;e3e--zz{$}>~&06\ T&WD 001 49061 PCTI EPO0O/ 01288 - 1 *a00001 * . PROCESS FOR
PRODUCI NG PHENCOL- DI CARBONYL CONDENSATES W TH | NCREASED FLUORESCENCE, EPOXY
RESI NS, EPOXY RESI N SYSTEMS AND LAM NATES MADE W TH THE ?@NEP % resent
invention WeNO##%&! t 0 a process for producing phenol di caf oAV condensat es
of phenols wth 1,2-dicarbonyl conmpoundsiwhi ch yields condensat es t hat

are
very high in fluorescence and that can be glycidated with 5 jmmlmmmwwmmlm
and base to give epoxy resins which are also very high in fl he
present invention further relates to the phenol -di carbonyl condersaoes,

epoxy resin sysirepksangor %ﬁdﬁfc?%”ﬁﬁ'}?tqdﬂidichﬁﬁoﬁ?ﬁ%Nﬁb@%‘rﬁgnwim

condensat es obtal ned and the Qhenol di car bonyl condensates 10 of the

present invention HCRESERGFR %CEN‘FEanEB%‘;(yRErSéé‘iSn EPKEMEIhdensat es of

1, 2-di car bonyl conpoundsswiith pienoMINAIPeULSE wspeekhal kxmt he condensate
of glyoxal wth phenol (tetraphenol ethane, TPE), are inportant 15

i nternmedi ates for making specialty epoxy resins. Epoxy resins nmade from
these naterials areeeptessitelnyensedn Fspeeisakbyaiprédwes=lfect rical

| am nati ng in%) dugiﬁéoé¢éné¥wﬁ%%lngﬁﬁglékﬁﬁzﬁsg£gga+é éﬁ%nﬁggperghure (T9)

of epoxy resi rough therr nctronality a partlcularly
for facilitat |1ng?-plnpnrle@'lw rquopodﬁdwm@pe@telléﬁ conpdrnpateseithat are

fluorescence. Jdyr ﬁlsgmrﬂ@ﬂexc@%u@m echtaQaEaAh@éegﬁm&teaswéhbe hi gh
in fluorescence for faxi mum efficiency of use for printed wiring board

i nspectfon. 25MRdPhydrin eitthibggeste ogl‘ﬁ’r EPRKY N B S v disdnerpcalso

precondensat es;dRChige imes Gidgrsats oy prdgepbenberdampoyndsnytt h the
such as sulfuric or

1, 2-di car bonyl conpound n trong aci

et haneeul f o 2CRA. £ o IO ) -HUGT P et PORCOP TRy AHCT A ER B

aqueous sol utlmt@fnsaaﬁdwﬁ%tesmﬂa&@/vdﬂﬂﬁj:he Bhem-/cER&ﬁibaihg% mat eri al

such as sodi um %%ngkdg aS_L(?I%I ugbﬁ Eﬁ%}%@l ?L’-d?é%ﬁ%:y or}og)1 e resul t ant
no ensat

salt with water, |soI i on of i€ con epro
evapor afi on ofofpidrobrasehhwdtraientiom @hectmlg)anﬁeeh’ayelrn an te@pnat | ve

resin system.

Condensates of 1,2-dicarbonyl compounds with phenol
compounds, especially the condensate of glyoxal with
phenol (tetraphenolethane, TPE), are important

15 intermediates for making specialty epoxy resins. Epoxy
resins made from these materials are extensively used,
especially in the electrical laminating industry, for

increasing the glass transition temperature (Tg) of epoxy

resin systems through their multifunctionality and

20 particularly for facilitating printed wiring board
inspection through their fluorescence. It is commercially
desirable that these epoxy resins be high in fluorescence
for maximum efficiency of use for printed wiring board
inspection.

25 Prior art techniques for preparing these phenolic
precondensates include the condensation of the phenol
compounds with the 1,2-dicarbonyl compound using a strong
acid such as sulfuric or methanesulfonic acid, followed by

neutralization of the acid with an agueous solution of a

L

*150150%




5 techniques include the use of a volatile strong acid such as hydrochloric
acid, or an acid which deconposes to volatile materials at tenperatures
above 100 gfosoldﬁ%bﬁ?s oxalic acid, as the catalyst. Use of pchepermdesssonposabl e
or volatile acids elimnates the need for, neutralization or 10 extraction
bef ore evaporation of the phenol. The abGve processes, however, tend to
produce material of relatively Iow f]uorescence. It has now been found that
when one or nofaredrBoRYFR 2R ULPMoRYREPHSER) IO c SaeH ¥ pricaresrEs - and
preferably _13 @l&&%&ﬁi_@hobﬁ aed d:%,suatkfjlﬂesdjjiﬁéivﬁtﬁChéiﬁTﬂf ahz\é?ri@zsyaﬁu&sti tuted
aromatic acids or_their gcursors, are us as catal ysts for the
condensation r (ﬁﬁeoﬁ58P8£}ﬁnﬁﬂWQ?n58 oﬁﬁﬁéiﬁﬁ EH YR HALWoRyl conpounds,
phenol - di car bashdncdordensates fmomhthe hoxdrriat ileyet . fAliorestenee t o Gardner
20 col o are roguselesThesa,ANeRQl ok oar e EoRdensales Lean Depsed to
produce epoxy resins, eony resin systens, and |'am nates ich are al so
high in fluorestddaochherpe exdiify PRvVERtIGHT phéghddecemansssess f or

produci ng phengdrL4i;qar hapyli Londensahssrdves Boblaor@scencgechy g5 reacting
a phenolic conpound with a 1, 2-dicarbonyl conmpound in the presence of a

catal yst sel et 8fi8ne?drthforatedy pox s PdcFigye qtewosrPhdr oF
carboxylic acigbptaqer sei83 elnchipaeber abd ynaldkgpe déwt Kalatadsonabkyne dioic
acids qr. hydroxy substituted aromatic _acids. or their 30 precursors. The

or esent0f nvent HT R PRePS BTy ISEE CERERST i o APBoRGP ebndhrs 2P8ES epoxy
resins, epoxy pesiassepst bosewnd |tantinad esr@hepanetdetsangf hedatively

phenol -di carb . In figure 1 the results of fluorescence vs.
Gar dner 35 co?%‘?diﬁggggg%gﬁéé’r esin systemnade with malefic acid and a WO
00/ 49061 PCTI EPO0/IF1 288 now beainhtfrghdsikieihe@densi h &s icerkekdlhave been
depi cted. The J¥QLESS o@f chhsof1aseat il YL@ rREPVALe S feFe rhB@yPr oduct i on
of condensati on products havi ng si %ni ficant increases in fluorescence with
only nddest i mYeiSesiPACEAREFUNEAF¥BE o 04T ACRAESpPHCEE B t he present

i nvention, carhmpediithitaal dsgmayiccachaxybi coiadird ppeeats &y, S)arar asdged to

catal yze the condensation reaction of phenolic coppound ith..
1, 2-di car bonyla%o‘i?gcc?gﬁég,s %%’érteht?y CBPSEES(’:?WQMCOJ:SSS a ec’%rpg&&&léchavi ng hi gh
fl uorescence. denusedis1@iherkirditchebphy hsoripeanbexyphendccidd cpreonysor s”
refers to the I ri t e d in xylic
acid (i.e., mle %élasggﬁgdwgg %ngqg 69%%u?5§§ugg%5§§f§{gg %@?%@The
starti #§ mat er¢ar fage Predechtte TH&ER RN PRACIALGA T RGN B cHIENGA L ABY €
1, 2-di car bonyl c&OMROWRAS, +ONSrudEDeBoRPENN s, CepBRY NESs iaNG yaseds cat al yst,
one or nore carboxylic acids (_3{ car ?xgl ic.acid precur sor(s). In the
present proces¥d GRPIGALRDr WL BERY P EC AT U 1P FLRRF RS8R aci d
precursors) are usmet tpaeceahtl ymernthen2proenidd anprdbes € afdropodacasd d
precursors) are used t.o are th a I i.c.aci.ds) by subjecting the
car boxyl i ¢ aci %I}Ogcgrlélggé%%f% %Ofﬁlrggg?/élggﬁy%he af %%(liﬁ |ccenac64| gé’) whi ch may
be use@5in therqrasiant ai phemelioh domobude witdateulaledied iiphatli ¢ di carboxylic
aci ds and ar OBl o 6! @§ehﬁfé%xg,cgnlsf05 A JRYdEoxyle & Q4R dhtached to
a eus

an aromatic carboxylic nucleus. Exanples of these al kene dioic acids or

al kyne di oi c a®f d¥%r RYBPHKRYL S i (Ut 8E MOrEt PETAcFHLI%YGdaciBut axe
not I:m’ tgd toprémjlx__@‘dxgg)fiﬂar@ﬁemdz 6bdyh¥gﬁéﬁ(ey1éﬂliﬂiﬂbi§G:i(dD|s_,lBalkyn§ evl

acet yl enedi car boxyl i c . , 6-di roxybenzoj ¢ and salicylic
2010 Bxanpl osT01 4 145582, HOMT o T PHOBF LTS AEPRRRLS TR 68 Heedr

i ncludeso but ape=dioisdzsnmi rted posseml ehivenandy duirdBer cptsdictz phanbydri de

and ohl or orml elc. i denalRl S a0d.poel il nedlonr Dosll ¢ geLds are

particularly preferred 3 ecause th uorescence
phenol and laminates prepared using these phenol-dicarbonyl
condensates.

In figure 1 the results of fluorescence vs. Gardner

35 color in an epoxy resin system made with maleic acid and a



WO 00/49061 - 9 PCT/EPOO/ 01288 di carbonyl condensates with relatively |ow
color at-high yield of nunber of granms of condensate per kilogram of total
bat ch. Because of their easy commercial availability and | b | ow
price, nal Bfa®WA48sid and its precursor, 5 nalefic anhydric])rcei‘nﬁMe/(yﬁkgy
particularly preferred as catal ysts. S Babl e 1, 2-di carbonyl conpounds for
use in the present process include conpounds represented by the fornul a:

R~_C_R2_C _Ra 1&brittothisgBrEh mdub B3 tar exé hec siiR ahvei hé&d edpiandaare
sel ected from hyd en and uns r1(,1:t§1t|tut ed and noninterferjng substltut ed
T

Cl- C20 al kyl , EFYFeSER CaPEERAGTT Y SBtaoByRF QW IGA FomsTR20
aral kyl, and Cﬁﬁrc@ﬁ:t&bh&bﬂc@iﬁérﬁ%th&napﬂmdmﬂ:ts h@ndngumrhsﬂndauted and 15

non-i nterferi ngféCl ClO aI k%thl dene to f| ve Vi gyl ene units.

Preferably, RITHAd R3 afé eogeésr?’r?nor |11f SPENt "SRG &r B SHAEed ™ r om

hydr ogef, Cl- GldrddekylcolCg- Cli® @rwbrandswﬁmweabkyllnwteom,ef erably
Rl and R3 are Qydiagan 2Q.04 (& ky! agexkggu{]rﬁwdl tOchr & y{%q N a2koms. R2 is

preferably selecte roma direct bond and et ene with a
direct bond bet$Rf thfe cRE3LY PR el Fé’&de%a‘%@d 1RECELAD Pherhamohic

“substi tut ed" & S dls0 wa By byﬁr&%&bmh ilfﬁiﬂp&nﬁgl eEMer"bx‘b@lﬂE@hQS a
functional 25 gr !; such as  car box ,_.am no,

dr ox
hydr oxyet hyI ), © ns&&ang‘ﬂﬁ%ﬁW man l%lblffJIWIeSS?n%ﬁe Q% ‘ﬁ‘?ﬁ’tde hal ogen
at ons. 10he majgtdin,0fchehphad s ca@bbeylidﬂaerbﬂw@rr@geasotsﬁ' hyehe@cakby|

linking noietigs are carbon,,with the het aLons ni trogen,
sul fur) 30 rep‘rarésenctl ngngmgrl " i useg F %ﬁes or Iesres%?m? qut ot al

non- hydr ogen a¢mm0>1yrle§eﬁc;dlvaee prethémtedarrl'apiresienttattlwesarm‘cmrher

1, 2-di car bonyl cgprg)cﬂtéqq gkgqsel ected from gI yoxal , WO 00/ 49061

PCT/ EP00101288 - acetyl acet one, hen¥ yoxal , diacetyl, benzil and
pyruval dehyde or rﬁf)& FraSting retiering st IoF e‘mﬁ’ cORdREsgE ik Aeacthiese of

ordi nany skillaté& drdie o hoE@CD,gZNdZi%atrBahyBrWon%du&@@”pbﬁé &Y more
ri ng-substitut ed%JPhenoI i ¢ conpound, may be utilized in the present process.

Sui t abl e phenoPRHUGFHEIRASURET BY! PEpPeSRI B try OPReF dPMifl a2 H Xn

carboxylic acid(s) or carboxylic acid precursor(s).
In the present process, one or more carboxylic acid(s)

or carboxylic acid precursor(s) are used to catalyze the

20 reaction. The carboxylic acid precursor(s) are used to
prepare the carboxylic acid{(s) by subjecting the
carboxylic acid precursor{s) to hydrolysis. The carboxylic
acid(s) which may be used in the present invention include
unsaturated aliphatic dicarboxylic acids and aromatic

25 acids having one or more hydroxyl groups attached to an
aromatic carboxylic nucleus. Examples of these alkene
dioic acids or alkyne dioic acids or hydroxy substituted
aromatic acids include, but are not limited to, maleic,
fumaric and dihydroxyfumaric, acetylenedicarboxylic

30 (ADCA), 2,6-dihydroxybenzoic (DHBA) and salicylic acid.
Examples of the carboxylic acid precursor(s) which may be
used include, but are not limited to, maleic anhydride,
citraconic anhydride and chloromaleic anhydride. Maleic
and acetylenedicarboxylic acids are particularly preferred

35 because they produce very high-fluorescence phenol-



in which each X is a substituent which does not interfere with the | i
condensation reaction with the dicarbonyl and n 10 is an integer fromO to
4 and preffﬁ‘{(gnta}4 ey integer fromO to 2. Wien n is from Ppcrepdyoigsach X is

i ndependen l%ct ed from halide, Cl1-Cl2 al kyl and substituted C -Cl2

al kyl . As used herein, the term"substitdté&d Cl-Cl2 alkyl" refers to any
C1-C12 al kyl which contains a 15 functional group such as carboxyl, nitro,
am no, hydr oxy@t§dabqnylg congernipst Mk, raladonplycyanosoken fgnpighand

sul finyl and opged JWhAmBal 0GEAk@NBs dbeidiia@ki &:ohwfzaalt e®s, ot her

t han hydrogen, in substituted Cl-C | kyl are carbon, with the heteroatons
(i.e., oxygen, t282hildts en?egﬁH%%Jﬁ%ngﬁigs%ﬁﬁﬁ FETBRFG AL AYRdraby 1188~ or

| ess, of the tah&lralen-ikgdyoben tiees pabsbntacibr ehar abd \hretursosel ect ed
from Cl-.Cl2 al k . mor. ref erahl - | kyl . n X.is Cl-Cl2 al kyl, the
kol gy eI i< FanyBEEE] She piiita B prRERkCh B PR GeRan fo ac
napht hol s, 30 Pref®ritedhler 1 b2 adicteetdboalyt hoogrryndef épabliye irhéhal kyl greater

than 1, the X 5riBn:bRKED 119.Ar RORLBLAIE o r@’?iaﬁ@e#%t‘%rée form one or

nore fused aromatic rings, or exanp xanples o enol i ¢ conmpounds
for WD 00/ 4968umulag  PCTI EPOOI 01288 preparati on of the condensates of the
present invention include phenol, o-creggol o mcresol, p-cresol,

2, 3-xylenol, 2,4-xylenol, 2,5-xylenol, F,kaylenol, 3, 4-xyl enol ,
3,5-xylenol, 2,3,9-trinethyl phenol, aﬂibﬁﬁk%hgethylphenol, 5
3,4,5-trimethyl phenol, 1-naphthol, 2% nafj 51" and such, of which the

preferr,ed are I 41C 3 CrLeso - - |,
3,5-xyﬁ§hol angpgagvgiﬁﬁi%§§ﬁ$lﬁﬁ%%5 ? 5??%‘%%2%% 55%%§6§%$§§%I bei ng t he
nmost pref er r edselgrtgshdmem kyemagssundsd wagubitifsdgdepndearonsingly or in 10

combi nati ons of n{ Wor i n@DEBpst NtdtR R 0es5Sanlyit,he PESsetyl N\eenkion, the
1, 2-di carbonyl and phenolic conpound are contacted in a reaction ieédi um at
a non-gel | i ng rdkémyl,PCaf-Erabtycladi&kylat Fo-@do roladkydf ahdrid-iC@oconpound to -

nol es of di carbonyl _
alkaryl and RZ is a direct bond, unsubstituted and

15 non-interfering C1-C1g alkylidene, or one to five vinylene
units.

Preferably, Rl and R3 are the same or different and

are selected from hydrogen, C1-Cig alkyl, Cg-Cig aryl and
C3-Cg cycloalkyl. More preferably Rl and R3 are hydrogen

20 or alkyl, having from 1 to 4 carbon atoms. RZ is
preferably selected from a direct bond, methylene and
ethylidene with a direct bond being the most preferred. As
used herein, the term “substituted” refers to any
hydrocarbyl linking moiety which contains a functional

25 group such as carboxyl, nitro, amino, hydroxy (e.g.
hydroxyethyl), oxy, cyano, sulfonyl, and sulfinyl or one
or more halogen atoms. The majority of the atoms, other
than hydrogen, in hydrocarbyl linking moieties are carbon,
with the heteroatoms (i.e., oxygen, nitrogen, sulfur)

30 representing only a minority, 33% or less, of the total
non~hydrogen atoms present. More preferred representatives

of the 1,2-dicarbonyl compound are selected from glyoxal,



15 is from1.5:1 to 50:1, preferably from3:1 to 20:1 and even nore
preferably from3:1 to 10:1. The anount of carboxylic acid or carboxylic
acid precursor catalyst enployed in the process of this iPE’fE;?BJ/onbscan vary
over a wi dWO0HAWEl so |ong as a 20 catalytic anount is present. In general,
the catalyst is added to the reaction atSa-ratio of equivalents of acid or
precursor to noles of phenolic conmpound fromO0,001 to 0.50, preferably from
0.01 to 0. 30, aeeeqnlavéeons eiptrealllyl {o0am,0.02ckoyD, 2bnz25 Bha process of the
present inventian be.carried. out, for exanple, b | acing all of the
i ngredients i r?yé:uyggé?kﬁ%%e voersénéf"t‘é’fe%n%heﬁeﬁé'gﬁas%t? reﬁer]fgre\%h?lse heating or
by addi ng the ghygredli ents gradually as the reaction proceeds while stirring
and heating. 30 T i . it - y i PO al so be
Vari od over a wi doPanos Toaceran s ST ns B asendttoe t e
reacti oh tenpdmgrupéehftly otigrspeakt tWitt hErPl dhscomRrsnde Bt bR
tenperature caingzeqnix dHLGradbhabhYoRaGr dungable tdingaet i vity of the
35 reactants, and will generally range from60 Cto 220 C, WO 001 49061
PCT/ EP00/ 0128 PPeHBAALFIP fheomePEBsentef K90 LS af PHBUGT t enper at ures out si de
of this range are contenplated to be wpHhin the range of the present
i nvention. The reaction pressure generally ranges from atnospheric to about
150 psig. 5 The reaction of the phenolic_conpound with the 1,2-dicarbonyl
conpound and catal yst may be conduct t he presence or absence of
solvents or diluents. In many cases, ctants will be liquids or |ow
melting solids and the reaction may easily pPoceed without the 10 addition
gf sol vent s Orirﬂiﬁﬂhliegt gachAsx the o4 eadkikeBuphocaes do:é% heacnheﬁ;?&ﬁ@; ure may
econme viscous thereby making it necessary to .add soj.vents o iluents.
Sol vents and dﬁt&eﬁ?f FRATSA %tjioﬁlerrteafzgl?ﬁeWJr%ké&q‘leor?lﬁﬁ%Bgylﬁls%ﬁq Bui t abl e
sol vent8 and did wantiatepet ufleom flortocedaapteprdfedatiit amolinteger afiyan of ur an,
| sopropyl alcangly XVLEDR, ool UanG, 1oYe! ghexane 2nd LhRehEkgendlly SOl vent
y ee of an t t he

or diluent is prefera substantially fr I mpurities.

mxture i s hedtedgctedl frprekahide alfiohed bkyl sand IsulRstatnbspherier2
pressure. Vacu i.s then erall applied_in arder ta distill excess
phenol i c corrpoaulirr?a'.l 'A%% e‘F‘sggnnhp re%lerxdg:\?lgl ggﬂ“i zsa‘fkfsotnl,tut eéi & xttfe is

di spensed and aldyanedekorsood . ankhe ~esyl bi kgl hinghcH ldserasaenge

phenol - di carbonyl condensates can be used as internediates for the 25
productPon of Bpwoionadi asowni reas Ferhsedl 1 ifreparBifP udHEO&NT

el ectrical |amdngtuesefgr p{}&f&@@tﬁwingamyqscth@prﬁﬁq%tylepgﬁa resins
can be prepared fromthe phenol-di carbonyl condensates by treating the
phenol 30 di catdiyy!cBRdemtsatEs "OhE af HeWShi OB NIRRT not he
presence of a tite ergmbasetisercithas Bodrogerhydmoxdet Dtutdwe dyji-kgep, The general
process for glycidating phenolic conmpounds to produce epoxy resins is
conventional atd¥néws FATPAR Apith gg%,h??ﬁr%&?i‘?ﬁl &i-%r S.0%gEENt 35 No.
2, 658, 885. Thenfditeeasceilfepoxepresensinf df& a minority, 33% or

less, of the total non-hydrogen atoms present.

Preferably, X is selected from C1-Cip alkyl, more
preferably C1-C4 alkyl. When X is C3-C12 alkyl, the alkyl

may be linear or branched although preferably, the alkyl
25 is branched.

When n is greater than 1, the X’s may be taken
together with the carbon atoms to which they are
attached, to form one or more fused aromatic rings, such
as naphthols, for example.

30 Preferred examples of phenolic compounds for



WO 00/ 49061 _ g _ PCTJEP00101288 present invention can be produced
follow ng this general process or any other conventional process. For

exanpl e, aYr% %Pjpogﬂl ohydrin may be enployed in the preparatrennizsthe epoxy
resins of e°|3 ent invention 5 but epichlorohydrin is the nost preferred
epi hal ohydrin. The ratio of noles of epi hal ohydrin to equival ents of
phenolic group in the phenol -di carbonyl condensate during the glycidation
reaction is tyseearfayien gh ths cendgnsarest ef abhy HHesens £Bvantion) As not ed

above, E) he stri%mgbas&ééﬂdﬂf pretesab) )én—b:@efé@ﬂj Lw}cmécégqui dg?ja,k heuah ot her
strong bases may be used. The strong hase is prefera added in an anmount
from1.0 to 1.3 4éﬁﬁ%%‘?]e'ntzsg6f‘yi)% cgl'pér' 655&??/‘5‘?19'nt3'(§f'xg’ll1‘éﬂ63r1 c group. 15

The reacti on of, sthelepihal2QBydrtnisatchyaphdeasatz, 3,%-wstumbtyy oatedisat, ed under
relatively mld,conditians .o at.ur d pres e, For exanple, the
reacti o% can gé%%nﬁﬁ%’?‘% y&lpfnféggip%a}e%t}%h?go %naatp%lr%ﬂlm?n%rsé%%m é’.%

Dependi ng on theéchotubipiafprgpdt e phiemoll, dpcardrony| m2@resptensat e, the

reaction is condyglsd, i3 staﬁlgpléfn%_sorx%%%ﬁ% of, scqnyentianial_ al cohol

et her, ketone or aronatic o phat'ic rocarbon solvents and the |ike.
For exanpl e, ®henpeactitehrhenednaRdteErasot rbpdBD thet §ogb Erefrwiwd-or nore

sol vents suchr@s gheidvic Rgbund® df) WRNEseXVd AN %&’ﬁb@?e@r ngt hyl
|sobutél) ket one, ethanol, water or especially, isopropanol. The resulting

m xturk?is t hEA™REDRFERNT ifed"Anter™ R cuum bef ore bei ng di spensed. The
resul ting highly thuoiesoerkseporytiesirnesean hevedtifonr, muhated into a resin

system by curing Lhe, epoxy Les! b olo e BEESENG Javention iy, ¢ ther

di cyandi am de “( Cyanoguani‘di ne o ) ') of "any phenoli € curing agent or
ot her curing agentidormédipar etng oprigeldinaniaatd ndrefepebtyestheo epoxy
conposi tions (3W¢h 86 @iRhakl ghér'i_’oﬁre RSRpoBh@ MY Inf 1311 Bgﬁsdi@ﬂﬂiﬁwl
anhydri des, phenals, WO 00/49061 g _ BCT/ EPO0/ 01288 i m dazol es and the
like).1PICY i $50f8°Prefery @ €0f I nPLEFETEPLN FFR hidxyor é8ih &St em of the
present inventdy@R. m¥¥erpddre¥absyUsesh &1t Re coiri ng agent, the anount
enployed is typically from2 to 5 15 p,arts,gy wei ght ﬁr. 100,(51)arts by

wei ght of epoxy re&F iR Pref EfabfyP N7 2Faft S by Xg t“pBF+400 parts by

wei ght of epoxgeecasstir catalyst employed in the process of this
invention can vary over a wide range, so long as a

20 catalytic amount is present. In general, the catalyst is
added to the reaction at a ratio of equivalents of acid or
precursor to moles of phenolic compound from 0.001 to
0.50, preferably from 0.01 to 0.30, even more preferably
from 0.02 to 0.20.

25 The process of the present invention may be carried
out, for example, by placing all of the ingredients in a
reaction vessel at one time and stirring while heating or
by adding the ingredients gradually as the reaction
proceeds while stirring and heating.

30 The reaction conditions employed in the process may
also be varied over a wide range. Reaction time will
generally depend upon the reaction temperature and other
reacticn conditions. The reaction temperature can be
controlled suitably according to the reactivity of the

35 reactants, and will generally range from 60 °C to 220 °cC,



When phenolic curing agents are used, they preferably have a phenolic
functionality greater than 1.75 phenol 10 groups per nolecule. One
preferred group of phenolic curing agents is phenolic no pared by
reacting dgﬂﬂW6W?droxy phenol such as phenol or o-cresol¥gbigﬁggﬁgdroxy
phenol such as resorcinol or bisphenol=A7wtth fornmal dehyde in acid
solution. 15 The Handbook of Epoxy Resins [by H Lee and K Neville,
MG aw Hi | |, Newt¥eoakly 19654 ]L00ESoXxyoReS) N%; dlhewmiushr Y enpdr Jeckal ogy

[edited by C A rcel  Dekker (1988 and .Chemi stry and, Technol ogy of
Epoxy Resins [oélélg/?é% %@ 1SlgflsElrlalng, é(lrgcg?l)ééﬂn gcfé:r(ﬁdc tgnéezﬁl&bﬁ‘ etgkei onal
(1993)] cont airangar pdushalimrssitonsvenhter nilie tdeectipnngreéswepoxy resins
as well ‘as copphlahi oSy AlodiZrdf, 20RDLSne M0 gra%%qta%at%ggﬂe al so be a

m xture of the phenolic resin curing agent an rom nate nolic 25
curing agent suchThS ¥eariimatedhBi Bpfemblc AompREngr Bithatkel bi sphenol - A
wi Il be present, 2igiaargepntcfbaati ¥edt @t NGFBAKAV bamBohtd dangy.
generally an anount up to 70 parts by _wei ght tper 180 parts by wei ght of
epoxy resin, G%‘GaPF?S%OC? FBFYarcs %; ﬁ%fbefﬂ HET 81860t part® MR Yei ght
epoxy resin. \MheescUuthdgregaiings atiberbé heigdIdsY oranewusedeiddiey will be
present in the co oas\i(tlithne irrl} ar%iargount effective todcure théa oXy resin,
which will geR&rafry®Bd B S S aHiSHel' Py cCAUhPISFeE 78 84 5 % qui val ent s
per 35l@qui valagnt tobn epbxso kvegits. okndi uemst ©f Aseitylet rpecteot , WO 001 49061

- 10 PCT/ EPO t ' .agent ..\ t L n
generally f rO%/r%%%?%s%%%%%a%&g&ﬂv\gﬁxm% en?aeyl(%%%glrgt ?E)?gu\/\%?gﬁ%y epoxy

resin, prefer &3K$na51E NIGT S AT EOpPEFefabl§n S Ao dF3ueBtEn a0
pronote f?Ste%n@”d&@ﬁeh@%wﬁhéﬁ3ﬁ&%r@hHEE @#r@héﬁrdé@QiBgSthcéﬁuﬁafﬂlt Of tBF
epoxy resin system .an optiaonal cure_ accel erator, may be used, ny suitable
accel erators, Sé’&(’fg}oég IELENTY & Gy UERF he ChudedaF8r e X2 BAbephi nes,

guat ernmry halli-tesanoi, atdtatahyarrodlukahj nesdfk @t alwehal , hygrend des or

car boxyl ates, .fqr._exanpl e, .are kn Lp t ar The.present!y. preferred
class is im dé:zogluggeéuc)ﬁ&a%hae et %\3{;\’? ?:?nedg% 2 estor%;?/’fan?moﬁazjo]lp%e,ntz- nmet hyl
i m dazol e, 2- st pyefdrabhy|subntdazdobély2iptemd anyi dapokétaesl. i sopropyl

| m dazole. Becausgsofnl i avalsl gRhtily AhAqEkongange spagagt eristics,
2-methyl imdazole is the preferred accel erator. The acce}er ator will be
present in théicsapostti dMITPRET IEnBLUAESEFT ectacrent é5i hbpRage ¢l ldure rate

and/ orzhower the1¢dbe:h esResAtdy @i@ftilmeeﬁ@é'@é)%iﬁein@l,icgeaﬁ%&hﬂldﬂ_ in an
anount 20 from0.01 to 7, pr ferabl.x,from 0.05 to .3 parts . wei ght per 100
parts by wei gHY: 5 GPBRYSTEEITTO TR EpBRy R estF SySRAFoL >t WeR Ethi
i nvention can aojt cdhakty toOmtadln an organi ¢ sol vent or diluent in an anount
effective to decrgage [0¢ M 33 0hY £2hot D8-SV §Menol-dicarbonyl
condensates can be used as intermediates for the
25 production of epoxy resins which can be used to prepare
fluorescent electrical laminates for printed wiring
boards.
Fluorescent epoxy resins can be prepared from the
phenol-dicarbonyl condensates by treating the phenol-
30 dicarbonyl condensates obtained with epihalohydrin in the
presence of a strong base such as sodium hydroxide or the
like. The general process for glycidating phenolic
compounds to produce epoxy resins is conventional and

known in the art. See, for example, U.S. Patent

35 No. 2,658,885. The fluorescent epoxy resins of the



25 for ease of processing. Polar organic solvents such as ketones, alcohols
and glycol ethers, for exanple, are suitable. The chosen solvent will
gener al | W&"ﬂ% oi ling point less than 160 C. The pref exorasbosyalssent s

i ncl ude ol"uene and xyl ene, al cohalg such as 30 2-net hoxyethanol and
1- met hoxy- 2- propanol and ketones such as acetone, methyl ethyl ketone and
nmet hyl 1 sobutyl ketone and_sol vent mxturessgfft ese, ket ones W th

n
al kyl ene gl ycoPT2iHET BWERTAS™ pFEpi%emd gy %%“Ffé‘t%)ﬂ 18t A8P®*The
proportion of sobcebcanpangnbshen d¢dreredd icoppostrdcens.can vary w dely

dependi ng upon t he; gmyl %E“PEE' _ aXf ?Fql %%%ﬁ&drlll']m n}P%g t@ﬁgﬁl 21388 tp}e ot her

constituents present an e’ int app rcatio mposition, but
the sol vent i npréraradiivanribbhaeeryat amswinsl ofehke mﬂqsecxtnsnweateomrom 15

to 50 weji ght p@ﬁ@eéglcqhotrlaﬂymﬁllwwﬁmgft b@efép{]eno ; g%ﬂohgdw?st' N

anot her enbodi nment pfesent 1 nvention, I car bony
condensat es ofT}ﬂfher%ﬁlé’s@rft mphgEnet cﬁPMOBédﬁéédt%sectqié’adﬁéﬁél P& curing

agent in the r ,{blsakstg%upv\hﬁntmq:rwmohldb@%@ppydom&@e@aaaaﬁl% t he
pr esent |nvent| on (ﬂe use henolic c i nfq g en 0 _they_nay be used

al one or as a NFStLrEHE Fr°8t ﬁg?c%’tﬁﬂ/éﬁl gRafF?2 “h ent $°sd8h" as DI CY.
They will al SOpbeEe.!SﬂZd.yl i rohe3 sawrel inpunt  and manner set forth hereinbefore

for other phenoli G oyldig agspls. th\éh%r%rmguef;sg lldl | Galhaup gopgensat es of

t he present 15 i nvention are used na resin system
they may be useedium dusrionadeoal Wiaugh wehepowrcprecslhﬁaﬁs may peeseed.

Invention or Wik Mongomgetwnﬁemm re8hBa X el Prahie EREY M4l be
used with conventional "epoxy resins. 'F he epoxy resin conponent of the

i nvention can B2 any %ﬁ?lﬁﬂh%t?%ﬂ%ﬁs%@ﬁﬁoﬁﬁﬂlﬁ%%rﬁg ofn PR¢BPAHE of nore
t han one VI Ci ngtogpoxi de group per nol ecule. Pref erred epoxy resi ns are
di gl yc et hers qf bi sphenol ch as bi SBV nol - CFH: bi sghe ol -

pr epar e by the re |r(5ar?c51‘°25°%ptiurb%le(§)r15’ﬁy}8 T 13 re8Eepre ﬁeh%l s
carried out undemahlly(adqmdecteacmm omidittiivehs. mSLnth:czmimp@ny pésin can be

represented by I ﬁl’@" HCH20 ~ R ~
OCHZCHCHzZ OH nt‘l’\rlr;f%?vﬁﬁlt nlé?lg eérfJl vﬂgtrme%"t“ e rang Ye "of c5 to !i and Ris a
direct bond orba etradcsd ﬁ?}dﬁé@ar%ﬂll Grteup 2030C S tr&bﬂlﬂeleeeﬁysrleer ns have

mol ecul ar wei gk Se MYy %ntﬂﬁerégfﬁbfﬁlﬂ@r%@‘%gg ﬁﬁbﬁgﬁﬂhldyf%5%§§bly from 300
to 1000. WO 00/ 49061 PCTI EP00101288 - commercially avail abl e EPON
Resi n @@B (EPCFP?%@Qfate' the reaction 1is conducted in the absence or

presence of conventional alcochol, ether, ketone or
aromatic or aliphatic hydrocarbon solvents and the like.
For example, the reaction is conducted at from 50 °C to
90 °C in one or more solvents such as diethyl ether,

25 toluene, xylene, acetone, methyl isobutyl ketone,
ethanol, water or especially, isopropanol. The resulting
mixture is then devolatilized under vacuum before being
dispensed.

The resulting highly fluorescent epoxy resin can be

30 formulated into a resin system by curing the epoxy resin
of the present invention with either dicyandiamide
(cyanoguanidine or “DICY”} or any phenolic curing agent
or other curing agent for imparting optimum laminating
properties to epoxy compositions (such as aliphatic

35 amines, aromatic amines, acids, anhydrides, phenols,



trademark), a reaction product of epichlorohydrin and bi sphenol - A having an
epoxi de equi val ent wei ght (ASTM D- 1652) of 187 and an n value in the

formul a above of 5 0.2, is the preferred epoxy resin for pghsgpbiitdae

i nventi on WOPBA¥t i ons. Al so suitable as the epoxy resi nP(%o%l)’onent are

mul tifunctional glycidyl ethers of tettaphenol ethane, as represented by
the followi ng fornula: CH2- CHCHpO ~ ~ OCHZCH- CH2 CHCH CHZ- CHCHzO ~

OCH2CH CH2 \ Oimi@AzdDeSuotd mfet ilikahet i onal epoxy resins are avail abl e
commercially as EREN, Resid)olQ3Lshromy | i.cals. [ | e resins
can be prepared bygt}‘he react i%on o%_epi C _lonrgg%ngi%nhévi tt:% hrr%éloo ucﬁ[e%grn di - and
trihydroxy phéNeFf® ebrgbumsesshchinderesyrcition RAEYphs overd e idle, 15

sel ected pol Y'&U‘Ehﬁ?‘ra@&ﬂﬁ’,hyﬂfeoé)hl%hﬁﬂo&gﬁl&ﬁm@én@§ $UeM @Sfrom 2 to

bi s(p-gg/dr oxypheny 2 met hane and 4, 9' -di h%dr oxybi pﬁenyl or aliphatic

pol yol & such” &8 RIAEHURMMEEINT BAd §PO R3S PrheedpBky°f e¥Pe¥ ¥ onponent of

t he epoxy resir@ssisterefdray @ 30 T npatte Howeliaktbpsedl eppardLPNS
("novol ac epoxg.rﬁgi ngg which . are the glycidyl ethers of the product of
reacting a ph&RdoPDEsUEFRRIMEERSR: cresol, resorcinol or bisphenol -A, with
f or mal dehyde i n aghen sghandlor. c25iAgyaderom rredecdsepoxyheesprefmakdlyso be
used. The bronipat : i - nt, Gan he ol ygi ygcil et her of
(1) tet rabronog%iogp cej%}g?l%;\yloc{ef?l '&t%Bﬂng?ﬁ;F & of tete}'t rtg%?o%mg% %3011 A and

bi spheHdl A 08TEBPSap®¥ MIUREBE - OND POFUTUEH 9re8p PETPEFDO) 01288

t et r abr onobi Sr&hﬁﬁlﬁ{; Againds PO YRAbOXY REPNBLd<C JTRPRREAL P rd 4Dt ihgiaxt ure of

t et rabr onobi sphenol A, a pol yhydroxy aromati c conpound and bi sphenol A
Preferably, tRePBREATEY ElEPoxFUr8sth REFRFOINGH OR55€8°F uPEtd onal ity of 5
from2 to 8, aihyapbre seHEntsueh BEopeddrdindi0 gpebaepheRyl Vi gihth
preferably 18 to 2; ercent by .wei ght,.and an epoxi de equival ent wei ght of
from 330 to 1566™2 ?gl?%cﬁ;%bllrﬁ/ %ﬁ%sggﬁt%%nl%?& Sui t abl e broni nated epoxy
resi nsl$ ncl ude t hehéusamdbqrioddicEposy Resicts nigyaHdi geycangl et her of 10
2, 2-bi s(9-hyd .XNBUEE‘YJ;)Hﬁémréﬁ#(i'?hspﬁéﬁoiaﬁ Mdgh) b et ﬁéﬁ&%@@éﬁ@leno'.A-
The brom nated epoxy resins prefer ably ave an average I'ght per 'epoxi de
(WPE) gr eat er ChismisB5D, ant dfasthasilpayr éadtted Hah 480 Mad. number aver age

nol ecul ar wei ghat-cgf estrRket N ef0q, aRaCERERD 1 2ngr @aLRAcI OGN SO0, and an
epoxi de functionality greater than 1.5, erably in_the range of 1.8 to

r ef
2. Suitable c@ﬁﬁéVcBéFl%%aﬂﬁﬂ’é'fdoPYsﬁcth]eﬁ'nsB]1' FEIBCERRRE Rt 1123,
EPON Resi n Z12QofERSNoMReSi (14D Y, canda PO Resis) dikedss26nén addition to
t he above-noted resin conponent.s beifng ugedrisndisvi dual y in a resin system
combi nati ons SFPEREMVAPI bls FESINs TrayPBeY usEd W 8 FRe phZnol - di car bonyl
condensat e curdomgidgentss off tdheripgeseantsnvention. If desired) the
conposi tions of “?fiieﬂé&?ﬁ% 4 JMRNELAN, 290 GAN AliQeheebbenged wi th ot her

materials such as fillers,” dyes, flow nodifiers, thickeners, anti-foaners,
rei nforcing aféwtelifri Fesietddingg 2grnSuppd & harpiagéstsPhpee tombi nati ons

thereogs Theseaddyt hyest aseradded bRohunstédNaldpheaaui-nal ent anounts,
e.g., the dyes are added 30 .in es which will provide the

, s uanti ti
conposi tion V\At’cl}?mllﬁétags‘?’r%ﬂle&ﬂqﬁrp‘. w Eht%%l@/r‘?sr?é‘taﬁﬁuﬁf’ PRI ti ves is
fromO to 200 gfFeeentre byo Wwer @fia seespaneakétya fdaomyl0 ge@ierally an

amount up to 70 parts by weight per 100 parts by weight
of epoxy resin, usually 30 to 60 parts by weight per
30 100 parts by weight epoxy resin.
When curing agents, other than DICY, are used, they
will be present in the composition in an amount effective
to cure the epoxy resin, which will generally be a
stoichiometric amount of 0.75 to 1.25 equivalents per

35 equivalent of epoxy resin. In terms of weight percent,



100 percent, based on the conbined wei ght of the epoxy resin and the curing
agent. Each of the nodifiers such as 35 thickeners, flow nodifiers and the
| i ke can %Flpgoglyed WO 00/ 49061 - 19 PCT/ EPO0/ 01288 Bor/EPRdI03288 N anmount s
of fromo0.09%6 , especially 0.1 to 3 E rcent by weight based on the

conbi ned wei ght of epoxy resin and curi § agent. Reinforcing materials

whi ch can be enpl oyed herein include natural and synthetic fibers 5 in the
form of woventBfofhriMbARGREN WiAt , PerovgtIandmeAt 2N cRBYPEd F915&Rd Land t he

li ke. Suitabl erbgi 0f E€i2N® FakeEi BY Swé M HIGR gl 86Spa £€F &Y GRighy! 8@, rayon,
cotton, aramd, gra hi te and cong;na]ég ons t0 er eof . Sugi(}% abl 8 fillers which
can be enpl oy8B°FACT TS PEEEEAGPAACE? UMD 0%ar BERE PESEHRLLY Adr §8ni ¢

carbonat es, ca&bam c m crospheres, plastic mcrospheres, glass mcrospheres,
cl ay, nd, grave qggl i i of iller sed in
anount :"asui tabl e JT(]?om ] tgglgg?{ng\g%e%%%ﬁ%y %7?% %Jéw%)lgr%eéu‘rﬁ%r}ggg\féi ght based
upon the conbrnee @&ilgre rE5iof ceppsyentesii thgdepaxy ntedigeystine epoxy

resin systens,gf;bhg RLESERCeNYLRt bP A ©eUs8dal Pk ERAl g 1uUr abl e
| am nat es according to standard procedures. A resin-containing solution

with a curing®8gehtraiiF optsii6Rals atted or Gt ifaKe2Bp e tre IMigatiodRs or 20

| am nalti Ng COBRESHALddE, |<ﬂxatt|aeniaﬁytlixéiiicfdsa@exdoﬁlﬁ@m%i téi'lScalFlri@iI@ﬁr iati on,

gener y one or re substrates, glass, .carhon, quartz, polyet ene,

pol yp-phenyl eﬁ@FEgDerb?‘nt'tarfalqﬁ’rﬁr&é},aef)o?’i/ecs#ré’ro,xy 8r§tet taf I‘?.fbagrt?&tar‘iylaéﬁe,

pol y( p- phenyl enekenzwbitst hirazoffb, phasartlypapereored hel &b liiske material, in

chopped, mat . .S kN ts ith_the_ I sh . nol ten
Qﬁlﬁﬁ\gygf chl{ph L3 h”Hé@rg% i él\é('ztole Eeér/%%%ﬂr elqnslgf{afz%le

resin system e COH%_OS‘I e is then osed to té Icrént to
evapor at e anyZsoevent iiskeasteand-pakhyaidptoydeini ddoeke gél-ahieon 1

(general Iy 40;f; 59,300 £na RsBHEHBPL Virdluall eC BRcA90e Qf Ore £xposed to IR

radiation to partially cure wthout gelation, a process known as
"B-stad ng". IHeit 53t @nds PEGHPERIRGE 1B AT REERL §F 5hF Ty 478 WeNnt for a
tinme sufficienhibgzéI@ard thiepdestteed degiAe ratoeur ehe geneialday 020 seconds
to 8 mnutes. Tﬂ? resultin prnocht 35 is .generally referre

in 0

0.as a
prepreg. The Pamtn3tiEe” 29081215 °'pL o%}&‘b‘i’b%sedfrfta?ﬁﬁléf& ed by
subj ecting a setinfréayersae puepr egse tand/ondilowenstieé feaotd ve to cure the

resin and to LOKOLALGd N REEPESASLILONA |ATLAGL S0 SIS anlil ami nate

can optional | ntain one or nore [ayers of conductive 5 material.
Lani na3% ng coAdprri Bnl geheraPrgiprePhdel 2P im@50F 039 PR FtR & t¢ighkour s,

preferably 95,mnupeSp4a DB yiBULERS, of dyRenakyupe of 160 C to 225 C,
preferably 178 Cto 200 C and a gressure of 3.45 bar to 55.16 bar (50 to

800 psi). The | ant A&t T IG5t onkF ISP IF P§spresent invention can

optionally contain an organic solvent or diluent in an
amount effective to decrease the viscosity of the system

25 for ease of processing. Polar organic solvents such as
ketones, alcohols and glycol ethers, for example, are
suitable. The chosen sclvent will generally have a
boiling point less than 160 °C. The preferred solvents
include DMF, toluene and xylene, alcohols such as

30 2-methoxyethanol and l-methoxy-2-propanol and ketones
such as acetone, methyl ethyl ketone and methyl isobutyl
ketone and solvent mixtures of these ketones with an
alkylene glycol ether such as propylene glycol monomethyl
ether. The proportion of solid components in the

35 composition can vary widely depending upon the amount of



10 cured"” by heating at a tenperature of 190 C to 225 C at anbi ent pressure
for 1 to' 29 hours to inprove thermal properties, preferably at a
tenperature of 170 Cto 200 Cfor 1 to 6 hours. The follo%g Ogﬁﬁg%ﬂ es are
i ncl uded t WO WV4a¥idrate the 15 present invention. It is un St 00 hat the
exanpl es are enbodi nents only and are gi ven-for the purpose of illustration
and the invention is not to be regarded as limted to any specific
conponent s andéios e fdonseondett Onsr geeitt addt bes einterEEXAMPLES Exanpl e
1 Preparation of 1etraphenal ethane (TPE). usi different acid catal ysts and
gl yci dati on of k¥ lclaﬁéotnoogpg V FEEIPY llf-nr’iegat If??t%‘ﬁ‘f%d“b&?ﬁorred gl ass
flask was fittedl&nwkdrna padtée wilil rgemeraldystohstaitiwre diioimaké, ta

pol yt etraf | uorget hyl ene- € l,e a ti tle attached
to a tenperat ué)(g wchélol rqlplgg?:.%ﬁgo&%h%@&%s%l%lmgfgagﬁd%g?@qénr}?ﬁgn%gﬁgg P'ties
shown i @ Table 1, Jphetdlll( ShetheCriasimento0f blyeepuss ity dxakntBASK) and
different 30 aghdSshcahoMRakBod P! &rkienti@ckeRPEr W LRtroller was set
to 190 C (or other tenperature as shown in Table 1) and the reaction

m xture was hextE/PHAh "eyi PRi Rged Aol dthe @8eRrelécaftoviet a9snd 40 Fheat

at nospheri c pressid &yas e e WheACt h® pHENH1HHE chaBo et &shdefda@ke st Be
tenperature 35 reached the setgoi nt, it \é@s keBé at. the setpoint for the
WD 00/ 49061 - 16 BEHEP0MBT2BEChuerSsFT RGuPRCRPELT fTHd % 2P5BF& 1. Then
t he con®r ol | ertise peintbewaserdaasetk tar B3 aCmikturé witsh rtheal ready at this
point) and the : 0 ' tid,es di.stil ling at

at nospheric pr%é%ﬁ%@oﬁﬁe?g?%ggéf%ﬁﬁ isgr?wmggt é?égf’r erllahc egu%}oa >®vacuum
was applied. BxeeszephHenshenasmel doewd tagddivenhnkt sgidefontde ipgrpean-190 C

After distillatdon ARREARHLOpREN S0P &L ngt BEedFE. Product was allowed to
stand for approximately 15 mnutes with stirfring at 190 C at full punp

vacuum 10 ( pressurBSeit®% BPpRrokT MefRPnydo cPRfCRAR T tthecBESFRRE t he
devol atisl i zat i Ofiverfli&nRIreenssanyl eid lariRg pgeducin vas-d41en speuerd out of
the flask into_a steel can, gl | oned .to st\(%l i_di f¥9 groken u}p and wei_ghed.

Gardner col or bFSY HEWAE W3§YdEE e FHEE ViCSu st 14 LR Gt PofR i n

i sopropyl 15 aticohstesdrdtudnesoehce of witd BRE wasvelet ssmilnegoxy

t et rahydr of urap_(THF) | ut| .nm f ol ,NG: £XCl i 441 nm
agai nst a com*rg?fg%srp'anPd(;?&&lé%ggpgﬁgaéggﬂa%ib% grgéhv‘gTﬁ%e( % nq;fn%g.c’% (%r sone

| ots of the TPEPo®acitSHPE-sanpl e (100 granms) 20 was dissolved in a mxture

of 337 Jgr ans epi chpyr QAR Bes 188 dnrAifR 1030RHOPYAvE CiPlcan5Be84ngr ams
wat er, 19.51 grans isopropyl _glycidyl ether and 2.89 granms. Subsequently,
195 grans of 2BBFARYURBIFTINRe SOPRPTRM MA@ 9a8Re@vEH29%hiF MoEut8anwi t h
stirring, accosgkngidindlhepdRibiol §emhpdr agnagulédl Bbefded Shakl Stirring
o . >

and add 12'4/69£s£§§}1é¥u§f%§yc§g§£ é&ﬁgggns%sbisphenols such as

bisphenol~-A or bisphenol-F, prepared by the reaction of

25 epichlorohydrin with these bisphenols carried out under
alkaline reaction conditions. Such an epoxy resin can be

represented by the structural formula:

A A
CH,CHCH,0 R@—OCHzclzucp{zo R—@OCHZCHCHZ
OH

n

in which n is a number within the range of 0 to 2 and R
is a direct bond or a divalent hydrocarbyl group.

30 Suitable epoxy resins have molecular weights within the
range of from 300 to 3000, preferably from 300 to 1000.



Add 14.60 of NaOH charge, stir 8 mnutes. Add 16. 7% of NaOH charge, stir 8
m nutes. 30 Add 18. B% of NaOH charge, stir 12 mnutes. Stop stirring, allow
brine | ayeg, o) tle, renove lower brine |ayer. At 65- 7@cOrreiom2s8 Stirring
and add 6. (900f OH charge) stir 9 mnutes. 35 Add 8. 3% of NaCOH charge,
stir 9 minutes. WO 001 49061 PCT/ EPOO/ 88 - 17 Add 10.4 of NaOH char ge,
stir 27 mnutes. Stop stirring, allow brine |layer to settle, renove |ower
brine layer. APSSSOBHECIRLLY (2 &LePRgEEAY RRRES B3 SEPRNOH 5 charge, stir
I12 m nut es. Sttfadehbikd N0a Bdd Ly ipgedhgyedsf t@i?tﬁxtlblr@hyﬂgﬂ@Vﬁjd ower brine
ayer. At 55-6Q C,  starf stirring and a 4. 3% NaOH, char tir 12
mnutes. 10 S p@?????%gﬁla‘éﬂ%\ﬁg‘bfﬁ?ﬁél Sy%?mtvc?ciseélttt T"S,lgpgng;\g%ﬂ?ower brine
| ayer. The or gedli6é2phaseldtsarichem washédet tm eshe ifrsudat Abbed foff t s wei ght

of wateg in order t i i a I t hen ated to 155 Cto
distill 515 epiog'%l’o&ghi:/gg?%g%fn (ﬁ%ﬁgkgf/{gl }é%;g‘:}%sg,og\:\m%%ﬁ \?gcﬁﬂgn bei ng applied
after the distinveation eemeotidddyscone sl ow. Final devolatilization, after

visible distillatheaohadi canseds Was €6k} b O doRboRBREOXidmtely 15
m nutes at 155 C at ful Iﬂggéarrgg vacuumg ressure bel ow approximately 100 Pa).

20 The ol t en P&y UPEET WMERYSoGFRETDRT dfeTRENEPISKCFRARE a 3t eel

can, allowed trepyelsedtéy, bPpriteerroipoandgwesghelh: Gardner col or of the resin
was determ ned visually by conparing to Gardner standards as a 5% sol ution
in methyl et hyI/R tone. Fl escence of the-epoxy resin was determ ned
as for the TPE}yFrom-fad it can be ) bﬁﬁ%cxliﬂ%HIPE (and epoxy resin,
where nmade) nade using’t ention acigs_as catal ysts was generally

consi derably higher in fluoresc & at nmade using the control acids
as 30 catalysts. Wiile th Efmade udkn mc acid at 120 C was nearly
as high in fl uomgm@@go@%E made ocalbef+-acci d at t he sane
tenperature, the formc a process gav renmendqusly | ower yield of TPE
(I'la of charge ver sus 220) at the sane 120 C reacti §n tenperature 35 even

t hough the nunber of equival ents of acid catalyst

10 Such multi-functional epoxy resins are available
commercially as EPON Resin 1031 from Shell Chemicals.
Other suitable resins can be prepared by the reaction of
epichlorohydrin with mononuclear di- and trihydroxy
phenolic compounds such as resorcinol and phloroglucinol,

15 selected polynuclear polyhydroxyphenolic compounds such
as bis(p-hydroxyphenyl) methane and 4,4'-dihydroxy-
biphenyl, or aliphatic polyols such as 1,4-butanediol and
glycerol.

The epoxy resin component of the epoxy resin system

20 can also include novolac-based epoxy resins (“novolac
epoxy resins”), which are the glycidyl ethers of the
product of reacting a phenol, such as phenol, cresol,
resorcinol or bisphenol-A, with formaldehyde in acid
solution,

25 Any brominated epoxy resin may also be used. The
brominated epoxy resin component can be a polyglycidyl
ether of (1) tetrabromobisphenol A or (2) a mixture of

tetrabromobisphenol A and bisphenol A or (3) a mixture of



WO 001 49061 PCT/ EPOQ O1Z88 - 18 wused was higher. The Gardner col or of the
TPE produced with formc acid was al so higher. The succinic acid process

| i kewi se gave a | ow TPE yield and high Gardner color. Th j or escence
of the TPEWSY®QAHSEd by the 5 invention process was |ar gelq’fmcigﬁ/‘?lg% over
into the epoxy resin prepared fromthe TRE- Table 1

Experi nment 12345678(control ) (control)(control)(control) TPE preparation: Aci d
cat al yst used tetybbkeholoMplefncdABCANG2p OHBAYydroxy aromatic compound

2) Oxal i cPht hal_i i ni i GAG dri,de,
131 Cason on2a 8583 TooT RIS ST 5555 hsPAMINRROL A, o polynyaroxy
aci d) (0. 437) (@r433FL0. OSMAN D BOF( D148B310l 438)A@f4368PL 0, 60hPhenol , g

(ol es) 564. 6 Q:@)ﬁéﬁaéeéeé;c@é' 6 s8hoE4mBoh O 6L S ( BLB4: 60661 OP4H (6)569.6
(6) 90s” aqueous gl yoxal, 116. 081 16. 081l 6. 08116. 08116. 08116, 08116. 08116. 08g

(ol es)X 0. 8) (Fr8W( 8. 89 (d: & (-oming. gppbeny (of Huws 8 to 50 percent
phenol / mol e7. $¢. 3éi 8Kt p lpRdtxbrn - 26! YOX2b BsutidteBySweight, and an
aci d/ nol e0. 0730. 0730. 0730. 0360. 0730h073g. J%)730. ]3%0phen IOReactl on

t enper at ur e126P8§16618B1 ATIOFE2G 375t PIF mt=C EFi re0fr preferably

set - poi nt, 222Z22a20080r sd P r gohiectaplg Poominated epoxy resins include

of 156. 5162, 61 09, 0134, 3482, J2441103. 300,20 95032023 PhL2 %) (18. 8) (25

8) (19. 8) (14. 7)(I1: r
i N17151©>1812.2528518%4 8h iy 5 vrdreayd e peeBand 5( 4l hhep®l1tadl. 9¥2h352. 97 O 0 0 a

~0 0 0. .. i H%t@aﬁrgmgbggﬁhé%dl A.T@ngb}oﬁfﬁggédikpox resins
Experi nment 12345678(control’) (control ) (control)(control )yEpox

resi npr epar at PSEIAPELLYr 2aeT @WEZ@SQZBQ?‘Z.@’@LS’.%Z@@P%@SXi(éBEbr oup) Gar dner
color (5% inlLR%2L2. eddneidy| Bllgkably greater than 400 and number

ket one) Fl uor eqCenge 2l foed D SRk HaLY M 42 OR8¢0 O7ebelinny

15 greater than 800, and an epoxide functionality greater
than 1.5, preferably in the range of 1.8 to 2. Suitable
commercial examples of such resins include EPON
Resin 1123, EPON Resin 1120, EPON Resin 1121, and EPON
Resin 1163.

20 In addition to the above-noted resin components being
used individually in a resin system, combinations of the
various resins may be used with the phenol-dicarbonyl
condensate curing agents of the present invention.

If desired, the compositions of the present invention

25 can also be blended with other materials such as fillers,
dyes, flow modifiers, thickeners, anti-foamers,
reinforcing agents, fire retarding or suppressing agents
and combinations thereof. These additives are added in
functionally equivalent amounts, e.g., the dyes are added

30 in quantities which will provide the composition with the
desired color. Suitably the amount of additives is from 0
to 200 percent by weight, especially from 20 to
100 percent, based on the combined weight of the epoxy
resin and the curing agent. Each of the modifiers such as

35 thickeners, flow modifiers and the like can be employed



"On ~i ba0OOw NOO W 00149061 - 21 PCTI EPOO/0128R (1) Malefic,
pht halic and succinic acids were added as the correspondi ng anhydri des. (2)
ADCA = acelyy @aqdi carboxylic acid: DHBA = 2, 6-di hydr oxybeapeP®/astd. 5
254. 3 Reaction conducted in a stainless,gteel autoclave under autogenous
pressure in order to keep the volatile formc acid in the reaction m xture

at the reactiaqgn.tenperature. anple 2 el at Lonshi p bet.ween rdner
col or and fl USPéé%EéTP et oarmoélﬁl(%yg?egf%m maé)g ftPo'rsn’ T?’?%% SL ngérnglof ferent
reacti on condBt pensemt thy n@lighitcbased ¢f ridm wabined awenyaglrt de€) epexgus
oxalic acid ( Lol ) g Adsineck o Lali tel fQundyho I was 15
equi pped as i%g%{'ﬁ é%% 1 énglcﬁalrlgedlgvﬁ th phgﬁoﬁ%gggga%qﬁg%l% g?goxal and
mal ef i ¢ anhydPpdemptoxschiiereadi dnFhudha afvadti eress¥nehetich fERBKe 2. The

tenperagure coptept! gsrmas sRlvehOcldh CddwodbRChat SRS A UReas , Shown in
Table 2) and the re c%j on mxture s heat ed }évith 20 stirring. Volatiles
vere all owed £BOBPSY i PSS APRosPhet e prdedaPieat et Pt i on ni xture was
heat ed. After mhberi&permilude peashedcddmmizet paybén, i taywmas keptoal the

setpoint for the ngrrber f.thou;) sgmcj fiteld int'rll'abl e 2.ST.hCen the controller
set poi nt was Paf%ed 1Y € et f A Ko S PRAdy" H "M Hi®s point) and

t he system wasialéoswhitah lreat beoed®loy@diiinke ludkat Féesimkitsinidel, i ng at

at nos ric pe .er. .t he j ) re | 190 C, vacuum was
appl i g{i@and t%gglsr%%’?%czggdﬁl?{eﬁ’é?é%ﬁ%@%ﬁ?ﬁ%ﬁ Séha?ﬁ%%zed as in Exanple
1. They were BPAEROFRERTYTt ®Ll3gtéporicremihesehy ohessdmcspbedase used in
Exanpl e 1 andcihg, epoxy, 'fsives WREEcshsimatidhisZedesédE | arley riResukts are
shown in Table 2 and Figure 1. As shown in Fi urﬁ 1, {qo({ both t he_control
resins produc&@™fPont IPRAEWPER BT SadFd™andte it § nvisRecdAL 1Y wo

00/ 49061 - 2210 to 60 percent by weight based upon the combined weight
15 of epoxy resin and curing agent.

The epoxy resin systems of the present invention are
used in preparing curable laminates according to standard
procedures. A resin-containing solution with a curing
agent and optional accelerator make up the “varnish” or

20 laminating composition. In the initial stage of
composites preparation, generally one or more substrates,
glass, carbon, quartz, polyethylene, poly{p-phenylene-
terephthalamide}, polyester, polytetrafluoroethylene,
poly(p-phenylenebenzobisthiazole), boron, paper or the

25 like material, in chopped, mat or woven form, is
impregnated with the varnish or a molten resin system.
The composite is then exposed to temperature sufficient
to evaporate any solvent present and partially cure
without gelation (generally 40 °C to 200 °C, preferably

30 150 °C to 190 °C) or exposed to IR radiation to partially
cure without gelation, a process known as “B-staging”.
The composite is subjected to the B-staging treatment for
a time sufficient to impart the desired degree of cure,
generally 10 seconds to 8 minutes. The resulting product

35 is generally referred to as a prepreg. The laminate is



PCT/ EP00101288 resins nmade from TPE nmade wth malefic acid, the points tend
to fall along a curve in a plot of fluorescence versus Gardner col or.
However, fluorescence increased with increasing Gardner wqsipombs®e much
faster ratWé)@"‘?%“t’eeper curve) for the resins made from TPE nade with

mal efic acid than for the resins made f¥or TPE made with oxalic acid. The
only exception to this relationship was a point representing resin from TPE
made with a VE@bricakednbyinguliiegtdinef iac sati of whyeted @repregghty on t he

oxalic 10 curMpdikiehgaskpact]orescanee ket POyt eXReSY YRebgeLEase in
Gardner color is highly desirable conner0|allg, because the production of
e

excessi vel y dd¥ PEEREEPF chPLP hilfidsatedndeest ed sy l@gdpater Sfncan be

avoi ded. Fi ?tﬂp&ibn&ﬂ@%cbﬁeaﬁrh«lﬁﬂfei @l tpref l&‘lj@rhé _rb/f_eraicin@?c@]geeess 15I for

i ncreasing flugrescence_oyver_fhe prigr _ art techniques of, for exanple,

i mpl y51 over g THE 1t abFBL 67 & P MAPC G 6R9 X EReT H Lihe PFRECBT BCELES whi | o
usi ng the saneE Gakliicuaesdtcad alousts, pPré@eOMHUPOBEl min2desTabl e 2a

PCT/ EPOO/ 012 Lgen T repar atjon. Aci teal yst

usedMal ef i cVE e?ﬁg’%réfeg? I\/élllé%“f%\%ﬁe iec??) %\%Pd %f*%%%a ¢, YBreferanly

anhydri de, 5. 3621.°452%. 4801° 0589 3gpresqure of 3.45 bar to 55.16 bar
aC'd)(o-109)(@Kﬂ%z)@@O4gZiip”ﬂ%?h&ﬁd%gegeeg£7o§kionally be “post

( ol esé569. 6569. 6564. 6564. 6451. 68( 6) ( 6) ( 6%(( 6) (4.8) 40% .

aqueoti81l 6. 0SB PY6hOBDIRY (1 B FRIGRYBXAFe @Ff 140 "C to 225 °C at

(ol es) (0. 8) (dhA)eh@. 8FEOs8yé 1£28)IMM0ES4 hours to improve thermal
phenol/nDIe7.57.57.5?.53.7SgI%%%gjEguivalents0.0180.07%g#0730.0730.146acid/
mol e phenol REFARSET186198190% oPEnBer STRFERR oIt L /CTi fretat

set poi nt, 2222210 0IcsTPE produgthours(.9d440. 6106. 7156. 5162. 62600f

charge) (20.5) (16 ( . n 0 5 71516,..5i n
IPA)FIuorescencef%%S%g%géééi%%%%ggg%égggg ?é%ﬁ%%?%ﬁ%?ggﬁé%%ﬁ@ (%ﬁ%nsleq

of 22418220. 428%sER27 i08pbkick. ¢itous) Gapdnetoed| Bral 3962 e520p5es. 81913. 5i n
met hyl et hyl ketghEhUQr S3£¢NGE %r%‘é%ngﬂ?’ng@Gtgesg(@ﬁors%r)Sfun'ts WO
00/49Ub1 _ 29 _ Table 2a (cont d) PCIT/ EPOO/ 01288 peri ment 12345Epoxy

resi npr epar atiortsAB86EpRI 914 ythe /igvErEin. 297008050 PRoFegoreafl a1l nm
THFsol nAbsor ptimitley, tb/ gn}. 968 il6F LbhpdB8Enddcand Ah5 spaciFiEsol n Table 2b
Experi nment 678910 1TPg§regaratio : Aci.d
cat al yst Oxal i CHHFEBRaf E&%‘Fi@@% ‘fexal i cused (1) Acid

or 55. 2855. 182K #E24LS5224. 5212. 2anhydri de, (0. 875) (0. 875) (0. 438) (0. 389) (0. 389

)(0.199)g (e i, d).Phenol , 1129. 21129. 2569. 6564. 6564. 6564. 69
(ol es) (12) ( (6)(6)40%
aqueous116. 0&rApara2 323 phengEodmres gITPexaps iy different

B)(l-2)(0-8)(&Ef@)e%t§i§§t@)éhd glycidation of the TPE to epoxy resin
(ol es) Mol esI5107.53. 753, 753. 75phenol 7 nmol eglryoxal Equi val ents0. 0730. 0730. 073

0.0650.0650.032a@idfﬁﬁFEp%@%ﬁﬂer round bottomed glass flask was fitted
25 with a paddle stirrer, a distillation offtake, a poly-

tetrafluoroethylene-coated thermocouple, and a heating
mantle attached to a temperature controller. To the flask
were added, in the quantities shown in Table 1, phenol
{(Shell Chemical), 40% aqueous glyoxal (BASF) and different
30 acids as shown in Table 1. The temperature controller was
set to 190 °C (or other temperature as shown in Table 1)
and the reaction mixture was heated with stirring.
Volatiles were allowed to distill at atmospheric pressure
as the reaction mixture was heated. After the temperature

35 reached the setpoint, it was kept at the setpoint for the



WO 001 49061 - 25 Table 2b (cont' d) PCT/ EPOO/ 01288 _

, Experi nent 67891011' , TPE( preparati on: Reacti on120120120120120120t enper at ur es
et poi nt . Cy,(ggo %g, 66. 52. 594set poi nt, hour sTPE PCT/EP00/01288

product, 190. é .6182. 72313.87312.53254. 749 (%

of (14.7)(21.1)(25.8)(38.2)(38.1)(31.5) c'h&tsgé) Gar dner

col or1011. 512.5181818(5~S i n | PA) Epoxy resinpreparation; WPE

(gramsl eq203. 22858508t gwys| EE?L‘?WE& f“’eBBREﬁ T OUSPGhPEnEpntroller

col or 8. 59. 51112e%p4iht Y- ral s8Rt iyl BENYIC (if it was not already at

ket one) Fl uoresgence, 0, 680. 991, 111. 521. 921. 49ar pbi trar i tsAbsarptivity, 0.10
80. 1760. 2260. 4%56?’4&%%)’.’91’8@/“8- Eﬁ\egiﬁfsz% was neated & Y4B tEARRE

THFsol nAbsor pt iveilhyile 921148314 28g 3419, athoS8bhgr Lon (BfEs snre . ThtEsat iche WO

001 49061, - 26 _P ; Rel.at | i f ction conditions
to yi eltjf Cor R L RN AAEER FAAIRE 1SPERt LR Bl bERELA 0N, SOTCL L
(from mal ef i ¢ &mbydsirkenols wAs4ahbeked -Ho déptiblunthdsst veredmgdtass fl ask was

equi pped as injbyanpl eyde And;chai 0ad WM Falﬂpgélle@&_cg'b%_WEoHEl@b@,nqj_he 185.73
grans of 40s aqueous glyoxal, and nal efi ¢ anhydride in the quantities shown

in Table 3. ThéPEeRpefuftur@scamt Pty d° wiéndetor FPPFOXENRERLYHt her 10

t enper at ure asishayhutdés Wakhe s8) raingh tdte 100act i Hn AHLAL BuRpWaScgat ed with
stirring, Volatiles vvergigl | owed t o, ditse%li ImLIJ 6t %t m)sphféri ct%)ress re as the
reacti of mi xt urB A HeaA%Eq” APPEP* PIAT S emplY atth & QABREJTY HEOREES6i nt, i t
was kept at thehsetipooletifldrzathen nurteemodtehonwsvdimtipecTPE gordducktabl e 3.
Vacuum was t he ppl i i st e e ng,t pr.aducts were
wor ked up and g’ﬁgrgﬂé%xg(rj‘?oglg&qaéﬁ#né%xe%%pl%zlagp %%Oaaaaggegfio%ﬁgﬁ n e%qleg 3.
"Yield" in Table 8cisdifio wwichhr wf grite wEPBhed odifsidngs goper cehttdge of the
wei ght of the g@kal,tedtidmichar §8suly Gal 8rss i 1GRAAACE nCO Y r Fy1i N
Exanpl e 1: fluorescence was determned as in Exanple 1. As shown i'n Table
3, at alTonstaftc?del C Flerersan gt i tthier’rEP{:b‘é?%;%tﬁﬁé‘ﬁBdeh‘éuum
distillation) ektkabydtdfSanTRPEHF) uslesdencetfi3Gtnn MoLEaEERg W th
increasing 25 nmalefigc. anh dré?e | evel .in. the change to eak at

. a
approxi mat el y $*8552 01t 1ar §&1 PructisEsicd TR esé:raé‘gg’ég ]G t her
i ncreases i n mahetrkitardmdviedeel efel.dh t he charge. At a mal efi c anhydri de

level of 5.110 of %Q%Q%J}%F 98 s }Jyogrgesclegg;ceegggppﬁd Sl {1%' X]éélé ][‘%%"‘m’%%gfo ‘o

experinents) as the reactron dwell ‘tine was len e m
one howQ Fl uoMescehgeelnsh innerebsiedrdrsnddy cafans gplchéondvatimeact i on

dwel | tinme was 1ber Y hgFakdGl@as6gy1 0a1dMUl, S56 Bt eidimgwhher 190 C reaction
dwel | tinme furtheg&to 5 haqurs caused little 35 chang% Lo fl uorescence at a

mal ef i ¢ anhydr ifde th@r e |*&peropyl glycidyl ether and grams .
Subsequently, 195 grams of 20% agqueocus NaOH solution were

added to this mixture, with stirring, according to the
235 following program:
At 65-70 °C, start stirring and add 12.4% of NaOH
charge, stir B8 minutes.
Add 14.6% of NaOH charge, stir 8 minutes.
Add 16.7% of NaOH charge, stir 8 minutes.
340 Add 18.8% of NaOH charge, stir 12 minutes.
Stop stirring, allow brine layer to settle, remove
lower brine layer.
At 65-70 °C, start stirring and add 6.2% of NaOH
charge, stir 9 minutes.
35 Add 8.3% of NaOH charge, stir 9 minutes.



WO 00/ 49061 - 27 PCT/EPO0/ 01288 of 2.62 weight percent and caused a
noder at e’ decrease in fluorescence at higher malefic anhydri de charge

| evel s. At a nml efic anhydride charge | evel of 5.110, ggf’*‘:fl'&“ﬁﬂg 2- hour
initial hovaotggler ature fromIl90 Cto 175 C 5 al so caus orescence to
drop noderately. The variations in chargé and reaction conditions shown in
Tabl e 3 apparently had only nodest effects on yield and generally had very
little effect on Ixa‘adidnem%C@IfONaOH died, 3sfhﬁezatxﬁ»{&hﬁfeisc anhydri de,

gransl7. 1625. 534. 41 90 _C, ( ht

char ge) (2. 62% ( 3. gé %?f%“@g %%?%rbrd% e 8YR51 ot /T4 esEENRES4. o/ 18/ 9. 94
36. 2/ 18/ 5. 4931.07;é.ﬁ_7¢mr783@y3h:18/ 5.941Yi el d/ col or/fl uorescence36. 3/ 18/ 7. 0937

.9/15.8/1.11, 4D, 04174 37. 6/ / e t/ fl.uqrescence3s. 4/ 18/ 7. |
1,37.5/17. 8/ 10. 9, é% 573163’35%7 84%135% S1L"7 §P3L‘§ %écg/glé*f/ NG 5 7 0738 9
/17. 8/ & 062Vi €hareel oy Jdér ipehe®39. 2/ 17.5/5. 6(175

C)5i el df col of /11 4056 S0011GR35, 84100l 38310343 .85 B39, Lidy B/ 6. S643. 9/ 1
7.5/3.24 000 ao~roo~enr->n WD 001 49061

PCT/ EP00/ 01288°ERAnF ¥ 18¥8Far ati on of | ani nates using hi gh- fI uor escence
TPE and fl uor esceneessieaoer% nathot ©fidrdmignah@saddl4utizons Nhosone of the
TPE products OE’ Exanpl e (])]12 and_2 were prepared by dissolving the
materials in §68f8Re. StAlr r 84B8haT ng acetone sol ution of EPON Resin 1031
(a mul1@functionabtepoxtinEsign piboudedney lepechtorseyrdel nrghyes dati on of
"prior art" TRE conpercl allaly\érqbt ained froma vendor), was al so used.

The organic phase was then washed three times with
half its weight of water in order to remove inorganic
salts. It was then heated to 155 °C to distill

15 epichlorohydrin and other volatiles, with vacuum being
applied after the distillation rate had become slow. Final
devolatilization, after visible distillation had ceased,
was carried out for approximately 15 minutes at 155 °C at
full pump vacuum (pressure below approximately 100 Pa).

20 The molten epoxy resin was then poured out of the flask
into a steel can, allowed to solidify, broken up and
weighed. Gardner color of the resin was determined
visually by comparing to Gardner standards as a 5%
solution in methyl ethyl ketone. Fluorescence of the epoxy

25 resin was determined as for the TPE.

From Table 1, it can be seen that the TPE (and epoxy
resin, where made) made using the invention acids as
catalysts was generally considerably higher in
fluorescence than that made using the control acids as

30 catalysts. While the TPE made using formic acid at 120 °C
was nearly as high in fluorescence as the TPE made using
maleic acid at the same temperature, the formic acid
process gave a tremendously lower yield of TPE (11% of
charge versus 22%) at the same 120 °C reaction temperature

35 even though the number of equivalents of acid catalyst



10 These were conbined with a solution of 80 parts of EPON Resin 1124 (a .
brom nat ed epoxy resin containing tetrabronobi sphenol A and bi sphenol A
units) in 20 0%@50@ of acetone (solution designation EPONpQResipon/elzsd84- A- 80)
and sol uti % .69 parts di cyandi am §§ (cyanoguani dine, 15 dicy) in

92. 31 parts of 2-nethoxyethanol and 10 parts of 2-nethylim dazole in 90
parts of 2-methoxyethanol. The solutions were m xed into "varni shes" whose
gel times wer &5§8t BR#i ehsgn ARGeFaiAnRTe caLoF 7af EhesdiEr 25°@1C99 ber gl ass
Clesgt ?; 152 Pws_t:hSZofﬁnc el Qﬁat@ﬂsd\liﬁi@h@achgﬂé) Mﬁfﬂ:nlala asgdawere hung in a
1 oven for 4 mnuies to rempve_solv an artjal, eact, or B-stage,
the resin m xtpEngsfoilf'ber%sg S?gﬁr%gfo‘bg{&t Vﬁﬁlgfar{dng’l -sfgﬁﬁéﬁé’br epreg
resin was al secodeter thaddighn faugeésqdratee oft thZ1TEE rHeghtredhketsheof each
type of . prepr p ed. | I qu&r‘ e r 689 kPa
and hea? ed at %%véﬁg%ﬁ ﬁﬁl{})ec’?e%r?t }q?gag?%%)%r %ta S?ge%f 1 q&%/agﬁge&;\%ﬁé’d. The
press was hel destint hrsparahdranuke fHRE-one hour, cooled to 38 C at a
cooling rate of 13.9 ¢ mnute, and then held at 38 C for 5 mnutes. The
cured 30 | am nates were then renoved fromthe press and anal yzed for
fluorescence. Results are shown in Table 4. It can be seen from Table 4
that two of the |am nates prepared with high-fluorescence TPE as the

fl uorescent conmponent showed simlar fluorescence to the control 35

| am nate prepared with standard-fl uorescence EPON WD 00/ 49061 - 30
PCT1EPOO/ 01288 Resin 1031, although nmuch | ower fractions of the

hi ghf | uorescence TPE were used in the fornmulations. This shows that the
enhanced sol ution fluorescence of the invention products translates to

| ower required use 5 levels in actual |am nated boards in order to get a
gi ven degree of fluorescence fromthe boards. "Table 4 Fl uorescent EPON
Resi nTPETPETPEconponent 1031( conmer ci al control ) TPE preparati on #345from
Tabl e 2aRel ativel. 03. 245. 118. 22f | uor escence

of f | uor escent conponent (1) Forul ati on(parts): (2) EPON Resin

112490. 993. 896. 097. 5TPE or EPON9. 16. 24. 02. 5Resi n

1031Di cyandi am de2. 82. 82. 82. §(

di cy) 2- Met hyl i m dazol e0. 070. 070. 07D. 07Pr ocessi ng: 171 C

var ni sh150165210190gel tinme, sec.171 C prepreg9081120135gel tine,

sec. H-staging tine, 5455163 C, mn. WO 00149061 - 31 Table 4 (cont'd)



PCT/ EPOO/ 01288 Fl uor escent EPON
Resi nTPETPETPEconponent 1031( conmrer ci al control ) Processi ng: Fl ow,
CSimlarSimlarSimlarSimlarpress cureCured

properti eswblodaogscencel. 00. 881. 01._@gndex (

) Col or Yel | owbDar kest Dar ker Dar kTg,

1

| 77

PCT/EP00/01288
C. (DSC)136131132131 (1) Fluorescence was

determ nee I T etfcaiydeoilgr o CTHR) sgbut i dr Torjahe FPON ResTmE0Bl or
TPE, and [di rectly;.m [\-tl‘:rga S0 |-dc;forr~ t he~cur ge- | anj nat elo at. 580 nitf pl | owi ng
excitatign 44!on aions &j:omerS stlandari{d ass|Yned|an anBifrary
val ue of |1.06. (2 A1 cCrerpj'r‘lent $ were nixdd as |sol utfon¥ {n vaniops
sol vents |as Hepcr|i beéd in|fhe tex{ of the exanpl €. WD 00/ 49061|- B2 CL A
| M S PCTHEPBOJ 01288~T1 ~ A-pldces$nt or {prodyel ng (phienojm di— &b DOy
. - ? O [Xe] p o] . . =)} . - — (H
condensatles EI ph Ien .| dones Lence,~sai dopr ogess clonpr i 55 NG [7eact i|fg| one or
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frommal gfi c§ furgriic, Hijgyproxylumari|c, adetyl gnedi cpr boxyl i c,
2, 6- di hydr ox§benz6i salliScyl i c acids,| and |mal effic anhydri ge, 1% c|traconic
anhydrideuang Chrjar Leife. @Nyarhade. |4 Te pr oeess [y cIghm T wherein the
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6. The process of claim5 wherein Rl and R3 are the same WD 00l 49061 - 33

PCT/ EPOOI 01288 or different and are sel ected from hydrogen,

C1- C10 al kyl ,

C6- C10 aryl 3\90(;49%06 cycl oal kyl and Rgzd'_s sel ected fromgrdire@sikssbond and
Cl-C10 aIkQY. . The process of claim1 wherein the phenolic conmpounds 5
are repreﬁgngpﬁ—byf*hc g+ H-Xn in which each X is a substituent which
does not |nterfere with tthe cqndensation reaction with the dicarbonyl and n
is an integeﬁ rom® to 4. 8. |{The process of claim1 wherein the ratio of
nol es of L0 ghenol i ¢ conpound jto | es of dicarbonyl is fromabout 1.5:1 to
about 50:{l. 8.|The procegs of |claim 1 wherein the catal yst is added at a
rati o of pguiwplentg—ef—gei-d—te—mpeHes of phenolic conpound from 0.001 to
0.50. 15 O.ETwe pr ¢cess |of cIain1H wherein the reaction tenperature ranges
from60 g toxlP0 C |11. A pheHoI-dicarbonyI condensate conprising the
reaction broﬁu:t of fone or norle phegnolic conpound with one or nore
1, 2-di car conpounds jin tHe presence of a 20 catal yst sel ected from one
or nore cprboxiH c-dst—or—gnre—o+ nore carboxylic acid precursor(s). 12.
An epoxy estnf conp sitign conprisijng the reaction product of epihal ohydrin
and the p engch-di:arbonyI cdndensjate of claim 11 in the presence of a
strong bakse. £2p 13. |A curabl e [epoxy| resin system conprising the epoxy resin
conposi tipn &f claih112 gnd a |curing agent. 14. The curabl e epoxy resin
systenlofu§!§}1113 whereirh—the—eurHNg agent is sel ected from di cyandi am de
and phenof i ccuring)agents. 30-15. |A curable epoxy resin system conprising
one or nofe épfxy r@§ins and g—curijng agent conprising the phenol
5
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WO 001 49061 - 34 PCT/EPO0O/ 01288 di carbonyl condensate of claim1l. 16. A
curabl e lam nating conposition conprising the epoxy resin conposition of
claim 12 and a curing agent. 17. The curable | am nating c bhbigh of
claim16 5WRH&Y4¥PH the curing agent is selected from di cyan ram de. and
phenolic curing agents. 18. A curable ta?d mating conposition conprising one
or nore epoxy resins and a curing agent conprising the phenol -di carbonyl
condensate of €laiMalklic, 1ﬁh1@al¥blanﬂ ratceiodnpaciinguare agidenDre shdstrat es
and the curable Iegggygggggdgggp é?h Qf claim16. 20. A lamnate

tes an

conpri sing one or nore str the curable | anminating conposition of
claim18. . AQ@ MB®WDCA F. AFRINBTed caxdboxgdye, ACHEREDHER (= A& . A . Al LAl L

_AYUEE . A An93A y%atdéa %oéﬁéénzcﬁ&s AR, A&
CA@A. [, AF. A& AH 2, ASOe. AG. AGR?) | {EA ef gWKO:

[\ ghzupkf a\ W c&)4a] GEREA1-PR] EaPRagtad day @a]séa}eéﬁ%l] TelaPd4PE4PES] ca] cal ca
] ca] ca] ca] ca] ca] catea] setdgaaltaUpeablaat hiabherder to keep the

volatile formic acid in the reaction mixture at the

reaction temperature.

Example 2

10 Relationship between Gardner color and fluorescence for

epoxy resin made from TPE made under different reaction

conditions with maleic acid (from maleic anhydride) versus

oxalic acid (control)

A 4-neck l-liter round-bottomed glass flask was

15 equipped as in Example 1 and charged with phenol, 40%
aqueous glyoxal and maleic anhydride or oxalic acid in the
quantities shown in Table 2. The temperature controller
was set to 190 °C (or other temperature as shown in
Table 2) and the reaction mixture was heated with

20 stirring. Volatiles were allowed to distill at atmospheric
pressure as the reaction mixture was heated. After the
temperature reached the setpoint, it was kept at the
setpoint for the number of hours specified in Table 2.
Then the controller setpoint was raised to 190 °C (if it

25 was not already at this point) and the system was allowed
to heat to 190 °C with volatiles distilling at atmospheric
pressure. After the reaction mixture reached 190 °C,
vacuum was applied and the TPE products were worked up and
characterized as in Example 1. They were then made into

30 epoxy resins by the same procedure used in Example 1 and
the epoxy resins were characterized similarly. Results are
shown in Table 2 and Figure 1.

As shown in Figure 1, for both the control resins

produced from TPE made with oxalic acid and the invention
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@'y 10%ké& é} f 9 43 7
10% ()-!3@ 1‘66?&5‘6/ 1 g@ 3" 1 132118 @ 3 0bigt 3L s 63 6437 g AXTam1. 109& (
)->.10%&' () {PheHd' (@) (mobed UK (964IAS. 164 4S8 584 (9}- 24 Dod ®b@
'<nt 109%6B6B&] () - & L! Lgl109B& () 0‘%8% ) - FF - 6) 4.8)
10. 109%& () - >& ' (()*zX6b@. i 1p% B(B&|() - & 7. €& ca (1% 1 Em®gor 2° & ¢
)-& 18 m' 109 @puédbns 109K () | &119 | 10%EB¥ B L(1)6--&BF +116,08|, Y8573/ 10% & ()
-3F10% & () - |MQBxal, g (moles) (0.8)] (0.8)] (0.8} (0.8)] (1.28)

Moles phenol/mole 7.5 7.5 7.5 7.5 3.75

glyoxal

Equivalents 0.018 0.073 0.073 0.073] 0.1l4¢

acid/mole phenol

Reaction 190 190 100 190 190

temperature

setpoint, °C

Time at setpoint, 2 2 2 2 2

hours

TPE product, g (% 140.6| 106.7 156.5 162.6 260

of charge) (20.5) (16.2) (22.3) (23.2)] (38.7)

Gardner color (5% 17 13 17 15 16.5

in IPA)

Fluorescence 1.35 2.53 3.24 5.11 8.22

Epoxy resin

preparation:

WPE (grams/eq of 224.8| 220.4 234.1| 227.0

epoxide group)

Gardner color (5% 12.5 10.5 11.5 12 13.5

in methyl ethyl '

ketone)

Fluorescence, 0.94 2 2.74 3.76 6.75

arbitrary units
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Table 2b

Experiment 6 7 8 9 10 11

TPE

preparation:

Acid catalyst| Oxalic| Oxalic| Oxalic| Oxalic| Oxalicj Oxalic

used (1)

Acid or 55.18 55.18 27.59 24.52 24,52 12.2¢4

anhydride, (0.875)] (0.875)| {0.438)| (0.389)} (0.389)( (0.194)

g (eq acid)

Phenol, 1129.2] 1129.2| 564.6f 564.6] 564.6 564.6

g (moles) (12) (12) (6) (6) (6) (6)

40% aqueous 116.08| 174.12| 116.08| 232.16] 232.16| 232.16

glyoxal, (0.8) (1.2) (0.8) (1.6) (l1.6) (1.06)

g (moles)

Moles 15 10 7.5 3.75 3.75 3.75

phenol/mole

glyoxal

Equivalents 0.073 0.073 0.073 0.065 0.065 0.032

acid/mole

phenol
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TPE product, 190.8 286.6( 182.72| 313.87{ 312.53| 254.74

g (% of (14.7)] (22.1)] (25.8)| (38.2)] (38.1) (31.5)

charge)

Gardner coloxr 10 11.5 12.5 18 18 18

{5% in IPA)

Epoxy resin

preparation:

WPE (grams/eq 203.2 205.9 208.9 222 .1 221.4 210

of epoxide

group)

Gardner color 8.5 9.5 11 12.5 14 15.5

(5% in methyl

ethyl ketone)

Fluorescence, 0.68 0.99 1.11 1.52 1.92 1.49

arbitrary

units

Absorptivity, 0.108 0.176 0.226 0.464 0.413 0.48

L/g-cm,

441 nm, THF

soln

Absorptivity, 1.9 2.48 3.42 4.31 4.1 3.8

L/g-cm,

365 nm, THF

soln
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oSTG /[ 10%C / : amma@m () ([10‘%6 C& ()-
([109%C C& () - Solutions of some of the TPE products of Examples 1

5 and 2 were prepared by dissolving the materials in
acetone. A corresponding acetone solution of EPON
Resin 1031 (a multifunctional epoxy resin produced by
epichlorohydrin glycidation of “prior art” TPE
commexcially obtained from a vendor), was also used.

10 These were combined with a solution of 80 parts of EPON
Resin 1124 (a brominated epoxy resin containing tetra-
bromobisphenol A and bisphenol A units) in 20 parts of
acetone (solution designation EPON Resin 1124-A-80) and
solutions of 7.69 parts dicyandiamide {cyanoguanidine,

15 dicy) in 92.31 parts of 2-methoxyethanol and 10 parts of
2-methylimidazole in 90 parts of 2-methoxyethanol. The
solutions were mixed into “varnishes” whose gel times
were determined on a gel plate at 171 °C. Squares of
fiberglass cloth, 152 mm x 152 mm, were coated with each

20 varnish and were hung in a 163 °C oven for 4 minutes to
remove solvent and partially react, or B~stage, the resin
mixtures to form a prepreg. Gel time of the B-staged
prepreg resin was also determined on a gel plate at
171 °C. Eight sheets of each type of prepreg were then

25 placed in a press under a pressure of 689 kPa and heated
at 5.6 °C/minute until a temperature of 177 °C was
reached. The press was held at this temperature for one
hour, cooled to 38 °C at a cooling rate of 13.9 °c/
minute, and then held at 38 °C for 5 minutes. The cured

30 laminates were then removed from the press and analyzed
for fluorescence. Results are shown in Table 4.

It can be seen from Table 4 that two of the laminates
prepared with high-fluorescence TPE as the fluorescent
component showed similar fluorescence to the control

35 laminate prepared with standard-fluorescence EPON
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T

| BTG /T10%C Q& () llogl%xgigﬁ/écug%zrr{\)c-h lower fractions of the high-

fluorescence TPE were used in the formulations. This
shows that the enhanced solution fluorescence of the
invention products translates to lower required use

5 levels in actual laminated boards in order to get a given

degree of fluorescence from the boards,

Table 4
Fluorescent EPON Resin TPE TPE TPE
component 1031
(commercial
control)

TPE preparation # 3 4 5
from Table 2a
Relative 1.0 3.24 5.11 8.22
fluorescence of
fluorescent
component (1)
Formulation
(parts): (2)
EPON Resin 1124 90.9 93.8 86.0 97.5
TPE or EPON 9.1 6.2 4.0 2.5
Resin 1031
Dicyandiamide 2.8 2.8 2.8 2.8
(dicy)
2-Methylimidazole 0.07 0.07 0.07 0.07
Processing:
171 °C wvarnish 150 165 210 190
gel time, sec.
171 °C prepreg 90 81 120 135
gel time, sec.
B-staging time, 5 4 5 5
163 °C, min.
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Xn
in which each X is a substituent which does not interfere
with the condensation reaction with the dicarbonyl and n
is an integer from 0 to 4.
8. The process of claim 1 wherein the ratio of moles of
10 phenolic compound to moles of dicarbonyl is from about
1.5:1 to about 50:1.
8. The process of claim 1 wherein the catalyst is added
at a ratio of equivalents of acid to moles of phenolic
compound from 0.001 to 0.50.
15 10. The process of claim 1 wherein the reaction
temperature ranges from 60 °C to 190 °C.
11. A phenol-dicarbonyl condensate comprising the
reaction product of one or more phenolic compound with
one or more 1l,2-dicarbonyl compounds in the presence of a
20 catalyst selected from one or more carboxylic acid(s} or
one or more carboxylic acid precursor(s).
12. An epoxy resin composition comprising the reaction
product of epihalohydrin and the phenolic-dicarbonyl
condensate of claim 11 in the presence of a strong base.
25 13. A curable epoxy resin system comprising the epoxy
resin composition of claim 12 and a curing agent.
14. The curable epoxy resin system of claim 13 wherein
the curing agent is selected from dicyandiamide and
phenolic curing agents.
30 15. A curable epoxy resin system comprising one or more

epoxy resins and a curing agent comprising the phenol-
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dicarbonyl condensate of claim 11.

16. A curable laminating composition comprising the epoxy
resin composition of claim 12 and a curing agent.

17. The curable laminating composition of claim 16
wherein the curing agent is selected from dicyandiamide
and phenolic curing agents.

18. A curable laminating composition comprising one or
more epoxy resins and a curing agent comprising the
phenol~dicarbonyl condensate of claim 11.

19. A laminate comprising one or more substrates and the
curable laminating composition of claim 16.

20. A laminate comprising one or more substrates and the

curable laminating composition of claim 18.



