁe cat al yst adj uvant

'15! s a car boxy} imhe ek omg.amqmelraucmaemgﬁ @} Bvan®i& trftnellitic

aim 31
éﬁ” °t %‘?“<‘,‘%ftvél°£‘§‘f“e§lﬂ'j° GV)HHE‘de < "t"f‘}“'ﬁ% £1P% ¢
: anhydr i de, @3.(he proadss vClaiim 3 Irwheedin the catalgan hggdvandle uthlized in an
m process of
d é%&rrl{ng%&vﬂgermgg{m lﬂgmcmg)fwe'%m ogglﬁi}a‘ﬂ | s utilized in .
an anount of4.Ghe pieesse emlawll\ﬂwp?e'r e patalysy adipyaghis a giguid at
201 O gJoc $thiaGscosity of less than IOPa s. 44. The process of

G aim31l wh n the c t ad ant liquid a
20180C wi t h%{%‘f‘ BROGEH P ‘B'f‘y?s' Jt“h%ﬁ"%y%a‘guva“g‘“ﬂq“'a at
45180T0 evithan eepsratién r@leaf less3anvtherpercent{mie. cat al yst -
adjuvant is

of | ess thaﬁé‘ g‘hwgié:géeé? gite%lt ﬁpﬁ Wilehein @.Qe&o‘&?ﬂ’é}fn% br%l?nx{aéh%poxy
prﬁ"é'éss of Claim31 wherein the epoxy resin | S

25brom nat ed en@hy proessk Bf Clanvi31. whEksn it 65@y Seshif is &1 éXapoliddne-
wher k. t he e Roxy resin is an oxazolidone- nodified
epgx§ Fde%mﬁyr 48. The process of Caim 31
wher ei n t he4$dihd ervegss pEClainphlewiwreipthe hardénenisla phgnokor a phenol

co @BQ&%oﬁﬁd S%R;]L[%&i frfnﬁ cftrglﬁ CGﬁs%HH W&h&to‘lsnﬁhl&%nated bisphenols,
bi sphenol s, enat ed bjsp hen ydr o'gqenate '

bi wﬁf@ﬁmt%d b%w SaROVPIaE Fesias. Pﬁ'éﬁ'&s)aﬂsﬂ Yéﬂ'é SpaYppnatioqy ghereof.
3o0conbi nat i ongg.tAesie obated3MitP prépated dy thegoabddf Glaim 81.e

prepared by e f ai m or epr 6g
prepared by5 'hmep‘gérgég’géaf%fbygledzroce%ff éan 3R
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