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The present invention relates to the art of epoxy resin fornulations, and 5
particularly to fornulations that are useful for nmaking electrical |amnate

structures. . GQUBPRHR EPOXNYRESIN AGHELERAFERAt es are nmade by the
process of: (a) I Mpr RgpARICALIRARD PStangteGgewhi ch is usually a
woven or nonwoven cloth) with a formul ati on of epoxy
resin, curing agent, catalyst and sol vent; (b) - optionally

subj ecting the i npr elrgiresntsinsiticardatestdthatirtaf dpady resedfooradiatidgs, and
pressures t g, S diPolforRli¥dHs tﬁﬂ%"@&eﬂ?f:ﬁr'ﬁ?gkt% e?é&r?tahgrﬁinrﬁ%tmcﬂg& order to
make a o prepreg; | c pressing togethnher

al ternating |ayers doPrdinaspelegricalipmivatesare made hypthepregessaf: hi gh

t enperat ur egnd pr eSiﬁiH’ré‘gDr{a@in?HE@osErBﬁ (Rﬂfcﬁ‘i&'uﬁ&dl?'ﬂ vithen bR dAWbVE A Bb I Weth 22Nd
(d) opt i onal Ify subjecting the lam nate fo high tenperature for
additional time in formulationof epoxy resis, qyging pgery atalystipnd sofvent;

This procesgy)is repegitRmalipdublbetitgthe@nprRghited Rilisttatd4a hedtlandlor rédiked ammi nat e.
It makes adequate el ectrical égwegggn%’orbut It contains .ma(néerstep and

takes a 1®ng tine tPressuresgaganaf partially cure the resin, i ¢ 5?5‘8@%%%.

are now bei ng devel ogredregl n a conti nuous process, one or 20 nore continuous

vebs, O, SUDRY 2L S0 R SRRl BB AR SRR 5o,

material, ahd presse n the ! enperature to Cure.
Those processes teoparatyrerang preseure ta @ise thetfermulationeandifercma faminase; andan
resins whi Cfa)ar e UuseghtidhafiPitbfidtihPth@liaminateRb ARt peratUre1dr BHUREnS k&R thN
conventional processes usually | asts about an “hour, but the curing step

in conti Muous proces¥88roPostk@reitapl y about 10 minutes. Therefore, an

i nproved 25 accel er atii progest i tipeh®d batchwise for each individual efdctridali@iningge. ft

| am nating processes are bei devel oped in which the resin serves as

an adnesi ve MBS AREURE RISERER R Natecpur K QA SPany S15PF BEHRRes AUPRHETRLE at i ng

| ayers, but corhpieraut a fibrous substrate. For instance: (a) a

curabl e fornul ati on } | '

conductor .50 OBl fHEos et bl BllsRbed RS oMol 080l oot
foil; 20 ( mpre continuoustyeehs ofisubstrate athiowoegnatedhleminaded together with kondustrempor at e

the sol vent papdial, And pressed between the movingpldt@hd NgiFidhipetdturakd oG, THRe chamse
formul ati on; o two or noré | ayers of the B-staged coated

conduct or ak@ially eequise aresithpgures much faster than resins whighare gsed in goRgeptionahe or

nor e i nsul apfdesssésaYRE Edringfstdp if edrivehticral ploR@testusuaty laets bBEutdn hour, but the curing
resin and forma | am nat i $ss can al sa benefi t
d

. . Th
from accel eft8P BLFOEHPYSE Focesses is preferably about ’B&!’é":'tg? %g% YErAGPIRDEPd al so be -

usef ul i pg Mateglepdtbcis regyoitedises to i ncrease productivity and reduce

production cost. Wakh3afieadfthating BrotBiesale BISFU&ERbES FUAIBAA edd Rrves as
an adhesive to bind conductive layers together, optionally with insulating layers, but without a
fibrous substrate. For instance:

(a) a curable formulation is applied as a coating on at least one face of a conductor,
30 such as copper foil or polymer-coated copper foil;
(b) the coated conductor is heated to optionally evaporate the solvent and to

partially cure (B-stage) the curable formulation :
(9 two or more layers of the B-staged coated conductor are pressed together
(optionally-with one or more insulating layers) with sufficient heat to cure the
35 resin and form a ilaminate.
This process can also benefit from accelerated curing.
Accelerated curing would also be useful in many other end uses to increase

productivity and reduce production cost. What is needed is a way to accelerate curing at the
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PCT/ US95/ 13360 curing step by using materials that do not untlesirably:
short enWOP&/13M2| f -1 i fe of the varnish and t he B- st ageBCHEBY13340s.

One -aspect of the present invention is a process of curing a curable
conposition whi ch contains: 5 (1) - at | east one epoxy resin;
(2) curing step bg sting materiaisahatsio rort undesiralgly skopeten theshelfdife ofthefaragbagd r esi n;
and ] ri | d conmpound " characterized in that: (a)

t he conptggl)gts?a géﬂoa(ril‘tﬂzalqghs nmore than 1 phr and less than 10 phr boric acid

10 Qneraseert 6 thepiesent inygpfion is a processf cutinghveirabile rorapasitiinns 0 t o
| ess t haghieh forit®hes of catal yst per nole of boric acid :
conpound, The boric acid conpounds used in the present

i nverii 0¥ gi ve s&iasionsaPant "aYRs over the prior art. The boric acid
conpoundzploes notatidabidreithtalyist or cadngiguntic cifivy Gfdpbxyresinighdof 15 epoxy
resins aé) agorLIJt room '%3 erature, so that the fornul ati ons have a | ong
pot-1ife" a borlq SR TP % cess boric acid over the nunber of equival ents of
curing cchiacdcyesized thgreat |y - accelerate the reaction of epoxy resin with
acurin gent at | 0Ls B .hON can be
cured quagkl y. thg%dja&lﬂmﬁ{a%séfﬁﬁmagﬁiﬁ?%%e h_law%é]'gbglr*é?é%t I nvention
contai;m an epoxy oBweHnd; @M epoxy 20 resin may be any conpound or mixture

of conpognds thatthseém?és&&mnﬁwo&e&smaﬁokmscmam t RPMGIeLT bBFiOsd Per
nol ecul e.  Exanpl es i ncl yde | ow nol ecul ar wei ght [iquid epoxy resins or

hi gher nol ecul ar REIPGHRE%advanced epoxy resins. The epoxy resin preferably q
has an epoxy @ boriahad toniiumdt uselirVhe plesant ihvangibn glve sévedd) Bdvadtuhesor e

f bl | it . 170. Th i i f bl
P tror o YR e st afe, SRCbtric i comBBund doss Y bsthia T BeEbler R e sl uRhg 66" ¥
( EEW g depoay resihs at aboiwt ecom temiperatuee, shtbat the fetmulatidns have adorg pdtdife.| | e,
Handbook i NS - ‘ - Hi | 67).
nanoo H&Leﬁp,%(t%erse %ﬁc&%d@ve&h%ﬁuﬁ%%f%&uﬂ%ﬁrs gc\(\%dgin% (aﬁgggt:%a@reeagl )

The epoxy resin ] contalns one or nore pc er)or
pol y( gl yadcelpratetheseactiop aHeraxy sesineyitihp rusing ggentrat cuninatemppaivres, sa thag ther o
descri begrinQiafiBAedrPbScured qui&lyer ences such as: Wal ker, U S. Patent 5,066, 735
(Novenber 19, 1991): Koenig, U.S. Patent 3Q 5,1 22,6932 (M , 1992) ;
bortram U'S. Pariehiuoon: sed i tha prepersdvereniantdin 45 sooay issnp I Ab0%
5, 188, Orksib nedyibeany cotBpdiiiddr miktissecofebmpbunds that cortaine o a@%&h&h%@ﬁi I
27,1993); and Schultz et . ( 46 652 (fi.l e \ er 2,
Ta03) . YRR sTo e Faitsyle: Exfpiss e o méliedar et iU sBERNRIRINCL o)
deri ved higbenrnaolpiyliraveightadvansed epoxy résing pFreraploxyresip praferably has arseduay ol
conmpound ' ' | 2l L Abeh f those
np eqtﬁ\ﬁllﬁ'ne‘fg%%gg (()I:f(ty\l)@f LPlagdtabodt 1eb,faﬂﬁ ré ﬁ#e‘?&tgﬂ?gﬁgas‘f glﬁéétfl 176

conpounds. (y resin nost prefera Ig contal ns a K'cfdy et her
of bi sphER¥if the eppxyyeeEn prefetablyno more than Aheuk2A08redperaprefprably norere
resin %htaa;bmocmgmvlr@alni&h@dsao FREIGRE ?hﬁél deycribedid m_b.lble&m NS\ﬁﬂb, be
made DY | Srdbool of Fnoxg Redinse 418 10527 Marah-1ff Bodlo/ 1865). | ' N the art.

The epoxy resin preferably contains one or more poly(glycidy! ether) or
poly(glycidyl ester) compounds. Examples of preferred epoxy resins are described in numerous
references such as: Walker, U.S. Patent 5,066,735 (November 19, 1991); Koenig, U.S. Patent

30 5.122,932(May 12, 1992); Bertram, U.S. Patent 5,134,239 (July 28, 1992); Liao, U.S. Patent
5,188,903 (February 23, 1993); Liao et al., U.S. Patent 5,206.312 (April 27, 1993); and Schultz et
al., Ser. No. 08/146,652 (filed November 2,,1993). The epdxy resin more preferably contains a
poly(glycidyl ether) derived from a biphenol compound, a bisphenol compound, a trisphenol
compound, a novolac, an aliphatic diol or a halogenated variation of those compounds. The

'35 epoxy resin most preferably contains a diglycidyl ether of bisphenol A, bisphenol F or a
halogenated variation of those resins. Suitable epoxy resins are commercially available or can
be made by techniques familiar to persons of ordinary skill in the art.
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| hventi on prérer %Iy contain a curing agent. The curing ‘agent I'S any
conpound that reacts during curing with two or nore epoxy resin

nol ecul es to link themtogether,, ring agents preferably contajn any of

The fol Lowi ng -t GRERYIGHEs Ugrein fhe PPt gt Reele APy ] SHEmdoReRt os.

carboxylic miédrimg)ég_ﬁg'teany Wumhdihhatmcstduﬁag crffigdeitinBveadringsre efﬁakyygsliﬂ\ de

noi eties, or . diquani. noi .et.| T uri.n t St [ ra

contai ne’ ar e e AR bl cLifo Sin afeull coffSh anvet e Flhig L

Suitabl e funcionalgroapse prisnagy e seesindatyaoime moietiesz caxboxylicarnid mpietide pbendbed i n

NUMer ous. r CLS e : : : ; : Ra g]@q:

(Januarf 76#"%8%) ﬁﬁgg#ﬁ%}?@,anhgnﬁ‘?@éﬁ@ .d'%J8af' 'fzftl;h ‘g%_tég'(?i ecrglillsigga vétnber

2, 1993); amefe@blycontains atlsasbapopkdprirgary osiecendpryamine ohamidespietias. Suitpble

fj Mar ¢ elj, De kcgﬁﬁg aé&\t% & weu&g@&}\ in @é%ﬁ@krﬁfar@ﬁeﬁﬂbélﬁh |ngnﬁ|=5_ds AeferRaEd] sl'ilclil aﬂ ude
i cyandi am de, “novol acs _and ot he 0 nol s i anj. nodi phe one,

ot bl | - BT abola b PREMATS 16 pputty RS RE Sahyive ity st - g thed

di am nocyclndvemberz, 1993); and C. A. May, EpoxylResins1Seicorit Exigtori atids5 pr sefy.Malbdey Deldker,

m xed with the roul atj on dur,i t Qr i L. -link with

the 1 esit0 0 1oBRHErTRinED e Raef iy BoRES nclude o RidMEfarpbe ARV SRR " " 1

t he f or nul gidlyphebels,aliaminodipbenypgitfonel phthalic antydtideand itsdesivatives,ent r at i on of

curing age%e' §|enediarﬂfir‘?4éQﬁé‘?n'a)ﬁirﬁ}cyékﬁﬁ%neabom 0.1 equival ents curing agent

esi n, r r

per equival ent “epoxy resi mor e _ eferably at |east about 0.5

equi val ent's curing Jgeﬁur,mmnhﬁstefw@vepmlxyd withthesformylation during storage,
equi val ent sl §t i PESRhk with ehe resiBléttink) HYWRL&! MalckirifgPaent 3 preéteraBRnfixéd1an
about 1.5 ﬁ%lr“ val ent s curl_ng aq_egt ger equi val ent of _eP'o éﬁrESI n, .nore
oref er atsy Wit Farpylationipte Banplied tok supsirela Lhesoncanirasih 25 tHing a9t Brost
E ref elr ably preferabipatiatalsdu0ll ehuilalentscirigatient wér quivalsandpagy ReiA/vhore _
ormul ati ons _us In t resent. Laventlon nay _optiona 0 | I n
ext onder . _viptea et Shol B3 ok a R b Y 4B meRPestar PABH bR oF 0T
subst ant i aldqpivalenssuring agéntnkhefgrmulatiGhpneferably eondainsnqmerfechamabout 3:3t ai n
about 2 phe ' . . '

chai n oxt orupelenBfd Yaertplt iuane BRertay b doreigt R A HoR thirf bt

F and t efor ab3 eanivslphelryringagens, andanast preferably he moxe that ebaut Tvyeayivaleats of

formul ati onypiRghgemts a chain extender, its weight is treated as part of
the epoxy resin for calculati ng%proport i ons of mat erj al s,

The formul ati ons - us€QrMyations ysedindhy PresrAt Mvertipnipay Qtiopplly coptaing Fhaip
cat al yst 3Cexedirier, Whigh bivilds usthd mdledulap neight abihg efoxytedin Githbd sabRartialig brnpsst

when th .st.ored. Th t al ds.t ' ti f 1
epoxy oo IEETA SPain SRR HiorHebly copif St potnent Dol SRERLPL el
curi ng agenixpmpies obsuitableichain extenders inclulia hipbkerols aid bisphendls. Bisphend! s bisphane!

d i bed i :

Senl 12 et e totdRoh{qBibhahofi sFirgiied kil etérigirt WARIRS tofi leh sorfiflsa
The cat al ysthainextanses itaweighyis trepted a5 parh af the epexysedn fos c3lculatinanropertioas ofi ar y
phosphi ne, gsvatiggary phosphoni um a sul foni um conpound or a heterocyclic

e et ot RS AR T Lol KoL R R et 2B

cont ai Ns3A whérethey el used, butigreferalilidasotadntain dieatslyse when theylass stored. The catalyst

-3 speeds the curing reaction of the epoxy resin (either with the curing agent or with itself if there
is no curing agent) without being consumed. Examples of suitable catalysts are described in
Bertram, U.S. Patent 5,169,473 (December 8, 1992); and Schultz et al., Ser. No. 08/146,652 (filed
November 2, 1993). _

35 The catalyst is preferably a tertiary amine, quaternary ammdnium, tertiary
phosphine, quaternary phosphonium, a sulfbnium compound or a heterocyclic nitrogen-
containing compound. The catalyst is more preferably a tertiary amine or quaternary |

ammonium salt. It highly preferably contains a heterocyclic ring, such as an imidazole, oxazole,
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PCT/ US95/ 13360 _ t hi azol e or triethyl ene d| am ne. The catal yst* i s fost
pr ef er WOWP6HART2ni dazol e conmpound, such as 2-net hyl i nPdpUsd13360 .
The concentration of catalyst should be high enough to catalyze the curing -
reaction of epoxy resin and, optionally, curing agent at a speed reasonable

for the thrauembe&.&hyrm:émmecmaayslysc is@ig3t yireferably aiPinfiddre R tohipoLRd, s@éh

catal yst, ing upon the catalyst sel ected, but is easily
det er ni ne qﬁétﬁgl"gﬁgfo% of ordinary skill in the art. The concentration of

nost catal ysts i §'hp F@fcenuaﬂlgn oficatalystshoulddehigh éiduginta catalyze thé afrwgabl y at
| east abgikiofl-of eﬂol(y res’i’ﬁ'ﬁhd optmrf’éﬂ? leuRh % n@E‘{ 2 spged Je%?o%tab%qg%ﬁ Ite 5%%{],[ 1The

concentration of alysts 1's g
phr, imrlﬁebraé??l'ﬁ!ﬁ??‘%t h'D'PL‘ PRestration of cgtaﬂm Vafmdepelndgiglupoprthﬁ @talsty 10 no

EDF ﬁ t h%aleadaﬂ,tﬁut‘i} ésr%etermm%tpe%ﬁfﬁbﬂma\‘y kAl iFeFart. hhﬁﬂ BRQHEratlon p{”

i gher - a ma uire i gher concentrati on.
For mul atT%Hh ?tg&etﬁ's Pﬁeqfrﬁgﬁ'ﬁ? Eégr?ﬁ ?ﬁ;gﬂshr Xr§|p§ e@bh‘taé leastabout 0-¢ Phr pod
conpoundnost prefdrablylatleast aboutod. tSphpOTHEkongerttiatib R bf Jh6§tlc8ta%tls [ dréﬁﬂbiy nd’

d
V2L S At SH0 MR B BB s bSO et Rl o 15
conpagndw rere than abayt P5iphbiand msvmeferauhe'yo moee thareabdut 035 phit. HighdérnD| ar

proporti { , US. Patent 5,314,720
CNby 24 %lgcf)ﬂr \ﬁelghﬁatalysts%?ﬁﬁeﬂtﬁltegIﬁ@?ercg%’c@nﬁatl 308, 895 (May 3, 1994).

Ve have di scover armulationsysecinshe presestinvention aliosonwin alkpricacidicompbond when

t hey The bBrit!Sédlcdnmpoundlisdither WH@B@H‘%?&&HBY (s sﬁéheasmé@mdrft\éagf cﬁﬂt al yst ‘ '
The fornu a Hﬁgacont ains, | ess nol es of catajy per

boric ad&ngy AYne Bf*ém*ﬁwé"@eswealtges '?fS‘"ﬁﬁi'kbﬂeﬁeﬁ?P""ied tb!f-dl?!"ceﬂé rml es
of ca,rsalcympopmds arotuwingfintibitors when meqemﬁwﬁmabaﬁﬂedmﬁ&apﬁ@ BRRIAL With ¥ ai ns

compoundetanpt 38, GRM L Y pplnf s PRty 48 308 e B3 16 8 E  Cat al ys
per nol é.@ﬁ,SﬁéfMeyiid%mcorrpound The concentration of
boric acid conpoypchdve dﬁ[:o\)e?{d%hatjbo?ﬁraudﬁ%q%otﬁ}dpgr%f ghlﬁa%éelgrr'atzr%wlhea { g?bout

1.2 phr, nore preferabl ast a ar'ap
| east alfpRivsed in a stoishiometricexeesneven theruaptitysrf thﬁtc Tbﬁ;foaﬂubnpo containsiess

pr ef gpakhan 6. eﬁﬁnléslwéhtajgstlbaf molé”‘b‘f Bo &idoRtPolind, pre#eFa'Eﬁ/ chh@a’]'b @omrem nost

referab oric acid
(I? onpoun SLM}’O%B‘P % ﬂtﬁal%?r)ysﬁ Be'rﬂ‘ﬁ'g GQRﬁ"f‘r?ctdrf@mQBB% apd ayore prefesakly contaipgeo r esi n’
i S st or enbretihnzbbot @4 hivtes ofitathlystpeamaieofl borigackizORpoahd: Iﬁﬁ‘é%}aﬁlﬂ cdrit8ins

for mul atajtﬁgstagputo?Sm?Ies%fcatao)fstg&‘?‘?}dlgo*’%'or glfrgnor@rEf gfably-further contains

one or nore solven ents. The sol vents may
be aqueous but ahecwmt@tmlofbengmdqom@adplaebanﬂ phr, and isiprefletablyst! vent s

i ncl %at IIe%E’PdB%Ut f.2 IﬂKFi "rrﬂﬁ'@hmmbly E?Egﬁ sﬁoutqtd;kﬂ'{) §n@nrgﬂtglr¥ﬁpdch eyegt Ieglﬁéab&p# ohol s,

¢ hydrocarbons, hal ogenat drocarbons. a
sol vent &hf-hesgacentration af baric a"ﬁé?’ﬂ??"'& inpneferahly lets thane 1 Aphronh oregirefarabily

propyl euesstyiaysrs(ﬁfhramhb&tp@éfbﬁblyn%ﬁnordltnﬁiéﬁbhwbmﬁmddg and xyl ene. dThe .
concentration o n, curin ent, cat t and boric acid compoun
(solids) in the F% ﬁrﬂfca?tc'idtfﬂmf’g %‘?@F’é?%ﬂﬂ'? h%wmwhthemresm#@euce t he
use thenésidiisstdred grd béforerthe natslystahd ewiriy agéhtars aldedto tReformulaBibh ON | S

pref ‘?Eabl y at |eqgdq mgmlogﬁlt'efergow Jgtbtcrcgrﬁgl ?%eorﬁojre Iolventd Jlsesol%) L e

| east™ about 40 melg perce oncen
-4- solid components. The solvents may be aqueous, but are preferably organic. Examples of

suitable solvents include aromatic hydrocarbons, ketonies, ethers and glycol ethers, alcohols,
aliphatic hydrocarbons, halogenated hydrocarbons and amldes Preferred solvents include
acetone, methyl ethyl ketone, methanol, ethanol, propyiene glycol methyl ether, '

35 dimethylformamide and xylene. The concentration of resi'n,:'cu'ring' agent, catalyst and boric
acid compound (solids) in the formulation is preferably maximized in order to reduce the use
and discharge of organic solvents. The solids concentration is preferably at least about 20°
weight percent, and more preferably at least about 40 weig_ht percent. Solids'concentration
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PCT/ US95/ ' may be as high as 100 wei ght percent ( £SS
fermul ati oniiéa?g%f)la‘lszit is preferably no nore t han about S?Q@héﬁlﬁércent
and nore preferably no nore than about 50 weight percent, due to
practical considerations; such as viscaosi

f or mul at i onM#kbe atish AsI00yveigly parcAnt(n &W’F%Xﬂ? forpulstion), byt itig P@Fﬁﬂ'?'h’ pogwEe 5

flane retar dﬁﬂfabouiadWé&iji&pe’ideﬁ%rf&lﬂbrﬁe}pkéfﬂra&@@iﬂrﬁorﬁIﬂdanV%ht SOvEgR PeFeent,
Exanpl es of ,sujtabl e are described in: Wl ker, U S. Patent

5, 066, 735 (Rb?/té’rﬂfa?t" '§°.“L§€FI7“%U‘"%' asy's c‘ﬁé Epoxy Resins - Second Ed.
at 506-512 (Marcel IIHeléermulbmm maﬁé}&&)'nallycontamknown additives,sﬁ&ﬂsﬁtabmuém,t i ons

of the presa%emx.%gk ﬁaﬂ?\p%&ﬁﬁg\g (&?ﬂggﬁdmir@ ggﬁt'snlg(afngles%rg ab r es in

conposi t Pons Tor el ec am na COMPOSIt
no nore 10 EMﬁvaﬁbtﬁ}!esqwemlmuWéﬂse"-Hﬁr%atp'ﬂfeﬂ%QﬁGa'(BS quvemhem 19951)13!11-&3& Mag

m nut es, 'RQH:W Secondﬁﬁe;t%b@bhX(Mé}cémeﬂ&rrﬁné hgga)about 5-mnutes, and
nost prefer nor e t han about 3 The

formul ations are pr e?h?rfam‘?‘aﬂ%'l?d’ff'l? Rraseat @Y%Wl%ﬁ’e pseditompkerapig airing

preferr ed curaﬂé@@:apssuﬁafs fmlrécﬂg:auhﬁuet@cme compokitith aﬁmab@aurwia ro®hérewi ng
st eps: dontoa trate

The subsﬂ@ ag% |a§°BVé’f'B'f“Hfﬁs3}“%fe prrré*eragly N mbre WA a%&ki iy eﬁ’dﬂ%ﬁ %I ot h.
Exanpl esof spidferablyin fiemsre thah alshit Soniagtes, and mostpreferably in no more than aboetr3ani d,
nyl on or quartz.. The fornul ation may be contacted with the substrate by
ordi nary medha Stch as spraying, rolling or dipping. The tenperature is not
critical, as |ong asTheformuptionsare pnefarabiyiised tomakeeledrical iaminates. Nriepreferred

viscosity. § eé%rmakmgtheeuectncanasrﬁmﬁeenﬁtsmeefouamnaeés;ably bet ween about
room tenperature and _about 120[err] C (2) Optional |y

th
sol vent 15 f@noved fT’lﬁfPt"ﬁ%’aB?'eﬁﬁF’E@feg"ﬁ??%°'§"l°@ﬁ"?5§'a€%lr1?‘Fé'€P$Ha’Ee 'WEfe' ablya
subj ecting the pr eprﬁavédbrlnaammthemm@swaﬁtaammfs .ﬁm%sm@rﬁaﬂr es.
Preferably, the pressure,is about an‘g_k ssure an ture, is
bet ween 100[err]C an?famith Plep pEAuaF: %?"é V"magbeﬁ@tﬂgégwftg%'gftﬁtf’9”
cure, or "8- 25 ordinary means ssd:fﬂgepray!hg, rolliag ar dipping.( Be temperatur®ismodr nore
ayers of prepreg | Sclilh BAbE b ForRoufRh riRiifsd MU Snf buBAEb e

material, and the lamnate 1Ts"C

i ncl ude 29 temperatyreipeneferahly uetweee pbous roonptesiperatyteandabouttROIC. t wo
llayers of pggpreg ar@pﬁ@ﬂgllvéﬁ\@%wem is removed from the pré&?gftﬁ\%rstéﬂ il Bl & dy Of
conductive rmaterial between | ayers of prepreg.

step is preferably cabjecting Hl?tpféﬂ"ég &/‘&E’éﬂsef’é?fﬁ%ﬂfa‘l“[ﬂ‘@"ﬁm"ﬁﬂ”é%%ﬁl’?ﬁ""e?he
tenperature is prefepafdribly,2hé pretsufe it Sbotit 8nBient &esﬁwhhmwanpé@ﬁﬁésl ng is

usual l'y A e to f e rature, range,
and ordinary processp‘?ﬁ"eﬁeg&’Ea“ﬁ(’%oge'%'”tepmayaﬁ)’ﬁg’eﬁ??ﬁf’é’ag?a?y ﬁ'@’e'r%{né . The
pressuresés preferabitygetithe et about 100 psi and nor e

preferably | east 8R9 §|1 m%%q?ﬁﬂ of.p reé/?l)am: ated tI%ge of) ﬁgﬁq%}he{s@)éonductwe

optional |y post -cure curin PEFSBIY °CaPrY
at a tenperature bet metasial, 90d thedanynateds %@1{ dixapples of copdugtive material include r i ed

out at about - copper, gold or smp' ﬁ@ﬁer&?flﬁ a61basttwd BferPOirefrdh aRfaminaked S
preferably carried out for 1 12 hours
together with Iayers of conductive material between the layers of prepreg. This

30 step is preferably carried out at elevated temperature and pressure. The
temperature is preferably 120°C to 250°C. Continuous processing is usually
performed near the top of the temperature range, and ordinary processing near
the middie of the range. The pressure is preferably at least about 100 psi and

- more préferably at least about 300 psi. '

35 (4) The laminate may optionally be post-cured. Post-curing is preferably carried out

at a temperature between 150°C and 250°C. it is preferably carried out at about

ambient pressure. The post-curing step is preferably carried out for 1 to 12 hours.
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PCT/ US95/ 13360 The resul ti ng | ami nat e cont ai ns*

subst r at¥@ %fd"Ronducti ve materi al enbedded in a “cur edPETUSH 1334
properties of the |am nate may vary dependi ng upon its intended use. In’
| ow per formance (punchabl e) lam nates, the cured resin my have a

gl ass transiti on Thempsaitingieminate Coofhﬁréﬁui}syratﬁfandapeduqi@ mnatesidBmbedded ina
medi um p&rr{]&fe B9 BHBLRIRs of e jaRlifdte lnaé, Jarh afée%ﬁta %&3@5&5&%@ s pfguerr] G

and in 5 or mance | am nat es err era
180[ err] EFFER’"\?BF%P"'P%‘RE\?E?"““““- NFHWSF’&?‘F’UH%V *EP:‘,’EG gﬁﬁs ‘t’?ré'ttﬂ“éS'EH?'aF‘ﬂ'? ention

L r equent ¢ry) o 4ePCite 80°(; ﬁhﬁé’dnﬁ{\-@éﬁbnﬁéﬁ@b&rﬂ% kK T_is prefefiblii3atd ©N30°E hidint
oric ac|

f | |
o it g e G gr5@53f78§§{|‘6§“r8353€‘£ﬁf>€""‘é%3 Yoy o, 11O
Anot her formiiatioacused inthe ptesentinuentiomfrequently pewislethighef Oy thah sitnilan as an 10

adnes Ve BRLRER: bRl BoAt a8 Y bikieesUBY 61 LBl rorRu R BLIIGH BF Ui V-

The preferre s and co oreH) ormu
B- st agi nigminatesasiich as fon akingslestricalcompnpentsan Cll’cwtsew ously- descrl bed for

other |am na netAqdRer preferred method to make lahfiRated &G?ﬁ'ﬁ f&frmﬁ&f‘on[ys%ﬁ ent
I nvention can al so be used to cure epoxy resins, fo ot her uses, such as

i n cosn i phesiupbetwepn layers of candipiysmaterial, ag described P"e"‘°“5|y TheReeferrbntion i s -
illustr %@&&Yaﬁd&nﬂ&idn@%rﬁgpmﬁgkl Nigraulation, Bsstaging it and curing it are the saf@ as
foll ow n exar[? ‘ﬁ o'%' l | ustrati g’{ dgurposes only. They should not be
taken asPTeMQHEY fgs ét?et 8F oA ATEE P MEAI%ns or clai ms. Unl ess ot herwi se q
st at ed, aI I par t sThermlocess of plae presena gwentioncabwlsoee giet to cure epoxy resins for
Throughoy s%s SEHRYE atiﬂ@s}éﬁ?‘é&u&ﬁgﬁi &l%os&és”e as. an indirect nmeasure

es

relative® tocure ra tergel-t1 ne has been taken as |nd|cat|ng a
f ast egs cur e r at e. ThElioventian usﬂlbqstrgeﬂbythefotwmgmrldese*am herei nafter.

Exanpl e 1 The following exdinglésdréfo? |IW§§atWé%rﬂdié’stor@P%@9 fedidHdtbe vei ght

per cent advanced brom nat ed epoxy . resi-n di ssolved in acetone. The
br oni nat taer poiiyiting eftheritae %PeF'E!&aé’t"F‘bﬂ"ﬂﬁ"&ﬂd&'esbf’ﬂle@’t’?%\“atfﬂ Yr3SB phenol A
and di gl yéreéhthgstabetiy wdight. sphenol A, and it has an EEWof about 432.

A b I
added 1o 25 o amotBreme FiedibnRELERHass et e PR et aribar el RAES e
sel ecjgdtd aurotatesi A faster gehtime baskeenitaitenas indicating a tastec ml'e sdteThe tastTaibged 1. _

The for ntil it was honobgeneous and then stored for
12 to 12}'{5'2&;&9“%8"@‘2%%*“ A 40 wei ght percent sol ution of

2- met hy| Exemple bl e cat al yst dissol ved in nethanol was mixed into the

formulation in a ﬂ%&wetvvaswde@ﬁa%ﬁ@nﬂaewsiﬁeighepé‘reaﬁga&arnaéd SHanfilatedt al yst
in Table 1. AlOvvmg cent sol ution, of dicyandi anj ecur‘ﬁfqagent

di ssol ve®Py resindissplypdin a‘et"BF heheominatedapary 'GE'“ BAdePR BroductRitetigs i xed
i nto §d1eblopidbisphéndlA ant diglgtityhétherof bisbRériof s, and it fiad af EEW diebalhmz

concentration. ofo‘ﬁurl nl%cpﬂ%g\fl?iﬂb\&?aig{!m%cenmomacétJ"ssglve mmet w«?d to stand

for 35 about 2 h P} oke- cure
gel - t i meaddedith @5 rammef the braminatecapmxyiresio niixtutea The qLiardity was telested to obtalr( 1)

The bott m@éh%tﬁiloﬁomﬁlacimﬂoﬂ_n ﬁ\bﬁﬁﬁqc? o?m(lQEioﬁgJ#L %@#ﬂé&w?aﬁ ed to

a hot pl a usin anount err] 201
ther mal | poreemewwtba%fteredformo Ghous.

- 6- 30 A 40 weight percent solution of 2-methylimidazole catalyst dissolved in methanol
was mixed into the formulation in a quantity selected 'to provide the concentration of cata lyst
in Table 1. A 10 weight percent solution of dicyandiamide c'bring agent dissolved in a mixture
of dimethyiformamide and glycol ether was mixed into the formulation in a quantity selected -
to provide the concentration of curing agent in Table 1. The mixture was allowed to stand for

35 about 2 hours at room temperature.
The stroke-cure gel-time of the formulation was measured by the following test:
(M The bottom side of a Model CO1-T thermocouple (or equivalent) is pasted to a hot
plate using a small amount of OMEGATHERM™ 201 thermally conductive paste,

. -6~
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PCT/ U895113ﬁ§5§k,127 or equival ent. The thernoceephfRok/$3360
attached to a l\/bdel 450- ATT t her nocoupl e t hernoneter (or
equi valent). The hot plate control is adjusted until a stable

tenperature of 171[err |n t be | ocat ed
s ¢ eeivaleny TR efighBeP e s ERE e B MR At et cr
tenperature variati oti'ermomete('g;requwalent) Ahe het pkgteoqovltrqi_«s gdiuqtedaumﬂastable

fornulation is appli F"‘g"g‘; Qatt,;r’]%ffh?i"cpil- bﬁﬂﬁecﬂcﬁhbﬂpf plate houlgge located

started. The sanple r sturbe ate or secon .
Then constast tRmReratureares awéﬁprmmaﬁtsao mmm@wewwwtmm

pushi ng Ehe({ esi n pugd@!saoRAGhL sample offormulation is aﬁdlﬂdft@fﬂefhogﬁlﬁfe and atiear Bf
about 1 'n2 W|th the sanme side of the s

wi th the resin. . The ftaged Thespmpisirestsdnd “'Bfg?%a‘fﬁp&'é? forfsseongds iy 1- Then
beconmes 10 thesampleﬁidt#dkg&'wﬂhladvdddeﬂspbt@lﬁb?ﬁusmrfguhbwsh pjﬂHle balat i s

the endpoint. The ti Wé?{ﬁhﬂg???@ﬁﬁ*@"ﬂ iny é\ra%:(%ﬁgbanbesléje i spa{n?a in‘contact

recorded. The resin P%
razor bl ade bei ng cawthahe resin. Tioe esinatiifthidkkeagit asteokedr Fentvally, it bgcdmes

The test 1bS "ePeat oA R g Sk ilbecdng o By GEE facd FE ehdbll Toéyfltis|

recor ded.19 ass-tra enper ature
resin was det er ni nedstopped mthaﬁmffsﬂmﬂﬂ e Fesisyis scraped #om tha plate using i!)y The

Institute for 'ntercmeﬁsukaaﬂe.ﬁg&rmcmqua@eﬁ RBsrface. Crcuits in the
| PC Test Met hods Manual as test (revision B, dated 12/87) T‘&Fd)

A resin sanfde obt ai hestestigiepeated threplimes gpd theaverapatime o forma Q?él?é?jm
175[err] C The glass—tréh‘ii@iﬂn tamhpeparird éhthe cured reél?l)was determindd B8 frietiist | S

t f th t
an. ' ( Thesommeser pie 1oipusicnep B Bne pRHE R Pl a8 skpSingiriserans
i's Circuits in the IPﬂJTesaMeﬂmanaaualantbsszm B (revisiorcR; siated 12(87per in the
publ i s hed t ﬁt met hoi rgs?rra]iagifple obtained {rﬁg\ thF stroke-éugpggl ‘?ﬂm tp%l iSHREY %npaalr')sks '

used as erence. ass-transition tenperature’is
rr'easured u5| ng a DuPeven fepdes h@r? differential scanning

cal ori meter éﬂr equi Vﬁlsﬁ&ﬁmeﬁfs@ﬁt‘ﬁ&ﬂtﬂiﬁ%ﬁpt&@nﬁ%&dﬂ%&ﬁb@ttanﬂérd afuminum sample

I nterest and i ncreasl ng terrperature at a rate of ]G mnute until

75[ err] Cabs pan. (Th eSamnl%%’ﬁ@d‘“‘l’ﬂB'gﬁﬁ'f‘lhé'&fhecﬁﬁ'gﬁef‘?H‘F PPa)- J&mm‘s's

i ndi cate the gl ass-t hatiSlahirtite, and so references to coppertift Efitgiublithed test methddcan be

results of those tests ade shown in Table 1: 30 35
ignored. An empty panis used as a reference.

3) The glass-transition temperature is measured using a DuPont Model 91 2
differential scanning calorimeter or equivalent, starting well below the point of
25 | interest and increasing temperature at a rate of 10°C/minute until 175°Cis
reached. The inflection poiht i§ taken to indicate the glass-transition
temperature.

The results of those tests are shown in Table 1:

30

35
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PCT/ US95/ 13360 ) ' . TABLE 1 ‘
Ratio -WO96/12752 "Sanple Boric 2-M Boric  PcT/UBdS360 Cel

- Tg ([err] QO ' Aci d (phr) Acid : 2-  (phr) - Ti me
(phr) . o 1 (sec) a
3 0.35 8.57 2.5 TABLE 25 . 144 b
2 ¢.1/5 11,45 - :RA - ' 2 &413 : - g c
2 ¢. 175 Bddi 43 2.5] Ratio - | g2 43
2 §.53Bple | AcBa71 Z‘MI) Boric Dig | ige 1 % 1ecy e
1.51 0 (phr) _ (phr) Acig : 2-]1 (phyg - (sec) 6
f 2 0 - MI P 75 142
g 5 3 v ' — . S - _ 150
i* a 0.3 0.35 4| 8.5% sl2.5° | +es 1482
i * - Op 235 0175 | 1943 | 24 26 P? 149 143
15 o o St L 2.5 A2 |
145 c Kk 2 20.175 bl aB 2.5 5:71] - 822.5] 143 98
144 1 - 1 - 0. ) G | ) 1 102
158 8 i Paxs ,. Q mz?llln\/pr'r i nn2 20 1 8%XarT | elﬁo -_Maki ng
Adhesipve ¢n CGoppgr Foi.51 ] - A flormg atijon wes npdeyydi cph -
cont ai ned™sZ8SSPam ay s ST Fr-eprerre-t—e; e
Dow Cheni §al comdann® 161e ofrtclo AT'REXE gﬁri?‘ 6410 epdRy rpsi H2 A
(Tradenar k ofg Th¢ Dovg Chegi cap Cofpany); 1fa8spartq tepgabrpmopegphnol A
0.08 __.. e e o e Mblrh is ‘
di ssol ved|i nB4 24 vei%ht pePctnt | @i util@nswith fretdnol | wwi 1p. 81

arts DO e er PNj sol Yegtas( T §de C 0 0 CrepT Cohpany) .
AT Rrot kb0l VLR CTETD S TR Wl YIS AL T LA
(di ssol vedl 0 wel ght | p@«¢ldént |sol Wi on jRi.5h sp4gent) to
make a | afingling 30 OT T AT Om 1N jdl_lll T Y SRR N =pplied to
aroll of o Ao o1 9930 plci2fd Qv _heatl na '.ﬂ. : d for a
residence|tine of abdubl2)n8Jastes] Tasll ayqessof tHe toat ed 1:\9158yve e
stacked afo—CUTTOUMOT R p- =—y—treztrry—tromSeter=€e t 0

9 J _ '
200[ er r] Cvand Ny¥l Qi) Eximple OIS '1dvdRfigntotal cure time of 190
m nut,gs. The cured resin’in the lam nate had a gl ass transition

t enperature 0 g%gut 6¥.er${1 $ Af.é er 30 m nutes.post-curing at 240[err]C,
it had kl%ql%"?é-' e Yo CwPsErah ure of 241 [err]C. It lost only 0.035%
of its weight af Adormulitbarnwasmaderwhith datdindd: 5185 parts TACTIX™ 742 epoxy resin

(Trademark of The Dow Chemical Company); 16.8 parts QUATREX™ 6410 epoxy resin

(Trademark of The Dow Chemical 'Cbmpany);. 16.8 parts tetrabromobisphenol A; 0.08 parts

25 methyl-4-toluenesulfonate; 1.81 parts boric acid (which is dissolved in a 20 weight percent
solution with methanol); and 13.81 parts DOWANOL™ PM solvent (Trademark of The Dow
Chemical Company).

A 125 part quantity of the solution was mixed with 1 part 2-méthylimi'dazole
(dissolved in a 10 weight percent solution with DOWANOL™ PM solvent) to make a laminating
30 formulation. The laminating formulation was applied to aroll of 17 ym copper foil and B-stage
by heating at 150°C for a residence time of about 2 minutes. Two Iéyers of the coated foil were
stacked and cured under 25 kg/cm? pressure by heating from 30°C to 200°C and holding at
200°C for a total cure time of 190 minutes. The cured resin in the laminate had a glass
transition temperature of about 226°C. After 30 minutes p_osf-curing at 240°C, it had a glass -
35 transition temperature of 241°C. It lost only 0.035% of its weight after 1 hour in air at 260°C.



2 JUN 1997 vq@mmmm ﬁ 1A process of curing
a_curabl e Gognpsid | ' i “ HEED) HAL HEERS] OBETRIBONYIBESI N;
(2) at Iegggg&gﬁzzgicat ol ru L gFiS]‘ (Shl'Epﬂ_hQEQuri ngilof the epoxy

resin; and 5 (3) a boric acid co ‘erized in that:

(a) the conposition contains re than hr and |ess than 10 phr boric
acid conpound to. 1C'Rprgé?é?gﬁgé'f‘%at"ﬁr@béﬁ&l"ﬁﬁ&ﬁn‘TI'H'}"'(?8 $sition at curing
t enper at ur (g) atdewdt one epoxy ekip; t he conposition contains O to less than 0.6
nol es of c m"F QL tfe dfing COFIRQ -~ 2. A
process as%&%‘%‘%@?ﬁan %%'98\/\%%} g‘lﬁ’ﬁ ?%gmgorrrﬂ?‘ a;é P%ﬂ’ rgsc')?\'tagflns at | east

0. 05 phr caiBha heric acid compound 3. A process as described in daim?2

wher ei n ghechg?g.:@elﬁéga indRat ai ns a quaternary ammoni um noi ety. 15
4. A process as described in 6}33’ of d 6}_: ns F or %wherei n the concentration
rﬁﬁli)a_n 1phrandless tha

of c a@bihgspmpesitiprcontains n 1¢;phrbopif geid campeund;
descri bed ighdany of the preceding clains wherein the conposition

cont ai ns at ast 0.1.equivalents of a ri,ng agent, per._equi val ent .of epoxy
esi . and Ghieepmposmst eninlipieingd o OB G St fier Rl s BpE i

primary am ¢ompawndi i es, secondary am ne 20 noi eties, carboxylic acid

moi eti es, phenol i gtlgs, .30 éie%am'g% gsm 1 @n&wthgg,ermiasagggé?tgfm at leas

guani di n¥ noi et es. process as SCri n any o% t he
precedi ng c0.85 plar catadyski n t he fornul ati on further conprises a chain

extender. - 3. A proceadd Q&R iRlafESwhérdftthé PataP cSfitainb 8 qRsRAREA} NY
clains wherein the conposition 25 contains nore than 2 to 8 phr of boric

aci d conpoudfgmonium moiety. 8. A process as described in any of the
previ ous cl ai ms wher gi A pidtessaodgaibediinany of ClaimcDorawingeiftiieconbentrationaf 5 phr

oo S EITIRDS A e compoorii o o o bosg 1h &) ©
nol es of catal yst pes. Aptozesshs describedanany of tiveppreceding cBims \fvherein the cargposition
B; ggﬁits ?: 9oen§§|rr1§ %ﬁgé* @ z: ? | n(l:aa%ntf g'l’:th cﬁéﬁé ESH‘E pglj e%'uﬂ?ﬁlem]@fr e%bg' ltegﬁ, a%‘drvﬂ%rein
" the curing agent contains any one or more of primary amine moieties, secondary amine
moieties, carboxylic acid moieties, phenol moieties, amide moieties, anhydride moieties or
20 guanidine moieties. _
6. A process as described in any of the preceding claims wherein the formulation
furthér comprises a chain extender.
7. A process as described in any of the preceding claims wherein the composition
contains 1.5 to 8 phr of boric acid compound.
25 8. A process as described in any of the previous ciaims wherein the composition
contains 2 to 5 phr of boric acid compound.
9. A process as described in any of the previous claims wherein the composition
contains 0.05 to 0.2 moles of catalyst per mole of boric acid compound.
10. A process as described in any of the previous claims wherein the cured
30 Productis an electrical laminate.
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