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WO 2007/145807PCT/US2007/012644 OLIGOMERIC HALOGENATED
CHAIN EXTENDERS FOR PREPARING EPDXY RESINS The present
invention relates to a process for making oligomeric 5 hangPenated chain
WA AEBEbmpositions and reaction products of such chain&&8RgurE012644
which in turn can be used for making thermally resistant epoxy resin
compositions. The thermally resistant epoxy resins, are useful, for
example, in electrical laminate applications, such as for the manufacture
of printed wiring boards. There are several commonly used indicators of
thermaPp& RLE BYeQGRHERFR AHAEY. TR TR HiEE4 RING
transition temperature (Tg) of tHEROKSURESENBNOther measure is the
thermal decomposition temperature (Td) of the cured resin, which is
determined using thermogravimetic analysis (TGA). A third indicator is
known as ?%@‘WH%‘%H&“EM@‘P&&%};%G PGP%‘ETSrfﬂﬁ&?é‘iB‘Sé’gm"fﬁe“"
haligeonedsehsihexteedtotdn 2G0Tonk sindilaritdiocatordgctE2E & Lalyisiein

ex%ﬁaéw%ﬁﬁ% 115&%80&@9%%'%@&'?9{9 AhRBRGHA oM rwgmt@,stxy resin
indicator is solder d ip resistance, which is the time re %ﬁ%ﬂe{ Fr?rthe

COPRRAPILRN E@Qu%ﬁ‘éﬂ%ﬁﬁa{%ﬁ%ﬂ%&ﬁ’?ﬁ%ﬁﬁdﬁwﬁ% L ERAERIE I

el@B8¢Cal laminateR@pdntyidns usich staftddidsnivavef baguen o6 mpetstfy whiring boards.

lead-free sojqlgls RfeU3SER EQ%HM&QEE&VMQ@M%SJ%@%{%M@ of

solders usuall at2 |ghert mperatures than conventional
e ‘Pé‘%{fdcﬁhké‘d‘ %% (ORe, p tlkl ? tra Saa, ONVENHOND (T, of the cured

Sc‘?‘f‘[shesegso SratReretore glaces greafe
rediem Angtion m@mﬁmtlmxﬁmyr@ﬂ drequsipspirmsteotrpeativetida) of the cured

reLﬁm i%%@h Gomuertinnak r@@ﬂé h@\fﬁmagié?»%%@t&b&%h g‘l’yﬁﬁeﬁsmm sg addechdicator
ermal reguirements. Another circumstance that drives the
lsglé’t?er"tﬁer%%%stag ity |sszélfhe pro&ﬂc‘:‘fron or muftiayer b r})arg S Theggcgfrépose
whernted syl boREIE th@nsmélprdeés@@érbéa?&’@%g@#féh RARGPRETRY
dé@a{ﬂb%smﬁ oRe AMIBLAD, he f@ﬂ@ﬁl&ﬂlﬁﬁé@t@ﬂlIm&ﬁ:aWkthseaaMbE&hﬁtt%@fstance

whISSOUE RORIS SUDIPRIe O 8 COMPISIPHRITE B GLE AR R 1Pl Hippea
e h|g Be 13Y8T count, the greater 1s the thermal impact on the inner
intpymelenrPldo™et885fe, it is desirable to provide a resin that can enable

the laminatteabiddesesesiaadbedshps bpetict kpsvifiathst lead-free
sq%g'buanaﬁéf g %Léétogc?r %9&85@&8@3&@0%%985}95@%&%afg,mlmelt at

ustry. The T260 value should be at least 15 minutes, and preferably at

highast SIPRAFRHEE HRARAQBESIIAP SR OPRRSFesaMers: The use of these solders
tH20eEAAB0LRETH S A00HAA 2644 ler elespediathbiasireitht288iv alvesiof the
1BXEES Ah BTN VEES 5 Ak PRITRL nI e nbe SO REd 30Gs BT IRYE added
and preferably at least 150C. These thermal properties cannot be
thermal sAaReSense of other desirable attributes of the resin and the .
laminate. Thenngbr siostibetensiylprodasssdhs medtfhubettrrcdisempd stability is

tﬁ@ﬂ%@&@fﬁﬂ%ﬂﬂy&gﬂ@@rlﬁm 868 r R0 BWUSEABYE Uheh pre-processed
Fﬁg%@%%ghys?lcr}aﬁl eB 19 ertl?gg%rxlsa raﬁx?sf IStlgfc’a 1gec(i:§% Bgolde\l;l,\)leg ?d seve dral times.
sta ox resins are widely use
Wmal@@re@manmmateet% boarsiig w@m tora et ﬁlmrdé?ltsure cycle.
AlmpagdhicTeedgskiheranalpraparicsie dheterAs tHe examplbisiisthmathe inver
1 brominated epoxy resin composition is described in U. S. Patent No.
lfO to Kohno et al. In the process described in that patent, an
ollgonler haRREreEPsSH4I1p HEABRY G ERPCEdsr8 5Pk WP@&&H&B&% the laminate
texcesetaha halagenhieth phprglie-desndeunchaith exbipcithd etferH$ H0°C or
h!g%gxgsrga&geeaw 'se%azmgm%é;aqrpug@mauga@o NFRAGYRB iSlue should be at

riormed in a melt of the startin materlals Thlsr%S oli orner is aﬁlvance
l%ﬁhlérft‘.}fﬁé?"épﬁ%‘} Fggﬁ?’ﬁ%ytﬁé atital PBIRSHECH R hERINS BIRESACYF §F more
electrical laminate. This invention is a process comprising
forming a reaction mixture containing at least one epoxide-reactive
compound and at least one halogenatettepoxy resin in the presence of a
solvent, and .subjecting the reaction mixture to conditions 20 sufficient to
form a solution of an oligomer composition in the solvent, wherein the
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
aronitine and (2) and annyy reacin and <ciitbiectina the mivtiire to conditinne
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15 properties of a cured epoxy resin made using the oligomer

composition. Using the process of the invention, cured epoxy resins

having particularly good thermal properties can be formed. In particular,
wemotrizakéaminates having T260 values in excess of 15 mirkG&8ard 7412644

some cases over an hour have been prepared in accordance with the

invention. MI values of greater than 300C have been obtained. The cured

20 epoxy resin retains other desirable attributes, including good physical

properties (in particular, good toughness together with high Tg), good flow
arcosfjseldanddgenddadhz’iomlues in exddwe ofijonentompositodesitpé The Te
shdYE RO s PQAHER BXJSacHIg Al gaatLra fpexide-reactive compound

with a halog\enated epoxy resin in the presence of 25({5\ stotvent. Thge of other

epoxide-readtivs BTFHGLRECREETBE B Prrstr Sy HOR A GETAtS A
desnixtleerefringesrafigre resin el dgbnted egexidbeagstivervehhsmasdy processed,
m%!@'%é’&ea%m&é@l% ehal5H: e ROXIdEAIRACH VB LOMBRAISS SRP, Qﬁ_ﬁ&' $&6st have

imilarly, one or more non-halogenated. e‘;%

r | oxy resijns can be used in
th%&ﬁﬁﬁﬁ?ﬁﬁ}s IR}WW‘F% Qlf?gﬁféb%?a%ﬁréﬁ‘iﬁ%if cg Xeeﬁ? to cﬁroguce cﬁmensmnally stable

in.”The oligomer composition
lansipgeghiced in the form of a miscible mixture in the 30solvent.

The oligomey, MRESIHAR-CAARISIEIMND 3 SROKIdErRACINMAGERDS THe resins

addition, the oligomer Cé)nt:rgosition Ent%y als%cgrg{lailrj rglsidr%alar gsx{ge%h m. An
ar@fﬁﬁf’ﬁ%bfﬂﬁ’é‘%ﬁfg’oﬁé’? BriBABRER" oS Fesidual epbxide groups, the
exnmtiplobbsuiiadnteuhetrskitere aetivecgropgritiorcif fesrsifedomy sy Bptent No.
5, ?ﬂfg_'gigtg @m&qf;!d%%ﬁ& @%&EsW%%@_%ﬁ&%&Wﬁﬁﬂh&S&ﬂ@Ymmnavmg

:1. Thig ratiq is preferably is at least 2:1. This ratio ¢ FeAS! shenoli

te%m@rﬂ%&% ch*)ﬁ/“gﬁb?d’ggﬁﬁrﬁ'ﬁ%%ﬁf/aé’?t eaﬁlfr)ﬁtffg%% §§){i<¥§% roups enone
coapouvadheisrarglyaigrhetier obpdeirarnatedrherrliscontraundm
oliyhicakiranes fondhisafipeigdramaLia ondtlof\Whest dhtng e vidsirTine

low end of this range,.such.as from 2:1 to 8 e &qu)ﬁgwm%}
Ohﬁ%rﬁg? n ?éit%z}ﬁgl é]sglﬁ% enﬁ'%;%r%rtﬁ%ogﬁggtrsﬁgF}ggrﬁ%%%iﬁgr% although Td, T e
rhasd aizaBelettracaliairbrattightly lower. The epoxide-reactive

compou nd(g)}@gedmcﬂwm agsgqiehdgmehiﬁ;ﬁi@@fmmmg @ egmxyorgsimgre
comake the oligomer composition . e MRRIAYS 3 RIS MARIRISRIR A epoxy

gefecten suc that the oligomer composition has a number averagEe 10

refiB L HHrRRIEROP o PAIEEBH G B 6Y IR BT ITAS PSP BB FgP < tions

x
sufdghitabffanm h200uiech0,080. igimefer rechpositien avehagelreoleohgrein the

ol¥SIANT 1341903400 19,3200 203 M elesed vright Ay eraggsmolecular

weight is from 1500 to 7000. An especially preferred numher average . r(1) a
molecular wEh iR SRR B BESRF SRPUEIREEIN Bret8 g Weight
sohiveivags’ mbidezian wdighgisrfeorp kG001t 8300 Mth tamnalertaidegeactive
GNP RIS tREAONHR WIRR S AR YHIAREERE AROHER a3 Gifficient to
compounds as ma% be present in the ollgci%%r.coy osition, process which
foERy B R SR BRLRRIGHTS SRS SUREBTY from 300 To 2000 “preferably from -
B0 t0-000BisEpoxiredheivdianondidisloseratrsherany FrGHEPY TRACHRE it with at
1e88iNG b [Rast L2t drdnyreferably being from 1400 to 10,000. 20The
ollgpmer Coqlgigsilxtll\ger}lwgl t}g) I(ig‘cln% %%fﬂ%%%?ﬂ%ﬂs‘ gn%ftgg mpéﬁ%ascomposition
having varying degrees ot po?ymerlzatlon. Usually, it will also contain a
inqpy apivsPGf WheasiadhesehigRTgamatEtRAS AR AP HFc BB gRoFdR fFRctve groups.
TREMReUad(Sh asitiibydaeauiaathishetteasachidreacteiveptxhe biripeematsd
ol DE Rresentin very small graniifiss.dial alla AlhoKAbAOWRxy curing agent.
e%oxy-func |ona1_speC|es may be present as 25 discussed ahove. In cases .
in which the Dig SPHEREBRISISIOEREE THRRISH M A ANSTOn AP iS8FRAE S ePo™ resin
fonaterintsréastiapratestabmtirecenpriitoe adthauermzsa i sfdpart ansePR¥y resin,
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, thezbulk of the weight of the oligomer
will consist of molecules containing N 30 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 compositions

are those in which the molecules corresponding to N values of 2 or 3
ronctitiite at leact AQ WO 2007/1ARQN7PCT/IIR2007/012RAAA narcaent nf
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5 preferred halogenated epoxide-reactive compounds are halogenated

phenolic compounds in which each L is -OH. Examples of the

halogenated phenolic compound include mono-, di-, tii- and
WOAPAUMSPBIsubstituted and mono-, di-, tri- and tetrabromosisHtFrad"/012644

dihydric phenols such as bisphenol A, bisphenol K, bisphenol F, bisphenol

S and bisphenol Al), and mixtures thereof. Tetrabromo-substituted

bisphenols are 10 particularly preferred. Suitable

non.halgogenated epoxide-reactive compounds that are ijseful to.make the .
and Aotiet TRETE IR dBTPRSH SX FE A6 R ThE A 5 nesLept RERAY S SRAFY fesin
witthistdaget énceepploscinchalagdiitydrk phenols such as bisphenol A,

bisphenol Ky hisphenabh ibisrbanad SidAgRishhansbiinantvakieaes

thereof. 15Epoxide-reggtive comgounds etither,halggletnatetd E’E dvanced
haloggnass geé’r?ﬁf’eﬁ‘jsﬁé[v?ﬁléetﬁf‘égl R8T BREN B JtoUpE s UTh A ’
halegraphehebethiansinnatledsd e goeutouriagateaio kydaaet, antheridjbienalepoxy

resiill Mistiaihleused M ynall quantites isvehtamng araatatansparagitepreg
of the total weight of xid%—re

he ctive ¢ ounds, The ) .

e RO OB} EMeP R 7 1y 051 PR0
in combiiraléos With 2 frasicone eshet rulrkeresinal heganarion s i Hpgher a
redMirQORBa Theyrae enestiose Rnabhn davaithefitagathase proddda@ by curing the

halogenated epaxy, resin used to make the oligomer compasition, contains

h

s AR, Bt Fy B G praias UL SR8 oher
ep@LReEn Y RIUPBErRb ibeuheloss pERICLERMCE BB § bietAt Ate SRR Lasip. with
at Werineandisr akiaeoagine. and most preferably are bromine. The halogen

atoms are preferaply bopded 10,8 CA{bPR, a0 QL ADHPMAHICHIBtigomer

The halogenated epoxy resin used to make the oligomer composition may
compogision Rt SR ATHANIEABANB AR SERIEBRAEPAGHRRER the thermal
préRietiesytlic ceadpaxg. tédambel sulsiiiiedoibnonrecompaiigion. Using the

UPAISRAGRES | e {8 68 LA
p: SRS P IS R IEH Blitly 30c], @gggggogpraef,m@ger Sgﬁ ERthmR

ave an epoxy equivalent weight of 150 to, .
PrORBFETER RBIEPTBRT 1 7D RO it s il dpyeinaber dpoiye SRS vles 1o
exveel ofeEEradtsy imdexasople chh&. Fatent Nos: W26 b&prk 66 $ 68 accordance
wi€h7tl1g’ $antidd 3 abd &t %h@ﬂcb&ﬁ‘% HandBeok %éﬁw The cured

Resins by H. Lee and K. Neville, published in 12,67 by I\c/ilr%%,aw- ill, Nervt\;/, G
ePPGReNARIDT ARSI PERN ST M sk Cine g0l RaysirayRIRRS(tes n
pahtitsgen aiewl ¢pashnesihoseshdigiy it piegh B of @d Sigtrywrisrnohendigood
adhediaRhle epoxy resins include those represented by the structure (l1) (Y).

(Y).  5(ll) wherein each Y is independently a halogen atom, each D is a

divalent gr(\)qlfpﬁ)eé%l e@gﬁﬁgﬁlgﬁﬁﬁg‘%ﬁgc oynsvt‘ral?% ?f?el r ?nﬂngaé‘%érf?g % at
least Hrmeppiide: rrastbee fronn@nsisyidhsckrngenaradeRPy Esaimibliddopmeence of
a sHNQAENatesl PR TRSINSVECHIHBiRRdeadlibelhiaRgenated or non-halogenated. A

tetrachkro-substituted and mono-, dj-, tri- . and tetrabromo-substit
SR G R S Q:sd@“é%srﬁ?%ﬁlﬁéﬁe%%ﬁé& or moce
hajpegnaifsl eparidsiragehZeArBRpMENA RS Uitd nTR LSS h QRsypr more non
haT@é&bE@&\@&kgbséﬁitte_daepwyaﬁeainsmﬁmﬁgtimdaﬁylpthéelmedg@igﬂydi_Mxy
reSe B2l RN mobiRRRERPL A AL IEN YR INE SRS AIRABIDMEEALY the

available from The Dow Chemical Company under the trademark names
soly4pR 00 542 and D.E.R.0 560. 15Mixtures of halogenated and

non-halogengled SROXY. [BAINS GARP EMPRA {NakE NG LIRS A ERIGDs. In
non-halogenated epoxy resins include, for example, the %ﬁ%&:&dyl ethers

I
adgiioRy E AU BB PR AN S EYCH IR PRSBIR ST iRk grigride eroups. | If the
olipptirer|ciname; thispivenainb sysidngl dooksidplezpapsi Phe ratio of equivalents of
eﬁxékbh%é'chy@ wodpbesyd itz Rhenyk etbana) dpsphenabupbigphaaddat least
tetramethylbiphenol, diglycidyl ethers of 20 aliphatic glycols and polyether
glycols such as the diglycidyl ethers of €2-24 alkylene glycols and
poly(ethylene oxide) or poly(propylene oxide) glycols; polyglycitlyl ethers
of phenol-formaldehyde novolac resins, alkyl substituted
phenol-formaldehyde resins (epoxy novalac resins),
phenol-hydroxybenzaldehyde resins, cresolhydroxybenzaidehyde resins,

dicyclopentadiene-phenol resins and dicyclopentadiene- 25 substituted
nhennl recine and anyvy eaomhbinatinn tharanf intable dicalvraidyvl
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Such resins are available commercially as D.E.N.O 354, D.E.N.0 431,

D.E.N.0 438 10 and D.E.N(r) 439 from The Dow Chemical Company.

Other suitable additional epoxy resins are cycloaliphatic epoxides. A
wayeoloakpsiatic epoxide includes a saturated carbon ring havi§gran8pasizo44

oxygen bonded to two vicinal atoms in the carbon ring, as illustrated by

the following structure III: ? 15(111) - wherein R is an aliphatic,

cycloaliphatie and/or aromatic group and n is a number from 1 to 10,

preferably from 2 to 4. When n is 1, the cycloaliphatic epoxide is a
1:ImBhoepoiide rbifarpbijepbiitst Atk Bhisen tivhranbesapperaater value,
thMé@WMﬂBﬁ&%hiﬂ&_igfﬁg{%'g@'m%@ggﬂﬁﬁﬁb%ﬁ)@@é G%rfgw@@khgbams;em A

epoxy resins as described in U.S. tent NQ. ay be
praftigad BRRSE VS ﬁtlttglrlﬁl ff"y%?olgﬁb?’?dtll'c %‘pna%/er%eysﬁ %csaﬁo ef:)%gr?icg'u a%?l fﬁtlégrifétls from
2: 13 3G 1 SPbsydhel obtinyis ithifotBelowprend afyidtisrrantse Wit 8% frem, 2°1 to 81,
T, BiSid3 8P AxMCIhex¥hadintdfi vinyioxclob exanelvoligsideranthposition,

) ixtyres thereof. q,ther ﬁg@g%e g%r%%in%i‘%lude

altgousBiitn& LRttty Tompounds 25 as described in U. S. Patent No.

5,112,932. i adgitions -26h edvaRe A SROXE)I 886 YRBAE: CORRIYHIOMSLED aitcess

that sold commercially as D.E.R.0 592 and D.E.R.(r8508 {The Dow .
ov?fr?é‘ﬁ?c?éﬁx E ORIy 3{% tt)%euos%%mer comp IEelzorrlxi)n%-‘ glglgoéar\\%fgp?séglfnsmmng
matraielably solvetsdortd thatrteenrisorenstaredbionhrs 2 eberApfaee
mdbdimperiiege natacsepas 1 0eenenac wingligheiey Smelham ohdigihtoé from
12@8 %n(i@& .hﬁ Srblfseepeecp glxéfr}%%lrsgbgrnm @1&@&5&99)&&@%& ﬁ%@?%o%%zoo and

isphenol AD, and mixtures thereof. 9\58) )

a OGTEISBOEPCIRISZOOISERBAAVPIgh h i SERINRLPIR AR Pesir &iRHBLLY
prédeitianal Bpexyvasipe Wosst wisedy dighpietesabBomeinigalifand ionalpécially
proiShed Whany UL EPRIER WIS A0 950615 580 AOPHBLE Hidietifar

ma edfhe cﬁlgomer,% ey are preferag y used In small quantities, such as to
weight reeleninsieidhtlst contribatn of BRY By resifE UG TRAS g TG Pounds
asthR PIYGIARE 80MABSI BlBomer compbbitiepoxide-reactive compound(s)

and epoxy resin(s) are reacted in the presence of a solvent. The solvent is

a material iffyiresylravielanie sisdhinersiya b BRI AAAda 2080, preferably
fralublei Al 606, ieppami v hkikanligamerizatigmeealiiidiights saliellyibeing at

not reactive with th oxidezreacti (s) or the epoxy resin(s)
leaisg lljggtg %gﬁn{)aﬂ%%e{ﬁ%éle toeﬁnéﬁfégﬁggg(tfg@%?ggg the conditions of the

oligomerizatigp s8a65RR. cbRHH>ESEAWAI pitaley ebaoiviets, ifiatmixtofie is

used) preferably has.a beiling te : ' e .
o PRy e e gl Contain &
quainsin efieBTRATShEIIING BRI AmIPeial RO RYRie oeeRsiYs Gemgound(s), as
thespesialydsititablessSuitakiacel/episincmgey fols kil tenppésegtyicorery small

qu%xqg@eg,u%h 9&]}:? tm#&%ﬂ ly&glergﬁz)qwﬁ%ﬂgﬁq %&Qyéerﬂgygwesent as
_monomet )7] ether; glycol ether esters such as ethylene glycol Functional
digsuprnfeiicetie Fm&eﬁﬁa*b%wmfmewﬁ?&h%w%m% ffom difunction
stapeiaien pehjelhjdene mdfterethe thanpostlypeapyien coxipeuatrdsl are used in
sig&lﬁgéwlg%wgﬁgéggE@é@[ﬁé@%@ﬁ%ﬁl‘%ﬂ?é@%@&x%%%ﬁ@ﬂ@;groups) and
amides such as N,N-dimethylformamide; aromatic h droggrb n .tglugggerials are
g ARy TR PR B T RRE S RER HA S A e
conydroeds onbylinef tlixtwregtihefébt Pietarred Sbraist o imateprysentaining N
reRVeeheRRMEIAVL 8 ek Whickaredcorsupaeiabinpyailabladnm Fheddow units

hemical Company as DOWANOL(r) PMA a QLA PM,. ]
RO TRESH, S e SB SRS BT BarEh Lo s inly 2
1Geivemosiuptefesahistiwilcbayniedndyn fops Prib dgRferted pligeririfompositions are
tHRMOWN Bightihakibicenriituieseap ioashp paestuby ebzniisadmueighbcft least 48

the solvent and starting materials (that is, epoxide-reactive compound(s)

and epoxy resin(s). Preferably, the solvant 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. 30The 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
annvyy Aaroitine nn the ennyy recine are conciimed The otartina matariale
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3,956,237, 4,048,141, 4,093,660, 4,131,633, 4,132,706, 4,171,420,

4,177,216, 4,302,574, 4,320,222, 4,358,578, 4,366,295, and 4,389,520.

Examples of suitable catalysts are imidazoles such as 2- 20 »
WO ARAzole; 2-ethyl-4-methylimiclazole; 2-phenyl imiddZol &R} 2644

amines such as triethylamine, tripropylamine and tributylaraine;

phosphonimn salts such as ethyltriphenylphosphonium chloride,

ethyltriphenylphosphonium bromide and ethyltriphenyl-phosphonium

acetate; ammonium salts such as benzyltrimethylammonium_chloride and
PepsgRs fthtrsigh ﬁfmﬁkmxﬁ%ﬁ%a’fgmﬁg@m%ﬁ%? vent that
msanelpresd tine Malatygtsisecgeoerily taiyestesrOD0M e 2fgeight constitute

SRS DS AL PSR RPIY AT & (e 1L Mg iR GRR AP NG 1ok y

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

OB BIROINER RHEDIhTEHEBR PSR SRIEA IS G fhRgine compounds,

‘agsinpnsingllidsxbasits excellent solubility in organic solvents such as

propylene glycol monomethyl ether 30 acetate and propylene glycol

monometh PR FRAKISRRATIRY CERABOMNANS WAt IRa g fyRts, or when
théuSiactkantiioo: prochssed sislbsagibbe ilignbr408]38tdenddotioma kndsider range
of gg&i@é?%nmmgfmm@e%ﬁewmt&ya% dangingdndicatincathat Her

gomeric composition contains some insoluble fraction. ¥VO ) d
unsRRIAtI BRI RRRE 0 S0 B Ds AR 2 ranee ohelRaREERITSTRIBIRERE ts
Theostigositiciadd usefibapodhetin eilarderdixciogsidkerloruldydacing no epoxy
grEROYIERINGE L RRRUSPHRP HGRE A% BIRAEINER! NN HRALIMBASIUiMANg degrees

such as a flame retggajang|rghthermopla§t|cski1éo_malgﬁa\g hlgofuféhermally
of R AR A L B P BRI A B SRS TraetuT for preparing
electrical larpialfse s QUEHGLEARRSHARE ©8519® Vit deastWeweight,
additional epaoxy resin to form an a%\égnce resir%jé%hi(%h cagéhgrgé)ee%géggb
e Rl TSP h &0 50??8%%%"&6% b and espeqialy Faonal e pa Ry feain Y
weigbtanf hubregeasbmord lisdmbeeeptoypyroe prsérnaidicehleringratbrapty

preRIARS BV N VIEERAOE ERURS AR QRS Whesm ARC BIDEE:d B takaTably
contains more than 2 epoxy groups/molecule. The additional epoxy resin

may be the Aamisadpokypiesinatiedt épargdet teastiteectmersligohierimaking the
oLfERMRPSHIARY MRLeAHIARRLRRIR Hiahaniuacsalpitaenexyiesins

can be tolerated during the advancement step, It s preferably npt .
T ARIBAREH on e P IRERR AL AT SER SIBRLS (T S R gy and are
mpesipreforatindeorsinedEbiradmmastisherafenably epriaina giagtiyémpoxide:
reaBAIRr S3IR¥ IS Mateadditional epoxy resin(s) may have an average

epoxide functionality of 2 or greater, preferably at least 2.5 and more

preferably aEleasdSraunsive enobahighdnpghenchatiapepdhgtrasthrppehiyith a
vislaR 6asisde R esrachrasinlbay sigha. ighee gresplininelansiphaubichsteysisate,
oS30 D S INC L REOREHIGR, S IR SR AR - N A A Pl forvea.

ethers o phenolic compounds such as resorcinol, catechol, .
Phgrentscin onefesiephdnphasielin Sy8raxyb &S 3y hydroxyl group that is
atthdrdlisdd-dvrtirax\dn Resybri phenyhethanrednhisphenol F and bisphenol K.

Preferred additional epoxy resins having an average of greater than 2

epoxy groupiiiteiie hrlgsensiedcreesidentratiEn FaR ROVt g those

rdRSins: tehasoiHesnaldabyd® novolac epoxy resins, bisphenol A novolac

epoxy resins, 25 trigglycidyloxyphenyllmethane,
tetrakis(glycidyloxyphenyllethané&Ydetraglycidyl diarﬁmddiphenylmethane

and mixtures thereof. Trig idytoxyphenyQ ane,
Iéetrakis(gchidyloxy]ghenyl thang and
etragchidyldiaminodipheWane arep wﬁen a low viscosity

resin is desired. In view of cost performance, cresol-formaldehyde novolac
epoxy resins, phenol-formaldehyde novolac epoxy resins and 30
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, WO
20071145807PCT/US2007/012644 especially from 160 to 210. Such

resins are available commercially as D.E.N8 354, D.E.NS 431, D.E.N.O
AR and D E N Q 420 from The Dow Chemical Comnanyy The ratine nf the
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5 having a desired epoxy equivalent weight and a desired halogen
content. A stoichiometric excess of the additional epoxy resin is needed in
order to obtain an epoxy-terminated material. The epoxy equivalent weight
woRthz@assEnced resin may be from 150 to 10,000 or more, PEF@ISAN/Hignd4
150 to 2000 and especially from 150 to 400. The halogen content of the
advanced resin is suitably from 10 to 35, preferably 10 from 12 to 23, most
preferably from 14th 18 weight percent. The advanced resin is
conveniently prepared by heating a mixture of the oligomer composition
whanel edtifioiralepeodyntlyindprisenirese npexidarsantivioaratiy 3t rrRAsepeRts a
hal¥gensRaih, tQJ&ULQ\é%B@M&@HEl&VQIH&B&QﬁE&SQ%@Q Qligomey bafesgent
conductlng the ady, é nt re ctlo ﬂ)ln fai:t it 1_rreferreg(E ?at this
hydpasarhorssRomR %b g |6'ﬁ eRts reﬁ'ay e'present indesired,
prafithablyHfrooalil maaghaisamwse,v@pafat%% thOree&iorGene@turthe

prd& RS ISIRRhaYA Ji@rﬁ%%%&@m&%nﬂau%&lémo@&d&sﬁrﬁﬁe@auxy
equwalent w ght is ?%%I'g adv aI ma)éegclgdn Re compound
so’f”u?f o%f/apefesm an {ibgenated oligomer -

m@mnon/@dmmm@m;@dém ﬁe@eﬂ@htp‘ﬂmﬁetnmtjﬁab feiremditairabromo-
suﬁgﬁﬁm@wﬁ%%@ﬂmi%&amﬁeﬁqm&égﬁmm R pkenoDFiidsphenol

ohag}b |t|o  mixtures 3 The reisu,kt dvance%set[i)m;%gic %SL%ﬁ%nols are

Ariety 5t Spoxy e s yapplica 1oRe. aither y itself or as a
pabtendamim%lcﬂ%ore other epoxy resins. An application of particular

interest is t%mmmawgem&abmmw@nasﬁhahwwmm paeful to
SRS S5 epieal RLeRRI N IR IS AADCeH) SRAKERIA W8 zoro in thic
SUIta vent. r?' Weﬁ a(fs e

e var 0 contain ast one epox

urin

cangerDmIReARS SIS S HBTIRS EHF AT Biai5Aol A, Dispbrgal K, bisphenol

F,RsliGeted @16hg Bigphthisiedlis and pastientariheréical and therefore a wide
variety of CL*“TP %%e%técg%mper S iRedds QBVE T S, Sglaston %ﬁ%mggégate@

agent may affect therma les of the cured resin. These include

hayisie RIGFISY a)géﬁg*@aeﬁfagrawaﬁm tetgrahmol Fﬁﬁéﬁ?nﬁ&ﬁéﬁ%’ be used to
makeé thiarkligoslinh anysufivnbepphlldided g behiasiiexahstirgugphitiedisuch as no

erdnRydRde, ﬁ%@?ém%fétﬁéWﬁ%elm'sﬁﬂ&%&aax%q‘a&@%&%&H@@g

agents such as phenol novolac, bisphenol A novolacs; and mixtures

thereof. Oth'gl?‘%ﬁﬁﬁ’@%?gé‘?ﬂ%tﬂ%‘f&ﬂﬁ%%dﬁé%h‘fﬁh%hﬁb‘ﬁ%‘?@%@)" not)
prdD&rakii4 230V Tekd SRAO 2/DE 2644, deperiblst lpstitBaP ilpisivedtPbyeneight of
niRRUGAUA0N, 2004 31 a0k @608, curing agents used wil

normally range fr om 0.3to0 especjally from uivalent
epoxy equiv ﬁ?é‘% é&PEWSHéH?(e‘%) fﬁ ﬁ}l :\k/xgr?cf Tmer o couppomtmn

coBtmiite bt lrasiceedngjegehcatiety smdobvotye m,mmfevaé#msaasﬂy two, epoxide
g&%@ﬁéﬁ%lé&dyd'&q mdﬁﬁgﬂ%géiﬁm%wm resreEa by tBlorine and/or

‘g) éx?gx?ratlgi n%%?thgrepeqoglfe‘he ubtable cat 8Inountsmare asedgrse%ra%qgfbonded

varnmﬁnwnl include & Solvent or a mixture
tosolahen Frransefweraneseetiormd@ epoxy resin composition may be the

Same materiﬂh&ﬁéﬁ@eh&@éﬂ'ﬁ@ﬂ&@pﬂ’ﬁﬁhﬁéﬂig@m&kéﬁmm%ﬂﬁ{Erasmposition
rI%(e)(%tr?é)OV% oF TNt bea%e%lff St 1c,a$$£i§.1=iﬂ£'hja919 aﬁp&%é{m or heterocyclic
olv

ents may be use |n the varnish;, as the solvent usually
qmmenrén%wea B@ﬁﬁbﬂﬂ*@tﬁﬂw&b%%%nﬂﬂﬁ% Sphs SRS e %%}&‘é{ﬁ’f alleyl.
TRS lahgiantedalpsgonisnl maylivite anctipsp mpivaies twdightef i da$e500,
preﬁ %ﬁ?fé%%'ti%dem&%@%@r%w%M%@W@fﬁ Smt§H! Bhbted epoxy

e el SEECHBEA 5 SoPRE Nos  SSPn o GadgL 30

4,7he waenish mayz"a,lmmmoﬁammﬁmwé@edbw&@p@mem@edye@y H. Lee and
KlillersusiriReianisa lawsnedifarndlawaretardantsard mixtures thereof.

Alternatively, a varnish can be prepared in similar manner, using a mixture

of the halogenated epoxide-reactive oligeimer and an epoxy resin instead

of (or 20 in addition to) the halogenated, advanced epoxy resin. Such a

varnish all also contain at least one epoxy curing agent as described

before, and may contain other 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
i Aried at for eavyamnle QOC tn 2B 200C and nrefarahlhvy 100C t0 200C: far
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Laminates prepared using the epoxy resin composition of the invention
also tend to exhibit high TS values, although these can vary significantly
depending on 15 the choice of particular starting materials. Td stands for
WeABEEr e of thermal degradation measured by thermal gP&vitreAtfcaI12044
analysis (TGA). The sample is heated at a rate of 10C/min, and the weight
of the sample is followed. The Td value is the temperature at which the
sample has lost 5 weight percent of its original weight. In many cases, Td
values of from 300C to 400C, preferably from 320C 20 to 380C and more
preferably 49erelzrefoere ahhalogsratrsie RO te Ryl ether of a
polifierdnegpheimbtfuitablysipdfiMidinEhedadiptbdscheptedaatREBE thedtructure
arheld at that temperature 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 25 especially 80«minutes or mof®=T288 is measured in the
same way, except the s Fle is heated to 288C. T288 valugs;of 5

minutes H\Morg,are pr NSolder dip/is a rapid test tl;at rovigdgs an
mate Wi with an0°’_I8er| g congitions.
Iten lead-fr der at 288C. The S mple

indicaftn of how arPere

The laminate is dipped iRt

is held in the solder until delamination igr30 caused by decomposmon of

the resin. The time at V\lﬁ?eh decomposition begins is the solder dip value.

Solder dip values of/aties are prefe;,red./ \ This

invention atso l et PaviTeg v ry-lerw dielectric

properties, as indicated-4 :

withr14 WO 2007/145807PCT/USZOO7/012644 the invention often
wh%mm@c%qg M%ﬁﬁe‘hﬁy RraiaEaely dess hanAr e AhRASP i glaly

less than 4.0 at 1 z. The Df of the laminate |s often Iess than

orREEBPRGERRE 0 HTSHRE (1 PERE iy oS A5 018, SPPRfgG rom O

. to baeniraietinfade thtactoRimeplesitf the mnieptivatedseptemd-¢singsistiude mono-,

m—5ﬂqgadﬂm%@9clﬁbf‘ot@9&§ﬂ%%da9dh wmmﬁf o&iherm\é@aitlmsefba{scwgmmmd
used as a component in an adhesiv ic foil a
dls}esssg} sEherhr bR RhAREE, T Eri q; skl ?u%@tﬁ%%em‘ F

M@gﬂr&@@ixgﬂn@plmmmbssﬁ@%ﬁ&mdbwmmmmd epoxy
reditl %@Q&%c@ﬁ@ﬁ%@fe@?@@@i@lﬁ&ﬁiﬁ@tﬁ@%iBﬂt&&ﬁﬁ@ﬁ@ﬁiﬂﬁﬂemUd&ﬁd
d an adyan [E]‘a %)enated epa%y aaTl?ls grescr,iqledlja\bo&% %ﬁt' ape Yn

MY oense a al epoxy réesin; an i t ONE epoxy curing agen%
W%W&lﬁ@ﬂ?ﬂ@%w ﬁgé%@)}?w@téﬁ%lls are described,

for exampleviitdrss. J? al@0ENRLEI43 3bh-halogenatel DL $64ths can be used

to Dy ntj il be ri in moye etall | referen Q I

B P e e A e
dighyrithy ethaessiaplvidesrieae 6°‘§H’b‘é?f§‘éﬁﬂhp%?6€ﬁ‘?ﬁi}8§1a?€"ﬁﬁh°l
hyhh&i@hinone, bisphéaioh s dphmsbAadtdesigmali aFs(figr fne(thyeroky ipbeayi)-1-
phg‘l%f%uﬂwgg E?é%@&l%?ﬁrﬁlgﬁi?éﬁme@ %&Mgﬂﬁylbzphenoi Qggyg‘)ic@l?é%ﬂers of

lether of bisphenol A with an 20 epoxy eguivalent

di
SRR AN S DR AR SPEOTEIE A0 BOATCH SApieslome
glcoimpad\poly(ethyldddokid:138rsln(prumydd moveide) ehiorisreoiydlavidyl ethers of

pheROKYo SR MR MRIONGEL L 80 CRRM S dialin ava i IRIa N 9Pl DB BYYE resins
Chemlc%Com 60 IS a bromlnat d diglycidyl

(CRARLPYY %f)ﬁeﬁg%%e\?ﬂlghé' e%é‘fﬁl Sqax k&g Waight™r452,
hydyedteibtozedinlTide BoinG diyitenadtadirmeyphenol resins and gdqyglppentadiene-
suhémﬂiléa%@ma;yaﬁdsem&ﬁﬁsj&nmm@maayeaﬂailable from The Dow

Chemical Cgm '.stands for tetr. mgbispheno
D.E.R.01) 5% ?s%g{)dlo%?{ dtx"lcf3 gehpoxyqu s?l %a(%/;?n %ﬁnepcfonel uwa gr?to ?6 spond
to fhashreRTssoRtshivnatrershyraJhirhorer Bhvhid Solh eerenfilareers sapmercially

SD 500 C is a bisphenol A novolac, sotd"by Borden Chemical Company.
WO 2007/1458117PCT/US2007/ 444 DOWANOLO PMA is a
propylene glycol monomethyl ether acetate, commercially available from
The Dow Chemical Company. DOWANOIA) PM is a propylene
glycol monomethyl ether, commercially available from The Dow Chemical

Company. 5Various experimental testing and analytical methods used for
vvariniie meaciireamenitce in the followina Evamnpnlace are ac followe:
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15 Examples 1 and 2 and Comparative Examples A and B

Oligomer Example 1 was prepared by charging 28.8 parts of D.E.RA) 542

epoxy resin, 71.2 parts of TBBA and 42.8 parts of DOWANOL(r) PMA to a
wa liter giEws reactor equipped with a mechanical stirrer, a heating jaeket 2a44

nitrogen inlet and a condenser. The reactor contents were heated to 110C

to form a resin solution. 1500 20 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
avdiBOdeaivctndicha dilshitcid ml péhat ef hitphiea d goxgstaontachwasiredoksbbindhe

Dole DAL @Qﬁl\?ﬂy (BRI IaLel-0:1 20 Minwies b dpilioRad 331, D.E.R.®
DOWANOIA) P

A was added t | resulting resin solution. The
332 Bt RR &GS g?o% sqglrgﬁ‘a&l%%@p%o%déeé%%ps in Oligomer
Example AQrasragrsiallinsailable: diglycidyl ethirysreptivalvasis thatare useful as

thP HRRMEEh F2 163 PEY AR ineHEEP R RB1ATAND EDR®OT $4ULHAD. E.R.® 736
. materials, which e(ge as indicated in Table 1. The ratio of phenolic groups

by (The AN BpBsiat GIBREEH Oligomer Example A was in excess of 20:1. '
30Compardirexsanledresinsmaphecesid oy thanyinhadezgnniad eoxy resin,

bubtEnR +6 68 REOPYIRSIRADEC4hsd PRSISHERS Sptidefinreiohalibid @R 6baess of 2.0.

ixture was heated fo 150C and,stirre itr il
S R AR YA S L DT A hE o APy 0 438
andda N @488 SromaTheoBew, Ghemiral Compaay-

2007/1458QREP4S20R 74Qd 284k ieiphsr atidiadipio geasilidlestiodpelades. A

70C during the. catalyst.addition. The.mixture was.then coole
v R o (S R S A RS A ST 2RI e
bopflgd rereadainah aosmedmpiiarbarsnesshdlagrabetdn the dooins
stagupsapared in the same manner as 5 Comparative Sample A, except for
the proportions of starting materials, which were as indicated in Table 1.
The phenolic equivalent weight, m€Tt viscosity @t R50C, Tg (by DSO,
solubility in the DOWANOL(r) PM blecular weights and
product distribution were determingd fore of Examples 1 and 2 and
Comparative Samples ID A %pﬁ B.LResults were ms indicated in Table 1.
WO 2007/145807PCT/U520 7/8)12644 Table 1 Components Example 1
wigsspin & atige SUphsEcATElRiphe SN BRARNRAES STIHR BIPESE By ber
frqph\i 12818, PBBe3TbTH fBdnY 3 IBBAWDew/ib. 2, The2cA RBipRA2Ee epoxide is a

m&géé{éml‘lﬁ%’p%mt)é%&g zxcé Qormed when n is 2 or more. Mixtures of mono-,

di- and/or polyepoxides can be used. 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 I 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.



10

15

20

25

30

Phenolic E.W. 542 563 874 873 Tg, C 624 80 884 99 Solubility2 Soluble

Partially soluble Soluble Partially soluble M. 811 822 1194 1185 1501

1735 2542 2797 M. 2571 3254 4428 5097 Polydispersity 1.85 2.11 2.13
WO RRTRISHTBBA, wt- percent 35 36 18 20 PCT/US2007/012644

The halogenated epoxy resin and the additional epoxy resin, when used,
are preferably mainly difunctional. If higher-functionality epoxy resins (whether
halogenated or not) are used to make the oligomer, they are preferably used in small
quantities, such as to 5 percent by weight of total weight of the epoxy resins used in
making the oligomer composition.

The epoxide-reactive compound(s) and epoxy resin(s) are reacted in the
presence of a solvent. The solvent is a material in which the reactants and the
oligomer composition are soluble, at the temperature of the oligomerization reaction.
The solvent is not reactive with the epoxide-reactive compound(s) or the epoxy resin(s)
used to make the oligomer composition, under the conditions of the oligomerization
reaction. The solvent (or mixture of solvents, if a mixture is used) preferably has a
boiling temperature that is at least equal to and preferably higher than the
temperatures employed to conduct the oligomerization reaction. A boiling
temperature of from 100 to 150°C is especially suitable. Suitable solvents include, for
example, glycol ethers such as ethylene glycol methyl ether and propylene glycol
monomethyl ether; glycol ether esters such as ethylene glycol monomethyl ether
acetate and propylene glcyol monomethyl ether acetate; polyethylene oxide ethers and
polypropyleneoxide ethers; polyethylene oxide ether esters and polypropylene oxide
ether esters; amides such as N,N-dimethylformamide; aromatic hydrocarbons toluene
and xylene; aliphatic hydrocarbons; cyclic ethers; halogenated hydrocarbons; and
mixtures thereof. Preferred solvents include propylene glycol monomethyl ether,
which are commercially 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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2:1 Adduce, wt- percent 33 26 25 22 2:2 Adduct3, wt- percent 3 20 19 23

20 4:3 Adduct' wt- _percent 8 10 15 15 Highers 4 9 19 23 Melt Viscosity

@ 150C, Pa 3.84 10.4 654 >1005 *Not an example of the invention.
wPangbysareight of respective starting materials. 'Solubility inGSthiHz10@/012644

glycol monomethyl ether acetate. "Soluble” means a clear solution was

obtained at 5 room temperature. "Partially soluble" indicates that a turgid

solution that partially phase separates over time was obtained at roam

temperature. 3A 2:1 adduct was the reaction product of 1 mole of epoxy
reagdim appdtimics ohTBS&RIA B adeiiitveasn theomuhiibpdrbatenyterature of

10P QUSSP EPRXL LRI NG 30 2P Of BB ot St asuCh WMot 1S reastion, 1 to 3

me;gduct of 3 moles of epoxy resin with 4 moles of TBBA. Highers were 5-4

and higher adducts. 4Evaluated after drying the 10 oligomer composition

for 2 hourspt,d BAG fallovtesl dyedEYibE fah bh RiifoWadeasyV AckHDy RS 260 RISoxy
was toqQ viscous to me re accurate Yy atEE‘II}S1 tem eratuge t of th Thet.
contenfid gﬁr’fﬁ?\%ﬁ%fﬁ?\‘ﬂ% feCPURBUP A ST hé o4 BYofigofier® reacton

miptepaiatieduatit bic ahicssnipdSitod aral propartiovast tndibliposrerolMontrit is
recﬁﬂk&aog&%ﬁgqua@w : M@&%ﬂiﬂgﬁ@ég BRI '_t U)ﬁé&%@@dé%aﬁl ,u\gtsm@%%ﬁde
. an 6] ISpersli re all reaugced. VISCOSItY.I SO reqgauce . .

e (e S g A e R R A R )
thd rzadlfing oigemstowmpaitonty df ¢ngtrainmbighutatin efgimoridg)reagtizesgroups
to Ha%&?rgriiwpedf thReepekaidhe alae %qre&ém&ows&mm&r&mpmmio of

IN the solvent preparation process. . .
oP S R LT O30 D £ YA A2 T ofven B the sffect of
inEearindl s iwdamaarcn adefecsaithe gisenarramnesidesambingrfucing
re4ESPRGIAQ thenpsrpar ationpgdialegenated oligomer Examples 1 and 2,

using proportions of starting materials as indicated in Table 2. 50ligorner

Example 4 Resqlieqrasstrationesanetenaiinesnsiichiid onidemranspiescf one or
m@RtLtasEbinak aligeiba JBROMENE Rodfe Witk wigehatkreanipsl, SustaBlk such

tity of 2 non-halogenated i, D.E.
co A R SRR I Pala N 00 e

3, 3% 6B G 8998 TrititdriR€IN A ¥0asd AN Piflteltfia. 8,956,237, 4,048,141,
4,093,650, 4,131,633, 4,132,706, 4,171,420, 4,177,216, 4,302,574, 4,320,222, 4,358,578,

4,366,295, and 4,389,520. Examples of suitable catalysts are imidazoles such as 2-
methylimidazole; 2-ethyl-4-methylimidazole; 2-phenyl imidazole tertiary amines such
as triethylamine, tripropylamine and tributylamine; phosphonium salts such as
ethyltriphenylphosphonium chloride, ethyltriphenylphosphonium bromide and
ethyltriphenyl-phosphonium acetate; ammonium salts such as
benzyltrimethylammoniurh 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.

.10-
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100ligomer Example 5 was prepared in the same manner as Oligomer
Example 4, using proportions of starting materials as indicated in Table 2.
Oligomer Example 6 was prepared in the same general manner described
WOMNYESSEEL to Examples 1 and 2, using proportions of startifiy IRAtEH&1&6+4
as indicated in Table 2. 150ligomer Examples 7 and 8 were prepared in
the same general manner described with respect to Examples 1 and 2,
except that a mixture of D.E.R.(r) 542 and a non-halogenated epoxy resin

(D.E.R.(r) 330) was used to make the oligomer. Proportjons of startin
materials M%@?ﬁﬁﬁf&ﬂ*ﬁ?ﬁ‘ﬁ%@@%@ﬁéﬁﬁi@ é’ﬁ’t’éﬁgﬁ%’dder ot

crobylichaigingddamRioy itk Odvaiogdnasmcabuobe wesiasT: BEA@&W@! or non-
reaek%vg%ﬂ?thg%m999%3}9&&@{9@&4&@%&@&&%@0m The Dow

emical Company) to a 1 liter glass reactor ed with a mechanical
stirrer, a hé&lﬁ@ﬁ&&%ﬁlﬁ%ﬁ&?#ﬁ&%ﬁf?&%ﬁ?&%@?e FRYELGH
coripbifiia wertahfsaterbta80€ dedorcnblaasinateh iba cli§0Gpppnfosition is

rea%@X'WRﬁ%QM%%mﬁ@&ﬁt@ﬁ%ﬁa@%t tDa568 o0 186608301866, which can

b weight of the 25 epoxy resin and TBBA, was added to the resin solution.
t %@é‘tb‘l’ﬂﬂfbﬁmgﬁﬁgﬁ REEFP OB IH L RETAY at that temperature until
the epoxy Gintediditissédnoryl tesiodsathan avnagrcei n(ap HhexiPRRENOXY group

pe%%ﬁgﬁénIM%}el%memgaﬁlgfta@mwwgsgy&ags?mwmmm more

Table 2. Oligorner Exa g Ie 10 was made in ame manner as

PrefiRsbN P B ELINIE B oRR SRPIN K" §%ﬂ°aerﬁ31fnt of a nonhalogenated

r?ST (D.E. ?&%&lﬂ%md MLS&FQ%?LB@EE@%@@@pB&@W&QE used to
starting materials were as In icated i a the. oligomer.
A ANETTAE FST T Bach Baibr trersntassin, Haehl SandaStiey
epyvasresideddn tectoleroted dutimgdbdndeaneemenicthe Milgwrsiexably not

ha@@ﬁl%&f%@%ﬁe@ﬂ-ﬁ@ng&f@aﬁééﬂ Nambered tdkiaal epoxy resin can cause

triphen onium acetate catalyst was,added.in the

Uy ecf’ ed i %"P wgii] 81 & HENidure a%X tE:ate %" 3?) ﬁll(r)% glra&&%onal

epzmampqe@)gmmd by avoehvera e «rﬁaméﬁfym%av@lermwm@frm%f@d Ri5ésgpbly at

leaﬁsq WivAieRl WEie ke s.8bain R AddiMaBal ssOlY arhigias: thektidtdaityaspoxy resin

in FBiccn JE0IS, 2, RIS SUMAIBH XRIONE HONIRCAINER ANAPEERN 1o
oliue"at theTesufting advanced resins were as indicated in Tab

Lo, bRISe BTBESERFIIONEEN O rRuiableEeROSE 450 Torbre géécvd@lgtélfrs of

phéi538 160 QADshcR 2330sddenol) Bat&cRo?, Bt Bihdr@, bisphenol, bisphenol

A, bisphenol AP (1,1-bis(4-hydroxylphenyD)-1-phenyl ethane), bisphenol F and
bispheno! K. Preferred additiénal epoxy resins having 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(glycidyloxyphenyl)methane, 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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0.587 D.E. R. 560, ppw 000000 7.04 7.42 TBBA, pbw 12.44 15.62 13.0

14.51 13.57 19.48 12.63 13.3 DOWANOL PMA, pbw 5.63 7.37 7.0 6.8

13.34 19.5 0 0 DOWANOL PM, pbw 0 0 0 0 0 0 4.94 5.32 Catalyst 0.045
WO 45145807 PCT/US2007/012644

especially from 160 to 210. Such resins are available commercially as D.E.N® 354,
D.EN® 431, D.E.N.® 438 and D.E.N.® 439 from The Dow Chemical Company.

The ratios of the halogenated oligomer composition and the additional
epoxy resin are selected such that an epoxy-terminated advanced resin is formed
having a desired epoxy equivalent weight and a desired halogen content. A
stoichiometric excess of the additional epoxy resin is needed in order to obtain an
epoxy-terminated material. The epoxy equivalent weight of the advanced resin may
be from 150 to 10,000 or more, preferably from 150 to 2000 and especially from 150 to
400. The halogen content of the advanced resin is suitably from 10 to 35, preferably
from 12 to 23, most preferably from 14 to 18 weight percent.

The advanced resin is conveniently prepared by heating a mixture of the
oligomer composition and additional epoxy resin in the presence of a suitable catalyst.
It is not necessary to remove the solvent from the halogenated oligomer before
conducting the advancement reaction, and in fact it is preferred that this solvent
remains present. Additional solvents may be present if desired, although volatile
materials that will evaporate at the reaction temperature are preferably avoided. The
reaction is continued until the desired epoxy equivalent weight is obtained. The
advanced material may include a mixture of unreacted additional epoxy resin and the
halogenated oligomer composition/additional epoxy resin reaction product.

Suitable reaction conditions are generally the same as described for the
preparation of the oligomer composition.

The resulting advanced epoxy resin is suitable in a variety of epoxy
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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0.045 0.03 0.03 0.045 0.03 0.03 Advancement ReaCtiOn D.E.N. 438
52.43 53.6 57.7 53.8 53.90 37.32 62.3 60.65 Catalyst 0.04 0.04. 0.04

- 0.03750.04 0.04 0.04 0.04 DOWANOL PMA 19.356.904.950000
WO\ 5847 PCT/US2007/012644

described in U.S. Published Patent Application No. 2004/0101689. The amount of the
curing agents used will normally range from 0.3 to 1.5, especially from 0.8 to 1.2,

equivalent per epoxy equivalent of the epoxy component(s) in the advanced resin.

Similarly, a wide range of catalysts can be used in the varnish
composition, including those described before with respect to the preparation of the

oligomer. Suitable catalyst amounts are as described before, as well.

The varnish will include a solvent or a mixture of solvents. The solvent
used for the epoxy resin composition may be the same material as that used to prepare
the oligomer composition, as described above, or may be a different material. In
particular, lower-boiling solvents may be used in the varnish, as the solvent usually

will be removed during the curing process.

The varnish may also contain an inhibitor to help control reactivity and
in some cases to further increase the glass transition temperature of the cured system.
Suitable such inhibitors include Lewis acids such as boric acid, boron oxide and boron

esters, as described in U. 8. Patent No. 5,314,720 and 6,613,639.

The varnish may also include other additives such as pigments, dyes,

fillers, surfactants, flow modifiers, flame retardants and mixtures thereof.

Alternatively, a varnish can be prepared in similar manner, using a
mixture of the halogenated epoxide-reactive oligomer and an epoxy resin instead of (or
in addition to) the halogenated, advanced epoxy resin. Such a varnish fill also contain
at least one epoxy curing agent as described before, and may contain other 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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pressure and elevated temperature, such as, for example, 10 to 50 Kg/em?, and 130°C
to 220°C, for 0.5 to 3 hours to cure the resin and obtain a laminate. An electrical
conductive layer is formed on the laminate with an electrical conductive material.
Suitable electrical conductive materials used herein include, for example, electrical

conductive metals such as copper, gold, silver, platinum and aluminum.

The electrical laminates manufactured as described above can be used
as metal-clad laminates and multi-layer printed circuit boards for electrical or

electronic equipment.

The use of a halogenated oligomer prepared in the solvent has been
found to lead to improvements in the thermal properties of the cured resin and the
resulting laminate. Generally, the Tg of the laminate is from 130°C to 220°C, and
preferably from 140°C to 190°C, and more preferably from 150°C to 190°C.

Laminates prepared using the epoxy resin composition of the invention
also tend to exhibit high Ta values, although these can vary significantly depending on
the choice of particular starting materials. Ta stands for temperature of thermal
degradation measured by thermal gravimetrical analysis (TGA). The sample is heated
at a rate of 10°C/min, and the weight of the sample is followed. The Ta value is the
temperature at which the sample has lost 5 weight percent of its original weight.

In many cases, Ta values of from 300°C to 400°C, preferably from 320°C
to 380°C and more preferably 330°C to 370°C, can be obtained.

. T260 is determined by thermogravimetric analysis (TMA). The sample
is heated to 260°C and held at that temperature 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 1s 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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758080 75 75 70 80 80 Varnishes were prepared by separately blending

advanced epoxy resin 10 Examples 3-10 with a hardener solution, boric

acid solution and catalyst solution for 60 minutes at room temperature.
WO HLHAher solution was prepared by blending dicyandiakfidd t2gf7/012644

weight percent) at room temperature with DOWANOLTmM 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 15 methanol (80 weight percent). The catalyst solution
cha SRR By BRI ALS SRR MRt RFTEARE 1900 DRRGHE pemLy™
prefe2aplpanydiahisia 200220 MHighTheDent)tbé toorinsemisariturdevstthan 0.020,
prdBSHAPLIS0LYLI918h BSISE MbrL e BHSRBENRIA (RAKORG1 80 MtiD MRS

prepared by blending (43 percent) of the hisphenol A novolac resin with

WO 2007/ 14a80vARETH 482 0N AtOHAGAd DA ANOD @ RAMA 428 Benvdigghitesist
deﬁ%rlggﬁtl)og_nd methyl et_hyl ketone (28.5 weight percent) at room _

temperature. The varnishes prepared using advanced epoxy resins 6, 9

and 10 furtheeinelugenteisaphigpaletdnie invention can also be used as a
ol IR Gebud R Baly s et ¥AU BOFRaURIES SR’ B0OR

ere cured using a bisphenol A novolac (SD-500 C from 5 Borden

embadirieal) theFPetRAIIMRISHIPBARARS thiha iR Ale cHEPRSRufdAcast one
epBppeastioasdi theayarine e pogyodiemis apsed. td mralashbe eraboibinesntvahe goating
coggﬁmq {ATRIE 21 advanced, HASISRANINLELNR YA RISI WaR BY AILRIEd

y heating_the varnish on the surface of a 171C hot plate, and measurin
OPfP@ﬁWeafe]ﬁﬁﬁ’e%“Fo?‘?ﬁétWéﬁﬁﬁWl’ﬁsdﬂi.%&s‘iﬁ?gwgf’éﬁﬁﬁﬁc‘é‘f?&%a nt
Mdtabtis 3or applyingrondonpegiswrtingyantie mECdfipty ativdSaripid, G yxample,
in MO8 PEERALE Y SeNER 2 parts by weight of a commercial brorninated,

advanced epoxy resin. The varnish also contained 3.2 parts of

dicyanclianfitle arsiéht ipaetstifri2veih e dlenativpkimm daors alet4id wetictirbeyence to

thQ%hWﬂg 'E%t A EQ%W%LQJ%&&, Wfdch are not to be construed as
2007/145807PCT/US2007/012644 !able 3 \r@miSh Sample N%. 3-1.3-
I

liyiving.{Unlesp qthefviise jpdiceigt 5 R OSASS B RER Y

Various terms and designations for the materials used in the following

weight.

Examples are explained as follows:

D.E.R.® '330 epoxy resin is a diglycidylether of bisphenol A with an
epoxy equivalent weight (EEW) of 180, commercially available from The Dow
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.E.R® 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.
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DOWANOL® PMA is a propylene glycol monomethyl ether acetate,
commercially available from The Dow Chemical Company.

DOWANOL® PM is a propylene glycol monomethyl ether, commercially
available from The Dow Chemical Company.

Various experimental_ testing and analytical methods used for various

measurements in the following Examples are as follows:

DSC stands for differential scanning colorimetry. Tgis the mid point Tg
by DSC, measured using a heating rate is 10°C/minute for films and 20°C/minute for

laminates.

DMTA stands for dynamic mechanical thermal analysis. Ty is measured
at a heating rate of 10°C/minute to 280°C with a oscillation rate of 10 Hz.

The stroke cure reactivity of resins is measured by blending the resin
solution with a catalyst and a hardener and feacting them on the surface of a 170°C

hot plate. Reactivity is reported as the elapsed time required for gelation.

Examples 1 and 2 and Comparative Examples A and B

Oligomer Example 1 was prepared by charging 28.8 parts of D.ER.®
542 epoxy resin, 71.2 parts of TBBA and 42.8 parts of DOWANOL® PMA 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 110°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 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.



10

00100000000 Advanced Resin Example6000010000000
Advanced Resin Example 70000 0 100 0 0 0 0 Advanced Resin

Example 80000001000
WO 2007/145807 PCT/US2007/012644

temperature being controlled to below 170°C during the catalyst addition. The
mixture was then cooled to 150°C and held at that temperature for one hour. The
brominated phenolic oligomer was then cooled and flaked as a solid.

Comparative Sample B was prepared in the same manner as
Comparative Sample A, except for the proportions of starting materials, which were as
indicated in Table 1.

The phenolic equivalent weight, melt viscosity at 150°C, T (by DSC),
solubility in the DOWANOL® PMA solvent, molecular weights and product
distribution were determined for each of Examples 1 and 2 and Comparative Samples

A and B. Results were as indicated in Table 1.
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Table 1
Components Example 1 | Comparative | Example 2 Comparative
‘ Sample A* Example B*
D.E.R. 542, pbw! | 28.8 28.8 37.75 37.15
TBBA, pbw! 71.2 71.2 62.25 62.25
DOWANOL 42.8 0 70 0
PMA, pbw!
Phenolic EEW. 542 563 874 873
Tg, °C 624 80 884 99
Solubility? Soluble Partially Soluble Partially
soluble soluble
Mn 811 822 1194 1185
Mw 1501 1735 2542 2797
M. 2571 3254 4428 5097
Polydispersity 1.85 2.11 2.13 2.36
Free TBBA, wt-| 35 36 18 20
percent
2:1 Adduct’, wt- | 33 26 25 22
percent )
2:2 Adduct3, wt- | 20 19 23 20
percent 3
4:3 Adduct’ wt- | 8 10 15 15
percent
Highers 4 9 19 23
Melt Viscosity @ | 3.84 104 654 >1008
150°C, Pa

*Not an example of the invention. *Parts by weight of respective starting materials. “Solubility
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 preduct
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.

The results summarized in Table 1 show how the method of oligomer
preparation affects the composition and properties of the oligomer. M and phenolic
equivalent weight remain essentially unchange‘d, 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 T of the oligomer is also lower

when it is produced in the solvent preparation process.
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Examples 3-10 )

Oligomer Example 3 was prepared in the same general manner
described with respect to the preparation of halogenated oligomer Examples 1 and 2,
using proportions of starting materials as indicated in Table 2.

Oligomer Example 4 was prepared in the same manner as Oligomer
Examples 1 and 2, except that after the TBBA/D.E.R.542 mixture had reacted, a small
quantity of a non-halogenated epoxy resin, D.E.R.® 330, was added and allowed to
react to increase the molecular weight of the oligomer. Proportions of starting
materials were as indicated in Table 2.

Oligomer Example 5 was prepared in the same manner as Oligomer
Example 4, using proportions of starting materials as indicated in Table 2.

Oligomer Example 6 was prepared in the same general manner
described with respect to Examples 1 a_nd 2, using proportions of starting materials as
indicated in Table 2. '

Oligomer Examples 7 and 8 were prepared in the same general manner
described with respect to Examples 1 and 2, except that a mixture of D.E.R.® 542 and
a non-halogenated epoxy resin (D.E.R.® 330) was used to make the oligomer.
Proportions of starting materials were as indicated in Table 2.

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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was heated to 110°C. Ethyltriphenylphosphonium acetate catalyst was added in the
amounts indicated in Table 2, and the mixture was heated to 140°C (110°C for
Examples 9 and 10) and held at that temperature until the indicated epoxy equivalent
‘'weight was obtained. Additional solvent was then added as indicated in Table 2.

The equivalent weight, bromine content and percent solids of the

resulting advanced resins were as indicated in Table 2.

Table 2
Ex. No. 3 | 4 | 5 | 6 | 17 1 8 1 9 ] 10
Qligomer Preparation
D.E.R. 542, pbw 10.07 | 6.32 7.9 5.87 7.039 110,06 |0 0
D.E.R. 330, pbw 0 5.19 2.2 0 2.10 3.14 0 0.587
D.E. R. 560, pbw 0 0 0 0 0 0 7.04 7.42
TBBA, pbw 12.44 | 15.62 13.0 14.51 13.57 | 1948 | 1263 | 13.3
DOWANOL PMA, 5.63 7.37 7.0 6.8 13.34 | 19.5 0 0
pbw
DOWANOL PM, pbw | 0 0 0 0 0 0 4.94 5.32
Catalyst 0.045 | 0.045 0.045 0.03 0.03 0.045 | 0.03 0.03
Advancement
D.E.N. 438 52.43 | 53.6 57.7 53.8 53.90 | 37.32 1623 60.65
Catalyst 0.04 0.04 . 0.04 0.0375 | 0.04 0.04 0.04 0.04
DOWANOL PMA 19.35 16.9 0 4.95 0 0 Q 0
Acetone 0 b 12.2 14 10.16 | 10 0 0
DOWANOIL. PM 0 0 0 0 0 0 13.1 12.7
Advanced Resin
properties :
EEW 272 282 280 286 276 381 260 266
Bromine content, wt 16 15 14 15 15.1 23 13.3 14.0
percent based on ‘
solids
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 sclution 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

-20_



10

15

0 0 0.1 2-methyl imidazole 0000 0 0 0 0.08 0.08 0 2- Phemlimidazole 0
00000.48029000 Geltime at 170C, s 211 212 245 250 217 276 235
233 211 265 *Not an example of the invention. 5Prepregs were prepared

WO YR HEBBove varnish formulations by a dipping method, J&hg/&007/012644
substrate of glass cloth (Type 7628 from Porcher Textile, Ba.dinieres,
Fr-38300 Bourgoin-Jallieu France or Interglas Textil GmbH, Ulm/Donau,
Germany). The impregnated substrates were passed through a

CARATSCHTm pilot treater (built by Caratsch AG, Bremgarten )
DOWAN QL m %53‘@}%&&95%%%&&4 methyl et’:hyﬁmgme (28.5 weight

percent) at room temperature. The varnishes prepared using advanced epoxy resins 6,
9 and 10 further include tetraphenolethane (1,1,2,2-tetra-(4-hydroxyphenyl)-ethane).
Varnish Examples 3-2, 7 and 8 were cured using a bisphenol A novolac (SD-500 C from
Borden Chemical) resin solution instead of the dicyandiamide hardener solution.
Proportions of the various ingredients used to make the varnishes were as indicated in
Table 3.

The reactivity of the varnish was evaluated by heating the varnish on
the surface of a 171°C hot plate, and measuring the time required for the varnish to
gel. Results were as indicated in Table 3.

For comparison, a varnish (Comparative Sample C-1) was prepared
using 100 parts by weight of a commercial brominated, advanced epoxy resin. The
varnish also contained 3.2 parts of dicyandiamide and 0.1 parts of 2-ethyl-4-methyl

imidazole. The reactivity of this varnish was as indicated in Table 3.
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of from 170 to 175t and a winding speed of from 1 to 1.6 meters per
minute. The resin content of each prepreg was measured by weighing 10
WA 1E58H square sheets of glass cloth before and after pREpraF2007/012644
production, according to 5 Method IPC-L-109B, IPC-TM-650:2.3.16
(available from the Institute for Interconnecting and Packaging Electronic
Circuits, Lincolnwood, lllinois, USA.). The results were as shown in Table
4 *below. Eight sheets of each prepreg were laid-up in alternating layers
with sheets of copper foil on outer layers, and then heated under pressure
to form an 10 electrical laminate. Thegble@erties of the laminates were as

A

Vaia'n'gil a?a"éni '“ieT a1 oW 2P Stig hamiprqte propeT W%lly:’-bomp.

NIO1/9971 061 . 22 - 00 993| passed 121/ min| (0.36)1 91, $171(1D mot 1 Sample
3-01 L9 14 C-1*

Components

(pbw, solidg

basis)

Advanced Resin | 100 | 100 | O 0 0 0 0 0 ) 4]

Example 3

Advanced Resin 0 0 100 | O 0 0 0 0 0 0

Example 4

Advanced Resin | 0 0 0 100 0 0 0 0 0 0

Example 5

Advanced Resin 0 0 0 0 100 | O 0 0 0 0

Example 6

Advanced Resin | O 0 0 0 0 100 0 0 0 0

Example 7

Advanced Resin | 0 0 0 0 0 0 100 0 0 0

Example 8

Advanced Resin | 0 0 ) 0 0 0 0 7143 | 0 0

Example 9

Advanced Resin | 0 0 0 0 0 0 0 0 7182 | 0

Example 10

D.ER.592 A 80 0 0 0 0 0 0 0 0 0 100

Boric acid 0.5 0 0.25 | 0.25 0.3 1.76 0.39 0571105875 | 0

Bis A Novolac 0 0 O 0 1] 100 43 0 0 0

Dicyandiamide 4 0 4 4 4 0 0 0 0 3.2

Bisphenol A 0 45110 0 0 74.87 1| 54.85 | 0 0 0

novolac

Phenol novolac 0 0 0 0 0 0 0 24.75 | 25.2 0

resin

Tetraphenol 0 0 0 0 1.1 (o 0 275 2.8 0

ethane '

TBBA 0 0 0 0 0. 4523 | 0 0 0 0

2ethyl-4-methyl 0.15 | 0.05 | 0.13 | 0.16 0.12 |0 0 0 0 0.1

imidazole

2-methyl 0 0 0 0 0 0 0 0.08 0.08 0

imidazole

2~ 0 0 0 0 0 0.48 0.29 0 0 1]

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 8 meter horizontal
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oven, at an air temperature of from 170 to 175°C and a winding speed of from 1 to 1.6
meters per minute.

' The resin content of each prepreg was measured by weighing 10 cm x 10
cm square sheets of glass cloth before and after prepreg production, according to
Method IPC-L-109B, IPC-TM-650:2.3.16 (available from the Institute for
Interconnecting and Packaging Electronic Circuits, Lincolnwood, Illinois, USA.). The
results were as shown in Table 4 below.

Eight sheets of each prepreg were laid-up in alternating layers with
sheets of copper foil on outer layers, and fhen heated under pressure to form an
electrical laminate. The properties of the laminates were as indicated in Table 4

below.

.23..



2 222 t9 220/90 32.1 IELI/ZLI RI1Z 09< 2 LI 009< 198 C'3I ! percent |

w(D28)7645807A 1 34 6. 1631001 1,910.0 | F-311. RE Oh F@ITIOG30@3M2644

861/961 2 09< 2 9'33 2

"POUTULIZ)IP JOU = ([N "UOHJUSAUI Y3 Jo Sjdurexa ue JoN,

03100 aN aN $910°0 aN aN aN aN aN- aN (zHD 1) A
9¥10°0 aN aN 65100 aN N aN aN aN 0N (ZHN 1)!d
1584 aN an 6'¢ aN aN aN aN aN anN (ZEO 1A
9y N aN Zy N aN anN aN aN 0N (ZHW 1) 'd
O-A 0-A aN| (B82)0A S¥1)0-A 0-A 0-A 0-A 0A 0A ~ Buipslyg N
(9€°0) (9g'0)

(9€°0) ar gzl ‘urm gg1 (uoydrosqe
U possed posssd €0) #£0) xaj8m) 9381
0g1 pessed queored yusoxad Juasiad seed Jueoxad | judored ssed ‘sagnurm 081
yeozed 01 001 001 001 | usaaxad o071 aN aN aN 001 00T | 189} 19000 2Inssal]
(W/N)
a1 6'71 661 g2l 4! 81 48 g1 ¥1 91 | ‘yyuexys (3ed xeddap
982 19¢ 498 158 298 L1g 158 G658 69¢ LI 00 VDL 4q 7%y,
T 08 UN aN 008< anN aN e01 601 01g 901 | & *0.8835 18 dIp 33pJog
aN N aN L1 9'%% aN aN anN aN aN U 00EL,
aN 1¥ 54 N aN aN aN aN aN aN urw ‘ezl
B 09< 09< 81 0g L3 0L< 61 “uim ‘9z,
061 aN aN g1% aN £02 ¥1% 102 081 812 Do VIWA A9’L
¥91/991 SLI/BLT PLIBLL LICLL 861 /061 | LLI /2LT | SLT /LT | 69T /LOT | LGT /2ST | 08T /981 Do 0SAA9°L
91 a9l 1 LT 891 Ll 691 69'1 191 191 (urum) 'ssaWpIIY],
Uy, ‘suonIpued
09 /061 06/002 06/00% 06/022 06/90% | 09/681| 09461 | 09/981 | 06/061 | 06/061 SupBuime]
. wm%ﬁ@ﬂ?—ﬂ ajBUTIE" ]
juaozad
9¥ 44 97 g6 0L 80V 514 1514 Ly 08 ‘Juejuoed uisay
ell L9 6L 9 g8 68 0g 29 L8 9y | s 'omy [ed [Enpisay
§91349004d 894d91]
*60 g-01 z6 g8 gL -9 Z-§ (44 & e ON XH

¥ olqelL

-24,..



10

15

20

25

30

392 pass (034), (StflniAJ (IN1223-9 68 8111' r. 98T 9L1 JILL
JZLT Cog 81 UN 2UN LIE 81 az O-AIUNIaN| GM UN]I3-9 OE

EP L.09/061 EQ'T
WO 2007/145807 PCT/US2007/012644

The data in Table 4 shows that the prepregs and laminates made from
the compositions of the present invention exhibited much better thermal stability
(T260, solder dip, Ta) than those made from the Comparative Example. Cured
laminate Tg was higher for Examples 3-3 and 4-2 through 10-2 than for the
Comparative Sample. That of Sample 3-2 is somewhat lower than the T of the
Comparative Sample, due to the use of a different hardener. Note that the Tg of
Examples 7-2 and 8-2 exceeded that of the Comparative Sample despite the use of the
different hardener.

Example 11

Oligomer Example 11 was prepared by charging 752.8 parts of D.E.R. ®
560 epoxy resin, 1350.2 parts of TBBA and 1402 parts of DOWANOL® PM to a 10 liter
steel reactor equipped with a mechanical stirrer, a heating jacket, a nitrogen inlet and
a condenser. The reactor contents were heated to 100°C to form a resin solution. 3.1
parts of ethyltriphenylphosphonium acetate catalyst, based on the combined weight of
the epoxy resin and TBBA, was added to the resin solution. The solution is then
heated to 110°C and held at that temperature for 50 minutes until the epoxy content
was reduced to 2.5 percent based on the weight of the reactive starting materials. The
solution was then cooled to 60°C to produce a solution Oligomer Example 11. The
ratio of phenolic groups to residual epoxide groups in Oligomer Example 11 was
approximately 3.75:1.

7554.8 parts of an 85 percent by weight solution 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,

-25.



10

15

20

25

30

8L1 HZ OR UN UNF 301 TZ 91 2 0-Al UN!'UN UN!1. 34 39 ot
1 091981j169'1 691/L91 TOZ L3 UNjaN j601 93E 91 az 9-Al
(INTUNITUN UNIIt-E_

WO 2007/145807 PCT/US2007/012644

boric acid solution and catalyst solution were mixed at a 71.92:27.5:0.568:0.105 weight
ratio.

The reactivity of the varnish was evaluated by heating a sample of the
varnish on the surface of a 170°C hot plate, and measuring the time required for the
varnish to gel. Under these conditions, the varnish gelled in 194 seconds.

Prepregs and laminates were prepared using the varnish, in the manner
described with respect to Examples 3-10. The prepreg gel time was 56 seconds. The
Tg of the laminate was 175-178°C. The Ts at 5 percent weight loss temperature was
358°C and the T2ss time was 28 minutes.

Example 12

Oligomer Example 11 was prepared by charging 896.5 parts of D.E.R.®
560 epoxy resin, 1071.8 parts of TBBA and 1312.2 parts of DOWANOL® PM to a 10
liter steel reactor equipped with a mechanical stirrer, a heating jacket, a nitrogen
inlet and a condenser. The reactor contents were heated to 100°C to form a resin
solution. 2.95 parts 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 for 656 minutes until
the epoxy content is reduced to 3 percent based on the weight of the reactive starting
materials. The solution is then cooled to 60°C to produce a solution Oligomer Example
12. The ratio of phenolic groups to residual epoxide groups in Oligomer Example 12
was approximately 2.5:1.

6422.5 parts of an 85 percent by weight solution 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 te:hperature 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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_ The reactivity of the varnish was evaluated by heating a sample of the
varnish on the surface of a 170°C hot plate, and measuring the time required for the
varmsh to gel. Under these conditions, the varnish gelled in 217 seconds.

Prepregs and laminates were prepared using the varnish, in the manner
described with respect to Examples 3-10. The prepreg gel time was 77 seconds. The
Te of the laminate was 181-183°C. The T4 at 5 percent weight loss temperature was
352°C and the T2ss time was 24 minutes.
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weight of from 700 to 3200 and a weight average molecular weight of from 1500 to 7000 and

contains at least 2.0 terminal epoxide-reactive groups per molecule.

2. The process of claim 1 wherein the halogenated epoxide-reactive compound contains at least

one bromine atom.

3. The process of claim 2 wherein the halogenated epoxy resin contains at least one bromine

atom.

4. The process of claim 3 wherein the halogenated epoxide-reactive compound is a phenolic
compound having at least 2 epoxide-reactive groups and at least one bromine atom bonded to a

carbon atom on an aromatic ring.

5. The process of claim 4 wherein the halogenated epoxy resin contains at least one bromine

atom bonded to a carbon atom of an aromatic ring.

6. The process of claim 1 wherein the reaction mixture further contains at least one non-

halogenated epoxy resin.

7. The process of claim 6 wherein at least 95% by weight of the epoxy resins in the reaction

mixture contain 2 epoxy groups/molecule.

8. The process of claim 7 wherein at least 95% by weight of the epoxide-reactive compounds in

the reaction mixture contain 2 phenol groups/molecule.

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

hélogenated epoxy-reactive compound.

10. The process of claim 1 wherein the oligomeric composition contains from 10 to 60% by

weight halogen atoms.

11. The process of claim 10 wherein the halogenated epoxide-reactive compound is a
brominated bisphenol, and the halogenated epoxy resin is a diglycidyl ether of a halogenated

bisphenol.
08-
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4. The process of claim 3 wherein the halogenated epoxide-reactive

compound is a phenolic compound having at least 2 epoxide-reactive

groups and at least one bromine atom bonded to a carbon atom on an

aromatic ring. 5. The process of claim 4 wherein the halogenated epoxy MCSLLP
resin contains at least one bromine atom bonded to a carbon atom of an

aromatic ring. 6. The process of claim | wherein the reaction mixture

efwsiineésﬁgrat@mwﬂﬁﬁ&ﬂmgdaqmagm@teesﬁp@wml K. iRBlac epoxy resin,
JIESSSA LA AUDRIED slsasl S Y MERUL e SERRIERNS 1 o
N e77‘3\‘/?/‘CI°|ere|n at least 95% by welght of the epoxide-reactive
compounds in the reaction mixture contain 2 phenol groups/molecule. 9.
2¥he prEtEsBIRIsig 1 WHERSIPTHRE PEgetsh Soiotsi rurtieticehigincgidance with
cleast pe:paiy-halogedatddaepox\ereactivengapgpound. 10. The process of
claim 1 wherein the oligomeric composition contains from 10 to 60% by
2neighthrajogeipaiam a.subdtrdib eyvpeoiaesspedakasi dohwiheraisther claim 26.
halogenated epoxide-reactive compound is a brominated bisphenol, and
the halogenated epoxy resin is a diglyeidyl ether of a halogenated
bisphenol. MC S LLP 12. The process of claim 1 wherein the solvent
constitutes from 10 to 75% of the combined weight of the solvent,
epoxide-reactive compound(s) and epoxy resin(s). 13. The process of
claim 1, further comprising mixing the oligomer solution with at least one
additional epoxy resin and subjecting the mixture to conditions sufficient to
form an advanced, halogenated epoxy resin. 14. The process of claim 13
wherein the additional epoxy resin is not halogenated. 15. The process of
claim 14, wherein the additional epoxy resin has an average functionality
of at least 2.0 epoxide groups per molecule. 16. The process of claim 15,
wherein the additional 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, tris(glycidyloxyphenyl)methane, tetrakis(glyeidyloxyphenyDethane,
or a mixture of any two or more thereof. 17. The process of claim 16,
wherein the additional epoxy resin is a glycidyl ether of resorcinol,
catechol, hydroquinone, bisphenol, bisphenol A, bisphenol AP, bisphenol
F or bisphenol K. 18. The process of claim 16 further comprising curing
the advanced, halogenated epoxy resin by reacting it with at least one
epoxy curing agent. 19. The process of claim 13 further comprising curing
the advanced, halogenated epoxy resin by reacting it with at least one
epoxy curing agent. 20. A varnish comprising a solution of an advanced,
halogenated epoxy resin produced in accordance with claim 13, and at
least one epoxy curing agent. 21. The varnish of claim 20, further
comprising at least one other epoxy resin. 22. The varnish of claim 21,
further comprising boric acid or a boron ester. 23. A prepreg comprising a
substrate material impregnated with the varnish of claim 22. 24. A
prepreg comprising a substrate material impregnated with the varnish of
claim 20. 25. The varnish of claim 21, wherein the additional epoxy resin
used to make the halogenated, advanced epoxy resin is a glyciclyl ether
of a polyhydric phenol compound, a diglycidyl ether of an aliphatic glycol,
a diglycidyl ether of a polyether glycol, a cresol-formaldehyde novolac
WCSLLP epoxy resin, a phenol-formaldehyde novolac epoxy resin, a
bisphenol A novolac epoxy resin, tris(glycidyloxyphenyl)methane,
tetrakis(glycidyloxyphenypethanc. or a mixture of any two or more thereof.
26. A varnish comprising a solution of an oligomer composition produced
in accordance with claim I, an epoxy resin, and at least one epoxy curing
agent. 27. A prepreg comprising a substrate material impregnated with
the varnish of claim 26.





