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(C) one or more epoxy curing agents and optionally,

(D) one or more catalysts for promoting the reaction betwesn components (A) and (B) charactenzed in

that the one or more epoxy curing agents (C) comprises an aromatic sulfonic acnd amide represented by
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wherein each R" is independently a single bond or a divalent hydrocarbon group having from 1-4 carbon
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components
conposi t i on +h§ cg cf:\gnts (D) and (E) is that which provides from zero to 0.2, prefsrably
. from 0.0001 to 01 most preferably from 0.0005 to 0.05, mole of catalyst per epoxide equivalent in
component ( A).
Said at least one additional curing agent (E) is selected from primary or secondary amimes,
45 polyamides, mercaptans, carboxylic acids, carboxylic acid anhydndes guanidines, biguanides, polyfunc-
tional phenolic compounds and mixtures thereof.
Yet another aspect of the present invention is related to a process for preparing a partlally advanced
solventiess epdxy resin composition by reacting a composition comprising
(A) at least one relatively low equivalent weight epoxy resin having an average of more than one vicinal
50 epoxy group per molecule;
(B) at least one extender material having an average of two active hydrogen atoms per moleculs which
are reactive with vicinal epoxy groups wherein (A) and (B) are present in guantities providing from 0.15
to 0.85 active hydrogen equivalent in component (B) per epoxide equivalent in component (A);
~ (C) one or more epoxy curing agents; and optionally
56 (D) one or more catalysts for promoting the reaction between components (A) and (B),
characterized in that )
the one or more epoxy curing agents (C) comprises an aromatic sulfonic acid amide represented by the
formula



the extent that the nelt vi scosity has increased to a value which is
preferably from25 to 625, nore 25 preferably from50 to 300, percent
greater than the nelt viscosity gpofaegsseii al m xture of conponents (A),
(B) and (C) and if present conponent (D). The composition is preferably
melt flowabFe at or below [err], nore preferably between 20 and [err]. Wen
the desired partly advanced epoxy resj® _conposition is a solid at room
temperature, which is us ef(EN+R' ) oo @ t(|sugnnz)tyhe conposition is partly
advaqced to the extent that the nel \u.y osity has "30 increased too a val ue
whi chér s at | east 1250 percent greater than the rrelt Vi scosrty of ithe
initiadl mxture i C ad ent co onen()
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that the one or nore epoxy curing agents (C) conprises an aromatic sulfonic
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[err]'ﬁherein each R' is independently a single bond or a dival ent

hydr ocar bon group having from 1-4 carbon atons, each y and y' independently
have values from 1l to 3 preferabl yereonstr 868581 a val ue of 1 and is enpl oyed :
in an anount from0.05 to 0.9 .preferably form0.05 to 0.75, nost preferably
fromO0.075 to 0.75 equi val ent per epoxide equival ent of conmponent (A) and
t he conbi ned equi yal ents of nponents (B) and 10 (C) per epoxide

equi val ent in conponent (A e from0.2:1 to 1.1:1, preferably from
0.328.1 to 1:1 and conpone L@ present in an anmount fromzerg to 0.1
preferably from 0.00005 to , gt preferably form0.0001 to 0.'03 nol e
per epoxide equival ent of cO ﬁgznt (A) and wherein the conposition is
reacted in the absence of a solVe®t to the extent that said conposition is
nelt flowable at or bel ow 250 C and the nelt viscosity has increased to a
val ue which is at |east 20 percent greater than the initial m xture of 15

conmpongpts (A), (B) and (O and ( i f present . The conponents (A), (B)

and (O are prefeggply used igot }AYS tggproviding fromO0. 25

to 0.75 active hydrogen equivale _conponen ) per epoxi de equi val ent
XY

in conpound (A, fromO0.05 to 0.75 eq al ents of () _per epoxide equival ent
of (A) and fromO0.2:1 to 1.05:1 of the &onbined equi®al ents of (B) and (C)
per epoxi de equivalent of (A). 20 The process is characterized by

partially advancing the epoxy resin to the extent that the resulting

conposition is nelt flowable at or below 150 C and the nelt viscosity has
incresed to a val g&hich i sQBro
viscgsity of the initial m

the epdXy resin to the ext ALl 9.3 he resulting
conposition has increased t al ue at per reater than the
melt viscosity of the initial (K)¥ture. ,.éhfqnpartialKg)gpvanced,

sol vent| ess epoxy resin conpositions or epoxy resin conpositions prepared
by the Jprocess dedcribed hereinbefore can be used as curabl e conpositions
for the preparation of |am nates, conposites, coatings, adhesives,,
castings, whdhit h RlSdivaRhBybiroCidyForeipiRnad ar] 1 @D caBsh diist I029sC @IPOSI ti ons.
Additionally, the present invention is directed at a process for preparing
a cured product which conprises su%*gcti g toscuring conditions a partially
advancesl sol ventl ess epoxy resin c 0Siy ionq%r an 30 epoxy resin
conposi tion prepared by the procesS-=dese3+hbeelherei nbefore. Suitable
conpounds whi ch can be enpl oyed herein an extender include any conpound
havi ng an average of 2 hydrogen atons per nol ecule which are reactive with
vi ci nal epoxy groups. Suitable dihydric and pol yhydric phenolic conpounds
whi ch ¢Bn%e enployed in the present invention as the extender include, for
exanpl e, phthal ei ns and sul f onpht hal ei ns havi ng two phenolic hydroxyl
groups, 35 xant henes having two phenolic,hydroxyl groups and those
repréent ed by the formulas 40 45 50 5521 EP 0 187 855 B1

: «Q=C~=Q=;

40

A' is a divalent hydrocarbyl group having from 1 to 10 carbon atoms or a divalent polycyclopentadiene
group; each X is independently a monovalent hydrocarbyl group having from 1 to 10 carbon atoms, or a
halogen; n' has an average value of greater than zero but not greater than 0.5; x has a value of from zero to

45 4; and X' has a value from zero to 3. .

Suitable such phenolic hydroxyl-containing compounds include, for example, resorcinol, catechol,
hydroquinone, ‘bisphenol A, bisphenol! K, bisphenol S, tetramethylbisphenol A, tetratertiarybutylbisphenol A,
tetrabromobisphenol A, phenolphthalein, phenolsulfonphthalein, fluorescein, reaction products of dicyclopen-
tadliene or oligomers thereof and a phenolic compound, and mixtures thereof.

50 Other suitable compounds which can be employed as an extender include for example, aniline,
toluidine, butylamine, ethanolamine, N,N'-dimethy! pnenylene diamine, phthalic acid, adipic acid, fumaric
acid, 1,2-dimercapto-4-methylbenzene, diphenyloxide dithiol, 1,4-butanedithiol, and mixtures thereof.

Suitable epoxy resins which can be employed herein include glycidyl ethers of phthaleins, suifonph-
thaleins and xanthenes having two or more phenolic hydroxyl groups befors reaction with an epihalohydrin

§5 and subsequent dehydrohalogenation to form said glycidyl ether and those represented by the formulas



| . ’ [err] 10 15 20

[err] [err] 26 wherein A is a divalent hydrocarbyl group having from1l to
10 carbon atoms, -0-, -S-, -S-S- EP3D187 855 B1 _ [err]
0 35 or [err] 40 A is a dlvalent hydr ocar byl group having from1 to 10
carbon atons or a .dival ent polycycl opentadi ene group; each X is

i ndependently a nonoval ent hydrqggcarbyl group having from1l to 10 carbon
atons;- or a halogen; n' has an erage val ue of' greater than zero but not
greaker than §V5 X has %‘gg? fromzero to 45 4; and x' has a val ue
fromzero to Sui t abl e su o enR i C hydr oxyl - cont ai ni ng conpounds

i ncl ude, for exanple, regorci n®', catechol, hydroqui none, bisphenol A

bi sphenol K, bisphenol S} tetranethyl bi sphenol A

tetratertiarybutyl bi sphepol A, tetra??onnblsphenol A, phenol pht hal ei n,
phenol sul f onpht hal ei n, rescein éactlon products of dicycl open-

tadi epe or oligoners t 2A3ki c conpound, and mi xtures thereof.
50 O her suitabl e comgounds mhlchacan be enpl oyed as an extender include
for exanple, aniline, tolwyine, butylam ne, ethanolamnine, N N -dinethy
pnenyl ene di am ne, phthallcxhC|d adi pic acid, fumaric acid,

1, 2-di ner capt o- 4- net hyl benzene, di phenyl oxi de dithiol, 1,4-butanedithiol,
and mmtures thereof. Suitable epoxy resins which can be enployed herein

i nclude glycidyl ethers of phthal eins, sulfonph- thaleins and xant henes
having two or nore phenolic hydroxyl groups before reaction with an

epi hal ohydrin 55 and subsequent dehydrohal ogenation to form said glycidyl

ethetﬁand t hose reprgﬁ?nted by fornuIaR 5 P 0187 855<§1 [err] [err]
err] *85 40
[err] . azc-c-cz2 opcszp
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EP O 187 855 B1 U 5 [err] 30 201 | 45 - 50 wherein Ais a dival ent

hydr ocar byl group having from1l to 10 carbon atons, -0- -S-, -SS-, 55
[err] 7 EP O 187 855 Bl or O [eepbd 16V 85%Ba di val ent hydrocar byl group
having from1 to 10 carbon atons or a dival ent polycycl opentadi ene group; R
i s hydrogen or a hydrocarbyl group having from1l to 10 carbon atons; R is
hydrogen or a 10 .hydrocarbyl, group-having from1l to 4 carbon atons; each X
i s independently a nonovalqu hydr ocar byl group having from1l to 10 carbon
atoms_-or a hal ogen; m hasgmijawerage value of fromzero to 10; n has a

val ue of zero or 1; n' has &y “&erage value of from1.01 to 7; and. x has a
value of fromzero to 4. O hg¥ suitable epoxy resins include glycidyl
derivatives of amines, thiolQ and acid conpounds such as, for exanple,
N,N,N',N'-tetrakis-(2,3-epox&propy|)-p,p'-nethylenedianiIine,

N, N- bi s( 2, 3- epoxypropyl )-4- 15 ai nophenyl gl yci dyl et her, diglyci dyl

thi oet hgr of di phenyl oxi de g hi @, diglycidylether of thiobisphenol A

N, NN, N -tetragl yci dyl - 4, r-am no di phenyl net hane,

1,1,2,2-tetrakis(2, 3-epoxyp oxyphenyl ) et hane, diglycidyl adipate,

di gl yci dyl phthal ate, and m XBures thereof. Qher suitable epoxy resins

i nclude the cycl oaliphatic epoxi des such as, for exanple, 3,4-
epoxycyﬁlohexylnethyl-3,4-ep‘&ycyﬁfohexane car boxyl ate, vinyl cycl ohexene
di oxi de, and m xtures there 2@ Sui t abl e epoxy curing agents include
primary and/ or secondary a = pol yam des, mercaptans, carboxylic acids,
carboxylic acid anhydri des, ani di nes, bi guani des, aromatic sulfonic acid
am dgs, and m xtures thereof g Particularly suitable curing agents include,
for exalpl e, methyl enedianilipneg di am nodi phenyl gul f offe,

am noet hyl pyri zi ne, - 2- met hy#fi~dazol e, di cyandi ag de, ¢t®yl ene di am ne,
diethylene triamne, 25 triewdlyl enetetrani ne,g®T ani-n chohexane,

4, 4- et hyl enedi cycl ohexyl %1 , - phenyl ene di an?n&’,"gul faifg | am de,
r@xyphenyl ) - 3- (4- agd noph¢nyIIpropane, boron

anm noet iyl pi peri zi ne, 3-(
trifluoride non-

O'Cﬂz-
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wherein A is a divalent hydrocarby! group having from 1 to 10 carbon atoms, -O-, -8-, -8§-S-,

o o 0
" n "
56 ’ -s—’ -S-' -C-
"
o



oethyl am ne, and ni xtures thereof. Al so, polyfunctional phenolic conmpounds
can be enployed as curing agents such as, for exanple, phloroglucinol,
pyrogal I ol , di pbenolic acid, tetEpDBr®Ess@Eienclic acid,

tetramet hyl tri hydr oxyl bi phenyl, poly- 30 phenolics resulting from
condensi ng an al dehyde with a phenolic conpound or substituted phenolic
conpound®or .reaction products of dicycl opentadi ene and oligonmers thereof
and a .phenolic conpound. Particularly suitable polyfunctional phenolic
conpaunds i nclude the novol ac resins rspresented by formula Il where n'
has an average value of from1.01 to 4sand condensation products of hydroxy
benzaldehyde and a phenol i ¢ conpound@=85Q=; Ot her suitable curing agents
include, for exanple, phthalic anhydride, trinellitic anhydride, nadic

met hyl - aphy qrdw%nt :‘oﬁﬂé fg:% &hé%% From {6‘ hodh & mIs Q?E%R/Ll nt%ggzﬂgb&taﬁfdﬁé ng

agent S Vihbhph Rq roBdrbyi BRbus Pavir@! ¥ lo ¥iroh&Sdr s and
e e ef won,g h&frg 16f 1Yk @465 AdntiTBach €T da\éﬁenwnwa%&bn&aﬁ?&my%&%u

I ncl ude, r&@rhaaef@m € 1o VGaIHRS atoRS b0 RalogBt A1 Thad 12 GSerad Jaise-dr rer 267 AL F0; f Hedl @

for ex anmueof AP0 LA RY Bl dRERARINEof FidmRh Y/ laAd LIRZ @lvElue SinGiasr W) di ani de

et hyl ene dioaei simtabledépaiigbiesnifchide] ghididyl Rleriviatives biamine8,ahiblSdnd &bit Rémpounds such as,

di am nocwc| exaampan e NN -tstrakist(2,8 8pdxyedp@ipb,p hettiyledetidnilite, I I iNNrbis@8epaxy@omyl)-4-

enpl oy=zdamisopbanplglycitydetiea tdigiyeklyl thiagthdp@f diphdnyiedie dBhiol diglyeidybatiten lofy thtobisghemol A,

ef f ect i n.NINAY'-teteglyticdhdn, 4 bdidnmimee ndighlary! e pethgner eki.82-tetrekis(22epokuprepdxyphenyldineney | -

cont ai ni diglyaistyhgsipataddigiyeislylhthalate cand eedungsi teereof. hose di sclosed in U S - A- gS)

3, 306, 872; Othe suitable( epoBy Ipsinss §igiudeg they Tydapiiphatly Broxidgs jsuchy ag3 for S@gmple,

3, 843, 608PoxygyaiRbexyimptyl-334-eporycycichexane caflgpxylate, vinyl cpeiehexsge dioxide; ang rejdares theyeot.

4, 13229706: Suitable 1epa>gocu"ng Pgonts) inglude, prigensy gncior seCondasy Bpines, polyamidesy aiercapians. 95

and 4, 38gtonge ad rce'm ic poid anbygiges, |9ga"@évea|bgsmdearaé°w¢|5gt&bﬂﬁaf'% PRigps, and

2{";; Ip[](rjlngg\no i%ﬁ%@ mgl ip(lélo rgulf}%gde, i%g% ; érﬁh erre%nminﬁ duammodue:ﬁengl sulfone,

di
et hyl xqg i e " g%@ Wine As5t At €,
ethyl t1i g @mm"tebm mpumme ot iéy o dahg% ”irﬂwrigf’%&\f e

acetiC agdifamN stur hosp oni um tet r ahal obor at e,

tetrabutyl mes bﬂanan Cphé,rfar.d ﬁlﬁnpo&rfas rcab Bd ¥PIBRR 3 by AJeMS Bidheas, for example

t et r abut WidayRERABIORrébaRol, AfbbBrRlic Adkd, tebabrbibdiphBrIXS B RetibtEhEky@ioRylbiphenyl, poly-

t et r akat pHopdNos pa@igU fidrhl i condRhsige ar( taldblyadd wNitly | ap Breagio Odsinpoana e tsabstituied aihbimliaci d
com pl exompoiingt dr arbattion prhduets o Riicytiopeatbdicnk 2nd igoaiers, thereof and a phenolic compound.

but yl t r i partmakathpsuiaichpohifunationd tphexrolicoconipbgyd$ indladecthe tavolgd resits feprasenipt b dsmpiloni um
bi sphenalieyhelsut Dbt ani phege ¥ablecs friroridlie iachedodensation piodusisydf hydrenythendaldehydei um
chl o- ri &, a ghenvligtompoendt hyl anmoni um hydr oxi de, benzyl tri net hyl anmmoni um

t et r ali&l ob&ithet ewtaltleawnmmeﬁy ingkide, %em‘ewwnqu%mm@vw ide. ardroRetn
hydr oxi dE""V‘i’\Q? PRI Peigvavdinksises Beseefhal obor at e, and ni xtures thereof Q her

suitabl e §t‘”§’9|aﬁ?ﬂtﬁj‘ﬂé""ta@r‘f"f’%ﬁl féﬁ\"ﬂé%"aéq!)’(‘fwe on 'ihBPp°é¥< pd the material
triebHyl afmnaea @ wsacwer é%kg n g;ggy';' °nx<r o‘r"aﬁes’ amides,
f.

mi
triethylam @] E fXthe phenollc hydroxyl-
triethyl eama% %5 ha saa %exawpteeih oﬁ’eaogya[neor Imém&oah )813410588:04,479,684;
conpl eX, 3lif7dosit ¥sarBsne 3887 500, 3RABU5L6,948,856! | 30gb ¥47219,048, 1455 4,003, 6509 191 38 33;
tri but4yl aMA2706:H|171,420C 017|260 4,302,574, 4,320,222, 4,358,578 4,366,295, and 4,389,520,.

Particularly suitable catalysts are those quaternary phosphonium and ammonium compounds such as,
for example, ethyltnphenylphosphomum chloride, ethyltriphenylphosphonium bromide, ethyltriphenyl
phosphonium iodide, ethyltriphenylphosphonium  acetate, ethyliriphenylphosphonium  diacetate
(ethyliriphenylphosphonium acetate®acetic acid complex), ethyitriphenylphosphonium tetrahaloborate,

50 teirabutylphosphonium chloride, tetrabutylphosphonium bromide, tetrabutylphosphonium iodide, tetrabutyl-
phosphonium acetate, tetrabutylphosphonium diacetate (tetrabutylphosphomium acetate®acetic acid com-
plex), tetrabutyl;f)hosphohium tetrahaloborate, butyltriphenylphosphonium tetrabromobisphenate, butyl-
triphenylphosphonium bisphenate; butyltriphenylphosphonium bicarbonate, benzyltrimethylammonium chlo-
ride, benzyltrimethylammonium hydroxide, benzyltrimethylammonium tetrahaloborate, tetramethylam-

66 monium hydroxide, tetrabutylammonium hydroxide, tetrabutylammonium tetrahaloborate, and mixtures
thereof.

Other suitable catalysts include tertiary amines such as, for example, triethylamine, ripropylamine,
tributylamine, 2-methylimidazole, benzyldimethylamine, and mixtures thereof.

ulfo rﬁ an-
bentzylbdl §ml y e?h ene .diam ne, dleégl ﬁene namlne el éene tetramin dlamlno Io exang a g res
sui t aff ey ugh LM& ﬁts
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tributylamne [err]tetrahal oboric acid conpl ex,

N, N - di met hyl - 1, 2- di am noet hane[ err]tetrahal oboric acid conplex, 5 and

m xtures thereaof. O her suitable cepagligssss Bncl ude quaternary and tertiary
ammoni um phosphoni um and arsoni um adducts or conpl exes with suitable
non- nucl eophi l'i ¢ acids such as, for exanple, fluoboric, fluoarsenic,

f 1 uoant i noni @therf suiiehish atplyrds ine'udepem@mlm icempquadsh pushyi as, fpeproniy. ctristyiamine HCI

M xt ur-es (CHBPRofristhamipehiBe camolsy; Fiethdaming” Hicqopgiex. dieffulamipe éﬁ@"#"?'i’@'f’qlg%ﬁﬁ maler.ds,
sal t s.-and Tupamine HCl 5, o SeMRlexa g tibdlasing WBraci FemRIBK: s | butamings HI oy JSppPIEx.
sul foni ¢ Abienie e qaoec i d’°’“BEi?| S i iestng e e s

i odi c alcf Eﬂﬂ' uarl sultable are ene plfonlc
acid, benzen D t%bh' s an ‘%5’ hﬁl las°"'”;m
per Chl ora goanﬂ\olﬁu CB&P e;:%es WSlll C? : OI'I ° rc?r: 8 ac ¢ an IX u es eé? Po‘l:ﬁ )EP??I[sgn “
t her eof . eSlﬂg % ncIL or n gghl% d'sdsgltsa!{nﬁ e§t P §nc a%! m% gl&?c acids
appl i cafi g @&Hn{?a% Stroni& %ér'c I6R b&&’% i, hric YE Seid, foaR tdcidd

mol di ngs, & ce&fdrom ¢ encapsul ations and in potting corrp05| tions. Sulta
sol vents whi gdicGiady SiRatidTReOYBllordeNsulibHi: Biid BhARd Qikolé a&@%ém%-tamelsam,aat es
i ncl ude, fammofitm PBcRoratk,ShebdfSacidpéeniat Scid, GiritGoib, b MBdutes takgenBL | ¢ and
al i phati ¢ hyTheOs6dubte 108 theCprédehtCindhiivarfie sii@ble g bt Bppliaatidn® Caa édligdes, ddhthosites,
am des, 15S wodingss adhbsives, e dtings, moldiagsebledcwenic snehgsyibtions dndlin patting BémposiBdnganol |
propyl ene gl Sutalie swhiehty | whizh lvan bewrechpidyeatiein iyd prbgaravenbideating® and tamiiates ctode) dors
and conposkanmpte ketories,tdinehqts; glyesh ethers\aeomatio andnaliphatid bysiracerhenai gyelici atheghe kalagewhted
pi gnent s, hygrecarbopgy patl aneidesasyich 2sy fon Bxample] asptonsy miethi| ethalstone; methainah forapwipnecplycol
agents, fimethy}ether pad-dimetut forrpide- agent s, rubber nodifiers, surfactants,
accel er#t or sTheyRIguets grd eAMPERIions of thaeresentipyention may cise Gpmain ifedesirgpy Rigients. dyes.
exanpl es és‘;%c;!ef'iﬁapﬂ?gﬂf;{&; 429‘%;%:' a}%"‘ r"ié’g%(ﬂfg ?‘ﬁ@‘érﬂ"f’% firaygtardant @ogd rupber odifiers,
const rued
fol Low ng coll ? ; gﬂ ‘83 'r*%g?E W PW@%&W@%&H %a‘sio%a?%wm i imiing
N

M e Rl s - A
W
di gl yci dylgeasher—of % Y %Yé? ydrox aévr?y sur one avi ght E)

\
aver age E@ﬁb&f/ REBM B a§Q YotiRFot 8, mhﬁ?&b SHoRYT)STbrSS Ravhy raoaa(
novol ac eran ad\}ﬁgge""?ﬁnc%‘@ﬁ% t?s(of ab OFl)Jt 3 6 and aﬁ agver a%]ae

EEW of 7 %rOxy RRENYC RESE phohbivdahaldenldol dpbiiCiothidc redin¥aWin@fn average functionality of about

t ri s( hydr GéZadenyejapeEbwei@ri ng an average EEW of 166. EPOXY RESIN E was a
di gl yci dyIEPaxhaEsufD Washghreialy! diber bfi tis{hy dioxy@hamyiyndiranghbvingean osiyge EENGOf i168) an
aver age EMFROXV RESH & waS6 dighBid(thRES tidphenolds bis(detydroxyphaylicaboryk ihavirg an average

t et rabr omEBW &gii®hol A having an average EEWof 336. EPOXY RESIN G was a
triglyc#dyBPOXY IREBINGT wasra) dighieigulrelies/of tatralrbherpisthencb A having gn average EFWPEIIBEWY of

163. EPOXEPRESTESH Guas & triglyqiivisir ofitdstygenmheavmathnsehirdig soraueieaetERYf of 163.

phen ht wwe SdH? GP'UHS?bﬁlqgﬁnaf?&\/ﬁfgoram%?faﬁ@"mm %wcw |
RESI We | QYO0 her of bjsphenol A havi ng an avera Og
equi vaI ent1E a d‘.?@!i'd‘g sthepphybisopprg| fy hgvingan ay ﬁ?i;?‘i%'f’?i ""@P e"Fe' f of
t et r abr 8y, sa (ot 505 5 Aﬁzvﬁ, o Egshe BELN 125 (1
di gl yci dyles > :q!f QFPQ ro bis aft \?ea% 246.
EPOXY RESIZgoxy s %f bishe erae’ le;&'b%dé"&q@x)él%ﬁta%ht of
epoxi de eqﬁb—g-a-keﬁt——me
45 EPOXY RESIN M was a dlglymdyl ether of bisphenol A having an average epoxide equivalent weight Of
181.5.
EXTENDER COMPOUND A was tetrabromobisphenol A having. an average phenolic hydroxyl equivalent
weight (PHEW) of 272. ' '
EXTENDER COMPOUND B was bisphenol K, bis(4-hydroxyphenyl)carbonyl, having an average PHEW of
50 107.

EXTENDER COMPOUND C was bisphenol S, bis(4-hydroxyphenyl)sulfone,having an average PHEW of 125.
EXTENDER COMPOUND D was pyrogallol having an average PHEW of 42,
EXTENDER COMPOUND E was dimethylhydantoin having an average equivalent weight of 64.
EXTENDER COMPOUND F was tetramethyi bisphenol A having a phenolic equivalent weight of 142.

56 EXTENDER COMPOUND G was tetrachloro bisphenol A, with a phenolic equivalent weight of 183.

* EXTENDER COMPOUND H was tetramethyl bisphenol K having a phenolic equivalent weight of 135,
EXTENDER COMPOUND I was tetrabromobisphenol K having a phenolic equivalent weight of 265.
EXTENDER COMPOUND J was tetrabromodiphenolic acid having a phenolic equivalent weight of 301.
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180. 8. 45 EPOXY RESIN M was a diglycidyl ether of bisphenol A having an
aver age epoxi de equi val ent weight O 181.5. EXTENDER COMPOUND A was :
t et rabr onobi sphenol A havi ng an &pdr t87858MBinol i ¢ hydr oxyl equival ent wei ght
(PHEW of 272. EXTENDER COVPOUND B was bi sphenol K, -

bi s(4- hydr oxyphenyl ) car bonyl, having an average PHEWof so 107. EXTENDER
COVPQJNMM%.LB.N Werfaniiamigh kaving Ay entivexty ReampryAlent wiight OEA% ng an average
PHEW of %%E&mmﬂ Ejawagc 8I'51°6‘P's W’A"!}'? f'%"%ﬁf'@r’*&ﬂ@’

g"%"l"r?ﬁ‘f’ﬁ y h "iaH""H‘Q{?PHg aver.age. equi vaI ent
gy i Lér'r%ﬁw vt Fafyat %’\ﬂ Eﬁ oro
olufJ on o rab 0S hornurpI ¢ O? f§ iC aé'f{ﬁ?ﬂb%’h rbaeﬁg%

gﬁs o
&mg'%rmﬁe i e e WP e ol

CIO

vei ght, OgarARYST B/Wds N RS9 MWthLurgﬁém& G Fn@tﬂérﬁﬂ&ﬂiamﬂﬁ 'loétéu&uoﬁﬁing ah@rk '3p @
phenol | ciigrgéncatignt wei ght of 301. EP O 187855 CURI NG ACENT A was

sul f ani | extallesth@Vivdada 355 aohitionCot Y KLARBEIYI- €8 diaYiRbdtiahe WRraifiidlobdde 43 cofdplak WG
AGENT B wW@manal. m xture of di am nocycl ohexane isoners available from Pacific
Anchor ChensilgzER adspmetigbp-dNa\uidnpter r] 1770 havi ng an am ne hydrogen

equi vad cSTABIEAERB wasfp-t3iBens sulfchiRbdIE md@iRdRteC Was 4, 4' - di ani nodi phenyl sul f one
having an am ne hydrogen equi val ent wei ght of 62. 5 CATALYST A was a 70%
sol ution offhe &g wab wetpimited SyhPifierentiel s3cenningeCelasmety vsinst 4 calibreted DuBonp (nsiurnant

met hanol (ModsiNoy 1@ it 21890 ognistien)- Seyneles wate min upder P alyeqep I#ﬁh’é@hﬁﬁdﬂﬁ‘ @ripat-up rate
acetQ,e[@r‘PL‘aE%t"i"b(oa@ﬁH | ex in methanol containing a stoichionetric
amunt® of 5 "l'ﬁ?f' 8] ?Foqueé‘“'&‘%f'lkHAs(fM'Pﬁ?L ST was a 35% soI ution of

t et rabut lor pyailahle: fog),\Gf Research
pg\e ( ngq ? t re aISf am sYaé
containi é Fﬂrtrqo i onS a le e era {E%E g r?{ were E"j etermiried by CS

a 33.5% |f|smigaho avm $

armun% o) ["uor'o or| C ac vvas a

N, N - di "RLAYD Tdughnedd g,g;sgigﬁg,{ga@e[ err] tetrafl uoroborl c acid conplex in

met hano —SFAB'I—I:-I—ZERﬁﬁr—vvaﬁTet% -p-toluene sul fonate. 15 STABI LI ZER B was

p-tol uene S} iR 18Cin6HsGrng] érprzfmarea{oegmaéb €or Tgritld@ SsteliR LeRbrg) 6ksd Yate™) is an
Di f f er enjdapatioRGRASTM €-30@ toP bladliBd fliteribT fbeh e Giljidabiisageodthlhdrad)trnd Bbripadtidhsibn
(Mbdelso N@st i9 dalv Widéspread hAREgeCanatis @dstridbg in tha I M. SR Wol.[18,/2657)d881. An i@y en
at nosphetest pidch fis eut lae ab -aptpoxdnedtee 25 mme(t )| sqiiepd fréth @. flal stihg QifualyCoISE1TS5 )ram 208™)
The | zodthickesCiA desatailetabrisicutdndo bye oiigd,Meblerdd Gabouf 18625 meh {1/4F) mdesthi Next avvezoe
det er m nbledelis inagrted intothis raictl apd apred Jo produce b @recacia iTive hdles dre then thilbd Rijavestite h
the dovetail as indicated in ASTM E-399 allowing the test piece to be pinned into position in the Instron test
35 machine. Extension of the sample now allows the force required to propagate opening of the precrack to be
 measured, using a test speed of 0.0085 mm/sec. (0.02 inches/ minute). This force is used in the equation
given in ASTM E-399, along with the required sample dimensions and actual precrack length, to calculate a
+  "stress intensification factor™ Kq. This is then combined with the tensile modulus (in those instances where
the tensile modulus was not measured, a value of 2068 MPa (300,000 psi) was used) and Poisson's ratio for
40 the material to give the value for Gy, usually reported in ergs/cm? x 10° (kJ/m2). A scale comparing typical
values for Gic for various plastics and metals is given in reference Lee, L.H., "Physico-chemical Aspects of
Polymer Surfaces”, K. L. Mittal, ed. Plenum Press, New York, N.Y., 1983.

GENERAL PROCEDURE FOR EXAMPLES 1 THROUGH 43

45 :
A mixture of epoxy resin, extender compound, suitable epoxy curing agent and catalyst was mixed at

the indicated temperature. After thorough mixing, the mixture was degassed by evacuating the mixture to a

pressure of 0.13 kPa (1 mm Hg). At this stage, the viscosity of the partially advanced epoxy resin was at

least 20% greater than the viscosity of the initial mixture. The partially advanced epoxy resin was meit

50 flowable at 150° C. The resultant degassed mixture was then poured into a mold consisting of two 203 mm
X 203 mm (8 in; X 8 in.) polished aluminum plates separated by a 3.175 mm (1/8 inch) silicone’ rubber
gasket. The cast fmixture was allowed to cure at elevaied temperature after which the resultant cured, cast
sheet was demolded and cut into various test samples for testing. The components, mixing temperature,
curing temperature and test results are given in the following Table I.

55
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Equi prent (London). Tenperatures at which nelt viscosities are neasured are
al so tenperatures at which the conpositions are nelt flowable. Tenperatures
at which nelt flow takes place wergpgligpgsseBer mi ned by using a hot plate
havi ng a known tenperature gradi ent across the surface of the hot plate. 25
Fracture Toughness I\/Easurerrént [err] The nethod for neasuring [err]
(fracture toughness or "critical strafn ener@crcel ease rate") is an
adaptation of ASTM E-399 fof plastics¥mat@ri @gFromt he ori ginal usage

w th~getals. The co]pacg,geg%ro'n B test s sth degpr €@, i n usage and is
described in the J ¥ . 016, g%% 1\0 Anﬂrmdl vi dual test

pi ece i¥ cut as an pr@@nutce e5<4=nm(1 s-qumeﬂfmmgﬂat casting
usually of 3.175 mm (1/ 8") thickness.2A dovetgul notch i s cut into:one
edge, centered, about 6.25 #m (1/ é") Ln depthool‘%xt a razor blade is
inserted into th| s rjotch -anﬁ«ianppeoht& przduwnahpr ecrack. Two holes are
then drj,l | ed ad] aeeat t & B8 Rlogetad | mas endléa desii 8 ASEM E- 399 al | owi ng
the test piece to bd pi Bhedoidt & E)slbl ormi n RN Rstg onzt est 35 machi ne.
Extensi on of the sanple now all ows tha force gequired to propagate opening
of the precrack to be measured, usi nga test S@e®d of 0.0085 mmsec. (0.02
inches/ minute). Thijs forcedige 4s@ig thE edigRTon givea in ASTMYE- 399,

al ong wisth the reBujredSAnEIR di peEbshonsdandsayugl Pregrack length, to
calculate a "stre§s lintgnsi fiLaki nafadctof” [RQT. SThi s s then c®nbined
with the tensile duI us (in those inStances yhere the tensrle moglul us was
not neasured, a vglue of 2068 MPa (308, 00Q psgg s used) and Poigson's
rati'\Q_for 40 the terial te giyveJheovalge f g: err] ugual ly re@orted in
ergs/[€®r]. A sca €,[COMERRI Mg t wpical Qval <ges fg) rious astics
and netals isg, glv niin QE%46M§C§ I‘_}edg aL. Ha Ig,/ggloo-ccheg cal Aspects of

Pol ymer Sur f K. &3l B enum 4éess “New York, N.Y. 2 1983.
CENERAL P RE FOR EXAMPLES 1 THROOGH Qfm xture of epoxyaresin,
extendg; und, suitabl exe oxypcuang 3ge oﬁﬁd cat al yst was muxed at
the indicat ed”terrperatur:e@ Af£er hgr Sugh7ni L8R t hen M Wer e wasadegassed
by evacuating the Mi'ixtuTt &2 ﬁr&?uﬁe oﬁ 0.2€8P2 @ nf%Hg). Atgt hi s
stage, the viscosity' of tfRe<p3rfi & Py“advanced “e‘ﬁo%y"resﬂ"l"was at§l east 20%
greater than the viscosity of the inifial nix8w@sg. The partially S'dvanced
epoxy rgsin was nelt so flowable af [&r]S THEJ8sul tant degassedegri xt ure
vvas t hen poured int oEa hd LRINST T LN of"‘tvvo\@‘li mm X 23, (8 £n. X 8

n.) polished al ummum @ at &sQp qt g by a JIFSAMR (187 nch) Filicone

rubber gasket. The chast #iPxtUPe<nesaF owed toctore af elpRated t8nperature
after which the resultant cured, cast<sheet was denol ded and cut gnto
various¥test sanples for tegfing. The conponents, m Xing tenperatdre,
curing tenperature and test gesults are given in the follow ng TaEIe . 55
10 - EP 0 187 855 Bl [err]Ssrr] _[err] —- %
L - 3 - ] -~
2] 3 >O 2 3] w
“ 5] &,7° & g g ;
[ d - -~ - 53 =t - ] a
E-omi H-n? - Ay 2 ny a Q :
= (gl M3 g »9 we = Ut & -
s > o N a0 < O o £ &3
gt-t o Qo w Sa B Q SR
- Qs A~ - 1 &~ o dad wi kS
°8 =3 £g “°g83 LI
4 0 O = O i g& 2 RN 2
v x 0 - Q § Q 8 £ 02 >N O @
= g @& e < <@ Oy N\ &80 a = o
2 = 8 Lo «okoa 2Eg oS3
o% > 2 w2 o.gg 2N Q -0 = -
A X M @ = = e mQ ¢ . Qe T
51 2 & g5 gxess o bQus 3ge
50 3] 4@ #8623 2% B &g - - a. A
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[err] [err] [ew] [érr] [err] [erf] [err] [err] 000 20
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EP O 187 855 Bl [err] [err] [err] [err] 15 a [err] O 25 [err] [err] 40 45
EXAMPLE 39 Epoxy Resin |, 2719.5 grans (15.0 equival ents), and Extender
Compound A, 3060.0 grans (11.25 eqePwaisz@sEsBivwere heated with stirring
under a nitrogen atnosphere to [err] until honbgeneous, then 137.1 grans of
Curing Agent A was added. After stirring until honbgeneous, the m xture was
cooled to [err] and 50 16.2 m of Catalyst C was added and the reg n was
stored at [err]. The resin nelt viscosity nmeasured at [err] had ing@reased
fromferr] (80 cps) to [err] (220 cps) an-increase in nelt vi scosiﬁ'y of 1
75 percent. EXAMPLE 40 35 The rest{ f@ om Exant® @ 44, 120.0 grans was cured
for 4 hdurs T14400 §) R Gl PC, VY dhed b 3 B@irsw( s 08R0 s) at ferr].
The cured cagting had @3S L Psi tRan tAPERY vr @ @rg) gof [err]@with a
[err] value §f 1.2&{KJ/ sl D SS9 BPR0 197 88 BITEXAWPLE 41 Epofly Resin
L, 180.8 grams (1.0 equivalent), 'gﬂ{t enger Conpound A, 136.0 granms §0.50
equi val gnt) hd M. 3 grans (0.10 eqei valent) of Curing Agent A werezheated
wWith stirri urgler a nitrogen atnosphere at 52 _120 C until the ne

Vi scosity neg u%d at 100 C had i“r'lcregsed gro 080 to 0.200 [err] (80 cps
to 200 cps),g n n(é%’easeqi e el =6 COS| t Yy mOf percent m Then 0. @9 m of

0/5780
0/3204_.

Stabilizer A wasjadded. @B 168 B m@ites (360 sdSti @ iwg, d.he honofeneous

m xturerswas coold™o VLRSS B e ad Cat W ysh I ladtles, ahd the rEsin
cooled to anbie tenmperature. 10 BEX¥AMPLE 42 o >
’ iad - QQ «
Q w o
- o wa u s )
. g Q3 e~ MAN N Loed 72 N " =2
nes Qm - M | NN 9 ¢ -
o A 3232¢33s ¢ 8giaT 2 :
nNO =Q £ €S N\ - O] e - = Q
v e
S 3
3 8
4 g
25 NS »
. B3 3 0} :
& Q et
%, 3 z@ ﬁ' (&) & o
: g - N> = o
Pal mag = &3 nu a = o
-4 0o L] W o
% an E’u’-g- E KT 2° 5 os £ ww
%9 00 IR Q. Ts @
@ S - o W b s & - 2
Qi ~-g ; = QE e Q@ -
B = _ 2z 2 B foe 2 &2 8
ng = Q 7] ~ ~N S M
~% u - Q S 9 8 < @' >0
Z 0 4 & & < Cu N a0 a =
Z9 g 39 =« U 02 * = % a > ©
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A portion of the resin from Exanple 41, 714.8 grans was mxed at [err] with
47.0 grans, 0.76 equivalents of Curing Agent C until honpbgeneous, then
cured for 4 hours (14400 s) at 1EP oGgr@ss®ed by 3 hours (10800 s) at
[err]. The cured casting had a glass transition tenperature of [err]and a
[err] value 15 of 0.61 KJ/n2. EXAVMPLE 43 Epoxy Resin L, 1012.5 granms (5.6
equi val ents) 761.6 grans (2.8 equival ents) of Extender A, and 24.08 20 g
(0.56 equivalent) of Curing Agent AZwere he@&8d with stirring under a

ni t regen atnosphere af 129 C untj | the @It IBscosity neasured ate[err] had
increased - from 80|cpsut® 2@ €h& 03‘)80"!0 @Qr])‘“ an i Mcrease i melt
viscoSity of 150aper c@r . OThe 3{66wgr § Q offStabiliZr B was
added. After 5 nf’ utee-céSQbs): o[ &@r] r-othe-o ormgeneous:m xture“avvas cool ed
to [err], 12.1 m (11.2 neqs.) of Catalyst C added, and the resin cooled to
anmbi ent. 25 EXAMWPLE 44 A portion of the resin from Exanmpl e 50, 78'9 grans
was 'm'"ﬁed At [#r] with 48.06 gransg0.78 e@iyval ent, of Curing Aent C

unti | ened@s, thgn c red#}q 4.0 ou@ ( 200 s) at [err] fol I®wed by 3
30 hours (£080 L a-rﬁr'%h SQ hadv a gl ass transtdion
tenperature of we e::r]mualrue 2 kJ e | EXANPLE 35
Resin |, 9706 s, a% Db kXt el Qw27 ram of Qiri ng

Agent A werk het ed vvlth stlrrlng to [err]unt|I hom)geneous Ml t§ pl e
bat ches of hi sformul ation were stored at the tenperatures indi cated in

Tabl e I1 the change in nmelt viscosity with tinme neasured in s [err]
at [err]. MPLE 46 40 Resin I, 9.06 grans, 6.80 grans of Exteno®er A, and
0. 2A_gram of Curing Agent A were heated with stirring to [err] ungil

homogéheous. Then 0.009 m of Stabilizer A was added. Multiple bagches of
this fornulation were stored at the tenperature indicated in Tabl® Il and
the change in melt viscosity with time measured in cps [err] at [®rr]. 45
EXAMPLE 47 Exanple 41 was repeated, except that Catalyst C was n added.
The cg nge in nelt viscosity with time nmeasured in cps [err] at [wrr] is
shown“Tn Table Il conpared to Exanple 41. 50 55 20 EP O 187 85% Bl [err]

[err] 2 S
g5 | %
ﬂ'ﬁ - v
- B 3 z a8
30 0 2 E:d' 2 Q s -
= -1 ] Qe * g o Q!
Q L, - N> Q ;
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10 ' : ' - [err] 15 [err]
[err] [err] 20 25 30 [err] 35 [err] 40

6 [err] 50 COVPARATI VE EXPERI MENT gp dhgr s8698f anounts as described in
Exanpl e 36 were reacted as follows: the epoxy resin, tetrabronobi sphenol A
and 0.1 m of the catalyst were m xed and all owed to react together at
[err] for one hour (3600 s) then the curing agent and renai nder of

catalyst were added, and a casting p(ﬁlred 55 &rgl cured as descri bed>t'| n
Example 36. The pr opergl es.,of hhq,curéd castl;ﬂﬁ corrpar ed tao Exanpl 68_36 are
shown in Table Il., COVRARARIY/! BRYENT B 22 P Q 187, 855 Bl The exact
anmount s® as descnﬁ}ad |Qr§xgn-plsjg—wene r acﬁg scloxbl ow& the ep@(y
resin, tetrabronmoblspha PIEE ystzware = xed and al | owned
to react together ‘at 150 C for one hour (3600 s). Then the curing ent and
the remai nder of the catal yst were added, and a casting poured and,dured as
descri bed I Exanple 37. The propertlﬁs of th§é:ured casting corrpargad to
Exanpl g°37 gre 5 shovvn«-ol n &able |11 ABLE I Cured '3

Properties @ .enBﬂo ﬁonﬂpn A B anpt e 37 = t. B Tg
[1§r7r] [err]™ {g Q?.léié‘f o 3 mg'lé S &61 62 E)?
er Yo 35 2128 4 Lz ;
1.06 |zgd i (ft 18/5 n)’ Tnnot ched. (14.3)" '(‘9 f (34%8)
(20.5) J/c 7.6 8.6
10.9 15 tion (% _ ) - (8.5) 5.3 o
19.5 .8 Vigcosity (cps @ferr] 28 (80) (>4000%
(80) (>4 0) [ emr N @ 9 & 0.08 >4
0. 08 = %43‘3 .89 2R 4" g
T Q Om B - Q QQ 1 ~ i Q i
NN N 0 VOt @ . bt
..10 LT € €O Q ™ N - = g
~
-
- 3
25
2 g
g h
NP ».
B T z &
g1 3 Ef &, o gy
%0 - es - ®» }'3 E E i3
&0 Mo g o 3 no ® 'Q
e () 3 B 20 ®ne Z - Prg-
= g3 o < O 0 =2 &g
EJ d e s -« ®» g‘ﬂ. : ‘s 'g a g
. oF -8 BEg SEg CgSE E.3
. < Q N &80 4 = o
— ta & W © b Q9 - R s Q
z9 S > 8 8 0% Ua 2 = g wa > B
E ; = - & Q 2 X 5\ Q + O o o
-9 Gl 5 - e e (g} Q . s - QW w3 W
o ] 5 E f8 zEfET  BRES f:4
g M 4 58 2% F g =T  ~Aaa

45 EXAMPLE 39

Epoxy Resin |, 2719.5 grams (15.0 equivalents), and Extender Compound A, 3060.0 grams (11.25
equivalents) were heated with stirring under a nitrogen atmosphere to 150° C until homogeneous, then 137.1
grams of Curing Agent A was added. After stirring until homogeneous, the mixture was cooled io 78° G and

s0 16.2 ml of Catalyst C was added and the resin was stored at 10° C. The resin melt viscosity measured at
100° C had increased from 0.080 Pa*s (80 cps) to 0.220 Pa®s (220 cps) an increase in melt viscosity of
175 percent. . .

EXAMPLE 40 -
65 : :
The resin from Example 44, 120.0 grams was cured for 4 hours (14400 s) at 150° C, followed by 3

" hours (10800 s) at 200° C. The cured casting had a glass transition temperature (Tg) of 125.6° C with a Gi¢
value of 1.22 KJ/m?2.

19.



A high solids | am nating varnish was prepared by reacting 181.5 grans (1.0
equi val ent) of Epoxy Resin M 95.2 grans (0.35 equival ent) of Extender
Compound A, and 27.95 grans (0. 6Epauig7ess®it) of Curing 25 Agent A at [err]
for 25 mnutes (1500 s). During this tine, the nmelt viscosity neasured at
[err] increased fromO0.19 [err] (190 cps) to 0.75 [err] (750 cps), a 395
percent PXAMRAE4E. The reaction m xture was then cooled, and 76.1 grans of
nmet hyl et h\ﬁ/'lJ ket one sl oWy added. The final product was a hom)genous cl ear
o

li qui~d wi t Vx‘x‘P%‘?:bs‘ﬁ? 9'3?‘3 é’r ivalent)1 Exgepder Ga F‘Pf]u" A ‘(?ﬂg /e
EXPERI VEKE (?0 ' t)4 *eét‘”éf? heaigd & Stt"ﬂ‘@ ynger %" fal |
react €d Hgfgmg ‘% 9201) 2% P§p 65 Y
5) at [ef a'i &m ""?‘r‘ o e @gg b" dg; ef? '"ﬁ%%rs
(5400 s) “{9%5% @@gt peots BUSAER BYecrP il oG R
(boi li ng po nt ?1 | ethyl ketone), the mxture cont ai ned Iarge

am)unt"§ pkampigi 4550l ved soI | d particles, making this formlation unsuitable
as a | ammating-varnish. Cainms 40 1. A partially advanced sol vent| ess

epoxy resi i SoRBR QP el @8 Gbh BixBANIS @1,04148QRdntsl MB AixstOSTPR61d Wi 420 FRINsSb.70 (A)
at | east eqaR@ertebidulingeAgint| OMHIEBHHOYAGRB thehRLBH for @MY (114BIsflat 8050 VBlIoRs BWET age
of nore KdAN1080Es)\at 200M8) The RMSY cadtirliad B Qlass trahsiov ieiriperlaidie oft34.2 8%hd 81GR value

ext ender oflvet &0/mal havi ng an average of two active hydrogen atons per

nol ecul e 45 . which are reactive with vicinal epoxy groups wherein (A)
and (B) BXAMRAEd8ent in quantities providing from0.15 to 0.85 active
hydrogen equivalent in conponent (B) per epoxide equivalent in conponent
(A) \LC) offeoxyResin kel 0dhDagme (5 eayivaientsh (761.@orame (918 egrizaldnts) of (EiRlenden &, and 24D% e
cat al y&t & (5§reayivaland of Fising Rgent & yeteiharledwith ftieing vy 'é?@?'saf h%mat 12R) C until
char act e} ol "lsFPst“h&‘Past"ﬁ% abi‘]@ Gr“aﬁ’rﬁ‘f’@aﬁg Jp S&ﬁPF (:,? P’sé’é an
ar omat i cEASP dhi ﬂ‘y§ Bﬂt"@@'a 6‘°‘F a as pdg 855
B1 The eg‘é“;j; "%r\? ‘E S PR S PR ?%F‘ ‘ “‘3%?

t he epoxy SE i é?sf"acﬁ??) B"Bfenol A and 0.1 m of cat aI yst vvere mxed

and af gﬂ?ﬁgﬁeact together at [err] for one hour (3600 s). Then the
curing a the remai nder of the catal yst were added, and a casting

poured and Acamﬁl of“ﬁ’uqus?rpfr .P%Qam Ea< graﬁrz -wad [MixoR 2P RS- b' R AfosigimsChred

casting GRRRE:H ClithgREEMTIY dhutch QNad Fo 4 hatled @440k s) atTéBleEouloLv&d B3
Cur ed 3§r RJIRY (10806 s) at 200° CEMREHNeE cé’s g ha@@@ﬁss @ﬁﬂﬁon ténperaiXSHABES andl a G,ORIR of
Expt. B dglems] 136. 8 126. 7
127. 2 '
EXAMPLE 45
35 Resin |, 9.06 grams, 6.80 grams of Extender A, and 0.27 gram of Curing-Agent A were heated with

stirring to 150° C until homogeneous. Multiple batches of this formulation were stored at the temperatures
indicated in Table il and the change in melt viscosity with time measured in cps (Pa*s) at 125° C.

v
EXAMPLE 46
w — .

Resin 1, 8.06 grams, 6.80 grams of Extender A, and 0.27 gram of Curing Agent A were heated with
stirring to 150°C until homogeneous. Then 0.002 ml of Stabilizer A was added. Multiple batches of this
formulation were stored at the temperature indicated in Table 1l and the change in melt viscosity with time
measured in cps (Pa°*s) at 125°C.

45
EXAMPLE 47

Example 41 was repeated, except that Catalyst C was not added. The change in melt viscosity with

time measured in cps (Pa*s) at 125° C is shown in Table Il compared to Example 41.
50 '
65
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[err] 1.51 1.10 1.62 1.06

| zod inpact (ft.16/in) unnotched (14.3) (9.7) (34.8)

(20.5) Jd/cm ' EP 0 187 855 Bt 5.2 18.6
10.9 15 El ongation (% (9.5) 5.3 19.5
10.8 Viscosity (cps @[err] - (80) (>4000) (80)

(>4000) [err] 0. 08 >4 0. 08

>4 20 . EXAMPLE 48 A hi gh sol ids~| ari nateag wagni sh was prepared by reacting
181.% grams (1.0 equival ent) gig Effixy in\® 95.2 grams (0.35 equival ent)
of Extepder Conpound A, and 5 qgr ams? §0. 86°-equi val ent) of Curing 25

Agent A’at [err] for 25 nminut€ss (1800 &)e Dareng this tinme, the nelt

vi scosity neasured at ferr] iTCTrea¥ed oM 0" &9[err]. (190 cps) to 0.75
[err] (750 cps), a 395%percer§§ﬁcﬁeas SRR ReacA§R ARt ure was then

cool ed, and 76.1 granmssofzjretRy® Zeshy| ckatre sl od 2 ;&Bd. The final
product,,was a hom)genqﬁs, clear liquid with a«viscosity at [err] of 1.011
[err] (1,011 cps). COVPARATI VE EXPERI MENT C 38 Exanpl e 48 was repeated,
except the resin was not partially reacted be®ore the solvent was added.
After stirring for 16 hours (8%600 s) ek [& &, the nixture had not becone
honogenous. Even after 1-1/2 8Frs (54@Gs) Lirring at [err], followed by
1/2 houss (1800 s) sti rgi ng at -[érr] (bgjal ng_,'goi nt of the methyl 35 ethyl
ket one), the m xture cantai ned ar ge amewt swof undisgolved solid
particles, making thi sﬁf@.rrrulat‘j,@dunsa aadilcec’as 'y DGk i ng varni sh.
Clainms 40 1. A partial By HdvaQfd sol vQ & S£HFkpoFEESF # conposition

obt di-nabl e by reacting a conposition conprising (A at |least one relatively
| ow equf®val ent wei ght epoxy resin having an average of nore than one

vici nal epoxy group per nolecyl e;(B) aL |gasi.one.gxienqder material having
an average of two activye hydr@gem at ong2 pef ecgeawne whi ch are
reactive with vicinal ép‘oxy. g%up‘% wheri r&g@. ang = present in
quantitjes providing fi@m|0. 15 t g 0. 85 gicts\d ydrdeks @i val ent in
conponent (B) per epoxEﬂ@Jequi‘v I‘eg in‘gm‘pﬂrrem X "¢ one or nore
epoxy curing agents and opti omal:lvy - (DS 0@ ww rmr@q:atua?sts for pronoting
t he reaction bet n corrponenf'sz Fand’ﬁ_%‘f%ﬁarac?e@rf'i‘é in that the one
or nore epoxy curjpg agents (C) conprises an aromatic sulfonic acid am de
represepted by thelifornula 55 22 *C L M~
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s0 COMPARATIVE EXPERIMENT A

The exaci amounts as described in Example 36 _weré reacted as follows: the epoxy resin,
tetrabromobisphenol A, and 0.1 ml of the catalyst were mixed and allowed to react together at 150° C for
one hour (3600 s) then the curing agent and remainder of the catalyst were added, and a casting poured

55 and cured as described in Example 36. The properties of the cured casting compared to Example 36 are
shown in Table Il '

'COMPARATIVE EXPERIMENT B .
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conponeafdmrARATIVE Eikperiven®cl to 1. 1: 1 35 6. A curable conmposition of claim
5 wh¥r et Saldatr Teast one additional curing agent (E) is selected from
primary OExampROIBeds refaie0Bskcopd tHeyradit WaS not PAMEIRbaRE, boftd the spivent was iaddd.
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“ partially advanced solventless epoxy resin composition obtainable by reacting a composition

comprising
(A) at least one relatively low equivalent weight epoxy resin having an average of more than one
vicinal epoxy group per molecule;
(B) at least one extender material having an average of two active hydrogen atoms per molecule
which are reactive with vicinal epoxy groups wherein (A) and (B) are present in quantities providing
from 0.15 to 0.85 active hydrogen equivalent in component (B) per epoxide equivalent in component
(A);
{C) one or more epoxy curing agents and optionally,
{D) one or more catalysts for promaoting the reaction between components (A) and (B)
characterized in that
the one or more epoxy curing agents (C) comprises an aromatic sulfonic acid amide represented by
the formula

&6 ( HzN—'R" ) y——@-— ( SOZNHZ )V'
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are present

which are reactive with vicinal epoxy groups wherein (A and (B)
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EBMBAEﬂgYEnE&HM@E&ity of the initial mxture.

great s . 11. Use of the
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ethyl ketone), the mixture contained large amounts of undissolved solid particles, making this formulation
unsuitable as a laminating varmish.

o Claims

1. ' A partially advanced solventless epoxy resin composition obtainable by reacting a composition
comprising :
(A) at least one relatively low equivalent weight epoxy resin having an average of more than one
vicinal epoxy group per molecule;
(B) at least one extender material having an average of two active hydrogen atoms per molecule
which are.reactive with vicinal epoxy groups wherein (A) and (B) are present in quantities providing
from 0.15 1o 0.85 active hydrogen equivalent in component (B) per epoxide equivalent in component
(A
(C) one or more epoxy curing agents and optionally,
(D) one or more catalysts for promoting the reaction between components (A) and (B)
characterized in that
the one or n)ore epoxy curing agents (C) comprises an aromatic sulfonic acid amide represented by
the formula :

40
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nol di ngs, el ectronic encapsul ati ons and potting conpositions. 13 A process
for preparing a cured product which conprises subjecting to curing
conditions a conposition 35 acepodsngssBi any clains 1 to 6 or prepared
by any of claims 7 to 10. PatentansprUche 1. Losenittelfreie
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Menge von 0, 05-0,9 Aquival oi nten pro Epoxi dAqui val ent von Bestandteil (A)
vor handen 3i sthegagpagition f@iim hi ert en Aqui val ente von Bestandteil en (B) und
(O \pro Epox‘i"’!!&ﬁfﬂ"'i%ﬂ Bithati n Bestandteil (A) von 5 0,2:1-1,1:1 betragen
und Bes®andt g @ ement wagien hafeigkRe RireR MG epgns tgt tesplfg|in ﬁr‘i?mpOs't'O" being melt
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angestigggn t 20% gr6Ber ist als der der Ausgangsm schung
der Bestga(r;lldtn%cumﬁ t'o I}% Qéond falls vorhanden, (D). 10 2.

Zusammenset zgngqA fidAGls & Vit 68 %PQ‘éém S8R tding mett flowabl
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(A), 0,45-0. domportipyal ent e von Best andt ei | (C) pro Epoxi daqui val ent
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Anspr ucda 1

A curable composition of claim 5 wherein said at least one additional curing agent (E) is selected from
-~ primary or secondary amimes, polyamides, mercaptans, carboxylic acids, carboxylic acid anhydrides,
'/ ' guanidines, biguanides, polyfunctional phenolic compounds.and mixtures thereof.
40 7. A process for preparing a partiaily advanced solventless epoxy resin composition by reacting a
composition comprising
(A) at least one relatively low equivalont weight epoxy resin having an average of more than one
vicinal epoxy group per molecule;
(B) at feast one extender material having an average of two active hydrogen atoms per molecule
45 which are reactive with vicinal epoxy groups wherein (A) and (B) are present in quantities providing
from 0.15 to 0.85 active hydrogen equivalent in component (B) per epoxide equivalent in component
(A)
(C) one or more epoxy curing agents; and optionally
(D) one or more catalysts for promoting the reaction between components (A) and (B),
§0 characterized In that
the one or more epoxy curing agents (C) comprises an aromatic sulfonic acid amide represented by

the formula
R
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Epoxy ruﬁ’pgr :rPrgt 7 ;gﬁ"s% el (A) und (B) in Mengen vorhanden sind, so 50
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zum Unt egstsh Bﬁﬁ@cdﬂﬁﬁsﬂ%&%%@l tZWoﬁﬁfQﬁ‘anddﬁ RMPRSHINE d tei0 R Rurkhld compdsifdas., 65

| dadurgh gekennzel chnet, daB das ei ne oder "di'e mehreren Epoxyhgrtungsnittel
(O ein @ qsBlbbcriigSo Shinf1aN&dhy Béparitich EEmiFAssTEIMposited) abdtiags; adhbdives, cis’hﬁdsll
Hl 11111 moididgs®letfohicrbapilations and potting compositions.

13. A process fof preparing a cured product which comprises subjecting to curing conditions a composition
35 according to any claims 1 to 6 or prepared by any of claims 7 to 10.

Patentansprilche
1. L&semittelfreie Harzzusammensetzung eines teilweise weiterentwickelten Epoxyharzes, erhéltlich durch
40 Umsetzen siner Mischung, enthaltend
{A) mindestens sin Epoxyharz mit relativ niedrigem Aquivalentgewicht, das im Mittel mehr als eine
benachbarte Epoxygruppe pro Molek(l aufweist,
(B) mindestens ein Extendermaterial mit im Mittel zwei aktiven Wasserstoffatomen pro Molekii , die
mit den benachbarten Epoxygruppen reagieren, wobei (A) und (B) in Mengen vorhanden sind, so
45 daB sich von 0,15-0,85 aktive Wasserstoffiquivalente in Bestandteil (B) pro Epoxidéquivalent in
Bestandteil {A) ergeben,
{C) ein oder mehrere Epoxyh#rtungsmittel und gegebenentfalls
{D) einen oder mehrere Katalysatoren zum Unterstlitzen der Umsetzung zwnschen den Bestandteilen
(A) und (B),
60 dadurch gekennzeichnet,
daB das eine oder die mehreren Epoxyh&rtungsmittel (C) ein aromatisches Sulfonséureamid der Formel
enthalten
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der umzm nd&0¢ ist als die Schrrel zvi skosi tgt der
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13. VerfahreBastzmqé-lm)qee.l.d(epmfa“aﬁs,oga{aam@ten Produkt es durch Aussetzen

el ner- Zusammenset zung nach j edem der AnsprUche 1-6 odor hergestelit nach

] edem der 8.Artiipbéde Basammbsetziangt emigdidngdiien JarrmgeammerddstzBimen pidéialwetsa sveltarentwickel-

Corrposu ti on teteEposgiarzes wash jeglere denfispricie b Lndamindesisas ¢in eveltereschiirtungiemittbioBl ee,

que |' @n pesasd dipkembinierton Afuivaispia vorr Bastgndtellem ). dGrpe &) piodinoddinyivalentin Sestgndipil au

m)i ns une r d4ivee08ydNy hdkagamsse par 6qui val ent rel ativenent fal ble, ayant
?yenne pl us 50 d' un roupe 6poxy vicinal par nolecule, (B) au

s un Br dffgbae dusanwense ANSUEPENt on moyenne deux atomes d' hydr ogene
act i f par dadurch gekennzeichnef,
40

daB das mindestens eine weitere Hirtungsmittel (E) ausgewdhit ist aus prim#iren und sekundiren
Aminen, Polyamiden, Mercaptanen, Carbonsiuren, Carbonsdureanhydriden, Guanidinen, Diguaniden,
polyfunktionellen phenolischen Verbindungen und Mischungen dersslben.

7. Verfahren zum Herstellen einer 13semittelfreien Harzzusammensetzung eines teilweise weiterentwickel-
45 ten Epoxyharzes durch Umsetzen einer Mischung, enthaltend '
(A) mindestens ein Epoxyharz mit relativ niedrigem Aquivalentgewicht, das im Mittel mehr als eine
benachbarte Epoxygruppe pro Molekili aufweist,
(B) mindestens ein Extendermaterial mit im Mittel zwei .aktiven Wasserstoffaiomen pro Moleklil, die
mit den benachbarten Epoxygruppen reagieren, wobei (A) und (B) in Mengen vorhanden sind, so
50 daB sich von 0,15-0,85 aktive Wasserstoffiiquivalente in Bestandteil (B) pro Epoxiddquivalent in
Bestandteil (A) ergeben, '
(C) sin pder mehrere Epoxyhértungsmittel und gegebenenfalls-
(D) sinen oder mehrere Katalysatoren zum Unterstiitzen der Umsetzung zwischen den Bestandteilen
(A) und'(B),
65 dadurch gekennzeichnet,
daB das eine oder die mehreren Epoxyhértungsmvttel (C) ein aromatisches Sulfonsdureamid der Formel

enthalten : :
,//
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mol ecul e, qui sont aptes a r6agir avec des groupes 6poxy vicinaux, |es
constituants (A et (B) etant presents en des quantit6s qui- fournissent de
0,15 a 0,85 6quival ent d' hydrogegpoagrigs Bu constituant (B) par equival ent
d' dpoxyde du constituant (A), 55 (© un ou plusieurs agents de
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caract6rl se en ce quo le ouﬁ eyrent de resine epoxy (O .
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13. Verfahren zum Herstellen eines gehirteten Produktes durch Aussetzen einer Zusammensetzung nach
jedem der Anspriiche 1-6 oder hergestelit nach jedem der Ansprliche 7-10 Hirtungsbedingungen.
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45 Revendications

1. Composition de résine époxy exempte de solvant, partiellement développée, que I'on peut obtenir en
faisant réagir une composition comprenant :
(A) au moins une résine époxy de masse par équivalent relativement faible, ayant en moyenne plus
50 d'un groupe époxy vicinal par molécule,
(B) au moins un produit de développement, ayant en moyenne deux atomes d'hydrogéne actif par
motécule, «qui sont aptes 3 réagir avec des groupes époxy vicinaux; les constituants (A) et (B) étant
présents en des quantités qui fournissent de 0,15 & 0,85 équivalent d'hydrogéne actif du constituant
{B) par équuvalent d'époxyde du constituant (A),
56 {C)un ou plus|eurs agents de durcissement de résine époxy et, éventuellement,
(D) un ou pIUSIeurs catalyseurs pour faciliter la réaction entre les constituants (A} et (B),
caractérisée en ce que le ou les agents de durcissement de résine époxy (C) comprend
(comprennent) un amide d'acide sulfonique aromatique, représenté par laformule :

s | ) AR



| " une” quel conque des revendications 1 & 4 et au noins un agent de

durci ssement suppl ementaire (E), |les equival ents conbines des constituants
(B), (O et (E) par 6quival ent d' egroxysiessguBiconstituent (A) etant de 0,6:1
& 1,1:1. 40 6. Conposition durcissable selon |a revendication 5, dans
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H 14 _§1 11 1gobstituant (Kpetle 027 B85:Be'épuivelepts Sorkines qeaaftmétrtlraetsm @ Ry équivalent
represente, 'erosysiedd sansituant (Ahrpben Feaﬂ@dﬁc%ﬂl“&ﬂ‘e‘ob‘ift B‘ﬁs"ﬁ? 498 AvRPlF 92 AP0k 36
di val ent, ay@PRmelepar éguivalent dppeydedu ealstiaRtdA). 'y o y' ont chacun,
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d' epoxylle du ?ﬁ ne:Jereodeégéiséz 9&1 miﬁia% ns'ht' ﬁ(A B C) e? S'ﬁ%i%Fé'sédt}a”t
X,

d' une conpos{ehy Bﬂ’egb "rfppre %’1

(D) est pres quant e par equivalent d' epoxy e
consti t uant et en ce quo I on falt reaglr Ia conposition en |’ absence

de sol vants Lumstdiioh déion PeHeHuelSdhalettbs idvoMARRAS i bl R ablksrdel h o gBs Jaeutlierdea

' Nt at  £,0ndU gieldpRmbRIER BRI uBqu'd foBlohtRH IHRIN® tongstion apte 256%Bclile@ta IBiat foadu & une
viscosite a ken@éraﬁ;refc@mdwesnms Gk €502 €, 9t dfGISIvativnaie laiseosité & Urbtatcfordu usmbd ireur e
d" au m)l Ns 2Gaiélr quitest lsepéalaireTe B @RS 1250 ek lad eiscositéis 1'étetUfamiu Siu( Mgiangé Blitiabdes
(O, SW konetittiants5A), (B) etfiC)catesit gst frBent, 0).Pr oc~d4 sel on | a revendi cation 7,
caract &rl s6 en ce quo |'on utilise les constituants (A), (B) et (C .en des
quant i t #s & oGemposiiemdurciksatde, 48 compyerpa eqfirodiignaiq résine § Yaiﬁﬁsl%’“%f’?" '°'Eﬂ’§° sslon .
constituant [®p %ﬁ?O"@mﬂwaﬁvg?ﬂcaW"ﬂb@ﬂé” 619'“66?1%&%}( ent Fg 75
equi val ent digs éayieients pampingscges ﬁ%ﬂ“"‘ﬁj‘lﬁ Eh(Qrpt &)Parsiyelent dpoxyde du °°"St't”a" @y
cons#f't uant ("59\5“ "étoed@ B'h:1 a 1,05:1 des equival ents conbi nes des

constit uant S C u
49 6. C m osmon gj rl.ssp ge sggn IIa revenglcatlon 5, dans laquelle le ou les agents de durcissement

supplémentaires (E) est (sont) choisi(s) parmi les amines primaires ou secondaires, les polyamides, les
mercaptans, les acides carboryliques, les anhydrides d'acide carboxyliqus, les guanidines, les biguani-
des, les composés phénoliques polyfonctionnels et leurs mélanges.

4 7. Procédé de préparation d'une composition de résine époxy exempte de solvant, partiellement dévelop-
pée, par réaction d'une composition comprenant :
(A) au moms une résine époxy de masse par équivalent relativement faible, ayant en moyenne plus
d'un groupe époxy vicinal par molécule;
(B) au moins un produit de développement, ayant en moyenne deux atomes d'hydrogéne actif par
50 molécule, qui sont aptes 2 réagir avec des groupes époxy vicinaux, les constituants (A) et (B) étant
présents en des quantités fournissant de 0,15 2 0,85 équivalent d’hydrogéne actif du constituant (a)
par equwalent d'époxyde du constituant (A),
(C) un qu plusieurs agents de durcissement de résine époxy et, éventusllement,
(D) un ou plusieurs catalyseurs pour faciliter la réaction entre les constituants (A) et (B), _
56 caractérlsé en ce que le ou les agents de durcissement de résine époxy (C) comprend (comprennent)
un amide d'acide sulfonique aromatique, représenté par la formule :
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d" Epoxyde du constituant (A), et on ce qu on utilise le constituant (D) en
une quantite de 0,00005 a 0,05 nole par equival ent d' epoxyde de constituant
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r evendi cat idesguatités fq@niss4m dg§@,168 0,75 équivalent d'hydrogéne actif du constituant (B) par équivalent
o d'époxyde du constituant (A), de 0,05 2 0,75 équivalent du constituant (C) par équivalent d'époxyde du
20 constituant (A) et de 0,2:1 & 1,05:1 des équivalents combinés des constituants (B) et (C) par équivalent
d'époxyde du constituant (A), et en ce qu'on utilise le constituant (D) en une quantité de 0,00005 & 0,05
mole par équivalent d'époxyde de constituant (A).

9. Procédé selon la revendication 7 ou 8, caractérisé en ce qu'on développe partiellement la résine
25 époxy jusqu'3 un point ol la composition résultante est apte a s'écouler & I'état fondu 2 une
température inférieure ou égale & 150°C, et ol la viscosité & I'état fondu s'est élevée jusqu'a une

valeur qui est supérieure de 25 & 625 % 2 la viscosité & I'état fondu du mélange initial.

10. Procédé selon la revendication 7 ou 8, -caractdrisé en ce que I'on développe partiellement la résine
30 dpoxy jusqu'a un point ol la viscosité & I'état fondu de la composition résultante s'est élevée jusqu'a
une valeur sx':périeure d'au moins 250 % & la viscosité 3 I'état fondu du mélange initial.
l
" 11. Utilisation des compositions selon les revendications 1 & 6 ou préparées par un procédé selon 'une
quelconque. des revendications 7 é 10, en tant que compositions durcissables.

12, Utilisation selon la revendication 11, pour la préparation de stratifiés, de composites, de revétements,
d'adhésifs, de produits coulés, de moulages; d'enrobages de matériel électronique et de composmons

v d'smpotage.
40 13. Procédé de préparation d'un produit durci, qui comprend I'étape consistant & soumetire & des

conditions de durcissement une composition selon I'une quelconque des revendications 1 & 6 ou
- préparée par un procédé selon 'une quelconque des revendications 7 & 10.
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