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. FORMULATI OWN® 96/12751 The present invention rel ates PECTUN9S/23388 of
‘curabl e epoxy-resin-containing . fornulations, and parti cuI arly to
formul ati ons-useful for nmaking electrical |am nates. It

i's known to make el ectrical |oWivoRIAMIRATINGFORMUALATONS tes froma fibrous 5
substrate and an epgxy-cont ai ni ngI mat ri x reS| Eﬁflmgl es of suitable
é}b‘? €

processes usual |y cOMPEEsENtinvention relges tothe artg oxy-refin-containing,
epoxy- Cont%rﬁdumuohgraﬁuba&icmarlyﬁoﬁpﬁﬁlaﬁdmstmefal ﬁuhakuhgbadauamahlhmg di ppi ng,

sprayl ng, other kno t echni ns thereof. The substrate
S ¥R Ee 3o ke e B amioriss AR e S H R romem B g
for i nsganm,strgleamd ahebexysconiaim(ﬁ)natrlx resin. Exanples nfmmghbtpmtesawuauuwntagn

" B- st aged" Fﬁgﬁ‘g gt a tenperature sufficient to draw
of f sol venf I'n po>‘<’y formul ati on and optionallyto partially cure the
epoxy formiMati on, yoenqmommmlanprwﬁamu applisshte asebstrate bysollinadirringasi | y.

The iy, Dt kAGwn &tcﬁﬂqhés andk dibinatibrstFeradf TRE sibstrate is
terrperature bet ween 90y[err]Cand 210[err] C - and for a tine

between 1 mi nute antyPicalya yayenor nppwoyenfinermat ?&ﬂ’tﬁﬁ'ﬁgtfPé'f’gaﬂE?- glass fibers.

that regyltg from BTﬁ?élﬁﬂiréyhatéH s@ﬁ&t&aed.sasmagaae@hexhﬁghﬁmaﬁfpatawﬁ sufficienst
comonl y 100[err]Cf Cto

i t
ot nat s LS L et SRR 44 Sposh rpiabion 3 APERRLY e RRrEIvis the
al tgr nating |ayer sI ey fanmlaronnmtbatf the Impregnated substratesérela¢ Ilsamilecbeasnly The
uctive materi al , U )
Gesired 20 () "e6RaRSieBRARE ciion ollacAleRpBELL BRseRBORIE AEE
and pressure for a andforatimebetween 1 minute arsijﬁfmlouentmeompmgeateﬁeubsystm. and

forma | am nate. A P=Yas| usual |y
bet ween! OO0[err]C aﬂ‘(fttg%g err:tg%téag"(‘]d '??"ﬁgé?p{?{éé m te%eé%tuieelé ors'tr] C and
190[err] C. ~ commonly 100 rﬁ‘erCPmpﬁ%P%@t%}ywaffarelectﬂ@lbavwe% out in

two or norgg)st ages, opbePmefe sheéts bfprepreg are stacked in alternatsﬁ Srs%ﬂ%ﬁﬁ%rmore
100[err] C and 150[err] C and a, second sfage at et C and

190[err]C. 25 Sheefs°fa‘°"%v$'r‘é£e§'a$§‘°h§5$?§8 b"wac??rﬁ and
500 NNcnjerr]. The uameaatlon step is . usually carried on
for 10 to 2Q0 m nut nost often for. to m nutes. Th .

| ani nat 28n tgt ep may?%i)lﬂ 6Y‘Paﬁhle§t55'ée RISP? ?&'&FW’%W@H@? pfeésr'f‘ﬁ%f"éfﬁ'r"bes for
shorter sufficient tbicareshé eesinland $oriva lamirtaitey Uive serhperatuz¢ ofdamination is
processes) or for ° FeERE

(such as in | ow enepg%ﬂ%?%tygggrgéé%égesocfad's(%c}smftenbetw&oi ona%'Fﬁt Qﬁe
"resul ting copper-cl ableIaminat@nétenmaméso[b@s@medeatle&wgyrme@tsmgs.ﬁmhasaflrst

~atine at high tenp%a&umeanqlo@@h@mw@sﬁ&é&e&msI a&sm&@ﬁﬁwean@ﬁgo@@st-
treat ment are usual | y"between 120[err]C and Olerr]C The post-treatnent

rr’ us@sl |y e pressure is usually batwiagn 50 %Wm% Temy Tm '?TB'UFEW step is

T he”el ectrical |am. Oﬂiaﬂﬁcaiﬂéh&if&Qﬁﬁcﬁﬂ)oWanGhdHiﬁﬁ’of&rrﬁofmegﬁhﬁn&@§Clmbbed
in 35 greater detabgln nu rous r

Pat ent 1
(Vey 25, 1994) and DIAHIGRED Sas g driopafiks cotistiol o ot Bimastots o shorter ~*
Conposites,"” Epoxy times (sﬁﬁeasmcorﬂhewssamy\aﬁmdpﬂieeskmbﬁrdgylo(ngmtﬁtés):t latver

889- 921 (Marcel Dek N OR] 12761
PCT/ US95/ 13358 ihperdtlies (kiR Bin low energy press Bbcilles):

30 (5 ' Optionally, the resulting copper-clad Ianyinéte may be post-treated by heating for
a time at high temperature and ambient pressure. The temperatures of post-
treatment are usually between 120°C and 250°C. The post-treatment time usually
is between 30 minutes and 12 hours. l _

The electrical laminates and processes by which they are made are described in

35 greater detail in numerous references, such as U.S. Patent 5,314,720

(May 24, 1994) and Deimonte, Hoggatt & May; “Fiber-reinforced Epoxy Compo'sites,” Epoxy

Res_ins, Chemistry and Technology gzd Ed.) at 889-921 (Marce!l Dekker, Inc. 1988).



The fornul ations that are used in such processes typically contain: (1) an
advan resin having an EEWof 400 to 530; (2) a nt such
as di @ffgﬁﬁfﬁﬁ/d (3) a catalyst to prompote the rea&%bgflgﬁe resin
and t'he curing agent, such as 2-met hyl i m dazole; and (4) 30 to 40 "
wei ght percent of a volatile organic solvent such as a 5 ketone, a glycol
et her, di net hyTHedprraulatiens that axe/bised inssuch processesi tgpicaliy oontainh 41) anhe f or nul ati on
may ¢ biRG bin BEWIdf bbER 530°2) 4 A ingAgEnt

For w?%‘{aﬁg%sébt%%%%k'gé‘g ' ﬁ ngégl C adcatl% a‘r)(e) t au‘nﬁ SSn sum as(d%'and'amg e308 895
(May (3)a catalyst to promote the reactipn.of thgygsipjand ﬂreawens agerullsncwo (May . 24, 1994) .

(2) z-methynﬁﬁaﬂéi@tah@m 36 4o mgﬁtqde&eat smdktﬂéé@adﬁ EolfdHtBuchashi sphenol A

or tetra rono enoI A are eSﬁI’I eqd in references
whn t att e tor

. S
 suBh ketope@ %F@&?tbﬂsdmﬁﬁhlf@a’ﬂﬁe t’& enpy, Itisalso ko MUlBtaR opean
- Pat enmapegrthinaeitsin okl @dditivesd Férindtancehed January 28,

1992) and U. S. _Patent 3.7 It woul d
be def?rabl e tTPY 885?13 wnﬁ%ﬁ?"f?%gd%%ta‘é%ﬁw%Pgir:eé‘éﬁ 883%“%9& ‘that are
used in the fo1994)arid 6. Patént 5314,220Mpy24c1994). vent s” are costly and nust be

cleangd out of F&rn}%latlonf]ﬁfai L&ﬁ_ﬂh aQﬁg’in Eﬁﬁ%ﬂbér@ﬁch%s%ﬁs%\o?ﬁf ?E&rﬁbp@l%ogas E

returtéd to th atl organi c
coppound) for nbismqnehA presiesqribed in retqrea;ei tichacthe grevipus bwe Hist patentsand j ¢ v

since viscosi tbﬁEﬁ?e"ah%feﬁ{Abﬁhchﬁéﬂmt)ﬁsdmbﬂﬂnsﬁéﬁcesses See, for exanple,
Del nont e, Hogga in ordinary

f or nul ati ons céﬁ‘i‘"ﬂ@tzsblggnaﬂ!\ﬁldéﬁ Patent 3,438, %q?éj‘iﬂes%o’s%% of the.

- fornul ati on wotkibuREbd dirdblgto reuhehhuqemmetywomumsrgdmsmv&mtmmmsi'tion
of fibers in

subst Msgdn the }ormulzatnon L\P&:ﬁatlle °’§1‘nggh’€%‘g§ dltcfggt fca%fi tgwfs ﬁﬁﬁé?ef th%ts 0 rr;[ag € be
I eqyC @flueht isefromithrrBsstagectmfare that gas isesturnedso ththauomheve tHDwever, thelow
e R iR el G Bl andor Ak Be SRR B provied s ilte iR 1V

formu o o er “uses:
Publ i sinteé dstogityl6@iticalan hzmnate making progesshs. S8%. forexempls, Eﬁlmmpis’ageﬁt &on

formul aanzNg*hgmv@mt\mm om.w%rmmemng Ghirdt ere%uEéa ﬂec;’éew.aea;.@nt of

bi sphen n am ne- oro fluoride) cat ?‘é\h/ For mul at i .ons "whi ch

cont ajofi the formliatien would beyoo wghﬂﬂ'sewam%sas@ﬁa@w g pesition gidthersip they; o) yst
gﬁ QU trab ¥hd %Wl@ﬂfidlﬁﬂp}égrﬁwlﬁtbthesubstrﬁﬁd t he part i aI | y-cured resins

are used in curable resins pﬁEPCT Publ i cat %ﬂﬁj% %yo January

1986) . The viscosity of gy Ylationg ma ! htheagyansed peRY resin and

chai n rési ie Pépaced With maberaaohanméughhean anld;edwalme)ltaidenasuch ipvpvismsits es,

because t osi t I e too | ow.

e SomlEins iy B o RS Fo PR Bl BIG Aiption a8 ThE R

co npl €23:March 88) tEachehan ensapsulation f@rmuhﬂcutwwm;corntmm liquis epgayiresing %6 ta he

pLe | %%uivﬁlenwif i’lgnc;lkﬁﬁl A BrdiAd-todton tnfluoﬁ&éﬁaﬁrl R‘Feﬁﬁﬁéﬁbds&hﬁéﬂr&ﬁﬂ rPUt of

nate an |no e press, and resul.ting lamnate |s 00
t hi n. liggid epoxy resin, chain extqe;éemdc,cataéusv atalysr careplamé'ave ’?FGL"W@W%'VT?HTEQI ion to

eNCOUraRE h&iptrikiy RP&d refifs £ used in B Yesir 7l FCTHUB i &idh \VE86/608dRI i n the

treater, so that higher nol ecul ar. wei ght advanced resins are produced
bef or d3 %PHB’VHS Bccurs. However, those catal ysts also accelerate curing of .
t he r esi n Fonkdlatidrs whichi cbgtaagkmd efldxy resincinti chainibttetder bevamott t he

v |2 _53%05 | Fn¥nonl rgep\ lﬂ'se'%ﬁ%@}n%%g&szeg because their viscosity in the treater and prepreg
PCT/ US0ditereeegow. The formulatiarisfrenanddrin intie treaterbefore theR-stage isgempleta: i ons
Whi ch (o ORbAh kel RE réFHulbtiont AbW o Mdifafter B rkpreg is put into the laminating
press. The resin is forced out of the laminate and into the press; and the resulting laminate is
too thin. |
35 Extra catalysts may be added to the formulation to encourage quick reaction of
epoxy resin and chain extender in the treater, so that higher molecular welght advanced resins
are produced before dripping occurs. However, those catalysts also accelerate curing of the
resin with the curing agent. Itis difficult to prevent the viscosity from building too high for
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shelf- or pot-life, and the resultlng prepregs have a short shelf-life.
What is needed is a |low VOC fornulation that: (1) has a | owviscosity in

t he - wo 9sngrsegnat i on step; (2) builds nol ecul ar wei ght ¥yr/esesazgssent
rapidly and controllably in the 5 B-stage in order to mnimze
dripping; (3) controls undesirable curing reactions, to prevent

excessi Ve cHL ANkl hatBH. 4bhedler oAb Hih B n%chcig{a REhREQLAGE: and

(4) prow prepreg Wt I-Cl en cosity to be
| am. nat edshil% nbmt-lg‘e@mnﬁh%@mlﬁmeeprﬂgs hwaﬁho'rttshelfshfa - further

obj ect of the 'nVeWHaQﬁnEGHéU:%I%WV@@foﬁHQP&Ynoﬁ%‘t“(ﬁ essmbﬁmse&.mma i s
conpatible wt I sting. manyfacturi or éelectrical

| ami nat es 'rpwepa?tw st9R ) RulgsTmel8 ylaravalght by agypn ?'E?C}Ptﬁaﬂlﬁ‘p’ﬁ{}# santepliably in the

Appl i cgnt B-sté@éﬁﬁlbidéﬂtcprhmﬁhﬁe6r1ﬁdiiﬁ§ﬂ3)‘®ﬁfrbrsQﬁdﬁﬁdbl@tllﬂmgirea&ldm ltb phémE
appar ent

One aspec f%ﬂ%ﬁﬁ?’b@éﬁ@eﬁ“ﬁ}ﬂ}éﬁﬁﬁ ik 5 t'ﬁg#% 3%&?{15% n% ﬁBa (‘B ,pﬁcbv@es aB-

(1) stagedi preprégieitissufficientwisyosite to e Iammatedhﬁﬂl@él)t significant loss offeginoltiisca
hai t L

et o S BT TSAPA Redr 5% AT B BA £,

(3) exis&ingamarhwfgctuutmeqtppmmn‘feseIs@tutal laminates prepared from adwarved rpeyoxy

re nformu%@i}ms an inhibitor which is a Lewi s acid;
10 Fess an 25 wei ght percent of a volatile organic sol vent; and
20 (6) opt ABRYgants, 'nvo?nﬁam provides thesniapturesaad othemasill Begome apparent

A second FgaefHe entird dcrigtioRidht @RarhSleshepéif! | M nary fornul ation contai ni ng:
(1) a |l owviscosit phenolic -

chai n ext ender mho?é‘eéﬂ??éé?fttgéf’ eé?f‘tl"g’ef"%%%"?ﬁ%fﬁ'"ﬂ?(tﬁ’"éﬂm’%ﬁ‘%nts of ,
phenol i c rmdroxyl gnm.smnymyv@hent of the | owviscosity epoxy resin; 25

g ea centis 01‘2)a Vv oI at ialpge'b‘?lﬁéﬁ?'e egtsp%ﬂhoge zoncentraﬂon |sqesrsT?han 0t é.' equiv ?%rm ?fg ht

aspect of the pr esehénolhhadrbxy}growﬁeheqm@embfﬁ\eﬂmvmtsttyemmsewev| ously

descri bed (S%}n t he pra??t%ﬁéﬁﬁgéﬁ ﬁggésapm}ﬁ,@ dgﬁomt‘%&%gdxg% Jpgm nat es t hat

are previdusly e composition
in the sedéind aspeen inffibitaravhighismtavdsadd;: useful to make

fornmul atiqgs in tgh‘fesﬂhraﬁtzs%f&h‘ik:eﬁénttotiﬁvleﬁﬁ'&Péé?ﬁsoWRtsﬁné ormul ati-ons are

useful for 'maki rical l'am nateS as previously descri bed.
The corpodfh i ons  maptianally. aypultifenstippal cross-linking ageptpsul at i on, " coati ng and

structural conposi tA%eaﬂﬂlass&t bpdﬁémv'ghﬁ‘od |9¥Sm|hﬁﬂhyﬁ>rdﬁﬁﬁbh b&siamrge
SpeCI fically as follo ormnul ati ons of the present

i nvent i on (Yont ai n 3'?‘%\)(}-5%95588%‘?"We5§‘p0xy resin. The | ow- vi scosity
epoxy resi(m pref er alphgneélicichsin extender whose (o‘h)ce.ntration is less thandpué ehuialetd§ &fr 1 | C,

\%) 96/ 12751 phenolic hydroxyl group per equivalent of the low-viscosity epoxy_rg’sin;

PCH US3%/ 13358 alewBpcid; and has an average fornul a wei ght per epoxy
€q I val ent( )mc no m?l'&%\&rbmn%%é%{t @J’cgnt favolatlle organi solveﬁpn hal ogen atons
Frycrdyl’'e D

in the nol ecul e. (For rnstance enol A
cont ai ns no hal oger thitd amtﬁﬁhﬁv'@F%@"%‘i'WFﬁ‘e\Hé? @ﬂﬁ“ﬁf‘“'ﬁﬁ@" aspreyieusht e,

t he described in the processes to make composites and electrical laminates that are previously

described. ' o |

30 The composition in the second aspect of the invention is useful to make

~ formulations in the first aspect of the invention. Those formulations are useful for making

electrical laminates as previously described. The compositions may also be used in -
encapsulation, coating and structural composite applications. The inve'ntion is described more
specifically as follows. | S

35 Formulations of the present invention contam a low-vuscosuty epoxy resin. The
low-viscosity epoxy resin preferably either: '
4} is liquid at 20°C; or



formul a wei ght per epoxy equival ent of diglycidyl ether of bisphenol Ais

170. Swo 96112751 The diglycidyl ether of tetrabronphicqai@geiasd has a
nol ecul ar wei ght of 656. - However,. the average fornul a
wei ght of the non-hal ogen atons is 336, and SO . t he average

f I h I 8 f hal

B 97 e e GRS e SR8 er

bi sphenol A non-halogen atoms mahelmolegul;c(nginsianmdlglyrcldylathqubnpllgembheno|
are “ | ow vi SCOS%O"I*%IW%'J&%IBRE has ﬁ%%lerage formula ‘f" |Igh{'\+ft3'3b nﬂéﬁ@fo@m ng of

thisdefinition a wel er epoxi de

equival ent is moemeham-wmrmueqwmlemofdwstdamhﬁm*élspheﬂq%aﬁﬂy no nore

thag 190 for nof;ehgl eﬁ'fepmetrabﬁohfbbksaner\el me&a ﬁw&aﬁme.gmoms' n Itis
preferably at Ieast nore preferabl | eas 0, and npst ﬁ[ef er any

at | east 160 H°Wﬂerlﬁbﬁa‘f?£?ﬂfgfeﬁ“‘é'? ﬁ thegon: ‘KQFEEE%‘?SH 3336 Or esin.
The | ow vi SCOSIih)éaeﬂ-eyé'fdrﬁalarwagﬁttp&rQSo:@laqawﬂémgmmaendeogermomynrgr oup

er - ol ecul alns Iea 0X
gr oups per nol @gﬁ«ggw%&her eg?&f"é?% Tpf/'eﬁ%' X%S'Sﬁ{%ggg? F'é%]réenf’ﬁgn %
epoxy groups peandﬂiglyadyleﬂ\amftetqabsﬁmbadphynomsare "low-\tmemty:epemnynsjr oups per
nol ecul e, and- oY f‘ g;n%mi%x hfio tjan 2.1 epoxy groups per

(For hifs Waf' T %\

mol &¢ul e. h spec I'cati‘ons, such as high-tenperature uses,
resins with m)rﬁ\mqueiwngﬂowpahmebex!dpeqtlmhntmﬁe Ixna meseshay | et her

f
OACT! xeSSADRGOARERErbly BB an 190/ fEFnon-halogeh AORF1GL B ViscBitty dodl) ¢, o
| owvi sesive ||1tlyPr@[ﬁ§WY pleas70.anqre preferably gt leag 1§ Qiany m%tmeferakéwé?a%mam de

conmpou on-halogenatomsmthelowﬂﬁoiﬂ?‘é’p&i as.l ty epoxy reS| nis nore
prefera Iy the d yClI, r ef er abl

conti&i ns 2 phen® qg'e gﬁl’f?"ﬂﬁ"&ﬂ'b §°'}5§'F‘5 ?R)?"é&ﬂeé“‘trﬁ t'3ﬁ"h ¥ IR HS?/) The
di ol 251omd|etame préfgtaby cdyitalrﬁtdh&lverageauesi e.82pbyy grewpsgeemboiedulbyitFor mil a | :

9;" i n&EJ%’ﬁBBﬁPT‘?"Pé’B Pk%’éﬂ% lessthanst ¢ %‘ﬁ‘&?."g"pé %’u";%‘,"e‘“'e' MossRIETrRY S 35 sach
or a plthered edoyy gfoups perandleculg, endhmost prefetabiynp meatedhamat enmsmuns PS'U bstituted

ar omat in$ &U ﬁst)r cytém%cﬁhgﬁ:h%sﬂP&ﬁs@?ﬂeﬁ{%rﬂme% i\'vﬁﬁ nfbré OVer

(derr Y up. 3 group, a sul fonyl
gr ogp Eepoxgrounsaeay hetaptimuns, suchyas piglycidylether of tris-(hyd roxyphenyl)methane, which

N is ¢ mmercnm avBilable RTACTIX* 742 resm (*Trademark of The Dow Chemical Company)).
PCT/ US95/ 1335 erce "A'" are aliphatic

gr oups mmvanogmy Vspégge{efemy gglyc1dyl etEI‘ner, esteP oram |Qe conflpou%d

The low-viscosity epoxy resin is more preferably the diglycidyl ether of a diol. The
diol preferably contains 2 pheholic hydroxyl groups pér molecule (a dihydric phenol). The diol
25 and the diglycidyl ether are preferably represented by Formula I:

OH
Q=——A —}—0OCR,CRCR;O0—— A - 9 (1)
30 —— v - .
. 'y
wherein: _ _
each "A” independently represents an aliphatic group, an é_romatic group
35 or a plurality of aromatic groups (induding halogenated and/c}r substituted

aromatie groups) linked by a bond or a divalent moiety such as a Iower {C1-Cg)
alkyl group, a carbonyl group, a sulfonyl group or an oxygen' atom. Preferably,
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percent are aliphatic groups, and nost preferably O percent are aliphatic
gr oups. The al iphatic groups are preferably al kyl groups
or pol y(aIW?P@h@%m de) groups. - Each "A" i sPEH/U§95/13358
preferably a benzene ring or .two benzene rings linked by a 5

| ower al kyl group, or a hal ogenat ed variation thereof.

Each "Q' is a hydr wsyihaﬁsowcmdfh " duecalnpha&ttcym@s,andewéfdwblya&damam ety
represented by Fornu resin.

Each "R' represent 8¢ 'Efe'l’ﬁfd? Blg‘gﬁt'g?'&#’ '3"%5\°6tg°éﬁfe6ﬁh'ya ﬂ’%’ﬁﬁé‘F a'fﬁ ’*E'yf‘a PP 15

Each "R"' is pref er ahé glighatiy grongeare ptefenably alkyl groups or poly(alkylene oxide} groups.
represents a nunber,dl-40Rak aeBlyshenzdhe sFRer R BOANEAGAA4B, &
y €epoxy resin.

but it is pref erabl y OW- VI SCOSI
Exanpl &s of pr ef er laweraikyl groupyor abelogenased varistion thereafhol , hydr oqui none,

bi sphenol , bi sphenol Agabjy ra drﬁﬁirl the diol. and is a alvcidvl eth e : -
(1, 1-bi s(4 hydr oxyl phen)?l) cfpheky H'z-aor?g in bel sl% ennolsagym %ebleéb"r?ér% K or
P

hal ogenat ed vari at irepresentaskhydorm H@ Iovv- vi sCOSi ty epoxy resin is‘nost
preferably - a diglycidyl ether of bisphenol A or a diglycidyl ether of a
hal ogenat ed bi sphenol A O her Qiseful | owviscosity epoxy resins are
glycidyl ether derivatives of 1,1 ANris-(hydroxypipg)yl)- al kanes and
hal ogengt ed variations ther Ry crRxaupeRs of suitable epoxy resins and
processes to make them are aI so desCribed in H Lee & K Neville, .
Handbook of Epoxy Resins at 2-1 to 3-20 25 (McGrawHi || Book Co. 1967).

The formul ations -al so cont ain a phenolic chain extender. The phenolic chain
ext ender may be an){n hhat contains on average nore than 1 and |ess
than 3 phenolic. groups per nolecule. It preferably contains on
average 1.8 to 2.1 pherﬁﬂcth‘hwresWsa hydrogennipr. ahalosen ar ajeweralkyhgsoup.

cont ai n@t about 2 p@%ﬁg*ﬂﬁsmwrﬂﬁ%hﬁrgyﬂﬁateﬁr mol ecul e. The 30 phenolic

chai n eXtender has sanme broad escrlgtlon and preferred enbodi nents as
the di hydri c phenoln”derresantanysmbey phippatingunitse " heaybeqiyaverage 0 to 2,

: ow- VIt rs]cosb ty eDOX)btﬁ&%ﬂe{eﬁﬁlﬁmi td(hfﬁr? foW-viscosity epdkylrésifiul a | Ib |S pr ef erably
ess than 0.2, nore SS era

The phenol i c chain Eé; E é”ﬁgélf%‘r' g\“gﬁ 'ﬁsqrf'ﬁ{’}f rr?%#“’gﬂg‘%?ﬁ“ﬂ"? |

SO: ubl Ie I rbliprﬂplbldblsplahenolaﬂ@(sphévﬁﬂm,ﬂ - blsﬂFlthroxylphenmthlImytelﬂmmkbéphmol5. )
vol atil e qr.ganic .sal.v

is hi ghédr Ol-t %ﬁi\ﬁ l %ha organﬁtg& va at ofaﬂleylowawsc? ?ygg,g% r&s'w?grr?)?t! a:{}LTeMHIf
about 125G diglycidyl ether of bmhenabﬁ Qt a QQWFIQYIrE]:i@r ofmbalogénateshisphienel As Qther
extender ige fbw~vnscomgf% gfﬁ@ﬁgﬁ‘ég e\kfd?l ﬁ@ér%mﬁﬁfveé’?' 19m-tr’iss(h rﬁiﬁhamh)‘l

| east 110 an nor e r ['ecul ar "wei
pr ef er abl yalhapeﬁﬁn@halmamanﬁm@ thereete Exampiest suigghle emn resing an%mcesses

WD 96/ 12754 make them are also described in H. Lee & K. Neville, Handbook of Epoxy Resins at 2-1 to 3-20
PCT/ US95/ 13358 eferably no nore tThan 250. Ia:or hal ogenat ed

:
phejpol i 25 c%%avéﬂ'é‘m?é@ @ 8% formul a wei ght of non-hal ogen atons in
the’ chai n extender Thedbiudtiohs BBEtehthih @ pheridlgehdia ertesde?) Tiibhenolic chain

extender may be any compound that contains on average more than 1 and less than 3 phenolic
hydroxyl groups per rﬁolecule. it preferably contains on average 1.8 to 2.1 phenoilic hydroxyl
groubs and more preferably contains about 2 phenolic hydroxyll_ groups per molecule. The
30 Phenolic chain extender has the same broad descriptioh and preferred embodiments as the
| dlhydnc phenol described previously as the basis for low-viscosity epoxy resin (except that “n”
in Formula | is preferably less than 0.2, more preferably less than 0.1 and most preferably 0).
The phenolic chain extender is bfeferably a liquid or a solid that is soluble in liquid
epoxy resin, in order to minimize the need for a volatile organic solvent. it more preferably has
35 amelting pbint which is higher than 100°C, and most preferably has a melting point of at least
about 125°C and no more than about 300°C. When the phenolic chain extender is non-
halogenated, its molecular weight is preferably at least 110 and more preferably at least 185.
The molecular weight is preferably no more than 800, more preferably no more than 500, and
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limtations, and the total nolecular weight is preferably within t he

prefer I ments plus the formula wei ght of thep%g%g he -
phenol :’vg&g g;l),gpext ender may optionally be.a 5 phenol-ca %%ﬂa%ﬁ-ger (such

as an ol i gonmer which neets Fornmula | wherein "Q is a hydroxyl group

~and "n" is on average between 0.2 and 2), but preferably the chain extender
is si rrmoyt rreferablynmmees thenAE. donhalpgenagad phenplic chainiextendersithe frermpla

descri Rrebht of Héh- 95]85@4 At6mé Hth® cifaih &xtesdert pseferablymts tRé ?Jregah{; Erebér?&l"'e nol A
or brom nated bi spheno uantit ai n ext ender

shoul dliméatierssand,the teta é\‘?ﬂiﬁ'é‘t’?‘?'&t 'W'FFP’?H%WEBWBQ RESTeN ‘W‘ °H‘f§e Mai n
ext endgfus pecfotrhalaweighriof ﬂiemaldyennm«epnelnam dhaimtextandeonyy omwﬁauﬂbemt S per
epoxy

I f h 5 I
SRS ST oL o LA 1 R Bl i S5 s 2L
0. 1 phermipiandydl &onlaverage betwaen 9.2 and Zpbut mptergblpqm chalhentepdemdsumplye :

ref er ab| i DS »Qk : er epox
ng vaﬁgr#’ Q‘t'ﬂr& i 'e"IFeraltRﬁ @"'gst& eggyth}%e %ﬁb@ﬁenorﬁﬂéﬂ]o‘fgk%&g njers entg Y
per epmoytp_rsfeeemybvaplmpmvnmwmﬂseq!bwhﬁnebesu ty epoxy resin is the ‘
di gl ycidyl ethe hé’&ué?hﬁg%ﬁﬂ% eRreRBEr sh6@id be les%h BtoRKIoMEAE with the epoxy

t et r abr onobi sphenol A, concentration of chain extender ‘is preferably

suf f1ocresin: The chaip gxtarder PF%fSTaFP'YcFBHYaéﬂsﬁ‘P Rpre thand. %@vmx&muye!ee&?@f br oni ne,

and hm@soﬁr&h%&ht Yand mor&priefdrabi¢ b miode than VisdydroxylRquivalentipar époxy 19 to 22
t ercent :

t.h t
hvent eBRVIERE dhh R Stardecpretprably cantains P GH D Bang R hyroaysRyRaRRng
react i @asepoxyBquivalest, armmofe preferablyrootains atleabt Ocqutenolidtexdrdaxy efoivalestscur ed

bty 8arepoa By althl M nRREb 0P bR TR bhBRHic IS enyla)drtiF BBRE! 2 O
198G). eBuinalpht When theiloveiseosityeradxy esin lnheldmldﬂmbmmwphenol A@ndamml ng
am ne, cnmmh Eris ﬁ%gfomegp&nmt %6 enmbﬂzmaln&h%ﬁﬂm%l‘é rallySONI UM or

sul f oni'um nol e I es. erred catal ysts are the terocyclic’ nitrogen
and aniswiiciepttaxsayide aresip ceeﬁ»ﬂum\ H%t%?m%ﬂefﬁﬂ@'ﬂ‘é?e?q%°@a‘¥ efejabls are

het er ogyicient & ﬁrbﬂgggré%ﬂtﬂlﬁgw to 22GAdigHtipestent bromine. Catal ysts
(as distingui shed rom crqgss- | i nker S%r&i)referabl%/aé%ont ain on verage no

more than about C@MREEHIQNS of thf RIGERT inyERHAN cgatal Yt that 5an catRlv28 e RPYY e n
noi &l @poxmhudeeactlonshybhfmgeti‘bnaﬁ@paxmmdwtl'maahﬂowtlﬂ‘ogn aupredaesfrienol i c

hyd o} d
phos o SHePsyEiBrsattiofs S8 RN & AE b bndvdHefitr pbf s 828168 ea) "Bl 1© "
phosphiResinstwt 841- 343 (). ideyt&Sora APE6) Exampied ofsuiteblesatialysts insludeicorppaurnsls
preferaply, nm%ar{lam I'ﬁ:{]ﬁﬁmé/ @?g{?&h&% nPQ‘RﬁiBR‘ﬂP\' gmsgﬁbrﬁ fnEarsonium or

Exanples 0 et er'oc en cata ts' 1 nclude those -
descrl b@'domhmmOlef'%eNhfehﬁEfWegﬁ%ﬁte ebetsr%q'cmmsemendwyv) Pref erabl e

het zr £ 0 G htalifing EmBtAAGY art Weh Ridré ﬁ'; eYerfsd céfﬂlﬁﬁ%réﬂet&b&fcﬁ&ﬂﬂb&élﬂé&itﬁhﬁ@

catarysts which can.be enpl oyed rein include, for exanple,
i m dazSPEEOURENzi ni dazol es, imidazolidines, inidazolines, oxazoles,
pyrrol es, thi azcdataysts(as dnstmuislchd\‘ean crpys’-laﬂaenmefeﬁMpmdtam efn avepyge sBzi nes,

pyrim d' n%%lga %’UI nLFg:we ydro Xrﬁ%%%tﬁ?er ole !aegxcppéﬁfirosqgﬁ Eeq: ﬁlcp nes

pht hal ozi Nnes; r|nes VA a2|n
- 6- hydrogen amem‘ge@go an amme group, a phenohc hydroxyl group, or a carboxylic acnd

F’% gg‘i Jé%%?.nsta ce,trpermﬁz.bn@ghospnﬁe ﬁébﬂ%%@%%r@f&ﬁmﬂu fpyrrolines,

peri di nes | perazi nes an nat 1 ons ereo
Especi imige 9?@1%phleemareé-e§.weda'pmmgwymne@bewhpmumeqetgss are preferablyr o- 4-

et hyl |q"aa§aﬁgiygmn%m"paﬁ@yﬁos Hmnmm,msl m dazol es, and m xtures thereof.
gvg? hg}) ri met hSIrEg?H‘BIrSQ%ﬁ ttaelile Qeteroc}//cllcmtroagzer? catalysts mclugg those 9escr|bed in

Bertram, U.S. Patent 4,925,901 (May 15, 1990). Preferable heterocycllc secondary and tertiary
35 amines or nitrogen-containing catalysts which can be employed herein include, for example,

imidazoles, benzirhidazole_s, imi_daquidines, iﬁi_dazolines, oxazoles, :pyi'role_'s, thiazoles,

pyridines, pyrazines, morpholines, pyridazines, pyrimidines, pyrrolidines, pyrazoles,

quinoxalines, quinazolines, phthalozines, quinolines, purines, indazoles, indoles, indolazines,
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5 dinethylinidazole; and 2-phenylini dazole. Especially preferred is

2- et hyl i m dazol e. .. Anong preferred tertiary am nes that
‘may be us®9086/1278t al ysts are those nono- or pol yam nes RCEA/GSPSHA3SS
.open-chain or cyclic structure which have all of the am ne hydrogen
replaced by sui tabl e substituents, such as hydrocarbon radicals, and

preferabl Pﬁﬁtdgﬁnarsazmegﬂﬁhﬁﬁdhiﬁm; rr&ﬁne@rlﬁumﬁv&: pfp@ﬂbiﬁ@J Slpe@émbﬁﬁ of

t hese ami es I nc anmon hers i et ano

triethyl amrnbmatlwrsmrypfarﬁﬁm'a yipredsr afﬁé}?zﬂW&fH*ﬁ%’f“ 4| FHP@H{}F ofnt-floro-4-
tricycloh f; alY phéhyRsubstiait hmlzbla anBrmitares ttbréoti besh more t he

tri al>/kyl Qﬂyll Tlﬂéz%ﬂ ﬁ?b? ) | I mgne Le s'trA et‘hyL m ne,

tri phenyl QFﬁfﬁ’é ?'F é'%’ 'al%?ﬁﬂ@ﬁﬁlyﬁ’ﬁﬁ?'faﬁﬁl‘é Qﬁg'y imicagpe: ?'kyl

di al kagol d&ﬁéthﬁ&mdsmté) aad zmhyllmldamleh&mﬂcuaﬂwpnwrmdz-mﬁ\yﬂmlddzhhnol am nes
such as trieth noI Srri%/ﬁﬁ{f?rf' levle ﬁ\%ﬁ@ ﬁsedfaQEa @hosamd?\gsort hat

i n aqueous solutlo ve a ess queous sol utions of
concentr alpblyamnrwls ba\plag an epdnaghiain qmcmhestrwre mmam ¢|9°f the apinefhydrogen

tertiary am, rsl?ika‘bﬁé ﬁ%bﬁftﬁeﬂﬁ Qééﬁl HhEbEb&T ARaR Hhd preferably aliphatic,

tris-dinet The concentration of
cat al yst |cnclcml-ehemmslayormﬂqrw§qls Exarmpleref these amines insudecameng others, methylo s

8 1 phr, 'dlethélo@sﬁlrﬁreﬁkwérﬁﬁé tlnbwla&lmalmﬂylmﬁw.eé Qﬁﬁlﬂnylamhe:mre than
phr. 20 the purposes of thi: agplfcatéon oné?/t 3 @ﬁyl ! "Bél" n

100 parts"l"@lsphexyl'i!’f‘lé‘leepyl"é"‘cel‘?é ﬂéll"PE" fPreferred aminas are;the trialiyl, rigycipalkyl @

The prese e, O L o e e nr Lot o B o o)

activity Gﬁ'e ?Iﬂgdlalkano&%{pgpyﬁcﬂ ﬁy?ﬂeglaﬁﬁf ne Wgth%‘lﬁ'aEﬁaP%Fm%egaﬁtew s

acid. Ex arfﬂéﬁinaﬁmpfe_efvwakedtnarylunbnesobs eximple, ratrlma! ¢hdtin agleoys sohitivasgive a

O XL ar R o i 95ecl i of § i cohbdr@bior QiR tary THORRAAS Bipectally

iron, Bl iR um and ar co ron

hal i des) -préferred tmlqu@mme catalmare;bmyldlmgbylymm@gd GmWeﬁylammomethyl

trimet hoxﬁ@‘g §y<| ne), boron oxide, alkyl borates, zinc halides (such as
e

zinc chl ori and other Lewis acids that tend to have a .rel ativel

conj ugat e 'base. The gonspntrationras caialystis rgferably atleastid 85 phyand sore H'eéél"ée rical
| am nat es,at{dagd. 1 hig. It'ﬂ'ﬁr@fe‘i' dyléssQﬁﬂ'l ?Mr)én@%or@ﬁﬁlf@blﬁlﬁ nﬂﬁio‘ieﬂﬁhﬁlphﬁF(FOH evel s
of halide. The nost g‘ree P QI‘ ) s bOI’I%P g%* as. of
used heoeithe Pupases of ‘tﬂﬁé'ﬁatﬁ’&% YorPie PT \RA S P! I"?él:té'cf'l" Er’ hgparts o

met abori c aaﬁatdrlalliﬂr o0 parts of the combjrdilsle-visddsity épuixyrtdsintandghgin eftenddy] by

cont ai ns at st 0.3 moles of inhibitor per nole of catal yst, and
nor e prefe \3 contains at |east 0.6 noles of inhibitor per nole of
cat al yst . The The prastrttinventipn alfecontdips andnhikitorovivich inbibéts theadtidtymithes of

i nhi bi tor ch'JI% %st?@k&l Vl&tlnﬁpﬂor?l?a LJM f‘mp rl':%lﬁf:l@poﬁ'prgﬁﬁiea'iﬂlﬁblfws m)r €

than 2 noles er no
i nhpbi tasr taﬂude:laahslwgxlge%xdreedeﬁepaaﬁspeﬂys stau‘led"t- etqnnen.@ehelbmansme-of this
i nventi on, jrdy, silid¥, P&oﬁmmﬂﬁt a?qd‘iﬂﬂﬁl'éﬁﬁapomﬂs (©BHER kifeh HoPorf ISHHEBQ RO instance

contacting and i tion of tllg?borates,zmc%allg\ést h a

| a so
sol uti on drorcRed trel’oﬂ’ %’f'?%‘t(z‘c@i ﬁ"mfé'f'(‘l’yg‘"&ﬁms)c B‘EPH QW’ﬁ'g’
-7- (such ayﬁneﬂildrwénd other Lewis acids that tend to have a relatively weak conjugate base.
PCT/ US95/ ]‘ﬁ

hi I
cont act | ngBENeAPTY FEH PRERR It R MRS, Ber SR bl ntermbly
ot her tznpontinsresignificabtevedsaf halide: Tbg ot mreferledpéutatqu isdorioacid.rBoric acid as

Oferr] C t ol RLI%H r]eﬁ'rs ofic Q&ELP&QQLQ{W@E Gfl néme?afbro]'lgacu%% barre of

contacting 1S I cl ent : tron o e conpl ex, and
depends o rmhuenqlee Fpe l%rmnl@qneeeferabmcnnﬁrem ‘fa%"B 3me8>f inhibitaresr peleradr r ed,
and 10 to &Qalys,anl %r@'ﬁf&erﬁ!’)l?f:&{téiﬂsiat least 0. 6 moles of inhibitor pémoI8 of dueslyst.Z b,
Wi t hout infendin g be bound, that the matL reaction, of

ormulation preferably contains no more than mo es o inhibitor per mole of catalyst and

35 more preferably contains no more than 2 moles of inhibitor per mole of catalyst.
The inhibitor and catalysts may be separately added to the compositions of this
invention, or may be added as a complex. The complex is formed by contacting and intimately

mixing a solution of the inhibitor with a solution of the catalyst. Optionally, an acid having a
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- formul ation pre era

epoxy resin with phenolic chain ext ender and the curing reaction of. epoxy
resin 9'} gi)oxy resin usually occurs sinultaneousl y | f cat al S
added Y& %#féf2ase one reaction duri ng B-stagi ng, the PCTUSINI336% e ot her
reaction is also increased. On the other hand, inhibitors used in 10 the
present invention retard the curing reaction of epoxy resin wth epoxy

resi n weakBusleapkilic anion maybe presgnisSuchgentaeting gepexally isperformest atambiendr at e t he-

advanqsma@{] :6:%69{Ho%ahe{hee%r£ﬁ?ésa\aybe usid, #brﬂhﬁﬁﬂh't@mﬁbﬁ'ﬂﬂe@& {eer in the
B- st age e effect of the inhibitor is red t enper at ur es,

so t ha*CEpHaK, é’fﬂﬁ?"ﬁ@'&é'@’ f'??ﬁ'sz%EP §0%G e '}Slt%flcﬂ"ttaﬁ'é“q gmaﬁé‘lff'ﬂﬁ"tstf’ep This

makes compldth f&ﬂfi‘foh@fﬂfé&bﬁ@lexld’rﬂ dépandsionahe tenipReftuieyused) wittfréin 36920 by
sel ecti on and fgro orti W 15 vi,scosity epoxy resin and phenolic

cha n "BiputssgEgrerre “d189°6°m'““9e5m°fﬁ ref?fﬁ’ﬂil ation preferably further
contains a | ow msﬂmnted)wnhbutmmdirrg to bk beuwnd, that thd advancemept daenmbbfy

t {
Sonporeretly Wi el helpEidihe findleadnt Bpod M AR REWE. |
di ssol nesin @pumtly occuss siraultaneously. df mlist isnddad tozmjease ongreactionduridg t o use them
to obt @gggﬁaﬁﬁg@?%e%'f Bfethink T(&%?%'lsﬁ?nc?éasgé) Ghineehe? hsn.k WilborsLdiAUONT i N

H Le Epoxy Resins at 24-3
Bootp Cthe pmerrglnvatemtesifbscwrzsrewtea %srwm%n wmpmrmmqeuch as |

n‘:et hy: tef ﬁﬁﬂ?’étures, butt Eﬂeﬂﬂﬁﬁé&?&ﬁ “ratedi@hietRe deaﬁé‘é?ﬁé?ﬂ Qéactlﬁ*l 6fdpoxy RSer S;
col s et hers err re

gyér oc‘é(FthS“‘("§ Ghain gxte C&’h - gﬂ‘? l!%\?% ?thﬁl‘flf‘aﬁ@ % rﬁﬂﬁ‘?fplagﬁi ghgr

pr ef er ﬁHdéréihfeﬁ Qb et gpoxy-epdity ﬁ&hﬁnsady\tﬂatmace &uttieS larsinaltionestéyy. | Bhis rh?ioes de L

' cerine.an e ot rom 0
6 car bB ﬁgsﬁﬁ ﬁ%ﬂ%‘ﬁ&‘%ﬂ%’h’r ftvl'fé r?'nbrﬂ?d?e\gg SQ %loln%(gﬁ% °rs§sgr%é’}f % nor e

pr eigarm&dslty'ﬁpexysmlsmend pheqolnaldmn extemdnrn up to 30 percent water as disclosed

tn European ﬂgtlébl’p@] {‘qut;l Alfthdr é:@lz?{as@lg proportlon of organic olveHi®

al ns O nor e per cent volatile organlc
sol ventt monelpreferably mtemas mjxtes afseheentruseful fag dgfeq'eea thegpdiyidught . The

formul gich heRRYn 8 Tbfthilatiéh. Ahe |p|réféﬂr&| vetatfle BIahiRs B&Wémi ®ld IJs&v@é;&ﬁ@ @0l vent

but preferably contains at heast erce&'& %é# or sol vent by

vve| ght are well known, and it is known-Rewito,y epite tﬁ |s§os[1t¥.r pﬁg?p tains a

g mul 4 f %U?ﬁble&ﬂﬁbnt@ EQ&Suéht?rkHr Lee &UC |NeV|II?], aﬁﬁl\a/ddkfdmgbxmg Tﬁltrzn@-(Mcth sf are
escri oys_refer ch_as o) i 0

Poi y. | SliBool Confo871 Exanils® oty i ed Slfenssiiuge keschesisigh &P @B st o)

Exanpl ketoné, rﬁuhb)ejhte&or%omémnémattkrsoeﬂérs,@mls glycokethersi GeCgaleoholsoamd curing

agents_f Y v

ol yanfipaiacBEbcirBaiISicn 3 kerds, Do HRgE Ry ne il kRl disolved

react i ingeolar solvsmts.egdms|d|meﬂ1nletdfoeudsr60u§@}. glyeerinerapd dimeshylforeamides with

. uc# f Hﬂ&ﬁdl%ngcﬁ&ﬁ Stb 6 BdrB6P atoRs bHA §lycols havmngﬂtm&Mneebmghenol S.

as novol acs. Exanpl es -of ~other, mul tifuncCtional cr ?
- 8- more preferggd. Jhe sojvent may also contain up to 30 percent water as disc osed in European

PCT/ Usﬁ%ﬁﬁﬁﬁﬁncanonosdﬂmbers whi ch can be used include pol yanhydri des t hat
are taught in

4/ 11 14 1994
Mul ti functi onal 'ﬁ-lrer 5‘9"‘??'%’&8’&*’?‘%!&‘%ﬁ%‘%’éﬁ’“{” 1‘53’5 g(f@ﬁ:{feé‘t %ag'gr?éﬂi% %ext en?:ler s)
pr ef er sdivent and mdrepreferahlgnagerethae 13 hemertlhp waightt.VEhelfpunuation mey entais per

T7' 580 afurnE gt o Bercd b ARRSrodfiE CREASSR p\‘é}gfaBBQEﬁJaﬁ{sgplleXst@%@Fc@hmlaﬁll@| urality

roups nore primary am ne groups, nore than
2 phenorgat,ﬂ'qﬁyl!mi)hylwﬁy*ﬁups a plurality of primary am de groups or nore

than two carboxyhd f%nﬂﬁlaﬂoﬂb%ﬁbly further contalns a multlfunc-[lﬁﬁal(&&mlhlie\f SUch

mul tifunctj onal ros% Lln er is re era | ect ed ﬁ tp% Ih
multifunctional cross-linkers are describ Bd {n numerous re erences, such as Vol Encyclopedia
of Poly. Sci. & Ehg., "Epoxy Resins,” at 348-56 (J. Wlley & Sons 1986). Examples of suitable _

35 multifunctional cross-linkers include known curing agents for epoxy resins, such as polyamines,
polyamides, polyanhydrides, polyphenols and polyacids that contain more than two reactive
sites per molecule on average. Preferred examples of multifunctional cross-linkers include
dicyandiamide and polyphenols such as novolacs. Examples of other multifunctional cross-



formul ation contains a stoichionmetric. excess of [owviscosity epoxy resin
overthe conbi nati on 10 of phenolic chain extender and nultifunctional

cross- i W&y the purposes of this application, di BCAUEPHRAE is
taken as having 5 to 7 curing:sites per nolecule.) .The forrrul ation

preferably contains no nore than 0.75 equival ents of chain extender and
cross- | i nikRérs wdiich can be psediintudecpsiyaahydrides that sreawght irefdTPublicatione t han 0. 6
equi val e nore than 0.5 equival ents. The

f ormul at R&ﬁ W'égDT Fﬁ&g{ %F sfdrgnts of multifunctional 15 cross-Iinker,
but .preferably cormatmmcaonallaasthrtaetsias@qeossedltemtglmean@qbemazterdqﬁ) val ent,
mor € prg'fe?;bw @kain 6 F&éﬁ%@lte th&fibo é’éﬁ%‘ﬁﬁ nég rﬁ&U’hé’s"ﬂe rl@nﬂorm)s'[

pref erabl’y contarns at "~ equiva \When t tifunctional
Cross-g i nksanqestmrcw;ahmqeamﬂerablvﬁ@tﬂw ﬁﬂl“&i'!ﬂbﬂf secondap’ra@r'err W?s-eﬂh%u ns at

I east 0. %org.g{ n@d??arﬁﬂ%@rwﬁfrﬁér@%éh ?ﬁhdn@ﬁ@ﬁya@eﬁl HolipsHh plk rithargle. |1

preferably contal’ns no nore “&F r and nore pre era no nore than
1.5 phr. azmdegroupsormorethanmc PAUR ef er abl y further cdntains a
stabilizer to pr e%@huﬁﬁﬁ%’fﬂﬂh&ufuncﬂon&l&&ﬁt nmmfpréfbnblyfwemdwmwhgttapoxy

| hor gant doumHBpRSERSE RaEhiaAF eI Rceh F P HES Ry peR T avep e Mition.
(incl qu r‘@ﬁh&héllc chain e&&hdélardrmiﬂﬁﬁmttlmﬁl ems)lmhavéFdn&hn"pdrmmeﬂbISbe
cu

ff
et v i 1 orplglinn; Shyegiafiof §keh §iid o7 tufng Ses per moledfe, FheforpliaBgf,
bel ow 25 ﬂ-eferatﬁxeamélasnmmomwﬁeﬂﬂ&dqwzaimﬂs9 hiainrextsinder andicresi-linker PROr gani ¢
aci ds SUC&» ?(E!gr%qﬁrgl%m ﬁ@g@gé?%}rgblgn orétHah 0'e &;uﬁfﬁleﬂtsaém rﬂ&@ﬁ@?&%b& naCi d;

i nor gani c_'acl osp oric acid anhyd
(P[ er r ] O mere|than @§teamyalent5+ mﬁfg&nvlét'%rﬂa% cont@in Oasu'a?'kms of 'ar‘&trf"%ﬁ’i'a"%!r al kyl
and sufpst &Bﬂtlfflﬂe:al)w&refe?éﬁl} co?q'i'ﬂns at Ieasﬂ)” (] é%va&'di:sf ;ﬁﬁéﬁox&ﬂ‘el dmivalept) nidie

p-tol uehe sultonic acid d ul fo ? on qgan c
P boxy | | erefarally cantain Siosst PBRI 6105 490N o ARt RToRgHY GeEpsatisast O §
aci ds, sugduiaerits) aWhéh ﬂh'e'ﬁydltlﬁﬁtﬁdrﬁl abssplinkel isdicandiamidy) the femhulatidror  ex arrpl e,

ety D LS S on: Rt 088 B angitpore prespraplyieh B a0 Aot ARANGaife,
i ncl ude abﬂéyéramgtmtmnoﬁo miord thiah 2.28 phdandmoleprné femblymoauord sha 1.5 phr.
aral kyl sul fonic a %orrh@%or%r%ie‘?%ﬁ?‘l‘&hher coqt?lﬁpfst% iRk kd é{ﬁ&edtﬁré?nétgwer

(Clerrf@derr]) al ene su aci d. ant | t
st abi | i zereattion of the jpveyisnosity epody teem_angme chaipmxtender during storage al‘ﬁéh'PPE‘som ty

of the fog %@kb@inﬁ%ng er%‘:ahfc]aGdk §nd)lrh€faﬁﬁ@?§d¥s Mé?ﬁ?seoftsQBQCIa%cmg%alﬁnd

‘nore prefera SCOSIeg% IS nmeasured @E
CANNON- FEmand part ¢stersliave beensfound ta W%ﬂ{'ﬁ\’b’ ghive2s (eactien inhibiteen 8y 1 or

operati Ogtﬁe t&hR “dtiohg %’érglt' Yt .mueé.hen orgamcfarardmab.ag AR, VAudb&bw apdreferatly baewt 50
rrigDa 3 ‘;‘5” mgfan&?&g;? 7%53 reactton mhlll:utors mcﬁxde inorganic acids such as hydrochloric acid,

PCT/ US95/ 413fifid acid and phosphoric acid; inorglaic dd anhyatidesachasphosphetiyadibanthydtidel nay
be used t gﬁ ke = eﬁnérﬂ%ﬁi{ﬁ PLI%QﬁLsea%(yl arya?ﬁd gﬁﬁ&lralng @&s’ﬂ&t&&'ﬁkg%%gu nd of

t he inven ons have'r'e
advance q aradidyl gulfannt acignsuch b$ pridlyengsuifonjc w%c@@gylﬁdfm@ﬂ@ and Sﬁonaﬂd cure

to pr 8¥daﬂﬁ:c9 leic%ghfﬁ{glﬁ& errambrb%cétﬁracmhu Bifkyidstbs oflyQB saNe guchtaaehe

presence of” I nhi tOI’ formul ation increases the tota

reacti an PE‘V'@&?@P“W%GPP syfanicacidyfargxample,methyjpstoluene sylfanats, and ?FQ?"R he
formul ati Qélﬁeﬁéasﬁﬁohit@ bAd fRthaheifoniciatid nikemdester. mpr@i&rﬁd reaction inhibitors

For packagi a conveni en Sy el j mi.nar

For mui at | Siie ot eebafiolriic el BYisaomeasiEsy Splo stk FgklSrotefoet ¥
prel i m narlye stabsiliaer Btailower (C1-Cé) alkybdstes of pteluerecsatfoniyadig Oihe querstity of gthlsilizdriisc
chai n ext gpeq%raglyloncg ?’h},or and a solvent as 10 previously described. The

rati os ar evVi ousl y descri bed, except that the formul ation
" prefergply contai nihmsmty@fﬁhmhrmslamw (e prederebly pp yone than 880 MBa's and

 preferabl y,qe pt8iérably no more than 500 mPass. (Viscosity is measured by a CANNON-FENSKE
viscometer according to the ordinary instructions for operation.) The viscosity of the
- formulation is preferably at least 50 mPa's and more preferably at least 100 mPas.
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than 10 wei ght percent solvent. The fornul ation preferabl y cont ai ns at

| east Iypogaeny solvent . and nore preferably at |east ﬁ§5§ol vent
The formulation preferably contains at | east - 0.05 phr |nh| I tor,

nore preferably at |east O. 2 phr inhibitor. It preferably conta| ns no 15
nore than 2 phr_inhibitar ref era nQ nore

i nhi bitor. The formulations prevm\g yﬁﬁéﬁoﬁbﬁ? Hﬁ'ygl %f'fbﬁdﬁﬂl"&kFSt?hanﬁlfJ'%'Bﬁ‘m?

cont ai asdescritagidn tﬂm:mbmqmﬁ the invemtiort \{The formulations havg relatlﬁl}ybw- For

e h
e "G ByERRAR AP OB RSt A GRR, B e, o0 O
prefer atdv;delg@s»d Iamaateemhe Lammatmgs;en Mgrsover.'rhepmeﬁmcenf mmbytor mvthal ati on’
al s pﬁ&kgﬁ&%&&e&z&%&%%& ans&.dnlrakssredwéurhqumb Forpfatfon ¢hii red to

cur ormul ation. The concentration CT 0S nker i'n the prelimnary
f or mul s4gassts that thefoapulptigns haye increasedsross-link densitewhen gied-epoxi de equival ent,

nore preferabl YFér%S&agm_FénH%ﬁlpﬂleQélﬁﬂéybé&bﬁ%n%ntwdxpﬁ@%pr@ﬁrﬁfnﬁ bly Iless

than 0.01 equi val ent concentratiqns of uri ng agent
d £ )

are modermyl mﬂw@%nﬁhvm" aspectott e'“@&?ﬂ“fﬁ?’rﬂﬁ? Hg'F‘BW ormylatin st or ed

for hI OREntARE |dwieuswsnwwy ie@ﬁS%K&loBémhlri dxtghdeil,'ir&uliiforj andanbiventdss i | :E;st r?t ecli

with greater, s n _t ow n anpl e

M e areausiBRnRed Thefatidh are Bed gk po i RREPed shcop BT Mik vommujatiof

- Or 0Ss- Iprefmmbly contains no more than 15 wiiightipercent salveot sndumoee praﬂagablfn@hofmr rrul ation

cont ai o d Kai :
Corrpany N &éﬂigﬂﬁg{);&n%{vseﬁt Th%ig'gw'aﬂon(sp 'B‘*W ﬁ{at]- g%%eno and 5. 26
parts apd mgre prefiarably at leass 5 percent ssb'mfe The &asmulation mfelfablv cent;mset Gestu n -

et hanol dé%rmﬂﬁ&r,tandme B*e@iﬁbl?gtEEQWZ%th%ﬂf‘aﬁH'éﬁfraQIfyc@ﬁl&lrﬁnac' d shown

I n TabI ornulatlons wer & aged over ni ght,
the1BoI"PQ59VF'Pﬂj‘ deHF’th'UFP&@"d'“”eBﬁ?ﬂ@H Mednare thaniphs inhilytoss parts of a

sol ution cont ai mh@greﬁmﬁuam&rauﬂtusyamramydmdinssnlsmdn catalytld: quhamtﬁofparts
et her

di et hyl f d t

part s Euring SREt bt BRSSP B oyt S E TR S SRP and
suffi cmeualyst;ratohypreﬁrwy leksctham@.05 phratadyst, ahd mtolepréferatily latsitiian 0.01 @ per cent
S0 & 45 carbfi, ‘TRe B ForRifion 38 Bekebrab) cBfkait Wl Bilinker fPhBLIHTE! |V

capsul rvacuum a erature for a
per izod reqwadeo hmercheiyrmubvwoffhetcneceg@ﬂattemfcroﬁ@llalgnravmtf@rmﬂtmlam curing of

gzéf:l_? UfS Sry?l{g%drﬂp preferably less th¥%o Cqdrdiedts per epox:de equwalgl_rKBrElErﬁ preferably less

For mul Aham%0Eeayivalents, gnd most preferably less than 0.01 equwalentspa'hmthlonf ﬁ%r t s)

é\* catalyst and curin Bgént are most preferably about 0. 0 3
4 - Sug\ grmulatlons can be stored for Iong perlods wnthoutsloss of stablllty The 0.5

* Forygulimiention A illustratet with greater specufucuty in the following eﬁalﬂtleeamﬁlei he invention

weas 2t bifhe ol A PR S AT IDIBS b s T TLER OSC

- 30 cal ure 1 ncrease of m nut e.
: Slx formulatlons were made. Each formulatlon contained 65.5 parts D E.R.* 330

{(*Trademark of The Dow Ch_emlcal Company) I|_qU|d epoxy resin, 34.5 parts o
tetra_bromobis_phenol Aand 5;26 parts methy! ethyl ketone. A 10 percent solution of boric acid
30 inethanolwas added to the blend to provide the quantjfy of boric acid shown in Table |. |
After the formulations were aged overnight, the following additional
components were added: _9_.33 parts of a solution containing 7.5 parts dicyandiamide dissolved
in 30.5 parts dimethylformamide and 62 parts pfopylene glytol monomethyl ether; 1.25 parts
of a 20 percent solution of 2-methylimidazole in ethanol; and sufficient methyl ethyl ketone to
35 dilute the formulation to 80 percent solids. The formulations were loaded into an a'lu'minum
calorimetry capsule. Each formulat_ion was placed under vac_uu'm at'rdom tempefature fora

period of one hour to draw off the solvent. The advancement and cufing' of each formulation



15 In Fornul ation A, "a broad advancenent peak ran from about
:105C to a maxi mum of 160[err] C, and a sharp curing peak hit a maxi num
‘at 165[ er rwb96asmsntially on top of the advancenment peakPCTMS95/13358
"Fornul ation 1, the advancenent peak remained at a maxi mum of about

160C, butthe ‘maxi num of the curing peak had noved slightlyto about .
170[err]C. In Formul ation: 2TABELE Iwo peaks were al nost conpletely

separ ated, as advancement’ showed a broad peak at 20 160[err] C and curing
showed a broad peak at agbout 185 errgoritnAk@dnul ations 3,4 and 5 the peaks
for advancenent anMe'es{M |y separate. The advancenent
peaks ran from about 110t o about 170[err]C, with a nmaxi numat about -
15.5. The curing peak ran f.@&#m about 175[@®rr]Cto about 225[err]Cwith a
maxi nurg at about 205C. The experinents t hat when the concentration
of boric acid in the fornul ation increa t he advancenent reaction and
the 25 curing reaction separate into tvvcomal n different peaks which occur
at two different tenperatures. This se aration all ows rapid, *

control | abl e advancenent in 8he B-stage Qu'fhout excessi ve curing.

Exanmpl e 2- Fornul ati on Cont aénl ng Boric #£cjd and Phenolic Cross- | i nker

A formul ati on was made that contai ned: "5 parts D.E.R * 330 (*Trademark
of 30 The Dow Chemi caI CorrpaBy) liquid epoXxy resin, 34.5 parts

t et r abr Yrobi sphenol A P, 281 R dnSA is tayl ethyl ketone, and 5 parts of a -
sol ution containing 20 gé gﬁgq@vegg{ dnC acid in met hanol.. The

sol ution was aged overn en the foll owi ng conponents were added: 4

parts of a sol utlon C nta. ent P 36- 28 hen
novol ac r e¥psstudied by E'P | ‘% qrﬂ'tﬂﬂaqs M‘Pﬁﬁgﬁgﬁ/@ sﬂﬁé?‘gf'meg“a"
Sweslen an?ﬁmﬁeaaS ttm-eriﬁcréasb@'[fﬁﬁpphﬁmtéc 35 hydroxyl groups per molecule) in
acet one; parts of a solutja n I Celo :
2- et hyl§ i dazol e df‘gg'ﬁ'f@%té?qé! k?ﬁ?@?"cegﬁaggﬁ#e?% gﬂ’éf@&’lu&ahyl ket one
to dil ute matimum of 160iChandd sharp ctmnﬂﬁe;ldntem’axlmm a:tslSS’Cmsmﬂialiymwmf thend

curi ng of éﬁgn%e EQQIJ (?rpF fqu' @lg ad\[ranc { c??%m&mw 'fg‘gé;tﬁnﬂn a‘m&

1. The scan ex a br vanbenen
-11- 160°C, bw:‘,tl'@@imM of the curing peak had moved slightly to about 170°C. In Formulation

PCT/ US95/ 13 3h8two piak? Wetdhihb& cgﬁgie{@y @ aﬁbé?!-’&s ah%ﬂc@ﬁkhﬁh@%d L‘ﬁ%ﬂ pehfeat and

a broad curin rom about 1 rr Olerr]C a maxi mum
hei ght 20 qndzwpemqvesd arhreaegeé‘ﬁ ot 1§56w§' ﬁormylaaoeﬁwﬁa#émneah 9R
of advanctesmh heeMiht Bid tum\gama e&aaﬂéaneshm@ 'l’HéQdGirQ&ﬁ;eM ﬁuse;rtahsroa: sbwmol i c
resi n ra andl.am de ratl on

oy apr egs . 118 to about 170°c with SimexT skapgyt (e The Eisineaso et prgnd 757 o

Exanpl e 2, about 228°C Withta rhiémomas about 205°Ci Wkememgamsslmmrmwbeh the50/ 50
m Xt ure of th

Vi Scost ty SPRRRERER rapre R g RGeS RmaseshEMAROGRFLRBT sadUE

andppl ajs eringreactign Gpaeate Eitp tvaqd\awabffa@ntrmkswhl‘checcnoamoa:hﬂfmnt/vas appl i ed
to-a SUbSt{eﬂE;fer&BreloTth ?§ra@ik95fb\&s-l;¥@ﬁ oA maﬁga?ﬁa%.nqnas*;@a@%wéuoqm

Por cher Text! Badi ni e Fr-3 Bour gol n- I eu FrancCe, or
| ntergl as $¥RBIVP C¢BAgH, U m Donau, Germany) by di ppi ng. The i npr egnat ed

subst r at esgxiigle PaSrorRlulaliioR Cohtamifg BUNCAcHd didiPAbndlic€pdselinkepui | t by Car atsch
AG Brengarten,

tenperature of 1 5 A f?'ﬁ“éﬁi?hg‘g]ag%“agwagggéaéeg?&?'%?r}g!P' %&) n%%(*g%ggﬂ‘gé‘

m m nut g The lﬁewthgmcalmamma'y)mqalmbpbw resia, 345q7ars tetrabnamglsisphienglA, 526\parte

cracked, _apduRguSiyaede, P furk R HSERLARANED So B RRYEE Eohe sEEad i 2020

resin was eren scanni n er according to the
procedur e metidnahyihe sdlutigtneas agegtovermght Then the following components were added: 4

parts of a solution containing 50 weight percent PERSTORP 85-36-28 phenol novolac resin -
(commercially available from PERSTORP AS, Perstorp, Sweden and containing 4 to 5.5 phenolic
35 hydroxyl groups per molecule) in acetone; 3.5 parts of a solution containing 20 weight percent
2-methylimidazole dissolved in methanol; and sufficient methyl ethyl ketone to dilute the
formulation to 80 percent solids. The advancement and curing of the formulation was studied
by DSC as described in Example 1. The scan exhibits a broad advancement peak from 100 to 160

-11-



three experinents provided essentially identical results; a single broad
peak from about 1 50C to 280[err]C, with a maxi num he ht at about

210[ erVPEFFL 1 nal experinent, at 1.8 nfnin, showed fUS9Y 3368 br oad
peak, but al so showed a slight broad hunp from about 1 OOC to 1 50[err]C
with a 20 maxi mum at about 135C. W attribute the hunp to unconpl eted
advanaeeithetwto matima at abert $25°C ard 145°Clapd/atbherd curing peak framaboyt 160%€ tbor nul at i on-

provi % it ) ﬁnEkn%?)gYh&%Q: at 9bd cirea&dme expgﬂﬂﬁgﬁsrhg{ﬂr} trEﬁEﬂgl'aP&gaFa%ﬂr dl ess

of the er S esl nce ration of

Lami natfedvancement "and curing are Obﬁﬁvqwfeﬁf\ the srosgrlinkgy 'epaheapilasesuvesash¢r5ben in

Exarrpl ardiamfie2 and shown in Table Il. 25 Each formulation contained 80
wei ght ercent solids and 20 weight percent volatile organic sol vent s.

The f Examplasd-Srepatation ofPIAPredt t o gl ass cloth as described in Exanple 3. The
gl ass cl ot pSformiuRtiORIESSreplred dgdesarideARADLIMPIPL, lettept tRAtR crbBvi Ng a 3

t t al . -] sh Table 11, i
i ndPkiposgeattontaied 1 imrure BHooREREIEEF RS PRNORESRY o coch preprog
was nmaataghedolethang. THhe dstosityldf therformulation saemeasucdd ajl28 CusingantiCliseheor e and

ft

b TigAgEBHeS 0 SnB cBR e, ARy wASKI 4 ik orhlolabiSl e Sonieh P 3 fbbstrate ot
andygPaglasa gothfTEpects2s wiich can be punchased framdlonghen Fextile, Badivieres, Fr3A300 -
Resul tg, t@;ﬂ&ﬁﬁéu.&ﬂ&ﬁé&'ﬁrnhéergrfmm.r mtmmmoreac@rmaﬁ@rm. Ogefhal d-up in

al terna heets o up. prepregs

were dmpeeyre pbstrateswverg passeqd thpoughgy %ng'é Bief tpppter (b“"tPM CP'I?§"P 864 owi ng -

aggrée rﬁamgshm eivrtk&lanaﬂwmrgaé yﬁ\@tém&rliowtél oderf smmpemare a’pesm bﬁd?att o 35
over er|

é nt.ai n gq' - 70C 1 85C for a

| perl oFPee 56’(5 1.0, 1rﬂ ?ﬂﬁ’c‘e%’“"f‘ﬁ'é‘FF‘é% rs?éeit'mﬁf'ﬂéﬁf F‘]acP’FEfe% R’EH&?@? ature
OVefy awétre Ha@EEd?ﬁnc?QoW&léwbﬂae B:Et‘sged resins Weseecoveeed. The Bataged reiravased no

ggih E:‘lrﬁ'f"’é{i é!'tlﬁergl?téal scanning calorimeter accon;lnI Jcotwle pgace t?rte‘?n xaFnepIeD £ hgrfm;d on

-12- three expenmeMQ:ﬂﬁid:eﬂ é&gntlally identical results; a single broad peak from about 150°C

PCT/ URQ %Wﬁh a mammun(\ genght at agou&1w hb ﬁ“ﬁlre%# q'f?&ﬁ e(t'\"?r?\/rﬂh ChotRd Was

neasure |ng | nrer Si ng it in

- NI\/P atthgsqrmb peak, bt o sipwed a sight braad huemérqmawﬂwréth‘if’Tweb@r ts are

thixirh@h & abbut 19§W Wﬁ@lﬁﬁeﬁ\eﬂﬁrﬁ%tungﬁhﬁleted advarfc@ﬂ\ent The Copper peel
r ngt h was neasured 1"&%31 Met hod | PB-L-1 15B, | PC-TM 650: 2. 4. 8.

r esul t%‘Pa"r"@e%%EMfYV that inreagon, the QQE%'B"?W'W‘E’ﬁi arelativply f°“t"°"ed a"ﬂam nat e
gl ass- dohastahta Qging, R Gardiess of theredterspYEdshd residghck titeDSC 1 om Exanpl e 1,

scanni Sg E Eﬁg egtEJnoég 22Q err]C at 10[err]C per mnute and taking the

secon ransrtron tenperature. The results are
expressed i n Téorreulationsraré prrep]al@d as descriloBd in Examples\izing2 andshewminCkableds

P i B B SRR B g e e
| am nzsolvents. Thetpsmulatiopcwvere gpplquttﬁ glagsgclgb pgéﬁgnbed in Example 3. The glass
cloths were passed through a CARATSCH pilot treater having a 3 meter horizontal oven at an
air temperature as shown in Table II, using a winding speed s'hqw_n in Table Il. The resin content
- of each prepreg was measured using 10 cm x 10 cm square sheets.of glass cloth before and after
30 Pprepreg production, according to Method IPC-L-1098, IPC-TM-650:2.3.16 (available from the
Institute for Interconnecting and _P_ackaging_ Electronic Circuits,_LincoInwood, lllinois, USA.)
~ Results appear in Table il. Eight sheets of each prépre_g were !aid-ub in alternating layers with |
sheets of copper foil. The Iai"d-qp prepregs were cured'under a pressure of 250 N/cm2 aceording
to the following temperature p_rofile: temperature was raised from room temperature to
35 170°C over a period of 40 minutes, then maintained at 170°C to 185°C for a period'of 60
minutes, then cooled from 185°C to room temperature over a period of 20 rr_iin utes. The
resulting laminates received no post-treatment. ' '

The foliowing tests were performed on each cured laminate:

-12-



20 25 30 35

-13- WO 96/ 12751 - Lo
PCT/ US95/ TW©%8/12751 _ Table || PCT/US95/13358
Formul ati on _ 11 - 12 Li qui d Epoxy Resi n/ TBBA bl end
(parts 100 100 5 sol i d) Boric acid (phr solid)

1.0° 0. 3 Phﬂﬂﬁﬂtﬁﬂpﬁf&_ﬁl_&_né {NNI® pickRIp'wasPhdasired by weighinga S e ®5em -
: sheet of laminate, irﬁmersing it in NMP at 23°C for 30 minutes, anid then reweighing. The
results are shown in Table li, expressed as a percent 'gain. |
{b) - Copper peel strength was measured by Method IPB-L-1158B, IPC-TM-650:2.4.8.
5 The results are shown in Table Il expressed in N/cm. '

' {c) Laminate glass-transition temperature was measured using the DSC from
Example 1, scanning from 50°C to 220°C at 10°C per minute and taking the second scan as the
glass-transition temperature. The results are expressed in Table Il in °C.

(d) Water resistance was measured by putting the laminates in a pressure cooker for
10 120 minutes according to Method IPC-A-600, IPC-MI-660 and IPC-TM-650:2.6.16. All laminates
passed the test with 100 percent. |

15

20

30

35
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Di cyandi ami de (phr solid)’ - S - 0.7 10

2--met hwto sg/@9810l € (phr solid) _ 0.7 0.5 pcrusey@sirgsh %
solids (W% : 80 80 Var ni sh viscosity

(rmPa. s) (1) - 80 110 . B- st agi ng
Treater setting . . 2 2 15 Treat er
Tenperature ([err]C - o 1 170 . Treater Speed (n mny
1.0 0.9 : Prepreg resin conzgklgégircent) o B 43 - 45

Lam nate properties 20 NWVP- i ck-up (Wt % ' : ' '
0.05 0.08 Copper pJ&r@&W‘E (Nem = 11 1251 17,3

Lanmi nate T o . ., _ _ 146 - 138 _
(D roasulSguid 1ipdxs Resta/ TPRA-bLerdy (BaREs . ai 290011 GO0 25
30 pplid) - o -14- :

196/12751 Boric acid (?hr's'o_;lid) . 1R@T/ U$95313358
1. A formulation conprising: a | owviscosity epoxy -

! (1) .
resin; Phenokidg cross—1linkesniphz éﬁéﬂ"lﬂ»)extender whogeD concBntration is
from0.1 t : , : : . equi val ents of enolic
hydr oxyl &?’o{gg’%%#%gﬁlgvg?%ﬁt sBPE‘%e | ow vi scosity epoxy SOP?

resin; 2-metliyplimidazole {phzl gelidlat pronptes sel fOLUri n@.Seactions
bet ien eRor SI0WSholids (wtx) 80 80
Varnish viscosity (mPa.s)(l) 80 110
~ B-staging
Treater setting 2 2
15 Treater Temperature (°C) 152 170
Treater Speed (m/min) 1.0 0.9
 Prepreg resin content (percent) 43 45
Laminate properties |
2 NMP-pick-up (wt%) | 0.05 0.08
Copper peel strength (N/cm) 15.1 17.3
Laminate Tg (°C) | . 146 138
(1) (measured by ICI cone and plate using cone "C" at 25°C)
25
30
35
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(4) an inhibitor which is a|Tew (5) . | ess than
25 wei ght percent of a volatile orga e Eé:ggﬂ‘g BEEH o (6) : _
opt i onal | yWOR6#¥TSi f uncti onal cr OSLW agent ., PCT/US95/13358

2. A:prelimnary formnulation conpri sing: eetHas%%nRe aced & lOWVviscosity
epoxy resin; ~ CLAGHS a phenolic r whose :
concéntration is frpmﬂ,rﬂ,,u'(ae,ohesﬁbm :0.6 "hmiulﬁm ﬂﬂ © - equivalents
of phenoli c hydroxyl rggd%'tper e\(,,gﬁul val ent COSI ty epoxy _

resi.n; - (M5 (3) alowv @ acid; and | no nore
t han 20 wqpght pere@hénmfcchamektahdérevlmsgeuncen@lonésﬁom01to less than 0.6

Cowe O 2P oo anb el SF PherieAcsin bidfp BRI ot e iy Utk o)

di hydrisgc phenol. resin; 4. A fornul ation as descrl bed in any
of the pr d| ng clg &g,sw“ kiSelf ctioRPb&WeEH gPoupsdi hydric
phenol orqa hal ogeng:tE vargf%f’ﬁ\gn&?ﬁerbg%@regvll ng a nel tdﬁfé po‘lﬂ)nt hi gher

t han 100[ 8¥] C. an inhibitor whichisa Lewisadid; Af or nul ati on as described in any

of the prqgpding chaiffanBWw e?grﬂpbk@ntofavolatlléd?BérhtidNent ;and@ hal i de, oxide,
hydr oxi de or al koxi de of zinc tanj.um cobalt, nanganese, iron,

silicon, U8 on or 2PHANHYNT mU[*ﬁB‘P“'PH%M’%?" KIDhageti de. 25 6.

A for ation as descApmiehmargmuﬁtwhhempﬁmgzdl ng claims wherein the
inhibitor is boric oric.acid, boroxine, or boron oxide.

7. A formfthtion a?%‘ﬂé’t‘f“?‘ﬁ&ﬂ”’?’('% of Claims 1 or 3 to 6 wherein
t he nmul ti f@pcti onala phenslicdhainlextendageindse icmmnmﬁqmnfmmo 1ol lessithan®, 6

oattive sites " )RRt ol A R RRBNAF e\l BPUR OR IRy bY, 0

mul tifunctional croeswrlinker is at |east 0.05 equi val ent s per
epoxi de e val ent ., awis id: 8. A formulation as described in
any of O@m or 3% af V\Berel n the formul ati on contains from

0.2 to 0 5(4qu| vaI mlBOfGﬁhM‘Me'E&‘tmNﬁ)%ﬁeWﬂaﬂ'ﬁé‘ﬂ\’ﬂ'\"c hydr oxy|
groups) per epoxy egjuja\ainfilitiontds destAibéd in-aby offiidipYete@ing Slaivs WHPEIH thd loker per

epoxy eqU|vaIent and 5 no, nor I ned equival ents of chain
ext ender aYitfoHSORXY nesin isa liguyd ‘B%'MS!;V' etq"e" °Pa Z'?'ﬁ"&lfrg’gﬁ'l'é
9. A fornul ation asgdadéermuistibn a3 destyibed m@nﬁbﬂlhebraédlag da&\sm:emh the dhain

;mln%lﬁéﬁ %ﬂ?ﬁﬁﬁﬁfﬂm napégﬁn ﬁrnrﬁeléﬁj he?‘n% erc]i vgrenatuo gf qc Lyi?ia leIuES 88‘%': higher

PCT/ US95/ 15hab3800°C. sul fonium noi eti es, and has a concentration of from

0.05 to less than 3gp rf&ﬁmﬁ%té d'nlaqge&ﬁ%@?\aeyof{h‘a%i&ednhécl‘éﬁﬁsgm% ein the

10. A fornul ation as escri at contains
| ess t han inhibiteois pbalide; pxide hydtoxide or glmuée ef#incetin, tit@nium, cobalt, manganese, itan,

Use of a fé?l'id&H'@Jrﬁﬁﬂrﬁﬁm%ﬁ%ﬂﬂ?dwa‘n%b%?&nﬁihd@ aims 1 or 3to10ina

process to lectrical |lamnates, said process containing the steps
of : 25 1) 6. éﬁﬁ'[’?ﬂ'?@"t%@ﬁ‘ﬂ%‘iﬂ“ﬁ"ySﬁthFG'%Feg'DS§'FF’§t"@"°6€r'" B8 1 ng,
di pPi ng, S@hiitoR§ bofit &k’d, metaboric acid, boroxme, or idronBxiieChni ques and/ or

conbi nati ons thereo g the inpregnated substrate at
‘a tenperature suffli @rf?"‘f‘gz%‘?’hﬁdﬁq'bed Ry of

Claims 1 or 3 to 6 wherein the multifunctional cross-linking agent is a polyamine, polyamide,
polyanhydride, polyphenol, or polyacid compound that contains more than two reactive sites

30 Pper molecule on average, and the concentration of multifunctional cross-linker is at least 0.05
equivalents per epoxide equivalent. _

8. Aformulation as described in any of Claims 1 or 3 to 7 wherein the
formulation contains from 0.2 to 0.5 equivalents of chain extender (based on phenolic hydroxyl
groups) per epoxy equivalent, at least 0.01 equivalents of cross-linker per epoxy equivalent and

35 no more than 0.75 combined equivalents of chain extender and cross-lmker per epoxy
equivalent. _ _ _

9. Aformulation as described in any of Claims 1 or 3 to 8 wherein the catalyst

contains amine, phosphine, heterocyclic nitrogen, ammonium, phosphonium, arsonium or

R
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par | 9hd e

f or med; ;
alternating |ayer
conducti ve materi al ;

~fornul ati on, ﬁﬁ%ﬁlﬁé@@% prep"r eg
more sheets 0 prep'?%g in
sheets of a
esmqg%the | ai d- up sheets at

parts per 100 parts to =
Cur e rédirg byw‘eig%tand form a | am nat e. ~ 12. A fornulation as
described in é 1 Q. 8, .wher ej {h ntains | ess
ran 005 phr v Mol e fedd FGLSI GG 62443 a\%sﬁ'ﬁm e
rul t i2bpeacenouddtile orgamcseimrm nker per epoxi de equi val ent. _ - 25
3% 35 11. Use of a formulation as described in any of Claims 1 or 3 to 10 in a process to
make electrical laminates, said process containing the steps of: '
(1 applying the formulation to a substrate by rolling, dlppmg, spraylng, other
known techmques and/or comblnatlons thereof;
(2) heating the impregnated substrate at a temperature suffncaent to draw off
10 solvent in the epoxy formulation and optionally to partially cure the epoxy
formulation, whereby a prepreg is formed; '
(3) stacking one or more sheets of prepreg in alternatmg layers with one or more
sheets of a conductive materlal and
(@) pressing the laid-up sheets at hngh temperature and pressure for a time sufficient
15 to cure the resin and form a laminate. '
12. A formulation as described in any of Claims 2 to 8 wherein the formulation
contains less than 0.05 phr curing catalyst and less than 0.05 equivalents of multifunctional
cross-linker per epoxide equivalent.
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