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OLI GOVERI C HALOGENATED CHAI N EXTENDERS FOR PREPARI NG

EPOXY RESINS The present invention relates to a
wiReessof or maki ng ol i goneric hal ogenat ed chapdir/us2007/012644

ext ender conpositions and reaction products of such

chain extenders, which in turn can be used for nmaking

thermal |y resistant epoxy resin conpositions. The

thermally resistant epoxy resins, are useful, for

exanple, in electrical |am nate agpllcatlons such_as

for tQBIGAMEREE HALQEENARERLCHAIN X BENDEERS Pt EREPARING

are several comonly usqﬁip?ﬁq-l RRERYS of thernmal

performance of electrica am nates. One of these is

the_glass transition tenperature (T ) of the cured

resin. r

t enper at ur etb?{?'sd%m qﬁ%rﬁé&iﬁeﬁgﬁ &gg ngaéesgl ?&Oﬂgﬁﬁ{gt Siffdmeric
halpeemateil chainusitendarrommygitionsrand reagihen ym@cesr@euchﬁzham

{ [
exttem:léx%f gvgg%h i thrrf\ grﬁnnnm%?tga{igérbegl ﬁ% the%@gglgﬁ'géxgﬁ e‘bbﬁresm
corhp@mednst drx6 Ce@mallysiemistant dpody cesins, are usghdgfor emmele in
[ d

elegﬁ-?c%? i4 ’ mlaE§ Iagxglt‘f%}g?xg éﬁo fog?h@%lggxﬁlg%gﬁigée&oﬂﬁﬁ@d vhyfng boards.

the tine Tﬂwsqmareesbmml qolmnmalmusad enctlgatbegbfntheomal performance of
elegggc%'ﬂ e@né bt ﬂ?esg ® H?edglggg % ltfo?l'%eﬁﬂJeQ@Jur@(Tg) of the cured

ec y, Industry standards have begun

resipe dinpther hmasmeads theetéxesmabémun@suswtemesam r(’lljt)tOf the cured
resﬂx %fucﬁ % ﬁegﬂ{l'n?&f us1IE%h%]ﬁ'@9grfa(tﬁﬁe (lengﬁ?scis l ) ﬂﬂ?xl(f indicator

tenperature an conventi onal | ead-based
is lsrmvcke as "szé whichgis thp ginee mesjudredsfor pdaminate tpbggimsto decompose

whghas 2 é’f tq)e%@%)@és &Mﬁ%‘r 1{11@%%1 is S’TQ@ % Wcl‘PIneBE'@re@ RRL N

el ecti am nat e. nventlona resins
demsmn HoemntBH88Ct &\ farrths byt related, apidieator pepolder dip resistance,

Whﬁ%g It?‘l é §e Q%f(ﬁ th Hrﬁﬂ)bl (% f’cp&fgﬁn Q@hegﬂlﬁgﬁe WhEn it 1s dipped

_ el ter ermal stability 1s the production of
lnmmltérawdewaﬁwc These are formed by bonding thin

pre-proc %ﬁe%gxgtly QQHQ%@ %%tﬁ%&s Hﬁ{'é’]gegq‘{n%rs%gdf@y}%tslead free

Thi s operatlon can rep eat ed several tines
soldaxstber @qyétuotcpoﬁructr@e@mmp depiges- dThe leadtfreq saddensgispally melt at

h1g%%gmzrﬁbgrattnf‘ersmﬁlan%wl@erﬁ;\f&ia@ lead-based solders. The use of these solders

therefore places greater demands on the thermal stability of the resin phase of the

electical laminate. Conventional resins have not been able to satisfy these added
thermal requirements.

Another circumstance that drives the nee(i for better thermal stability is
the production of multilayer boards. These are formed by bonding thin pre-processed
boards together using prepreg layers. This operation can be repeated several times.
With each repetition, the entire board is subjected to a complete thermal cure cycle.
As a result, the higher the layer count, the greater is the thermal impact on the inner
layer board. | ‘

Therefore, it is desirable to provide a resin that can enable the laminate
to exhibit the needed thermal properties. Laminates exhibiting a T4 of 310°C or
higher are expected to become standard in the industry. The T260 value should be at

least 15 minutes, and preferably at least 30 minutes, but values of an hour or more
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As a result, the higher the |ayer count, the greater

is the thermal inpact on the inner |ayer board.
wdberaigoe, it is desirable to provide a resinp¢tat2008Mm2644

enable the |am nate to exhibit the needed therm

properties. Lam nates exhibiting a Td of 310 C or

hi gher are expected to becone standard in the

i ndustry. The T260 val ue should be at |east 15

m nutes, and preferably at |east 30 m nutes, but
ara@paeigllmfdeaime£ow28waw\9§ i excess pb & iminmyesrsialegidesiedg The Te

' desired. The T

shlfl E o BLEERS e proeAl AR BER BPR. T2t | east | 150C

These t h8heeg tharmsd mr@stleanmotti@ %Félilﬁ"ed@d the expgnse of other
des[(:i‘.ﬁa%?€§€trﬁ)futgst @hquéhra%*a' thedh ﬁ;\'}ét %eqfesmug@ﬁé Qaél}dprocessed

am nat e resin nust be easi émfrocessed must
musthevaaceptatié 8ow|charadteristicseduring the upination gtep, and must have

thé MeQ@atrP Z)glygcgfﬁ%rc Qﬂlé%targégﬁsﬁpsenéwﬁwﬁﬂceoﬁwn%ﬁJnally stable

ropert eristics need to produce
lamml onal |y stable |am nates. Epoxy resins are

wi del 'y U%ﬁ}é § Qe TRK Sage&ﬁfé‘l} (tj.gé}i td ﬁﬁkg @le%ﬁqcaﬁ&mir@ftbé‘sThe resins

are ofte romnated In order to art the needed
aret ¢feembtonpime pest ini ardet to inpieant the ne thermhl praperiges to them. An

ex%\[n dt @Lglg Rb%qu)ﬁ}{n%: é'sg(:)l_)g{)fgﬁ%gh rhﬁasﬂ;ﬁn Q@&Qchlggg in ©.d. Patent No.

at ent no et al process
5,406:931ith &tbhing et st Ip theoprocessrdaskribedrin thpemaﬁgltt apeligamer having

rﬁhﬁg%ﬁe% g%&‘ﬁ?‘pn 01]§ p‘)é&%ﬁ%‘} @Xctﬁﬁ%ﬁh 'eQQes@Qaf g)iﬁ nQEe@phenohc

ogenat e i'’c compound with a glycidyl et
compéraibyyithon elorcm‘brbﬁ@ler of e hajrrgndte r@lhpgempwzét il‘bﬁ

oli oq{il&t&é% rl ﬁeagﬁ&fl gﬁ@@oﬁt{bdaln@ lde108¢ tthQ QtaxieflplhBEbrials. This

terrals. This I gonmer 1s advanced w th anot her
oligqyusayisrasyanceshwithrametharrapgxy sesinand: then surahior fopmabe polymer

thée mneélg&tr#hpglmllngm nate. This invention is a process
conprisin ormng a reaction mxture containin
| east on& @meaéoneaewwseemwﬁmafﬁ@nmg@é‘a@%waﬁelxture

corn:g dﬁgg Eﬂe@a@t &RO é% odifStdhckiVe tcbﬁlpg{lﬁa Gna%t Qéaszt‘ onf h4fdEknated epoxy

] ectling e reaction mxture to conditions
reswﬁm tlad presencs dfor spleensonnd pubieeting theprgageiam mixture to conditions

suffRIENRRD A0 alsBidtld o?%lnvcﬁ%mém%ftﬁiogltfoli\Qthb 46REht, wherein the
conposli tion contains term nal epoxi de-reactive groups.
oligomer composition contains terminal epoxide-reactive groups.

This invention is also a process comprising forming a mixture of (1) a
solution of a halogenated oligomer composition having terminal epoxide-reactive
groups and (2) and epoxy resin, and subjecting the mixture to conditions sufficient to
form an advanced, halogenated epoxy resin. This invention is also a process which
further comprises curing the advanced, halogenated epoxy resin by reacting it with at
least one epoxy curing agent.

This invention is also a solution of a halogenated oligomer composition
in a solvent, wherein the oligomer composition has terminal epoxide-reactive groups.
The invention also includes a varnish that includes a solvent, the halogenated
oligomer composition, at least one epoxy resin and at least one epoxy curing agent.

The invention is in other respects an advanced, halogenated epoxy resin

formed by reacting the oligomer composition with an excess of at least one epoxy resin,
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This invention is also a process conprising formng a
m xture of (1) a solution of a hal ogenated ol i goner

wWGE 2pAssh? on havi ng term nal epoxi de-reactive grRUPH07/012644
and (2) and epoxy resin, and subjecting the mxture to
conditions sufficient to forman advanced, hal ogenated
epoxy resin. This invention is also a process which
further conprises curing the advanced, hal ogenated
epoxy resin by reacting it with at Ieast one epoxy

andg epppd epgek resipHpumed hE segesing; the Adygngeds &Plﬂgﬁeﬂteéfepaxy resin

wnhajtqg@s@%hg@pgiy S9RE ag&OSi tion in a solvent, wherein
he ol i gomer conposition has term nal epOX|de reactlve

gr oups. This ingRtien salse ayarpish pyerargd fsamthe afyapced,

hale&{aldgtfép&(y%Eﬁle Mhe {A¥idlAhRgR0AtAH, 2 AXRIBA to the advanced,
erOSltl on, at | east one epoxy reS| n and at | east. gne

halegﬁwe% aPONYGresle At leaphene AR GUSHRE 3591 B ifart gnesjiditignal epoxy

resfi] aﬁchﬁﬁﬂﬁﬁﬁ{asut?ﬂlag BeRRLEMA. eRRXMMvERSHR id Bf A Bekth¥r aspect a prepreg
reacting the ol i gomer conposition with an excess of at

haviag stregineghase that nsludesthe advanced. bploggnated epooresiy optionally

in &Ynlﬁﬁ?ﬂ%ﬁ AGtH DeleasVSliCRtler BR-93R53L ELhERVEMLIHR S Stillfther a
at | east one epOXé curing agent. This_ invention is

resi-eqpted {oik o amelseiionl lammasharieeaResin BRaseRIogy et guring the

adx%l?x@&y Ha@&éeﬂatéﬁ]gpd@rreblﬁnoﬂﬁNnWoﬁhblhﬂmaﬁj MitH 2iehSt one other
t he advanced, hal ogenated epoxy. resin, at |east one

eDaXp ERFND I (RNt RS cAft] c delqeenate gOmEAIARIGTIAPasESBR\PPOXY Tesin, with

atkg&ﬁgm(ngyeﬁhggg@5n§uch as boric acid. The invention
is in a further ect a prepreg having a resin, phase

that incl udes!t h%s gRRsfeued thabthsgresrss of &oymsipe the pHgomer
conPfsi iRt thelilvGRIdH & har AW AEnifeast indheet Ghtphﬁ fthe thermal

epoxy resin. The invention is still_ further
propesti¢s.of Geurad PBPYY BRsimmade asing the °1’rg£meﬁ’é’f’§‘pﬁ§\ﬂ°ﬂg Uping the

pro(:@s%' It tRE SR nPloRJEERHE dp¥xe HdiRghhNife FAYALREHy good thermal
hal ogenat ed epoxy resin (optionally in conmbination

ProppYtiesAan keor mefle I PRERCERE BjeqtBgalipminaterihgy sl 20 values in

excte@seothﬁi Rganat afdGhiseRRREse Wedlan! lﬁﬁﬁthaQ@ BHebR 9¥é/p dr88 liM accordance
at | east _one epoxy curipng a It has been

Wlthd'liﬁ dnyanion: hks Yalueealgranter shag aéo ihbavs begsheditained. The cured

epdx® RO et s BfndriR sira¥RNYttQButes, rhntiﬂl\ﬂ@n@gry&f IYhysmal propertles (in
st gnificant inpact upon the ther pro erties of

pargigulay, gepsikipughBess togetden Hityhighel |g°g e Snd €€S’ﬁd
adBésidig the

The oligomer composition of the invention is produced by reacting at
least one epoxide-reactive compound with a halogenated epoxy resin in the presence of
a solvent. The epoxide-reactive compound may be halogenated or non-halogenated. A
mixture of one or more non-halogenated epoxide-reactive compounds with one or more
halogenated epoxide-reactive compounds can be used. Similarly, one or more non-
halogenated epoxy resins can be used in combination with the halogenated epoxy
resin. The oligomer composition is produced in the form of a miscible mixture in the

solvent.

The oligomer composition contains terminal epoxide-reactive groups. In
addition, the oligomer composition may also contain residual epoxide groups. If the
oligomer composition contains residual epoxide groups, the ratio of equivalents of

epoxide-reactive groups to equivalents of residual epoxide groups should be at least

-3-
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process of the invention, cured epoxy resins having
particularly good thermal properties can be forned. In
woadotiigdghar, el ectrical |am nates havi ng T260 wat/uSsHot/im2644
excess of 15 mnutes and in sone cases over an hour
have been prepared in accordance with the invention.
Ta val ues of greater than 300 C have been obt ai ned.
The cured epoxy resin retains other desirable
attributes, including good phyS|caI propertles (in
1:1p Jihis eaticuis, prgfsably de ghfrast 2tlo gBbin ptigican bpjagy erggter value,

theg%{%aﬁb %Wp%lﬁh[r%] infinskyOR0Gh e AHIEB rUF e pdkifle Yrb@i¥ B poaches zero. A

onposi tion of e invention is produced by reacting

praatxcalletame dimeit ep shisratiodadOPVle 4 oYE GrRIcH Refeg for this ratio is from

z:ﬂﬁ'a@gle NAhEH thO PXto 1SR tRid thd 36 EHESEURGEr gl ¥ERbm 2:1 to 81,
e epoxi de-reactive conpound may be halogenated or

Te teods iiabe gemawadt higher ja lprainsteomads framy the oligomer composition,
alt RSUER, qgs%%heﬂap ep&ésdﬁa;%cswgnaquppunds with one or

nore hal ogenat'e oxi de-reactive conmpounds can be

used. Siffhk3pb¥ide PB4ctRe FRIFPUREL) Ak GSARIrLAl sﬁﬂéﬁi&metrxc excess
resins can be used in conmbination wth the h genat

ovegihg gPeXySTasin trhaake thp ARFORYIFRRAS i § crea&lqs Fltarting

matdialb QEéTbQEct@d LK tid tahBiokiebin@r kémb BﬁtlSﬁ |h\é§ A numbér average
ol i goner osition contains term na

molesy * qeag B o 690303900 wdaadvetlglbtrﬁvem%e Brlegukasweight of from

12GPIPREGGJ. OR pBtérRdSRurkéY AleRagsmoHealarepayh e fgérﬁwm to 3200 and
If the oligoner conposition contajns residual epoxid

a pgafernsd, waight FURrPEs wolesylaruright & fEomel50Ritad 0PRa esgecially

pre@ér@UcP Subibef QVir4ah 8IS hr WRPHEYS FrofP00 E1£1G(OARE an especially
should be at leastVI. This ratio is greferab

preferzed weight appragermelesulas v eightais frogm dap@ o 3200, )é‘hese Tolecular

wefng@ QQﬁfeE GALLhYe ARPERRFBLASN b hhPiuhYeRSed BSoxi@ETRRICti96 compounds
epoxi de groups_appoaches zero. A practical upper limt

as wayihiei prepentiip the oliggmer cqwmﬁl'é%ypl cal range for th| s
ratio is from?2:1 to 30: 1. Wien the ratio jis w

the | ow Ea/dlr@fylteawa}eaﬁgémg’é@mea?élltPPlynﬁf%m13qoot°82°£’0 %eferably

froSBtd Q0de Wﬁa{mmwh%e@mé ard galceallyBehck 391idalle being at
conpositiaon, alth gh Td, T260 and T288

ol i gome

leaﬁtalf%%a’rﬂa?reé%"aﬁ}i b‘f’ff‘gﬁrq"b\}éﬂ) torh@08foxi de -re active
conpound&i gre used in.a staqj ChIO tric excess. over
the epoxyPreYEAmeERcoaReSIBAR VoIl tyBiTalY EURBBST AidR uH

corfipdidsTRiviSvarlyifd dédreédof polymerlzatlon Usually, it will also contain a
quantity of unreacted starting materials, mainly the epoxide-reactive compound(s), as
they are used in excess. Unreacted epoxy compounds will be present in very small
quantities, if at all, although some epoxy-functional species may be present as
discussed above. In cases in which the oligomer composition is made from difunctional
starting materials (as is preferred), the epoxide-reactive compounds(s) are used in
significant excess (at least two times the number of equivalents of epoxide groups) and
the reaction is continued until most of the epoxide groups in the starting materials are
consumed, the bulk of the weight of the oligomer will consist of molecules containing N
repeating units derived from the epoxide-reactive compound and N-1 repeating units
derived from the epoxy resin. N can range from 2 to 50, but preferably is mainly 2 to
10 and most preferably will be mainly from 2-5. Preferred oligomer éompositions are

those in which the molecules corresponding to N values of 2 or 3 constitute at least 48

-4-
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materials are sel ected such that the oligoner
conposi tion has a nunber average nol ecul ar wei ght of
wd tem 86y to 4000, and a wei ght average nol ecw@¥/us2007/012644
wei ght of from 1200 to 10, 000. A preferred nunber
average nol ecul ar weight is from 700 to 3200 and a
preferred wei ght average nol ecul ar weight is from 1500
to 7000. An especially preferred nunber average
nol ecul ar weight is from800 to 1600 and an especially

pengert efithe avmh@fttha@bga@ér thsised anzplide eyptusive gfanypolvent that

ma%%gq)rggexﬁis QoledES ?oﬂgérﬁ)‘ﬁmr@' to'@ ivailes\@I2U5iS3 pruEEMBE constitute

he ‘contribution o unr eact ed epoxi de-reactive
frogothtruipergsnirhy wgg}rsrtﬁébwhgqmm el plignrper composition may

|
oA M S UYLk U St S

agagwneas@ids besisght s are general |y higher, typically

bei ng at | east 1200 and preferably being from 1400 to
10, 000. Veerothegnexidectsapys earopowitd is uspgiipdggsgr amounts, or when
theC %{1{)1‘??8 RotBoptinkuEd Qg l TRRY Bﬁ’éorﬂ@ﬁ@vﬁgtéfﬂ 6l et AR 88 der range
yneri zati on. , It will also contain a
of sm:aw_sr wlrdﬁnmnnmteebew reagtinacenpennd. apnall pmoyat of
unfe%gfgdq?al{) by EpSRAH) 68 ra tob@ﬂ @rﬁ@mﬂéﬁﬁea’cﬂon products.
excess. Unreacted époxy conpounds wil 1T be present in
The eligomexired rpagtipn preducts il gengnally Apelyde grolewties having no epoxy
gro%%g X¥oledUich HRAle 89 ﬁ&e p@a)étlbg 2PEERERhd 3501843641858 ying degrees
bove. In cases 1n i ch the oligonmer conposition is
of mlmreerlrzemra thathaviedioah eswarr arrdrgpqraqle Fagtiyve @5QURSs
preferred t he epoxi de-reactive conpounds(s) are us
i n si gni fihephigomes amppsition @aay canfain frapsl§ 10:6¢,persent by weight,
es&ﬁna@ﬂl'ﬂ'élrﬁlﬁ%sﬁ5q;erm fvd\ee&hﬁ’uﬁﬁl)es%@&allp €rdre 861tb 88 pescent by
continued until npst o he epoxi de groups in the
weighgof Pﬁb’gﬁﬁtaéﬁ’mﬁl The helogsRaPBa arg Ree BRALY ghlopimg and more

prfEia®l bRIminBe MikkGHREBE cMiokine GHANMBMiAE AP hRoWeassed.
containing N repeating units derived fromthe

epoxi de- neagidble haRgPRMRE pBRidbFreadtPRE@Im ftind fol $naking the
derived fromthe epoxy.resin. N can range frqﬂlz to

oliggnen PR BnE PEIEASH PF SAREPRIART ad atde ‘reactive

grdip8fifé18QlY. %b'ha@%’?ﬁﬂitaﬁﬂé alré e f3rably PhRk Rl fll/6H BrgfiiRéE and are
conpaositions are ose in which_ t nol ecul es

mogh prefersbhybragning. Fhesompougd prefsrably coptaing gxastly 2 epoxide-

redc@id8 lgr¢ &aRbledllet he wei ght of the oligonmer (based
on sol i excl usive of any solvent that may be

present . Mkﬁmb&eesuwgfce@p apél furgtionaNgroalpd @BaOWilP redict ith a
P efera IX gonstrtut
vicinal epoxide to form a covalent bond. These groups include phenol, isocyanate,
carboxylic acid, amino or carbonate groups, although amino groups are less preferred.
Phenols are preferred. A phenolic hydroxyl group is any hydroxyl group that is

attached directly to an aromatic ring carbon atom.

Suitable halogenated epoxide-reactive compounds include those

represented by the structure (I)

{(Y) . (Y)2

(D L D L

=~ .
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from48 to 75 percent by weight of the oligoner. The

ol i goner conposition may contain up to 30 percent by
wOmlogisg@f unreacted epoxi de-reactive starti ngecT/us2007/012644

conmpounds, again on a solids basis. Wen the

epoxi de-reactive conpound is used in | esser anounts,

or when the reaction is not continued as |ong, the

oligonmer will tend to contain a broader range of

speci es, including unreacted epoxide-reactive
whemmhrldmd@psmnt sareRgeRends anepexidedaadtiiestfonnt ¥ depresents a
halB P htdnf, Séa 238 %&eﬂeﬁﬁgﬁlyél R Tebrh 286 4 £3& O {4k divalent

oduct s e ol |goner|ze reaction products w

hy gembanlgyommem@ywmﬁe@ hﬁwl(hg)rﬁ reﬂafyolgrlot@p% more
pre?ala%%&i DEY5 BErHoR ABRXI @8- I .ct.s@) 809466, -8 or -O-. The

es o varyl ng degrees pol ynerlzatlon t hat
prefierved belogenated\epamideagasti vrecomepminids arg helggenatpdephenolic

corf TS PRGRSSLN P OB S0L3bL o (S SES A oo
inchrd® regpec dia) try énd)mt@hhxo{?gbpfehﬁe@ endyneno-gdit, tai- and tetrabromo-
suﬁ%hg%% g&g@ Rolﬂcﬁs Qﬂ%ﬁ) g€ E1S%il gﬂg’l @rlﬁsﬂe%foﬁkamébhenol F, bisphenol

re prefera M xt ufes of
S apd| h:mheemhﬁ@ lendmuxéumrthateeﬁ B‘etrabeuno-ﬁ\ubﬂﬁwmﬂ bisphenols are

oxi de-reactive conpound for neking the
et By prdn el

contains at |east one hal ogen atom and at
| east 2 éipmabteenméaaé@gemet@r enppidentriastive eomppndithad are useful to

makbWE oﬁé?ng E{e?é )y coq'pés%'b pﬁ§ t@&%@dur@ (9 r@ﬁ@p@@&hai {8 zero in this

most pr romne. The conpoun pre erab %

casgo nEmmpleexaelprly dihyslgin@hrnolapichas kjsphanel fepisphenol K, bisphenol
%Pﬁ@n&%‘jtéﬁ/@ﬂmﬁy&st@w‘,ﬁ unct i onal

hups t react a vicinal epoxide to form
a coval emomcreaqﬂme‘;@@pq;mﬂg (pﬁb@qh@omgd or non-halogenated)

haJnﬁ E%g&atgrlel%'n %l?&f&i ﬁg %fs'o gu%lfl%% e{e}g}ge(ﬁg gl?l%?l% :may also be used to
maﬂzh dhe bbigemer, @l dfough dbey wilh Itremllly be hgeit bxsrnal auaptitigs such as no

t
gredd Hgsgrz%aﬂce&{: St 4e 1R welg drif RloflliL 86ddeibe! BniBunds.

ar ona on atom ogenat e
epoxi de- ﬂ&!&@@pmiefmnﬁe‘(mmnmdwewm eginot)

Q'Xratbggcdﬁtﬁﬂxclteyé ﬁm(d % yxecreﬁt &a Qmjzllﬁ iEREAA quelryent by weight of

represents an epoxi de-reactive group, Y represents a
nitrogen. They are most preferably devoid of nitrogen.

The halogenated epoxy resin used to make the oligomer composition
contains at least one halogen atom and two or more, preferably exactly two, epoxide
groups per molecule. As before, the halogen atoms are preferably chlorine and/or
bromine and most preferably are bromine. The halogen atoms are preferably bonded
to a carbon atom of an aromatic ring.

The halogenated epoxy resin used to make the oligomer composition
may be a saturated or unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic
compound. It can be substituted with one or more substituents such as lower alkyl.
The halogenated epoxy resin may have an epoxy equivalent weight of 150 to 3,500,
preferably 160 to 1000, more preferably from 170 to 500. Suitable halogenated epoxy
resins are well described in, for example, U.S. Patent Nos. 4,251,594, 4,661,568,
4,710,429, 4,713,137, and 4,868,059, and The Handbook of Epoxy Resins by H. Lee and
K. Neville, published in 1967 by McGraw-Hill, New York.
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hal ogen atom each z is independently a nunber from1

to 4 and Dis a dival ent hydrocarbon group suitably
whaoragshr om 1 to 10, preferably from1l to 5, poOI/€S2007/012644

preferably from1l to 3 carbon atons, -S-, -SS-, -SO,

-S2.-C3B- -CO or -O. The preferred hal ogenat ed

epoxi de-reacti ve conpounds are hal ogenat ed phenolic

compounds in which each L is -OH Exanples of the

hal ogenat ed phenolic compound i nclude nono-,_ di-

and t et r Acpredarseds tipsrafhaloggnated eRowY resigiis a dezlwcldawher ofa
polgﬂcﬁ"ﬁpﬁﬂm UlsSitably §fbx§ 'rgéigg hﬁcl@&@ﬂﬂsg rgﬁﬁgeﬁﬁd by the structure

henol A, bisphenol K, bisphenol F, bisphenol and

UDblsphenoI AD, and mi xtures thereof.

Tet rabrono- substituted bi sphenols are particularly

preferred. Suitable nonhalogenated epOX|de reactive

compounds that are ud®kul to nake ¥me ol i gorrer

preferagly correspgndg to structurle (1), excepu each z

I's zerg\(n tpis c: anples ncrode dIhMgrlk H,

phensic phe —1 sTiren® ,

bi sphenol S and bi AD a ¥xt ures thereof.

Epoxi de-reacti ve conmpounds (elther hal ogenated or " p

non- hal ogenat ed) hgvi ng three e nore phenolic groups,

such as tetraphengl “et hane, mpy al so be useg to make

the ol igoner, THoygh they/W usual Iy bgysed in

small q S su Otft&mT K petteent of

the total weigh the epoN reacti ve conpounds.

The, epoxi de-reactive conpound(s) (whether hal ogenated

or not) ﬁreferably contain less than 2_percent,
whezein epgh epHgntly ahalogenatomy, eagh DHe adivalept graup as

desERB¥d ¥ith %Ecﬂoedztﬁ[c%@}é’(lﬂ oY e EB‘ 18 19 A9£8nd P1i€ a number from 0
hal ogenat ed ngg resin used to nmake the ol i goner
® ai

r%‘amplP%&%fthed??é°g%aé‘ﬁje?PW6ﬁ’Flé‘ﬁ dnglijge mono-,

di- Ofri-"BRidCre ticRIo?6 3 AbMi X EE hhd nloMd-, BRAX. d8d &éﬁ'ﬂ@ﬁuﬁ’@éubstxtuted
ol ecul e. As before, the hal ogen at’oms are grefe

diglyridl ietleers o Ay dsicarhenelsayuehasdnsphesol Ag bispherd K, blsphenol F,

bisPh&HD1 Rand BRpHEhA AN, MLHExREE:s BHe2bs! ARh¥atRoREadbERtiRed epoxy
carbon atom of an aromatic ring. The hal ogenated.epox

resinssane Regbiguisslynereferrerk Riglguind pthasrpbigtralgamobisphenol A and

derivatives thereof are commercially available from The Dow Chemical Company
under the trademark names D.E.R.® 542 and D.E.R.® 560.
Mixtures of halogenated and non—hélogenated epoxy resins can be used

to make the oligomer. Suitable non-halogenated epoxy resins include, for example, the
diglycidyl ethers of polyhydric phenol compounds such as resorcinol, catechol,
hydroqm'noné, bisphenol, bisphenol A, bisphenol AP (1,1-bis(4-hydroxylphenyl)-1-
phenyl ethane), bisphenol F, bisphenol K, tetramethylbiphenol, diglycidyl ethers of
aliphatic glycols and polyether glycols such as the diglycidyl ethers of C2-24 alkylene
glycols and poly(ethylene oxide) or poly(propylene oxide) glycols; polyglycidyl ethers of
phenol-formaldehyde novolac resins, alkyl substituted phenol-formaldehyde resins
(epoxy novalac resins), phenol-hydroxybenzaldehyde resins, cresol-
hydroxybenzaldehyde resins, dicyclopentadiene-phenol resins and dicyclopentadiene-
substituted phenol resins, and any combination thereof.

Suitable diglycidyl ethers of polyhydric phenolic compounds correspond

to those represented by structure II above, in which m is zero. Many are commercially
-7 -
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may be a saturated or unsaturated aliphatic,
cycl oali phatic, aromatic or heterocyclic conpound. It
wehsseubstituted with one or nore substituepdtBUSHEI012644
as |l ower al kyl. The hal ogenated epoxy resin may have
an epoxy equi val ent wei ght of 150 to 3,500, preferably
160 to 1000, nore preferably from 170 to 500. Suitable
hal ogenat ed epoxy resins are well described in, for
exanple U S. Patent Nos. 4,251,594, 4,661, 568,
availab umdmz diglycigdghetherg|ofibigperst & regtns STk asataselkby The

DO\ng g éiﬁﬁb&ﬁ"y B¥dE tHeCfesE x f%ns WE'I’(@%3@®E'I§M1 P.ER®
MG awHi | |, New Yor referredtype of

33219 E&é&%%&@ 61sand P I§,Re®&iﬁ | sReinfy| ether of a
pol yhydr pgmbhiGohly a4ilhBR) cﬁgﬁ@ﬁfgy ellfesh eﬁpapgiyuas thBOSR useful as

represented by thé structur wherein each Y is
thejnenchal pgrnated enpxyaneggmcb%dﬁﬁm% dBS.%EaR@ (34 apd D-E.R.® 736

by@mgfﬂmpéhggﬁgjbgﬁﬁ, Ayt h respect to structure (1), m

, 3 or and p is a number fromO0 to 5,

especi al Epoty pevalaq xesins @pbpnsed @ftheﬁpqh&lqggeﬁmoxy resin,
but%ﬁméo E@?égéﬁ)rbféﬁé&j@ecﬁﬁg@they%ave ép@indeefﬂﬂctlonahtles in excess of 2.0.

tetrachl oro-substi tuted and nono-

Sucheresizisraravellpblei commaercially 3Py N. @ﬁffér DN ﬁlaﬂ EN®438
ampbef@ ?4%%&%&)@%@3@@&1 dynﬁmgn K, bisphenol F

, bisphenol S and bi sphenol AD, and m xtures thereof.

Tet r abr o%hmtabﬂwé@lt@mkypm@sr@ﬁ@sare cpdpaliphatigqppxides. A
cycp)raﬁ];)ﬁﬁﬁg gpm@ﬂ@ ineh b4 a §1nsRdrbdit FARMAVRIY SP oxfgen

derivatives thereof are commercially avail abl e
borﬂedrtp e viooalGtemsdalthesaphomring dsrillupigatadaie the fellowing
strid@iesp E- R (r) 542 . and D.E. R (r) 560. Mxtures of

hal ogenat ed and non- hal ogenat ed epoxy resins can be
used to nmake the ol i goner.—~Suitabl on- hal ogenat ed

epoxy resins include, for |exanp e di gl yci dyl
et hers of pol yhydric phenqlOTq ds such a s
resorcinol, catechol, hydrqu|-o 7 |bi sphenol

bi sphenol A bispheno n
(1,1-bis(4-hydroxyl henyl)-lphenyl et hane), bi spheno
Wh@‘el@ leﬁh@rﬁﬁph@tlct ex mmyncmqﬁmﬂwmaamgaryep a9l neigjfepymber

froﬁf L URL *mfegaaw&h% mﬂ mlexe; fgelr tHe YbaligHaie ddoside is a

di ethers of C2-24 al kyl ene gl ycols and
mop@¢ %ille%p@wnpe:}d%rarp éwg;w} Bhghanie 209 Beye- gMytyres of monor,
di- BRkX%Y lp\ﬂ"y'egw‘ld@; B&K Be Qbed. Cycloaliphatic epoxy resins as described in U.S.
Patent No. 3,686,359, may be used in the present invention. Cycloaliphatic epoxy
resins of particular interest are (3,4-epoxycyclohexyl-methyl)-3,4- epoxy-cyclohexane
carboxylate, bis-(3,4-epoxycyclohexyl) adipate, vinylcyclohexene monoxide and

mixtures thereof.

Other suitable epoxy resins include oxazolidone-containing compounds
as described in U. S. Patent No. 5,112,932. In addition, an advanced epoxy-isocyanate
copolymer such as that sold commercially as D.E.R.® 592 and D.E.R.® 6508 (The Dow

Chemical Company) can be used.

The non-halogenated resin preferably corresponds to structure II in
which each m is zero. Examples of the nonhalogenated epoxy resins include diglycidyl
ethers of dihydric phenols such as bisphenol A, bisphenol K, bisphenol F, bisphenol S

and bisphenol AD, and mixtures thereof.
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phenol - f or mal dehyde novol ac resins, al kyl substituted
phenol - f or mal dehyde resins (epoxy noval ac resins),

wdb@nakssry dr oxybenzal dehyde resins, PCT/US2007/012644
cresol hydr oxybenzal dehyde resi ns,
di cycl opent adi ene- phenol resins and
di cycl opent adi enesubsti tuted phenol resins, and any
conmbi nation thereof. Suitable diglycidyl ethers of
pol yhydri c phenolic conpounds correspond to those
r epr esenfThe hajoessnptad: epoxy resinispdethejaddifions] eppyxss resin.gvhen used,

are'\@'QYeer)ﬁ gﬁrﬁ? Elﬁhﬂuﬂrﬂﬂa'lf Rizher- f&ﬁlﬁldﬁ%l&gel%)%l ﬁégin‘gx{vhether

henol A resins such as are sol ){)
halm@h@m say a@:ervsaqhyo mekerthe Riserast. ghay pempreferably ("f*ad in small

qué"l’ﬁgmest%l‘Bas( £d 5 %31]0enpbgm%1§l§t)of?t§€al wWeighthbflthe eB&dy resins used in

661 and 662 resins. Commercially
making ﬂ@mbgomeglcympeﬂtwet hers of polyglycols that are

useful agyf Q‘éoﬁ%@ r@é&?&be&% n@?sq)ﬁldre%%k résﬁﬁtsw dfe reacted in the
t hose sold as (1) by The

pre@ewe@f@moémntoa?bﬁéaWenEm&ynmvel m:Whecgn the reaﬁ-asés s the

.ﬂk%g{mnog%%i@die SRAKY téﬁ%bfhtupélbf tt}l%milgbﬁlel?fzahSﬁ Seaction.
pre erred because they have epoxi de functloﬁ&%ltles in

The selusnt isfnop reactisgctith $he aroxide rearsive somPouB{Rt P Fhg gRoXY resin(s)
us E%i‘e I(J ah%%gn‘ler t.lanl:-po@it{d'n) uéiﬁé'r tlQ ém%t(l&r)s cﬁ'%ﬁe %ﬁgomerlzatmn

439 Trom The Dow Chem cal
reactipp.afibe sglyent qumxtexmfwoh@sutm df arnyxw@n@ aﬁeq?rm?feéably has a

bmﬁgg )ﬁéﬂ?&atﬁ&'&b@gt(}@at RJ&@E é&uﬁﬁg)ﬁhqq)rbfé‘;‘!am§%gﬁer than the

ura carbon rin aV|ngBan epoxy oxy bonded to
temperatyres gaipleiedite condu¢tthe sligpmerization sea lorlus"t beiliag

np;?/er‘éhﬁ'efoq’ led vy B8 t§ h 56 i Rpbdihlly sWiEhRI Buitdble &lvents include, for

I phatic, cycloaliphatic and/or aromatic group and n
exsmpla, glyptleathénscveh asthyleng glycal mpthyl ethan and propylepg glycol

moﬂofm%tﬂyl ettf;@t %)%Bpé;ll'xbpgﬁ!ek@s&@l% &ﬁyle?xe%lmm ﬁﬁﬁ@ﬂe@ﬁyl ether

yepoxi des are forned when n is nor e
acelwwtacndeerwlwmécyol enomethdrether gesbeter ae@e@%ert?emde ethers and

polgﬁ%ylegésm%le'tﬂts@t gﬁygﬂf}@hercﬁédé"@tlﬁl? e8R3S hh9d1ypRopFléhe oxide

be used in the pr esent

may
ethien geters: cymidey endhps Phbitdimeshdfarmamidgsarmasig bydrgragbons toluene

and RiRhE; S;ll[ﬁ{anc(}%l(ﬁ‘O@J}gaﬂé;YZ HNERELs; MRidp¥hited Hydrocarbons; and
epoxy-cycl ohexane ca ate

r
migfjuzeq thereefpoRyafgerd WEW?P;/ s ingludgreopyleng Elygel mRagAthy! ether,
whif el A Bélially available from The Dow Chemical Company as DOWANOL®

PMA and DOWANOL® PM, respectively. These, can be used alone or in combination

with another solvent, such as methyl ethyl ketone.

The solvent is present in an amount such that it constitutes at least 5
percent by combined weight of the solvent and starting materials (that is, epoxide-
reactive compound(s) and epoxy resin(s). Preferably, the solvent constitutes from 10
to 75 percent of the weight of the mixture, and more preferably constitutes from 15 to

60 percent of the weight of the mixture.

The oligomer composition is formed by bringing the mixture of solvent,
the starting epoxide-reactive compound(s) and the starting epoxy resin(s) to a
temperature above their respective melting temperatures, and permitting them to
react until the epoxy groups on the epoxy resins are consumed. The starting

materials can be mixed in any order provided that the solvent is present when
-9.
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m xtures thereof. OQther suitable epoxy resins include
oxazol i done-cont ai ni ng conpounds as described in U S

wdadoenkssho. 5, 112,932, In addition, an advancegcr/us2007/012644
epoxyi socyanat e copol ynmer such as that sold

commercially as DE.R (r) 592 and D.E.R (r) 6508 (The
Dow Chem cal Conpany) can be used. The non- hal ogenat ed
resin preferably corresponds to structure Il in which

each mis zero. npl es of the nonhal ogenat ed epoxy
reaction fendifiepy aee m*g?xf& dfre Eaastipn can by Pﬂv&f% ﬁhéﬁmeratm of

1046 2085C 3 REEPR! 114 tH11804E 116} a PeriBl SPOP! 4 Fours, preferably 1 to 3
bi sphenol’ S and bi sphenol AD, and m xtures thereof. The

hmﬁﬁiogenated epoxy resin and the additional epoxy
resin, when used, are preferably nﬁgnly S{functlona
[T hi gher i aWeeBnal theyreapra catbe yHgpnitoring for epoxy

coi@ht0TRR 3L sHHRUA baknti@sh &@cmleeepbkay cOhtedld Hfsfhe reaction
they are preferably used in small quantities, such

mnffélf%lﬁo@#ee?ﬂ by gt gy helfornd may| bw&ﬁveefl# the pRoxy “content is

redu@8d tb%bél@@%ééslﬁamnﬂlahlaﬁleel Hgﬁ{&feaﬁﬁ&pﬁﬁdchédmunﬁhﬂle epoxide
epoxi de-reactive conpoundé) and epoxy resin(s)
age

contenicie o dngpdihelovs Ockpercentofoaged on werght of Feactie it nesmgterials),

theni%fsﬁftixél olig'&n%'cﬁﬁxp%@ﬂmh&@ﬂl i Sind Highh@tiel df @Qﬂﬁﬂe react1ve groups
conposition are soluble, at the tenperature of

th
to QROpY GRRHRSy Jf tmepts pastfentritgedurarein0-3 Lo AG Pexgagt Phgoratio of

epoMiddirdabeive eﬁaup@&o regagt gﬁﬁlp@ QRNBENEES). Thisi dFeerERXbhe effect of

resin(s). used to nma |'i gomer conposition, under .
IncreAsing hrfint Haaﬁga@rs ”Piﬁ‘ge %PF’g EPmer SAMPRSIEOR dRd I?rfésucmg

rea2flb¥ €ithe {rPMmaling tHe®liponfe@! vents, if a mixture is used)
preferably has a boiling tenperature that is at |east

equal t o'me dlipsmbakatdy ﬁwﬁhwbbtyrmcmb@dhﬁ RAE h2édehes of one or
onduct the ol.i.gonerizat reaction.

Bortrlg R b gt & sieble such
moR, 1A SR SRR SPPURF B0 RSV EBPREnPEC RRayDe; Siitghle sue
cat&lyistdretdes@ibd B, @ozs&iavle;nb SUlsmalﬂ@Lea No8! 3,886,8P2.63,341, 580

I I eéh rs su s et hyl ene gl ycol nethyl ether
33305501 LAL PGP THBRD ER PIC DS ST oo Han it 4,048,141,
4,osg,ebo,|azs, 131,b|3$,ar;|§323ba601 171101132701%21:1 i, 2&1 hego2pset, alazom, 4,358,578,
[ en no r tate'
4’356%% w}e 4AE5 5200 &5 %'ea a&iﬁ ﬁ% Fisdgyfgeeles such as 2-
meﬁi)hﬁﬁﬁlaz&@i - @ﬂﬂwtﬁﬁh@tl@ﬁrﬁlﬂaQMB82 p‘h&hﬁrl&naﬂﬂ)le tertiary amines such
po ngggxlene oXi
as triethyla e, trlpropylamme and tributylamine; phosphonium salts such as
ethyltriphenylphosphonium chloride, ethyltriphenylphosphonium bromide and
ethyltriphenyl-phosphonium acetate; ammonium salts such as
benzyltrimethylammoniuxh chloride and benzyltrimethylammonium hydroxide; and
mixtures thereof. The amount of the catalyst used generally ranges from 0.001 to 2
weight percent, and preferably from 0.01 to 1 weight percent, based on the total

weight of the epoxide-reactive compounds and epoxy resins used to make the oligomer.

The oligomer composition prepared in this manner surprisingly exhibits
excellent solubility in organic solvents such as propylene glycol monomethyl ether
acetate and propylene glycol monomethyl ether. Similar oligomer compositions which
are made in a fusion reaction process as described in US 5,405,931 tend to form turbid
solutions which often phase separate upon standing, indicating that the oligomeric

composition contains some insoluble fraction.
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et her esters; am des such as N, N-di nmet hyl f or mam de;

aromati ¢ hydrocarbons toluene and xyl ene; aliphatic
whyaragopbons; cyclic ethers; hal ogenat ed hydrpecaubmos12644

and m xtures thereof. Preferred solvents include

propyl ene gl ycol nononethyl ether, which are

comercially avail able from The Dow Chem cal Conpany

as DOMNOL(r) PMA and DOMANOL(r)PM respectively.

These, can be used alone or in conbination with

anot her ?bbd@hgengtmimlm@mtmmmsmh isaisgfid aspghain extender or

r MUY, .

crogﬁln\i%ﬂf%xt %%\gngﬁ‘gnég g?c A ngg Eﬁ%ﬁgﬁg Vg\é'leactweo(%r non
reactive gddlitrtsughds S!tflﬁltle ngtanﬁarérmaﬂhsmphlaﬁtlc%,

epoxi der AR

Pref er ablq?%él% g vg#t;&(g:rggnust It bs?ggﬁ( ?lg%édlma)epmg resin
conrsitéort ugdful foe mep@mg electrival laminates, thegligemer composition is

f

sl A1 ORI BB BBk i, which an
theindyenmaured yvitix pagonmord eporyauring agends| vent , t he

startingrgQ %é)dﬂ‘for{a? %g&%ﬁesﬁm& 4R %@)agt%rbq A8 bR u,g Bfoxy group

epoxy resin erature above their respective
pemmblecnly. tleppefeethly esntaimrctvseeminprd enppxylaraupymolegties, and more
prelﬁma'bbr E%Qal.?ﬁ%yregﬁlgﬂ@sep%;l{g %)@c{l SI ns are

e startin can be mxed in any

order pr %‘e%%qltu}ﬂxll e})ny by ﬂﬂ\ty Bestl"férs%%?éqépoxy resin that is used to

whenreaction conditions are achi eved. The reaction can
malse the aeemeric gempositinpegranay be g difforentgesigo Higher functionality
ep(BJyerfegl ahkhy bL]tgleertehaﬂxrg\f {}Qracﬁ'aﬁl@éﬁxgﬁlt 8bp Ort3s beefdrably not

ours, preferably 1 to ours. The progress of the

halloawtpé,naa:fem nfeserrmewéhebgey afomp i Fhead lélpnelp?ﬁéw resin can cause
un& N @NVeactlfes WRAGHE QoAU fl BEe O/ OUeRalyBEd. I THNSdditional

epoxy content of the reaction mxture is reduced by at
epdxyaesingslhay have anpverage srexida dunchnnality pE2 ep grgater. preferably at
leagﬁﬁ 5614 indrd FRYSSEIY £ 1BRLCYY TRENE 8P RighédHhhétidimlity bpoxy resin

e reaction proceeds until the epoxide content is

in thiglgtepdendy tap ougdgesindinving addghesrerorslipk degpity cwhigh tends to

leaﬁttarbtztt@g tﬂ%ﬂl'ﬁbﬁérﬂe& h@u'it%%lél éﬂcﬁg Bhing Qﬂfﬁﬁde glycidyl ethers of
n}JOSItlonV\II | contain a |g rati o of

ph@rpdseu cgmpogads Fyeh ay msgrcing, eatesholghrirgguinope pigphenol, bisphenol
A, Sﬁ?ﬁél‘ﬂ(ﬁ A0, f%s(h%yﬁ%@ﬁ%ﬂy@ PpBehft 2hInOEPEBAEROILHENA

I 0 _of epoxide-reactive groups to epoxy groups, wll

' bisghene)\ ey Prqurgd@'d@gppq?égpg}gyere@mse}éqwag an’average of greater than 2

epoxy groups/molecule include cresol-formaldehyde novolac epoxy resins, phenol-
formaldehyde novolac epoxy resins, bisphenol A novolac epoxy resins,
tris(glycidyloxyphenyDmethane, tetrakis(glycidyloxyphenyDethane, tetraglycidyl '
diaminodiphenylmethane and mixtures thereof. Tris(glycidyloxyphenyDmethane,
tetrakis(glycidyloxyphenylethane and tetraglycidyldiaminodiphenylmethane are
preferred when a low viscosity resin is desired. In view of cost performance, cresol-
formaldehyde‘novolac epoxy resins, phenol-formaldehyde novolac epoxy resins and
bisphenol A novolac epoxy resins or a mixture of these epoxy resins are of interest as

the additional epoxy resin.

Epoxy novolac resins are of particular interest as the additional epoxy

resin. These resins suitably have an epoxy equivalent weight of from 150 to 250,
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increasing Tg in |l am nates made fromthe ol i goner
conposition and in reducing reaction tinme in making
wo be@7akdsgoner. The ol i gonerization is preferabbyr/us2007/012644
conducted in the presence of one or nore catal ysts for
the reaction of epoxide groups with phenolic groups.
Suitabl e such catal ysts are described in, for exanple,
U. S. Patent Nos. 3, 306,872, 3,341,580, 3,379, 684,
3,477,990, 547,881, 3,637,590, 3,843,605, 3, 948,8
espgcighy fooyy 1 63 0480 Buch zepysagspyailableqopmercially g9 D,ég\w 354
D. ﬂN@J@fuﬁ)E M6 438 3348 .D £ N @439 fronf'TRL Dod2Chethicad Eomifany.
4,366, 295, and 4, 389,520. Exanpl es of suitable
cat al yst Tha ratipnpithedialesenainn eligomen fiompAsitifrand Fagadditional

epoky SEO aré sBREAM! duth 48EPLR epexyPi@ifhatedl ARAALS FRIH isHo¥med
am nes such as triethylamne, tripropylam ne and

hayipg B depirasienexprspalspt wieightiand adesiresshalogen content. A

stoﬁ:h%étﬂc@i@é@él dt QH@ thﬁidﬁm EPOS el is needed in order to obtain an
et hyl tri phenyl ph osp honi um br om de and

epcmyrtyrmmsh@ mAteriabs Bhoapamn essetadent weighb Af tha adyanged resin may

be g‘d ;‘lﬂftobﬁpé()(d b in¥Rd HreRERBIY fidth ABb Q6 2860 3R especially from 150 to
en t ri met hyl ammoni um hydr oxi de; and m xt ures

40Q. h'Eh'eb#lOg% eoratﬁaaﬁf thefadvaacediresisy i suitablly fomed g e §5, preferably

fro{nafwﬁ)sZi rrﬁ)JQth‘Q@}aﬁlg flon{BuGHt sRELiERNbercaiid preferably
fromO. to 1 wei percent, based on the total

wei ght offhe Wé"ép%@u ngeiry @é’@f‘Y%e%‘é}‘rﬁﬁ‘Eﬁ?dg ¥ heapiggyp mixture of the

ohéo@ﬁérr&n{b%gﬂl&loar@mkﬁﬁapeﬂcﬁ? FB&in ihltBe %lré%@@ bf a suitable catalyst.
conposition prepared in this manner surprisjngly

It is et PPeessarydeITEReve $he selvent fromthghelogenatest Qligpmerdefere

corﬁ%cﬁﬁ? Rié SBEaroNel rSRRRELAY in 8§ isafretdt&d 61 this solvent
propylene glycol mononet hyl ether. Simlar ol

reTgJRP FEEIENGN Additional splventsgnay ke é)req%llt %dqsgg@t Pghough volatile
malbé 241§ %ﬁa@@ﬂﬂ%&%dat' the U@aéx&pén%ﬁ'aﬁﬁ'@ Girt QréfefdBly avoided. The

turbi d solutions which often phase separate upon

reagtlaneﬁ eRptinued; wnitli thg depiaed eRRXYRqUBHERY Welsbippebtaingd- The

ad@éﬂ%@'rﬁhcteﬁgma'yriﬁahug la&mixtard d)fql'hrEH&eB alaaftesial @goxy resin and the
I goneric COlTpOS|t| on is useful as a chai n extender

hal@gereateé sligerrer cqpposition/additipnaberaxyriesinreaction predust-s o

be used g%;@blSRGELYE cOidifiBhs SALEdnERa B tihd satRe Y @BscRfbed for the
a flame retardant in thernoplastics. To make a highly

prepaertien pfthealicomencomepeifieRat ed epoxy resin
conposi t iTee Ydsatikk Jd@%n&rdeﬁﬁk!y Residl i€ 6hithBRin! AVE &Y @8 epoxy

t he ol i gomer conposition is
resin applications, either by itself or as a blend with one or more other epoxy resins.
An application of particular interest is the preparation of electrical laminates. For
that application, a varnish is typically prepared by diluting the advanced epoxy resin
in a suitable solvent. The varnish will also contain at least one epoxy curing agent
and at least one catalyst for the curing reaction.

The particular curing agent used is not particularly critical and
therefore a wide variety of curing agents can be used. However, the selection of curing
agent may affect thermal properties of the cured resin. These include amine curing
agents such as dicyandiamide, diaminodiphenylmethane and diaminodiphenylsulfone;
anhydrides such as hexahydroxyphthalic anhydride, copolymers of styrene- maleic

acid anhydride; phenolic curing agents such as phenol novolac, bisphenol A novolacs;

and mixtures thereof. Other curing agents useful in the present invention are
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reacted wth at | east one additional epoxy resin to
form an advanced resin, which can then be cured with

WODR7Q4s80Dr € epoxy curing agents. The additi onptT/@9m§¥012644
resin has an average of nore than one epoxy group per
nol ecule. It preferably contains two or nore epoxy
groups/ nol ecul es, and nore preferably contains nore
than 2 epoxy groups/ nol ecul e. The additi onal epoxy
resin e the sanme epoxy resin that is used t

deschibed i L HlB ISP RY QPBLicAaRRo (D04 CHOBES e be amount of the

cuﬁ@ﬁsbé}:nty‘ugp&(m]ﬁ WBEhhRPahhdd/ HEROXY th 438, RSp&ikPEom 0.8 to 1.2,
erated during the advancenent s

equiyalfat BeN sp%teqﬁwaé@érﬂittba ePeRy %q%pweééh%ﬂ@f adygpgefbresin.
atons in_the additi onal epoxy resin c
undesi r e§PEaHY; dNddGrInee Hcatalnsty can eﬁﬁeﬁg'éﬁ‘?e XHigh

coxﬁﬁdsi’dwxﬁ t1ﬁclu HdGe Hidnided BRFY Wills réipSit fthe pR¥Sar@bion of the
aver a e functionality of 2 or greater,

oligomere atﬂa leaqat?l@afs%mgusts‘aafa Wé%?eé’f'é% ok ¢s Helk east
3. The use of a_higher fupctiqgnality epoxy rg& nin

this stept }I‘ee‘é"’lf@?t}bw&l wirlede 3 aQlvanthon A RpxtirRofpelyents. The solvent

used 108 thé BFox3aR8int ompHRitidh ﬁx@?cﬁ‘é the shfdmhterietat Qhat used to prepare
thermal properties. Swtas % epoxy rels)l ns %ncl ud
thegligorney ICOmPRBIHONG RS AR APEWhB UL be Adli{izent material. In

partfReh¢ lcﬁﬂirrbcﬁﬁﬁﬁ&h%nts hy 4l Bél ubékpﬁﬁtheb*ﬁ'ﬁw @k the solvent usually
bi sphenol _ A, _bi sphenol AP

will pe rergpeg d'ﬁ‘S}’Eﬁ %F‘Hh'é%yf‘)cefs phenyl ethane), bisphenol
F and bi enol g Pref erred . addi.t naI %Of(p)/ r%si ns . .
havi ng a \Yéf‘é‘ﬁ 7Y glsaseriain ﬁaﬁnb 161t 49 help control reactivity and
in §nfd!PEdeBd OGhér indfdadd €he BRSO Itrafxﬁiﬂm{ tiehydtatnewtithe cured system.
Su)&g yﬁg&}i?ﬁl&%}%&ﬂ ]?uJ@ rrrals?ag sr%xc as%lo%% a%Pd? )l%rornegﬁgg and boron
estbFd, aé dbycribddl ia Xy [ arttn b 584,720 and 6,613,639.

t et raki s(gl yci dyl oxyphenyl ) et hane, tetraglycidyl
di am nOdﬂ}hb%yhﬁhhﬁﬂ)ﬂelsaﬁlﬁiclﬁﬂé(btheeﬁdﬂi&veecﬁuch as pigments, dyes,

Tris t han
rgts ardiply ﬁﬁa@%ﬁ%%%fﬁgﬁ%ﬂ‘% gnd mixtures thercof.

tetragl y(‘;\lézgl dtl a nodlp e}pg el hane aée Q rgg <¥‘x’“%§n

a | ow vi SCOSI ? 7Y % T R YT =Y i et v ‘cost™ mea
migteiré of ﬁ'm]mipgm'rae&b bﬁ@udmkwmyel @hgomet' aod eapmppxy eedingnstead of (or

in %hﬁg hm%aq gecp %ﬁgzl;lr?c%d rtras?uSll ﬁ%q'ak%lusswﬁp giso contain

pox 8N &7 amx eseeo
at least asme aroay@ﬁrnngta@eas as desdrﬂ:edaxéﬁorm mmaepmnyam e>$lnen' additives

(such as catalysts) as discussed before.

To produce an electrical laminate, the varnish is impregnated into a
substrate or web. The obtained impregnated substrate is dried at, for example, 80°C to
200°C, and preferably 100°C to 200°C; for 0.5 minute to 60 minutes, and preferably 0.5
minute to 30 minutes, to remove solvents and form a prepreg. Drying conditions are
selected to minimize curing of the resin. The substrates used herein include, for
example, glass cloth, a glass fiber, glass paper, carbon fiber, carbon fiber matts, paper,
and similar substrates of aramid, polyamide, polyimide, polyester, and other

thermally stable polymeric fibers.

The obtained prepreg is cut into a desired size. Multiple sections of the

cut prepregs (for example, 2 to 10 pieces) are stacked and laminated by application of
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Epoxy novol ac resins are of particular interest as the

addi tional epoxy resin. These resins suitably have an
weEor48eui val ent wei ght of from 150 to 250, espegugdob¥o12644

from160 to 210. Such resins are avail able

commercially as D.E.N(r) 354, D.E.N(r) 431, D.E.N(r)

438 and D.E.N.(r) 439 from The Dow Chem cal Conpany.

The ratios of the hal ogenated ol i gomer conposition and

the additional epoxy resin are selected such that an
prespuseyandeslnyatad demaaratite ¢uek aprfor examplee d0rta P0HEe/gm* and 130°C
to SEPCT &Y CROXY HBUH ¥Rl EBhY e Gh hnd Bt AndeRinti8d td) 2A R 8RR trical

content. A stoichionetric excess of the additiona
conslpgliye tayer is fosmedeaetdheilaminatewith apiglegtricalronductive material.
SRR EHETBh Ao hidialy LR RO R0 T0 0 Slaitfleilbctrical
conmluctiye pregélersabh psicoppari gold; silvegoplagingne 8pd @leminumy om

150 to 400. The hal ogen content of the advanced resin

i s suit abThe ¢leciricablarpinates mprnfactiyed aprdeseribed gboyg can be used
as %51‘&5%&%%'@@ {5 P 1hPer BN u HNcuRBSeH for B trical or

advanced resin is conveniently prepared by heating a
elepirgpigrequifmente ol i gomer conposition and additi onal

epoxy resin in the presence of a suitable catalyst. It

i s not nddesssyathnlegengird eligomsy| RFeREredigEhe gelvent has been

foulhdl tBIENBL LT ok SREREs iRahe tRedRAIGHEME sIIT@h SN AICRERNAnd the
reaction, and_in fact it is preferred.that

th
resybiinglamingfmi Fenproliyethe Toefdne lommate it from Loy toR0°C. and
pr&élea%ﬁnfroh{ 14198 to81®0°6/] L PERe ¥RifaEdbIE fioR £50°T & 1908C.

w || "'evaporate at the reaction tenperature are, . )
pr ef er abllpminategeryePaed Ysang theotP P TP CMRogLtiAR 9fjthe invention

alsh Rend ESEXR Bt SROX Tle Qalie¥ 2hIERdugheihale cars valkt abfiantli @epending on

advanced materral nmy include a m xture of unreacted
theachiies ofpartielex ptarsisigrmategialy d b vilscion temperatyemeh thermal

de5AARASH W 2BLAGLY LIRRE] a1 GPAN et A a8RGS (TBAR! PHEGAmple is heated
ulrtabl e reaction conditions are generally the sane

as
at gasterofddiCirain, ppd the sisighitaf she spmplrcis folleyperkThe Ta value is the

terf POHRRSIel 4tQhick RRe EE2BId haloa6s WESt RO T8 dtidiBal weight.
suitable in a variety of epoxy resin applications,
ei t her bynimamy ¢asss, Tavadues fifaomi30R°G ke 480° (raprefegig from 320°C

to SEPYad ESo8S pretbrBRPBEGT 1003700C, BAl bé 6bladhed. Nt erest is
the preparation of electrical |am nates. For that

appl i cat iTeBo ig d¥Rk RSl b thetRidpahvihetFie RABRAIITMA). The sample
is géaltgttl Itc? g65°%ear?<ij yl&r(]ica%q:hgp ge)%pgrg%&r% until such time as a measureable
change in sample thickness, as a result of thermal decomposition, is detected. T260
values are preferably at least 15 minutes, more preferably at least 30 minutes and
especially 60 minutes or more. T288 is measured in the same way, except the sample

is heated to 288°C. T288 values of 5 minutes or more are preferred.

Solder dip is a rapid test that provides an indication of how an electrical
laminate will withstand soldering conditions. The laminate is dipped into molten
lead-free solder at 288°C. The sample is held in the solder until delamination is
caused by decomposition of the resin. The time at which decomposition begins is the

solder dip value. Solder dip values of at least 100 seconds are preferred.

This invention also permits laminates to be formed having very low
dielectric properties, as indicated by Dk and Ds. Laminates made in accordance with
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in a suitable solvent. The varnish will also contain
at | east one epoxy curing agent and at |east one

weasahyst7 for the curing reaction. The parti cup@r/us2007/012644
curing agent used is not particularly critical and
therefore a wide variety of curing agents can be used.
However, the selection of curing agent may affect
thernal properties of the cured resin. These i ncl ude
am ne curing agents_such as_dicyandi am d

thedinaentienpfsee ayhibit s Drof logal tham di3s seelorably Y lasithan di2 and more

premfﬁfy 108 h 4. '@ f31 m-l(zahﬂ% ﬁ%‘b{mterlalmﬁat@rmﬁﬁéh d@es than 0.020,

copol'ynmers o %rene- mal ei ¢ aci d anhyd p enollc
eé«tnabbgleagérﬂrso 8y nndsncpmeﬁeferablvdﬁ%@ctham%%ﬁél MHz

novol acs; and m xtures thereof. O.her curing agent

Useful | hanHBatesdaaedn i aRsariansh waFh theskeBUAn AlPogiesd to resist

delEHRhashed Patent Application No. 2004/0101689. The
amount of the curing agents used will normally range

from 0. 37h@ hhickenGtddesligdmer JitRET B eBtiol chndilso be used as a
equi val ent per epoxy . equi val ent ff t he_ epoxy

commpReDh b AP SADRR VP ReA e Sarcaetalis oS, Sych asgopper fpily; dp one
embadigfer®f tHeddoatingt Sontpdtitieh HieBtldstht tlh%lc\g%hﬂteﬂh}hgomer at least one

conposi ti on, |nclud|ng those descrj bed befor
ePQRY I/ Y artdoatt éstpqrgpeé}ogy iCHRLNgfa8eRL B} f ¥ em%a%%emt the coating
corFEsMi¥S {nchid HrSadVohcas, m%dalﬁ&ﬂe&ﬁ(fy%&n @sdemetibed abéve,
varnj sh will include a solvent or g%xture of

optionallyatdeastinnegddditional gpexy Fesintapd QV MESAPXY curing agent.

MeERGOB b Hlﬁ%iyn@ gutihg cSA I GHt6 mhethl fislstadrdidesisasbd @or example,
0 conposition, as described above,

repare t
mﬁ Sng?t%’él‘&’ *ﬁeﬁ‘@nt material. In particul ar,

| ower - boi|ing solvents ma sed th
the. sol vale Risetigvsadan WL be HETatret P PR e L do i pference to

theﬁfolﬂﬁﬁﬁﬁg tEI@llﬁplé%rdi:ltdS@orﬁBMraai&CSaﬁﬂﬂlbﬂl whizh dr8 linlo]?td Bd% cérstrued as
e contro reactji vit n cases to urt her
R TR AR A A PR o s e %y it

system i tabl e such inhibifors_.inglud
such as BEFiousierms apgd Pﬁﬁ‘gl}?flﬂ’és gﬁ agtﬁn'élgt o q:i)e following
Ex8mplds die@xphikbd & fdlavent No. 5,314,720 and 6, 613, 639.

The varni sh may al so i nclude other additives such as
pi gnent s D.ByR® 380 Ieb&iﬁresﬁuisfadigaymdyleﬂiemwf bizphenadrA with an

ane.r res ther rpat |
cpeps R SH-C AR ePE P 2D A AR FruhR ol sufisnFe Bk 10 Do
Chemical Company.
D.E.N.® 438 is a phenol novolac epoxy resin having epoxy equivalent

weight of 180, commercially available from The Dow Chemical Company.

D.E.R.® 560 is a brominated diglycidyl ether of bisphenol A having an
epoxy equivalent weight of 452, available from The Dow Chemical Company.

D.ER.® 592A80 is a brominated advanced epoxy resin, commercially
available from The Dow Chemical Company.

“TBBA” stands for tetrabromobisphenol-A.

D.E.R.® 542 is a brominated epoxy resin having an epoxy equivalent
weight of 330, commercially available from The Dow Chemical Company.

SD 500 C is a bisphenol A novolac, sold by Borden Chemical Company.

-15-



10

15

20

25

30

m xture of the hal ogenated epoxi de-reactive ol i goner

and an epoxy resin instead of (or in addition to) the
woaloogeget ed, advanced epoxy resin. Such a vargigusiholdizess

al so contain at | east one epoxy curing agent as

descri bed before, and may contain other additives

(such as catal ysts) as discussed before. To produce an

el ectrical |lamnate, the varnish is inpregnated into a

substrate or web. The obtained inpregnated substrate
i s dri edDRW. Aml@fé‘%lléapsemée%glzegbgongﬁathyl ether acetate,

con%@lfc%mbé%lﬂa@,@e &mwm& Ché&hiddl Boftipanye to 60
m nut es, andgeera 0.5 mnute to 30 mnutes, to

remove sBOEANOLBPM it PzCR e @gcolmlwq@e%hamerowglmermaﬂy
avﬂaslessbsoh%ﬂnw (@i&&hﬁh?@oﬁ?&ﬁh?g of the resin. The

substrates used herein include, for exanple, glass )
cl ot h, aVarigysexperipentgl égsgu}ga%«;g} an:tlgpgblrfnpl; p used for various

meSalBARntd Refher@hlv\%mgpﬁ%ple@'&ge sk Bl A¥s: subst rat es of
aram d, pol yam de, polyimde, polyester, and other

t her mal | pse a8h8s R YfBFentiall 'sQﬁ{n‘ing I&l@nﬂ@t@j mefis the mid point T
. gﬁcfreg is cut into a desired size. Milti e sectlon
y

Ff!?aélﬂedp‘i'%ﬂg édgea(:mgrraég(lgnw @/mglu(tg fon §ZO° minute for
lanmshagked and | am nated by application of pressure and
el evated tenperature, such as, for exanple, 10 to 50

Kg/ cn2, BMITA 304 dsfor dghthic rfneéhaﬁngalttﬁeﬁnapaﬁaﬂygis. Tk @neasured

the resin and talnalam [ ectrical

at %B?ﬁ&m rase of é9 /mpguesto ) @M‘hé qsa'ﬁluaﬁlafléasﬁ i1 0 Hz

el egt ri c@the Gﬁﬂﬁaehlté/ﬁeaﬂﬁgﬂ% |oﬁ¥esn&ﬂsh|iibz|1§i1r€ifl bs&tbﬂérﬁﬁhig the resin

conduc eri als. use er |n|nc r ex ,
SOl L B P R B B e S S L FRAFPg ¢ it thegjiriace of a 170°C
hotSilhdeE Reaitivaty ﬁ,th'ébaftéd Ak $HE Blapsed tialeefee@ueuqaf gelation.

| am nat es manuf actured as descri bed above can be used
ExasiplEetiadndc? add [Guih €ive Ax@nipléd A-d r printed

circuit ards for eletrlcal or tronic ui pnme

e use Diehmer FRBEIC Tven sreprind by GRS 79,0 PRES Ol DER®
5456009 Fbsinps1. ReRAtS ﬁUI‘BIBAindeﬂ:lB bﬁrﬂslﬁﬂWNMB@iHMN’lﬁ a 1 liter

t her mal ertleé of thec red resin e ) inl
ElapEREF A AR il pErrecn BB et npitiqegn inlet and
a corfidene&M TROrdactsr o'éﬁ?ar@s me:l hpatedabaloyC té Cormld @84En ts6lution. 1500

erabl from 1500C t o, 1900C. ) )

PP AP B R B E ey edaele sy o Garet G ASoeTpbiggd weight of
theQdpoky €edin wQAITBIBA, was added to the resin solution. The solution was then
heated to 130°C and held at that temperature until the epoxy content was reduced to

less than 0.5 percent (approximately 90-120 minutes). Additional DOWANOL® PMA

was added to cool the resulting resin solution. The ratio of phenolic groups to residual

epoxide groups in Oligomer Example A was approximately 20:1.

Oligomer Example 2 was prepared in the same manner, except for the
proportions of starting materials, which were as indicated in Table 1. The ratio of
phenolic groups to residual epoxide groups in Oligdmer Example A was in excess of
20:1.

Comparative Sample A was prepared in by charging 28.8 parts of D.E.R.

- 542 epoxy resin and 71.2 parts TBBA to the reactor. The reaction mixture was heated

to 150°C and stirred under a nitrogen atmosphere until a transparent liquid formed.

1500 ppm of ethyltriphenylphosphonium acetate catalyst was added, with the
-16-
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also tend to exhibit high Td val ues, although these

can vary significantly depending on the choi ce of
weotiigsgbar starting materials. Ta stands for pcr/us2007/012644

tenperature of thermal degradation neasured by therma

gravinetrical analysis (TGA). The sanple is heated at

a rate of 10C mn, and the weight of the sanple is

foll owed. The Td value is the tenperature at which the

sanpl e has | ost t percent of i.ts origina

tempergtire hewmmr%laéég %elpav Va9 Gedurang thegatalygbaddision. The
m1x4thQQ (rasRh&h 868 Yo 15600 a?t?cpggdté% tREE dm S1el t 1 81 one hour. The
preferably 3300C to 3700C, can be obtained. T260 is
broginated phedoly clisppabyrather eedled apd flpked ap morlid The
sanpl e i gohfAksvd Sar® B faphfbPin fHaddanimRRREE Y ©

until such tine as a neasureabl e change in sanpl e

ComppeadinesSample 4 axgerf for she prrnordrnyeictatiing magerialsswhich were as

nuﬂ&&g&hpﬁabgaﬁo val ues are preferably at |east 15
mnutes, nore preferably at |east 30 m nutes and

especi al Mhe pheppligeauivaienppeightToel viscosits aileg°G.nTs (g DSC),
solﬁ%?@yhe BOSPRNOINS PARARbRch® nﬁ‘ﬁ@&ﬁgr Wei dgaﬁ§ g’ndm&ﬁrct

of 5 mnutes or nore are preferre
distributiompere determines; fopeach aExamplesd; and 2 eﬁdé?towasme Samples
A I85! Re&@ks Wapd Q@Irﬁiu‘!&thb ipMraBRt and sol deri ng
conditions. The lamnate is dipped into nolten
| ead-free solder at 288C. The sanple is held in the
sol der until delam nation is caused by deconposition
of the resin. The tinme at which deconposition begins
is the solder dip value. Solder dip values of at |east
100 seconds are preferred. This invention also-permts
| am nates to be formed having very low dielectric
properties, as indicated by Dk and Df. Lam nates nmade
in accordance withthe invention often exhibit a Dk of
| ess than 4.3, preferably I ess than 4.2 and nore
preferably less than 4.0 at 1 Miz. The Df of the
lam nate is often less than 0.020, preferably | ess
then 0.015 and nore preferably less than 0.010, at 1
MHz. Lam nates made in accordance with the invention
al so tend to resist delam nation. The hal ogenat ed
ol i goner of the invention can al so be used as a
conmponent in an adhesive coating for nmetallic foils,
such as copper foils. In one

-17-



enmbodi nent
hal ogenat ed

wo eRSh4BIE €poxy curing agent.

t he coating conposition includes the

ol i goner,

at

enb

| east one epoxy resin and at

| n anot her Opt TYE83007/012644

t he coating conposition includes an advanced,
hal ogenat ed epoxy resin as descri bed above,

at

| east one additi onal
epoxy curing agent.
coati ngs onto netal

epoxy resin,
Met hods for applying and curing
foils are descri bed,

and at

for

in U S Patent No. 6,432,541. The present i

W |

amles a

optionally
| east one

exanpl e,
nvention

be described in nore dpfigbly with reference to the
d Conparative Sanples,

which are

foll ow ng E
Compenendsphe c
i ndi cat ed,
Various ter

hEsamplgil 4
Al | parts
s and de

sCtrmmJtatwg

ignations f

kample? hef

aramplerAent ages are by

the materl

Gpraparative
wExmple B

al.s used

D.E.R. 5#2 ghwy

g88g Fxa

%8 are ex|

37.48d as f

168

TBBAEpBwir) 3

DOWANIEEnol A
PMIg ®bweonmer

BO1.8poxy r

B2 is a di

6%:85 dy| et h62.25

#2B8h an €
Cially avd

pbxy equi val
ilable from

@ wei ght
The Dow Chelni

(EEW of

cal

Ph&adigdaW. D.

542 () 43

&$a3% a pheno

8thbvol ac e

%3/ resin

Te,196ViI Ng epox

629ui val e

B0 wei ght of

880, come

r¥9ally

Solabdityabl e f
is a bronn

 8odubhe Dd
at ed di gl V

VWPzitiallyc al
cdodyble et her

Cospable D. B

pf bi spheno

Ruttiglly560
| sodublavi ng

M.an epoxy eg

L8YRI ent

wesght of 452

1894ai | abl e

118m The

M.Dow Chem ca

18onpany.

173 R (r) 5

025 IS a

b279% nat ed

samaner ci al |

4428 | abl e

09 The

M.advanced ep
Polk@idpehifiy ca
Frée€ NBBX, 05@D _
per@B@XY resinfhaving an
2:1CARABES, ¥l y3gval | abl
orSEh500 C i sl a bi spherjol A novol ac
2: zCKaah&al weo[TRgny. DOWAN - Xg) PVA
perd@ROgEt hyl Pther acetjate, commerc
4:31284LPW tRegcal Conmpapy. DOVWANCL
perdbyicol monopethyl etRer, conmerci
Highers 4 9
Melt Viscosity @ | 3.84 10.4
150°C, Pa
*Not an example of the invention. 'Parts by weight of respective starting materials. 2Solubility
in ethylene glycol monomethyl ether acetate. “Soluble” means a clear solution was obtained at
room temperature. “Partially soluble” indicates that a turgid solution that partially phase
separates over time was obtained at room temperature. 3A 2:1 adduct was the reaction product
of 1 mole of epoxy resin and 2 moles of TBBA. A 3:2 adduct was the reaction product of 2 moles
of epoxy resin and 3 moles of TBBA. A 4:3 adduct was the reaction product of 3 moles of epoxy
resin with 4 moles of TBBA. Highers were 5:4 and higher adducts. ‘Evaluated after drying the

oligomer composition for 2 hours at 150°C followed by drying for 1 hour under vacuum.
5Sample was too viscous to measure accurately at this temperature.

D257 esi n,
1@snpany.
gphenohA.

2 1BBA" st angds.i8or

43 E R (r) b54E81s a bro
epoxy equi vpl ent wei ght of 330,

ead rom The Dogg Chem cal | ¢pnpany.

sol d by Borden

Soft propyl enhgp gl ycol

ally availjgble from

i3 PM1s a pi®pyl ene
al |y

19
654

2.36
pmat ed

23
>1005

5

10

The results summarized in Table 1 show how the method of oligomer
preparation affects the composition and properties of the oligomer. Mn and phenolic
15 equivalent weight remain essentially unchangéd, whereas Mw, M: and polydispersity
are all reduced. Viscosity is also reduced significantly. The solvent preparation
process used to produce Examples 1 and 2 produces lower amounts of higher
molecular weight (4:3) adducts that are formed. The Ty of the oligomer is also lower
when it is produced in the solvent preparation process.

20
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avai |l abl e from The Dow Chem cal Conpany. Vari ous
experinmental testing and anal ytical nethods used for
wo adorQgoneasurenents in the foll owi ng Exanpl escBU€2085012644
follows: DSC stands for differential scanning
colorinmetry. Tg is the md point Tg by DSC, neasured
using a heating rate is 10 mnute for filns and
20C/ minute for |am nates. DMIA stands for dynamc
mechani cal thermal analysis. Tg is neasured at a
Expmplesiyl@at e of 10C/ minute to 2800C with a oscillation

rate of IQlif¥mer BfamplePk &ras PrEpdre@Gh thé E¥meigeh&sil Rfarrer
nmeasured by blending the resin solution with a

desezibadl ygth safieet todhgdreparatigniot helqergatedalisgmer fecamples 1 and 2,
usiﬁﬁrﬂ‘r Srt8hs Bf 3t40np MatktidiLas RAdGkeYid Table 2. eported as

the el apsed tine required for gelation. Exanples 1 and

2 and Cofligemer Fxamplar was prepagedinghefoms mppaghpe Oligomer

Ex{B:D1dY £RA] 80e:R¥pCHiit Hifig tR8 TBROD. B 064D nfixftrt had4dcted, a small
epoxy resin, 71.2 parts of TBBA_and 42.8 parts of

quahitanedia » ogenated eppyeresin.d3E-R@33Q wasaddsdaand pliqyed to

resftt BB ERAUC Ehe MdlEduthr wRighERF tIMoliRRKG! . PrapbitidriaG Btarting
I nl et and a _condenser. e reactor contents were
materigls werg ag indicated indFahlei2r esin sol ution. 1500 ppm of

et hyl tri gifRu R HSRANRIsWhapRIALEd ARl dhdhe mdRHRH a® Bligomer

t he conbi ned wei ght of the epoxy resin and TBBA, was
Exaiplal41 wping propestionssof sfarténg mperials|agtindisatassn; Takle 2.
heat ed t @1{30{4r B A16l60wad pidpalred BITRRS ind Sertithl nabhér

epoxy content was reduced to less than 0.5 percent
degczibsfl ovitreserst dExarpplepilinded,)using|grapostiens of starting materials as
ind AR CabBMA was added to cool the resulting resin

solution. The ratio of phenolic groups to residua
epoxi de GMiggmeriFranplge rendiS At BreRaTRS IS SRR gRer gl manner
destPibed with FEQRBY tofAIRbRs 4 HRP2, X8OV Bdt hnixBEreSdB.E.R.® 542 and

manner, except for the Ero ortions of startin% .
a neathalpgangted ppoxy repind Do R3304 g ysgd ta mrakethepligomer.

Prég¥rtiBn®bt hfateriQldRPer Quslifdicdttd inePbIk de groups in
i goner Exanple A was in excess of 20:i.
Oligomer Example 9 was prepared by charging D.E.R.® 560

halogenated epoxy resin, TBBA and propylene glycol monomethyl ether (DOWANOL®

PM from The Dow Chemical Company) to a 1 liter glass reactor equipped with a
mechanical stirrer, a heating jacket, a nitrogen inlet and a condenser. The reactor
contents were heated to 90°C to form a resin solution. 1500 ppm of
ethyltriphenylphosphonium acetate catalyst, based on the combined weight of the
epoxy resin and TBBA, was added to the resin solution. The solution was then heated
to 110°C and held at that temperature until the epoxy content was reduced to less
than 0.5 percent (approximately 240-300 minutes). Proportions of starting materials
were as indicated in Table 2.

Oligomer Example 10 was made in the same manner as Oligomer
Example 9, except that a small amount of a nonhalogenated resin (D.E.R.® 330) was
added with the other reactants. Proportions of starting materials were as indicated in
Table 2.

After the oligomer composition was formed in each case, D.E.N 438

epoxy novalac resin was added in the amount indicated in Table 2, and the mixture
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Conparative Sanple A was prepared in by charging 28.8
parts of D.E.R 542 epoxy resin and 71.2 parts TBBA to
wo be7neReior. The reaction m xture was heat ed pOr/iSH0H012644

and stirred under a nitrogen atnosphere until a
transparent liquid fornmed. 1500 ppm of

et hyl tri phenyl phosphoni um acet at e catal yst was added,
with thetenperature being controlled to bel ow 1700C

duritr;g the catal yst addition. The m xture was then i
wag hented tod 19860 Ethrigrinbenylphosphanivre setiake crtalysh wagadded in the

amlaﬁhfs mm%um H{‘TmEQdaH& ROMikt bk VY Bl at¥@to 14PC Q4 thr
and fl a as a_solid. Conparative Sanmple B._was

Exm}ﬁrf?e@nd AOX #rd b@é@tﬁhﬁhamwawpm%ﬁh@én@sﬁiﬂdeemxy equivalent

3 %‘pc{s JbRAinki e AR 'sgﬁénﬁ’tvaé ttﬁéﬁ haged'rﬁﬁ £{di&t8d in Table 2.
ich were as indicated in Tab g&henollc

equi val effheganijadentpeeight, |b§@’6§7‘€t ?P”&?nt percept 3aligls of the
resQﬁQg adfniéRl lrbdids Ward RE it MANP:A DabfdM SOl vent,

nol ecul ar wei ghts and product_ di strl bution were

determ ned for each of Exarrﬁﬁ'é@ 1 and 2 and

Ex. Nghpar ati ve Janpl €3 A gnd|B. sResjul (g Weregas| 1 ngll cat ed | 10

Ohggﬁefrﬂl%ﬁraliof[’c' ble T roomtenperature. "Partially
D.EFD

bew | ndijqatogs [elsat a|te gi d m87 ut [g3dhp10.06 [0 0

D:Emaso,abwv phdge sepanat es[@wer tlioe was 2abt a| ned dto 0.587

D.ErBd60tmwper atlre. 38 2:1 adduct Mas t héOreactPon |7.04 7.42

TBE#y. pbimct of 1 |i@ldd @fi56Raxy 1BAsi n| bl 2 | AB58s| $9.487HRR.63 | 13.3

DOVKABI%%uct el tmé3r7eact i7én pro@l&ct 0f334nple8 (f0 Y

= addus was—ithe
A

DOWAN EM. phw 1§

in "4.94 5.32

oG T T OTT PT-UY \7

Catal&stnLnf TRRA— 5
UT || =) .

pl
,QT)AIUT 8- 4 (X‘\ K ,ZID',O'

v
o
TCT S VWl C1 [¢4V] Uil S.

0 4& -1 0.03 0.03

TTUT CS

Adv "“emé?“gt 150 |C f ol |
M%D.E. G SaNt 5. WEF 5580 VI S5aUS 35 a5 G0 AL SHER 5 | 60.65

LILI
: £ o
IMpuol lI UlT T UI 4

Ih
Iyl "y LIIC UI I guitiet |9
I

owed by drying for 1 hour under

Catalyst! NT'S TENPETod4UT € 0.04N€ 11994 US| ¢od7¥RN 0430 | Dod albl ®o4 | 0.04

DOWASWGLTEMAL e |Neigaofle@ Ol I|@ONer [pg.epar apl on ppt ectisp 0

Acefohe€ conposi tijan andspropeftie@s of 14 he ohogentio Mi{and Jo

DoOwhaiowl P _equilvaal ent owei ghtl or enai [no essenwi al | {0 13.1 12.7
unchanged, whereas My, Mz and polydispersity are all '

AdvamddResin Vi sqosity is al so reduced significantly. The

_&E&gﬁent prppfrm‘l on_process ||de to produce Exanples 1

h386nar | 28 oclB8) | 260 | 266
Brogiiegont ) ST KDyt I Ak g THEITG 81 tnetd3 | 140
ed

per t. B
8011085 goher i s dl so | pwer

Solid content, percent | 75 80 80 75 75 70 80 80

Varnishes were prepared by separately blending advanced epoxy resin
Examples 3-10 with a hardener solution, boric acid solution and catalyst solution for
60 minutes at room temperature. The hardener solution was prepared by blending
dicyandiamide (10 weight percent) at room temperature with DOWANOL™ PM (45
weight percent) and dimethylformamide (45 weight percent). The boric acid solution
was prepared by blending boric acid (20 weight percent) at room temperature with
methanol (80 weight percent). The catalyst solution was prepared by blending 2-ethyl,
4-methyl imidazole (20 weight percent) or 2-phenylimidazole (20 weight percent) at
room temperature with methanol (80 weight percent). The bisphenol A novolac

solution was prepared by blending (43 percent) of the bisphenol A novolac resin with
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when it is produced in the solvent preparation
process. Exanpl es 3-10 A i goner Exanple 3 was prepared
wo boovhgsseame general manner described w th resperisionrorzess
the preparation of hal ogenated ol i gonmer Exanples 1 and
2, using proportions of starting materials as
indicated in Table 2. Aigoner Exanple 4 was prepared
in the sane manner as A igoner Exanples 1 and 2
except that after the TBBA/D. E. R 542 m xture
DOTARKU® PALA {285 wighicpargens? 5 meatbibedabliasons (255 uyeieht
percEst) At rédrk- t&n&ﬁr)atag@ , THe Sagied agarld @MBg aa%&a%oxy resins 6,

to i ncrease the nol ecul ar wei ght of the ol

9 apd d8dprther SnféFd%FB&FQR*}?@O}PéP@F‘? & b2\Fatebrasd- hmom%@ylhethan@
Varkbh fxampild 801% ran@@\meecxéemlﬂyaesﬁbﬁénam hbeolaa(m)-soo C from
manner as O igonmer Exanple usi_ng proportions of
BoxdearGhagicahl resingioution Wﬁﬁa@zﬁf dhe diryragiaanide hardepgrsplution.
Jg;smseoﬁh%wﬁs PRedidns hb&l &ARRKE BREAiniSRHNREre as indicated in
scribed with respect to Exanples 1 and 2, using
Tabledporti ons of starting materials as |nd|cated in

Tabl e 2. ik ir 8RSty SRR VaSnibh UL &aY\BIted ByHRAERE the varnish on
same general nanner described with respect to

e@mfm@g a117anfa hot platecgnd measumngthe time rwauyed for the)varnish to
gel>Restltd wrf a8 ulﬁﬁtzzgtgﬁriﬁt'lea@leeﬁoxy resin (D.E.R (r) 330)

was used to nake the oligoner. Proportions of starting

mat eri al Eonerreparisom @ tarnish (Gempespive Sapyple Grbrwas prepared

ikx 208 pare eigh®BAL €6mPYereiAR bRt akh & ddvhhde &G resm The

halo enat e epox resin, TBBA and propyl ene w
N b Rgtaindse?- (pevmﬁdmaan divpidsAnr o1 scafye‘%ﬁ*élal 4-methyl

mﬁamanxﬂaetrea&ﬁt,l ofl s GA3Ssh WBAGE HdiesleURRAthbI 8N 2
mechani cal stirrer, a heating jacket, a nitrogen inlet

and a condenser. The reactor contents were heated to
90 Cto forma resin solution. 1500 ppm of

et hyl tri phenyl phosphoni um acet ate catal yst, based on

t he conbi ned wei ght of the epoxy resin and TBBA, was
added to the resin solution. The solution was then
heated to 1100C and held at that tenperature until the
epoxy content was reduced to | ess
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than 0.5 percent (approxi mately 240-300 m nutes).

Proportions of starting naterials were as indicated in
wd ada4807 A i gomer Exanpl e 10 was nmade i n the BEIMES2007/012644

manner as O igonmer Exanple 9, except that a small

anmount of a nonhal ogenated resin (D.E.R (r) 330) was

added with the other reactants. Proportions of

starting materials were as indicated in Table 2. After

the ol i gomer conposition was formed in each case,

D. E. N 438 epoxy noval ac resin was added in the anount

indicated in Table 2, and tigblgigt urewas heated to 110

TY QL

C—Et h\l| t r| nhnn I| nhrcnhn'\i um-acetate-ca nl \lc WAoo
Veraith Farple He bt 4 “hd| Bdt e ®'n [ThbI e &1 ahlli pel0t | Come

i xture wag heajed tjo 14{0C (110 G for Exanp|es 9land |gqe

10) __and helld atlthat| tenperatilire til he ihdi cated
C mtsqui al ent wei|lght fwas obtai ned. Addi ti pnal

was the1 adced ap indicategd in [Tabl el 2. The
%_\/_&Lanf \Anl n rcm he—coft enlf Qnd erceht—so :ds
A%‘Pnfﬁﬁlfersﬁ’su ]tOPn lg%v%cejﬁre& ak’i nd| 2ate@®n |°
]

¥ NoA%m, osin] mc Vatigeheg e |JI arefo by FParahet v o
E 4yNg advance 8I efqoxy fesin "1|P 3 10 mth a
ABLAE i Q11T T 09, QQ | C| #6d 0| 90T Ufe ON ppid Chpal y$
Exs@iglé 5on fdr 60| m nytes at roomterrperature. The

AdaheRRdsinsgloit | po wdo pr gparediby [pd endjog |0 0 0
Exhingpla6di amilde (1O wdi ght {percént) [at ropmtepperafure

Awabhedwﬁﬁd\lc*l_((t m Pl\/(45) wel Bht p@rceleO apd 0 0 0
Extimple Ry| f orlnani e 5 _welght perce The bbric acid

A%V&PE liﬁ?“\/vaso pr Bared’ by| Bl endi®ng b‘brl c| W d| P20 [© 0

¢\8 Ber r\r\ni-\ r At ot hanal [QN
IL} L " \WANN] II’JCI L UI \oy V‘b‘ 19 1 mel 1 I OV
g‘é@fﬂe R‘% eqﬂ) BThekbcat apyst %ol l;k?on \As p'gipgf? ¢d by|°
ﬁA il :|; iR q}hy 0 Cl--IU:‘.lII/b Tz @—(z o e ght 7192 | 0
E%;ﬁ@i‘é% or| 2-phenylji m dazol e|[(20 mei ght perg¢ent) {at
D/EORBob AMMET g UT €oWi T|ip Mef ganol] o( 80 8T ghd_pef eent ] o 100
Bodteacld Sphenal.s Al bovdicgs $0kst | o Woak7¢r EP8s efloByl | 0.575 | 0
Bialaemsliong (4 petoent])o of [ bhe biosphleroml Pavolac resin |o
Disy4ddXMAMNOL (4 ) PVMA (48t 5 ywi ghtl 4perjcent )| @and bt hyli 0 3.2
Bispliwpbl ket oned (28451wdl ght Oper ¢@nt )| Z&8% pohs5 | 0 Y Y
ndvelaper at ure. The var|ni shés preépareld usihg adyanced
P‘Eﬂ?@&‘}""P'@SI N 6, |9 arfd® 10| Purt hé i@l ude 24751252 |0
nhonnl et haha

aﬂheﬁdz tdita-(9- hidt oxyBhenyHt et hane)® 278 |28 |O
TBBA 0 0 0 0 0. 4523 | 0 0 0 0
2ethyl-4-methyl | 0.15 [ 0.05 | 0.13 | 0.16 [ 0.12 | O 0 0 0 0.1
imidazole
2-methyl 0 0 0 0 0 0 0 008 (008 |0
imidazole ’
2- 0 0 0 0 0 048 | 029 |0 0 0
Phenylimidazole
Gel time at 211 (212 [245 | 250 [217 [276 [235 |233 (211 |265
170°C, s

*Not an example of the invention.

Prepregs were prepared from the above varnish formulations by a
dipping method, using a substrate of glass cloth (Type 7628 from Porcher Textile,
Badinieres, Fr-38300 Bourgoin-Jallieu France or Interglas Textil GmbH, Ulm/Donau,
Germany). The impregnated substrates were passed through a CARATSCH™ pilot
treater (built by Caratsch AG, Bremgarten, Switzerland) having a 3 meter horizontal
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Varni sh Exanples 3-2, 7 and 8 were cured using a
bi sphenol A novol ac (SD-500 C from Borden Chemni cal)
WO gr/iysg@l ution instead of the di cyandi am de hsggles®7/012644
solution. Proportions of the various ingredients used
to make the varnishes were as indicated in Table 3.
The reactivity of the varnish was eval uated by heating
the varnish on the surface of a 171C hot plate, and
measuring the tine required for the varnish to gel.
oveRestudn sintempenature df framet’q to 1HC and a windisg ﬁpﬁ?d efdfirom 1 to 1.6
me% %g IshufcConparative Sanple G 1) was prepared using
5 parts by wei ght ‘of a conmercial brom nat ed,
advancedThpossin comtent ofieach prenregwas meaguradbnweighing 10 cm x 10
' 3@2&%‘1'6{’6&1 ording to
cm g&'\;t i feeg : 4R ¥ G a!&é}a}{rléﬁrég productlol%,hacc g

I mdazol e. The reactivity of
MeﬂmdrﬁPQvamBaéPCﬁEMc%ﬁOe‘%j&lﬁ (Feailablg frogpthe Mstitgte fgh
r A.). Th

L e o i it AR LR RS Tl UBA. The
results mgre as ghewn an d'able 4belew. c| ot h (Type 7628 from

Por cher gl

France. orpiehEete el Briieg Nord Bl bt ARG iRl wih
she@treof| mppegﬁodtoadombmm, andithen heateskundespraggvrg to form an
elegﬁ%ﬁ%&{@ %@éro&;@%cﬁe({f thBYhhindtis GREERS GiHiAEed in Table 4

rengarten, Swtze having a 3 neter
beléwor i zont al oven, at an air tenperature of from 170 to

175C and a winding speed of from1l to 1.6 neters per

m nute. The resin content of each prepreg was neasured

by wei ghing 10 cm x 10 cm square sheets of glass cloth

before and after prepreg production, according to

Met hod | PC-L-109B, | PC-TM 650: 2. 3.16 (avail able from

the Institute for Interconnecting and Packagi ng

El ectronic Circuits, Lincolnwood, Illinois, USA ). The

results were as shown in Table 4 bel ow. Ei ght sheets

of each prepreg were laid-up in alternating | ayers

Wi th sheets of copper foil on outer |ayers, and then

heat ed under pressure to forman electrical |an nate.

The properties of the lam nates were as indicated in

Tabl e 4
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bel ow. Tabl e 4 *Not an exanple of the invention. ND =

not determ ned. The data in Table 4 shows that the
w@e@pnegs7 and | am nates nade from the conposi tpOnssmhH7/012644

the present invention exhibited much better thernal

stability (T260, solder dip, Td) than those nmade from

the Conparative Exanple. Cured | am nate Tg was hi gher

for Exanples 3-3 and 4-2 through 10-2 than for the

Conparative Sanple. That of Sanple 3-2 is sonmewhat

| ower than the Tg of the Con'paratlve San'ple due to

trh i fergnt—ha d]eu et te—that TgTof
& and| 8+ 4 ¢x¢epded that o, the Cofnparpt|i Ve
$ gtwergtse f | tfhe diffe&%@ht har J4!
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; R al e s B E RS ol
LI AR <= LI AA0 LEA 2L guU T © at Al yDl, WAUP T Ul
t wei ;hr off the ledoxy resin and |TBBA, [ wag
g es| nidoljuti pnl. |The sollﬁigo _ifs|then
y &C dégld hae tpadeal @la| L ég
e ah§@ y@%&&ﬂmﬁ&&%&%zé.z
onjt Topt gf [Thel reactive stargijng
mat gr ifalls. {ThHe spl utji gn|{whs| tihén cpoled to (&) €t d
drodude|a spol|g i pn|E i|goner Lxanpl e EL,.\ Thes)at | (@|f
gkenol(i_¢,.0r oUs @Egggql\ SR des & aups |l |3 @1er
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resul ting solution of advanced epoxy resin was cool ed
to 35-40 C. A varnish was prepared by bl endi ng

wathoangser epoxy resin Exanple 11 with a har densdT/us2007/012644
solution, boric acid solution and catal yst sol ution

for 60 m nutes at roomtenperature. The hardener

sol ution was prepared by bl ending a phenol novol ac

resin, tetraphenol et hane, nethyl ethyl ket one and

DOMNCL(r) PMat a 54:6:20:20 weig ratio. The boric

aci d sol dteslptass TﬁP@p%quawmtbﬂ@rwes%PPé lapinateomade from

thé’ﬁxﬂ;%?sltﬁ)cﬁ{sc{ﬁ"%he pRbsen® M dnBitRE Rt Mubh beateh R {188ability

percent The catal yst sol uti on was prepared_ by
(T260e mlfiwgdm dehipan; thosemade from the Cgmpagative 71%1% pCured
laniRh POl ak B BN ExRRDEAHE-3 andNE2 FMABKEID-2 BRI for@hb N

sol ution, hardener sol ution, boric acid solution _and
Comtygq Sg@p}ﬁ Beat,of Sample @C{Z ig somewhat lower than the Tg of the

CotapaP#tive’ S@mPlel Aul td CRe W S dfffdrb St hdtdRnbL aNbie/iHaY tRE Tg of

t he_varni sh”was eval uat ed bﬁ heati ng a sanpl e of

t he
Exqmplfissh2 gndithe exererad dhaff ofhe Lsmmparativp Sample dagpite the use of the

diffleésthdfagnthie tine required for the varnish to gel.
Under these conditions, the varnish gelled in 194

ExampleJk  prepregs and | ami nates were prepared usi ng

t he var nigifgonter ERnpRNNERadl pP&drbe c!')yVQ«!'h sped p&x@s of D.ER.®
npl es. 3-10. The ph%F g gel time was second

56Q’H@°"Vg‘eé?1: 80 2pArtme %W%@@XV%N QLB PM to a 10 liter
steBEFaltr 4B 81%&1 wiRBS ﬁem&a&m&-f&ai ﬁé@ﬁggg&éths nitrogen inlet and

time was 2 ut es. nmpl e 12 a’i goner
a cppdenserp dhedengtor wawpﬁ@ Ws%hsafﬁérte OQFC o dorn (arljesswlumn 3.1
paiB QFEtHﬁﬁiﬁhen%%osﬁh@ﬁm a&ftateBdaBRE bhddd o tﬁarcbﬁxbﬁ{ed weight of

NOL(r)PMto a 10 liter steel reactor equip
the, epesh E¢FiR AN (THHAr wag aded; togthecrep, solutipn. r'gbe r?olutwn is then

heatdli @b 1206C AntORdgntahat Iaﬁpéﬁasi@forw&ﬂu&s \%Ei%ﬁ the epoxy content
heated to 100 Cto forma_resin. solution. Barts

wagreduged, tp 2.5 pexcepp heredomiheveiebt st téleclzfeﬁvyeﬁ g ggpterials. The
sol@tioh RPas R R6sled b HIPC o Pradud @X3olufish OlafneBBRAample 11. The

was added. to the resin solution. The solutjion was_the
ratip, of Rhepgliq gyoups, i Wsidnalereride gxomps in; Pligomsr Bermple 11 was

appioRith&&lpBl7sl1.t he epoxy content is reduced to 3

Per Cent e e s Sats of an B percont by weight solibion of D.E N.® 438 epoxy
novalac in DOWANOL® PM was added to the solution of Oligomer Example 11. The
resulting mixture was heated to 110°C and held at that temperature for 2.5 hours
until the epoxy content was reduced to 15.8 percent, based on reactive starting
materials. Another 56.2 parts of DOWANOL® PM solvent was then added, and the
resulting solution of advanced epoxy resin was cooled to 35-40°C.

A varnish was prepared by blending advanced epoxy resin Example 11
with a hardener solution, boric acid solution and catalyst solution for 60 minutes at
room temperature. The hardener solution was prepared by blending a phenol novolac
resin, tetraphenolethane, methyl ethyl ketone and DOWANOL® PM at a 54:6:20:20
weight ratio. The boric acid solution was prepared by blending boric acid (20 weight
percent) at room temperature with methanol (80 weight percent). The catalyst
solution was prepared by blending 2-ethyl imidazole (20 weight percent) with

methanol (80 weight percent). The advanced epoxy resin solution, hardener solution,
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materials. The solution is then cooled to 60 Cto

produce a solution Aigoner Exanple 12. The ratio of
wlenelsger groups to residual epoxide groups i npc@/uSOrBE12644

Exanpl e 12 was approximately 2.5:1. 6422.5 parts of an

85 percent by weight solution of D.E.N (r) 438 epoxy

noval ac i n DOMNOD(r) PM was added to the sol ution of

Qi goner Exanple 11. The resulting m xture was heated

to 110 C and held at that tenperature for 2.5 hours )
borgfmedifl soiayBRY CetatetfolRERn PETEEERd 8¢ 25 DBRT-BUHB:0.105 weight
rathased on reactive starting materials. The resulting

sol uti on_of advanced_ epoxy resin was_cool ed to 35-40

C. A var Ahereastavipy ehtheyamysh wasqvalpated brkeptingg gample of the
varn®sH On EK@ R B cd 8f W 1170°6 HWRHISRE hnd GhélsulThg MY fifedelired for the

solution and catal yst solution for 60 m nutes at room
vammishyer galy Under gheseopditianss the iyargishwalled in Jdhsgconds-

bl endi ng P@eﬁiegsp REA Yhmindt0Y VeP€ pF&Hrbd using the varnish, in the manner
t et raphenol’et hane, net hyl ethyF Ket one and  DONANODS

despribed witls zespegto Bxamiplgn 319t ithe preprem el time; was 56 )secondS- The

Ty §OtHY 1:0RinA0 wall A5V Fig- 0| THd 2R3t W& cPLENRIpBE 165 temperature was
described in Exanple 11. The advanced epoxy resin

3586 and the, Topetimme veas 2Hmimates: boric acid sol uti on and

Ex&abfl ¥t solution were mxed at a 69:31:0.548:0.15
wel ght ratio. The reactivity of the_varnish was

eval uat e@hgymeadixameply Layipr erenared Sy haneog 16 parts of D.ER®
566 Eps:8CRe0, P71 HPErtHQF THRA Qunda8h 278 daktsi TDOMANOI® PM to a 10
. rgﬂélred for the varnish to gel. Under these . . .
liteg giteel; irsALtor eRBIRREANV R @éw%anml stiyreze @ohepting jacket, a nitrogen
inl&Y 8RA Q0o st NTTIAL RactR @nRERRANEE H&AtRE thNED0°C to form a resin
varni sh, in the manner described with respect tQ

solptigny| 2953parys ofhethylteiphegyipbosphopiumg acetate; catnlypt, based on the

conlbifed Wwéikht HEtHeAShdAG! R sitPand ABHA3as hA8ed 3o Fhe Resin solution. The
percent wei ght | o0ss teggerature was 352C and the T288

solptipm Wagsthen hassed to 1iQIkTand beld pEthatgemperatyse Jpr63 minutes until

theC | 3hiht (10 rPA B d Ao FP&ickRNbRIH! SH EheL RRIght U RHe dactive starting
| east one ePOX|de-react|ve conpound and at | east _one

mageriglge TReaqluinndp theaicpolpd to RE"(ierroduge greokntion Qligemer Example
12.2Athe StRIoCSH pHMholiB Gr&§RCEd Fkidiial ldpoRideQzro@pdlid iOUpPmer Example 12

sufficient to forma solution of an ol goner
wag gppeasimataly 219:-he sol vent, wherein the ol i goner

CONMposi t ig@P2. 6 Qred BF ah H5THERENEPP W iight’ KAGEbY Of I.BINSD 438 epoxy
novalac in DOWANOL® PM was added to the solution of Oligomer Example 11. The
resulting mixture was heated to 110°C and held at that temperature for 2.5 hours

until the epoxy content was reduced to 15.8 percent, based on reactive starting
materials. The resulting solution of advanced epoxy resin was cooled to 35-40°C.

A varnish was prepared by blending advanced epoxy resin Example 12
with a hardener solution, boric acid solution and catalyst solution for 60 minutes at
room temperature. The hardener solution was prepared by blending a bisphenol A
novalac resin, tetraphenolethane, methyl ethyl ketone and DOWANOL® PM at a
54:6:20:20 weight ratio. The boric acid solution and catalyst solutions were prepared
as described in Example 11. The advanced epoxy resin solution, hardener solution,

boric acid solution and catalyst solution were mixed at a 69:31:0.548:0.15 weight ratio.
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2. The process of claim1 wherein the epoxide-reactive
conpound i ncludes a brom nated epoxi de-reactive
weopaQesesh 3. The process of claim 2 wherein tper/us2007/012644

hal ogenat ed epoxy resin contains at |east one brom ne
atom 4. The process of claim3 wherein the brom nated
epoxi det eactive conpound is a phenolic conpound

having at | east 2 epoxide-reactive groups and at | east
one brom ne aton1bonged to a carbon atom

aromat i ¢ IhprFgactivityrpb the yraush grasqvalvg vated hicheatipg #gample of the

vartdH0 88 Rt RUrBLOBY al BAPC Kot Plde) SndtméfasingOfie fifeNdeffired for the
atom bonded to a carbqn.atom of an _ar tic ring.

6.
wél trarle Uindsr thesg qopditigns, thevammishogs 1217 seconds.

CONMPR§irek® hrd ISMGQHES I isre! BRdpdad BRAXItHE G411l . in/ the manner
The process of claim6_wherein the ratio of

des«sal&re@ aTith resgset Bpé"%ﬁa@ ¢se3idPi VihegPrsimpes g8l g vag dhseconds. The

Te et tﬁeeﬁdxﬂuﬁlbe QX1 FAE1 G°OUPBhd Ty 560G SdrcaReigh® TPRSichigdtature was
rom2 1 to 30-1. 8. The process of claim7 wherein

352°ﬁeanda&heoTzeerh@euYW%m1§u@P epoxi de-reactive groups to
equi val ents of residual epoxide groups in the oligoner
conpositionis 2 1to 81 . 9. The process of claim1l
wherein the reaction mxture further contains at | east
one non- hal ogenat ed epoxy resin. 10. The process of
claim9 wherein at |east 95 percent by weight of the
epoxy resins in the reaction mxture contain 2 epoxy
groups/ nol ecul e. 11. The process of claim2 wherein
the reaction m xture further contains at |east one
non- hal ogenat ed epoxy-reactive conpound. 12. The
process of claim2 wherein the oligonmeric conposition
contains from 10 to 60 percent by wei ght hal ogen
atons. 13. The process of claim 12 wherein the
brom nat ed epoxi de-reactive conmpound is a brom nat ed
bi sphenol, and the hal ogenated epoxy resin is a
di gl yci dyl
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et her of a hal ogenated bi sphenol. 14. The process of

claim1 wherein the solvent constitutes from210 to 75
wefheemgoof the conbi ned wei ght of the sol ventper/us2007/012644

epoxi de-reacti ve conmpound(s) and epoxy resin(s). 15.

The process of claim1, further conprising mxing the

ol i goner solution with at | east one additional epoxy

resin and subjecting the m xture to conditions

sufficient to forman advanced, hal ogenated epoxy

r esWHATES GRAIMERC: s of clai m 15, wherein the

addi tional epoxy resin is not hal ogenated. 17. The

process of claim16, wherein the additional epoxy

resin had- an AvBFoSgEs cOmPrSHIRfqrpynga seactiopsmixtuge containing at

leagp% 060,88 8P tiRE cootal! #hd 481eallBn 'hﬁ@(%%ﬁa@cd &poxlyMPesin in the

17, wherein the additional epoxy resinis gl yci dy
pregeprer ofg? salveah yartiFRRjeiieh She ERARSOTNRIXtYre, .t‘g Ic%‘ih&‘;?PS sufficient to
forfil Qegolﬁtmﬁmofagh M]_?gohfergl:diﬁl%sml@n dhOtHeC isBivkn€t WBEredh the oligomer
pol yet her gl ycol, cresol - formal dehyde novol ac epoxy

compasition %’fﬁh’éﬁdﬂmm%m@ﬁ? déa‘ﬁﬁﬂf’cﬂraﬁp%poxy resin, a
bi sphenob A naygl RGcER05 claSil 1 wikerE#e kﬁ@%ﬁ&ﬁdé@@&twe compound
henol novol ac resin, trls(egC|dyloxyphenyl)nethane
includes ahropangien BpPRIpFRasHTE IMRAMId. or 2 ni xture of any
two or mpre thekepfoceds) of ISP PGATTR tht Adlbdehated epoxy resin
wherein the additional epoxy resin is a glycidyl ether
congpins @ deast @BE breminecHem- hydr oqui none, bi sphenol ,
bi sphenoly, A, RALeNHRB&s dFslaih SPREERYIN fthe rbrbﬂnﬁiﬂ"t@& @polide-reactive

20. The prqcess of claim15 further conp élng curing

comppRungipan RRENOHG ICOREREEE IaviRE 7t least P 590’9 SEERGHY e groups and at

lea¥¥ &b Bonlif8 atorRHBnBBDYY a CHFHOAGtBAESH an diomdtie rmgoc ess
of claim18 further conpr.i |ng curlng t he ﬁuéance
iEREIFLD iPe

hal ogenaPed ep&gyPFeess obye ‘?‘é%\d pEqNafed epoxy resin
corftBis R V6t GHE 'bB&nﬁg.ﬁzmom Bé’ndeﬁ toa0&6#2b6n & UH bf &h AGomatic ring.

form ng a m xture of a solutlﬁn of h ogenat ed
ol i gomer Sconpdet P’B’t‘fe??af?f Gipie AnivRerein cfqnyRosition also
corifhtdREsiangl épbkidgroups.
7. The process of claim 6 wherein the ratio of equivalents of

epoxide-reactive groups to equivalents of residual epoxide groups in the oligomer

composition is from 2:1 to 30:1.

8. The process of claim 7 wherein the ratio of equivalents of
epoxide-reactive groups to equivalents of residual epoxide groups in the oligomer

composition is 2:1 to 8:1.

9. The process of claim 1 wherein the reaction mixture further
contains at least one non-halogenated epoxy resin.

10. The process of claim 9 wherein at least 95 percent by weight of
the epoxy resins in the reaction mixture contain 2 epoxy groups/molecule.

11. The process of claim 2 wherein the reaction mixture further
contains at least one non-halogenated epoxy-reactive compound.

12. The process of claim 2 wherein the oligomeric composition

contains from 10 to 60 percent by weight halogen atoms.
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epoxy resin, and subjecting the mxture to conditions
sufficient to formand advanced, hal ogenat ed epoxy
WO sBi/mM4588@8. The process of claim 21, wherein tiRer/emoxy012644
resin is not hal ogenated. 24. The process of claim 23,
wherein the epoxy resin has an average functionality
of at least 2.0 epoxide groups per nolecul e.25. The
process of claim24, wherein the additional epoxy
resinis a gl ycidyl ether of a pol yhydric pheno
conpound 13a dilgreyrroesss ofictrim 52 wherain thedromigpipd gpoxigde reactive

corfip A Cisdy lbr@ﬂﬁn@'te@fblﬁhﬂﬁbly ahlehe M M6 natéd epoxy resin is a diglycidyl

cresol -formal dehyde novol ac epoxy resin, a
ethenehahalegenateddnsrhenebvol ac epoxy resin, a bisphenol A

novol ac ggoxy Trh%sgsraces@ o%éialgp@ WAL PR BRMPABSS from 10 to
resin, trls(gly0|%iloxyp enyl ) net hane,

75 trerqesikiof (He yrOrthy h%ﬁhéento epaxidereaqtiveotomppund(s) and
epﬁﬁgggﬁﬂgnre t her eof . 26 The process of cla!n125
erein the ollgoner cowposgtlon al so contains ]
resi dual 18poxilde of daim Thfupthsscompsisiog s the oligomer

solih16h S itht BE 184 Qn@fad%%ﬁ/ﬁl x5 PdsifPONd dRnfeBRE! e mixture to
groups to equivalents of residual epoxide groups in

condionst suffipient tufaspsan pdvanceds halgeenated gpay resimg, The

process qg. Cl §iH FrbcedI®f ldimt 11 wikireth e KLiti¥AAL resin is not
of epoxide-reactive groups to equival ents of resi u

halegenatgd groups in the ol i goner conposition is 2:1 to

8:1. 29. 17he AMRCEHDeeLf ofcd1AinN142 Jﬂ&éﬁefhecéﬁ'ﬂiﬁbﬁél%oxy resin has
curing the advanced, hal ogenated epoxy re5|£66%
t. 30.

an pgeraee fnetionality ofat leasts?-O spexids GEGURLPF O

The procqgs OfTHel gloBrsdoff dhinD'ar, GAHFREInSIHRG dditibhdl etaaﬁy resin is a
advanced, haloggnated epox resin by reactin

elvmdy] esher ghe epizhydre, rnlwgo gempound, amglymddg éééer\émpf an aliphatic

gly@J)lmamh%@ycfl%Vlt&ﬁEr ©OIPpbIFeiHEr Iy édiTatResAdNERLREhyde novolac epoxy
[ ogenat epox resin_by reacting it with at |east

resiiher RPRNY) feumalAghedserevolareporfidepinod ddwphsrobfgonplag epoxy resin, a
cydidfehBEdie&OMPr pRERYI CUMoRElakhe d¥ancediris(glycidyloxyphenyDmethane,

tetrakis(glycidyloxyphenyDethane, or a mixture of any two or more thereof.

19. The process of claim 17, wherein the additional epoxy resin is a
glycidyl ether of resorcinol, catechol, hydroquinone, bisphenol, bisphenol A, bisphenol
AP, bisphenol F or bisphenol K.

20. The process of claim 15 further compriising curing the advanced,
halogenated epoxy resin by reacting it with at least one epoxy curing agent.

21. The process of claim 18 further comprising curing the advanced,
halogenated epoxy resin by reacting it with at least one epoxy curing agent.

22. A process comprising forming a mixture of (1) a solution of a
halogenated oligomer composition having terminal epoxide-reactive groups and (2) an
epoxy resin, and subjecting the mixture to conditions sufficient to form and advanced,
halogenated epoxy resin.

23. The process of claim 21, wherein the epoxy resin is not
halogenated.

24. The process of claim 23, wherein the epoxy resin has an average

functionality of at least 2.0 epoxide groups per molecule.
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hal ogenat ed epoxy resin by reacting it with at | east
one epoxy curing agent. 33. A solution of a

woadooygesset ed ol i goner conposition in a sol ventpcmbsanei/en2644
t he ol i gomer conposition has term nal epoxide-reactive
groups. 34. The solution of claim 33 wherein the
ol i goner conposition al so contains residual epoxide
groups. 35. The process of claim34 wherein the ratio
of equival ents of epoxide-reactive groups to
equi val ents of residual epoxide groups in the oligomer

conposi tbgn i Q‘htzrmhgs‘s]oft(ﬂ’alﬁp 23. whBreid t8e m&@ﬁ&%l‘gpoxy resin is a
clajm35 wherein the ratio of equival ents of

elyeigsk etherr ehat palehyiras phenel erpapeunicnt dighcidyliedien of an aliphatic

g1y€<n0>él &l@lﬂim Rthéd of BEpAYEBRAFRIY oD NP pédol-Péknh Adehydel Rovolac epoxy
. varnlsh conpr|5|ng a sol ution_ of an oli goner

resybrppalsq mldehxdenqvelagepery spee. aPisphengl Anpvolgp epoxy resin, a

cycfdﬁ@ﬁl'acﬁ&% n, ﬁ'ﬁ@ndfl‘t | 83561a0N€ SRGXY CUlridiglydid§xypBéhy)methane,
A varnish co r|3|ng a solution of an advanced,
a

tetrrligfgbiidydervepenybatbang gsromieee Phang Bee R AOEe fhemgof.

claim8, ggnd gthel £R3Lss0BCCIENAY6 Giekdld AREHligonier cdinposition also
varni sh conprising a solution of an advancedg

coniging gesiduakiergyife enoeBsn produced i n accor dance vvlth

claim 15, and at | east one _epoxy. curing agent.
varni sh 8- c| & Brocess, of Hdpim Zh Y RarRtR 4be "é’ég’t °6r?€““’alents of

epdi diBFeaRH0X Yerb8d o éhhivalBatsVaf ResiBu efbaHéN ABups in the oligomer
further conpr|3|ng?bor|c acid or a boron ester. 42.

comppsition 15 fzemaF1 te 307k 40 V\herel n the additional epoxy

resin us ke the h advan ed epox .
esin | o2 of JRAProcBtnal SRt BorFEN AhpHE of cauivalents of
epdxdEP R4 ve agrﬁhﬂé W61 eptlivabhgr onres?lﬂuﬁﬂ bp&&ﬂé Gergly£ @h, th? oligomer

diglycidyl ether of a polyether glycol, a
Cm?@%%Eﬁ“¥%ﬁﬁﬁ?ééhyde novolac epoxy resin, a

phenol - fg qg ngg 2%?% %e5|g a bisgﬂngLh dvanced,
novol ac éoxy HTRCEF Lyt HHreh &CBRERYIE g the a
halogenated epoxy resin by reacting it w1th at least one epoxy curing agent.
30. The process of claim 25 further comprising curing the advanced,
halogenated epoxy resin by reacting it with at least one epoxy curing agent.
31. The process of claim 26 further comprising curing the advanced,
halogenated epoxy resin by reacting it with at least one epoxy curing agent.
32. The process of claim 28 further comprising curing the advanced,
halogenated epoxy resin by reacting it with at least one epoxy curing agent.
| 33. A solution of a halogenated oligomer composition in a solvent,
wherein the oligomer composition has terminal epoxide-reactive groups.
34. The solution of claim 33 wherein the oligomer composition also

contains residual epoxide groups.

35. The process of claim 34 wherein the ratio of equivalents of
epoxide-reactive groups to equivalents of residual epoxide groups in the oligomer
composition is from 2:1 to 30:1.

36. The process of claim 35 wherein the ratio of equivalents of
epoxide-reactive groups to equivalents of residual epoxide groups in the oligomer

composition is 2:1 to 8:1.
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novol ac resin, tris(glycidyloxyphenyl)nethane,
tetraki s(glycidyl oxyphenyl)ethane, or a m xture of any
w0 Y07/045800r € thereof. 43. A varni sh conpri Si NgP@I/US2007/012644
solution of an advanced, hal ogenated epoxy resin
produced in accordance with claim 22, and at |east one
epoxy curing agent. 44. The varnish of claim43,
further conprising at | east one other epoxy resin. 45.
The varnish of claim43, further conBrising boric acid o
or a bor 8A estervaraigh PEPYENG 3hselutiopapinans oligpmerqemposition
prodiBeE P9 %¥cdr@ghde WithAcKimCl, b eBbtiEFesth, And @k NE¥Ardre epoxy curing
phenol conpound, a diglycidyl ether of an aliphatic
ageditycol , a diglycidyl ether of a polyether glycol, a
cresol - f ggnal deR%eeishOM M HEsifR OX Yol B&I of @n advanced, halogenated
phenol - f or mal dehyde novol ac eppxg resin bi spheno
d

| : a /
epqrgeracrefusad ncirerdagee yithopaim Jaradat fatshene ABYY ring agent.

resin, tgbs(glaysasyibRXotRksihg "BIHRRBN of an advanced, halogenated
tetrakls(glychyloxyphenytzet ane_ or m xture of any

a
epqxygesin Rrofucad s assprdanye withylay dg. 2t legshgneepoxy curing agent.
subst r at gonat Ghiedbarnig 6P0REAA3N fithdiCcordpbinB & least one other
claim37. 48. A prepreg conprising a substrate
ePARYt*&€PMal i npregnated with the varnish of claim 38.49.

A prepregiComMhieSiardish TS ad.SfuFtie?dodlpridiig 86Aaa6id or a boron
with the varnish of claim41. 50. A prepreg conprising

estel.-substrate material inpregnated with the varnish of

clai m 434251. THeevaRphRGEFI4iin abakAerdin thdlhddiRlonal epoxy resin used
conprising formng a varni sh containing the advanced,

to makSotitabalgeennicd AL¥IRredRPORY Teals S BnlYeidsk Pt phhg polyhydric
ph&ﬁﬁrﬁoanp%ﬂﬂhé |anﬁig}l§}§d9vlaéﬂl‘ﬂ§$ hoft 4n AlipHBEE rgay@ral, andighueidyl Bther of a
t aavancea, al ogenat ed epoxy .resin on the

P°1§%Fg’§f rgéxfé’i g rresplidonmaidehudoporqlas fpew TGitier & phenpl formaldehyde
novtdddlefbky $edRPhi Bidphénol A novolac epoxy resin, a cyclopentadiene phenol
novolac resin, tris(glycidyloxypheny)methane, tetrakis(glycidyloxyphenylethane, or a
mixture of any two or more thereof.

43. A varnish comprising a solution of an advanced, halogenated

epoxy resin produced in accordance with claim 22, and at least one epoxy curing agent.

44, The varnish of claim 43, further comprising at least one other
epoxy resin.
45. The varnish of claim 43, further comprising boric acid or a boron
ester.
46. The varnish of claim 45, wherein the epoxy resin is a glycidyl

ether of a polyhydric phenol compound, a diglycidyl ether of an aliphatic glycol, a
diglycidyl ether of a polyether glycol, a cresol-formaldehyde novolac epoxy resin, a
phenol-formaldehyde novolac epoxy resin, a bisphenol A novolac epoxy resin, a
cyclopentadiene phenol novolac resin, tris(glycidyloxyphenyl)methane,
tetrakis(glycidyloxyphenyDethane, or a mixture of any two or more thereof.

47. A prepreg comprising a substrate material impregnated with the
varnish of claim 37.

48. A prepreg comprising a substrate material impregnated with the

varnish of claim 38.
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mul tiple substrates, the substrates are stacked prior
to curing the advanced, hal ogenated epoxy resin, and a
wo suavigsey 1S fornmed by curing the advanced, hap@gesmt L6 2644
epoxy resin. 53. The process of claim52, wherein a
nmetal conductive layer is applied to at | east one side
of the lamnate. 54. A conposite conprising a
substrate i npregnated with a cured epoxy resin,
wherein the conposite is characterized by haV|ng aT )
of at |ed8t 1480cerrgeTamyrisine psybstratesmatayipldmpsegpajed with the

vardlisH gp&gm’éﬁn nutes. 55. The conposi te of claimb54
whi ch has a nmetal conductive |layer applied to at |east

one si de58f tHePERRIPREPTBTisHE a Auh?tr?ﬂeéaawrﬁlﬁ@pﬁmed with the
varnRdPsf Jaing 4ghe conposite of claim54. 57. The

conposite of claimb54 which is characterized by having

a Tg of ad- | edde rrugess of clpimof2, pfurtherseommmnsipe fﬁﬁ'&“ﬁ’a’ a varnish

con-EgﬁlQné’f:h@Ed\Lﬁﬁs,& Bogd e £ 8po3OresitEnd QIRASE bRe Bpoxy curing agent,
claim 57 which has a netal conductive_ |ayer applied to

applyingsdetvaspishdogesistrate anshpiring the advanged, halpgapated epoxy resin
On\é\ﬁé’é tRpard conprising the corrp08|te of claim57. 60.
resin-coated foil conmprising a netal foi] adheredt

the surf &8e ofThg puecess il PgERaPbd VEacip thejyprnish is Capplied to
mx@ﬁﬂfiugﬁﬁs& §§0%5d§ﬂgﬁré(’éeg hafd altRie: Qibr fo curing the advanced,

resi n-coated fol rising a netal foil having cured
halpgerajedacrekye F65i r 834 na plaseingtrl isn f%Fé%‘tS’r dahcairifig (the advanced,

halok@dled Lp&Rpt&sh onto its surface.

53. The process of claim 52, wherein a metal conductive layer is

' applied to at least one side of the laminate.

54. A composite comprising a substrate impregnated with a cured
epoxy resin, wherein the composite is characterized by having a Tg of at least 140°C, a
Ta of at least 315°C and a T260 of at least 5 minutes.

55. The composite of claim 54 which has a metal conductive layer
applied to at least one side of the composite.

56. A printed wiring board comprising the composite of claim 54.

57. The composite of claim 54 which is characterized by having a T
of at least 170°C, a T4 of at least 330°C and a Tze0 of at least 60 minutes.

58. The composite of claim 57 which has a metal conductive layer
applied to at least one side of the composite.

59. A printed wiring board comprising the composite of claim 57.

60. A resin-coated foil comprising a metal foil adhered to the surface
of a cured halogenated epoxy resin produced in accordance with claim 29.

61. A resin-coated foil comprising a metal foil having cured

halogenated epoxy resin produced in accordance with claim 51 coated onto its surface.



