: QRSTUWKYZe3e| (SWMW@ July 2003 PROCESS FOR PRODUCI NG
PHENCL- DI CARBONYLII W TH | NCREASED FLUORESCENCE, Bmaxaly REEBNS,

EPOXY RESI N SYSTEMS Addod2AM NATES MADE W TH THE SAME The present invention
relates to a process for produci ng phenol -di carbonyl condensates of phenols
wi th 1, 2-di carbonyl conpounds which yieldg condensates that are very high
in fluorescence jMWWHMmmmm&m be glycidated with 5 epi hal ohydrin and base to
Ui ve epoxy resin | so very high in fluorescence. The present
invention further relagkgs to the phenol di carbonyl condensates, epoxy resin
systens and Ianlnaéﬁﬁ henol - di car bon %% condensates obt ai ned

de
and t he phenolaﬁqg ﬁo%@ﬁ %h@@ﬁ%%@egdgfp%ﬁo{¢ﬁﬁ tON PRI T o @%?anlng

agents in an epoxym@smxsmsztmaa@@mh@@sat@@xqf RiSZN@I capbpeyReserpounds
wi t h phenol conpounds eifeC|aI t he _condensat e of gléoxal wi t h phenol
Aﬁ%’o t

(t et raphenol et hane, FRYINATES) NReEnBdT At é5Ef 8AMBaki ng
speci alty epoxy reS|ns Epoxy resins made fromthese materials are
extensively used, especially in the electrical.lannating |ndustry, for
i ncreasi ng she gl 388 PF&ASNEi HAVE iR a%%lraete(srgt)o of BERSEFE ST €9t syst ens

through their opubiticf HBCHhOABL Ld Ve A8brafl R YAy JoLHAGIS LAakng
printed MArlng board inspection through their fluorescence. It is
e

comercial l'y §|Pa5FébPﬁ&% fHRRIEPONP Y i Ige [FogRlensategotbstense for
maxi num ef fi CL,ERGYhQEhUSE #PhioRSddURE Wrd NG R0R%6 H&saq%lleatea%%hor art
t echni ques for pregarlng t hese phenolic precondensates i ncl ude t

condensati on 8P1PALOPrERSE %@%ﬂﬁﬁﬁd§qm9ﬂYqI%?Ofyzr§ﬁé§§b6ﬁyphcéﬁﬁoéhéOUS|ng
a strong aci dvéyghhﬁéhswlfflm&réycermtéﬁamulpfr%%ataqwenft%hoxe@@tﬁxr
neutralization of the acid wth an aqueous Sol ution of 31 July 2003 -
2 material steha3h8s sbeli the RS CerbesdilufepideasBsaar ecPeXyr &66idn of
the resultant s5al &miM 4y WBL €S na i nia3Q) %ﬁk@ntﬂE %h%nBQQBQEhEb899ﬁensate
product by evaporation of phenol and water fromthe organic |ayer

Al ternative SCPREAMTRLRT Phedinee ome (&€ FheacyoPAFRFEOBYEoRgnAENE2EEEh as
hydr ogbl oric @E'Qhe%*@ébr@@'ﬁud@%‘t@l&nd%%o%ﬂ(iiﬁé kgeMekat bl snn@é@{%a' s at

t enper at ures above 100 ¢ such as oxalic acid, "as the catal yst e of these
deconposabl e BPS¥B| 2YF4¥Maci ds el i ni nates the need for neutralization or 10
extraction befOfec&HEHH§§€é§anﬁ @h%lEE%B%h lTESmﬁBQMSSp&@Gﬁsﬁﬁémofomever
tend to produce material of rel at'i vel ? | uorescence. It has now been
found that WhePMRPENGT, rﬁﬁrnee%l@rlt;dxy«biecc&éiﬂawa‘é? ehrpbXgxat akily
precursors) andepsef grablaprlenAlkkanaedi ebe) achds, 1abkypgndi oi c acids or
hydroxg substltuted aromat’i ¢ acids or thelr precursors, are used as

catal ¥3ts foritbREeHCRSRAti N "PEABEI 6RS6E2PRENBPPEY CHAPHEMJERGEN

1, 2- di car bony}e SOPRHULS . £ fFCRBesdi mAEBONY ) sCopdeagatesivalh asdi gh ratio
of fluorescence to Gardner 20 col or are_produced, These phenol - dlcarbonyl

condensat es caPeetaldet o o GtEEtEHERY ?%@Fﬁ% CiRokyAiEsiny st ens, and
| am nat es whi cleads i@l Ghaish EEHQEQ%Q@HC@emﬁé"ﬁaM@ée j e d oy
provi des a process for produci ng phenol -di carbonyl condené%tes hi'gh i n

fl uorescence 13si2b syeacnasng haopbenbhed rconpolifignek 1 dnal it R -adidcar bonyl
conmpoynd in the en a romaone or re carboxylic
aci ds)" or oné o é%éﬁi?%? r BoX F%§320|§£1§§c§§%§?%§ <§°a régly al kene

di oi ¢ aci ds, mdg,erta:mhmltmrmgdjstbelhyﬂlo&yesu@sd:eI u]tteduarc:mmmrccladilds or
e ol S A S TR GRE0L LBYED! LOD: LUTADSt; B O Bfiorescence
phenoldlcarbonfi coné%nsate S, “epoxy resin sy an

| ami nat es preharawxumumgeﬁﬁeseephgnof dseaf@mngdlmMMﬂensaﬂasbohmdf|gure 1
the results cg JI rescence vs. Gardner 35 color in an epoxy resin system
made with mal @ acid and a 31 July 2003 - 3 control systemnade with
oxal i25 aci d have Heenr cep ddeethniflespifocepsephirtihg phesenphénuémti on

provides for the ductlon .of .cand nsatlo roducts ng_significant

i ncreases |r133%ﬁ3f59 ﬁMﬁﬁ%lgﬁ y%nndgngegéfeéggsOrn¥becﬁﬁaﬁ8 color. In
t he process cﬁomﬁnmqmme&anw mmwentaed;ceabboyylcomgoudd)usﬁngaabsxybhg aci d
precursors) are used g cat NZe the co ensat en react.i f . phenal i c
orpounds wi (L R A A e gpaande  EREPUny CBrSdAERG CoRUgHEa: B
product s hawnuydrqﬁlﬁduMmesﬁEmbe aASduwedhl@nheqeenusthelphtaseof a
"carboxylic acid precursors” refers to the acid anhydrides used to nake the
correspondi ng carboxylic acid (i.e., malefic anhydride is the precursor for
mal efic acid). The starting materials for the condensation reaction




15 are one or nore 1, 2- di carbonyl conpounds, one or nore phenolic conmpounds
and as a catal yst, one or nore carboxylic acids) or carboxy31dudyi2003
precursor(s) In the present process, one or nore carboxylic acids) or
tarboxylic acid precursors) are used to catalyze the 20 reaction. The
carboxylic acid precursors) are used to-peepare the carboxylic acids) by
subj ecting the carboxylic acid precursors) to hydrolysis. The carboxylic
&ci ds) which yserécr,n $heo P gs anfaidwent ion doel yde, ynsat yyrated

al i phatic dicar oxy Ic aci ds and aronutic 25 acids having one or nor'e

hydr oxyl gr ou@&tmctmredot -l ZRUHERARS cEePrllfoMt‘lfc Wit U s ndExisampllagsi cof
these al kene g éjr§ of e a&&y&%sﬁ% @(,cg SYhstd g ut ed
aromatic aC|ds |n e, ut are not |m'te rr\talefl atumstrlc and

di hydr oxyf urrerrh@oJaom@'lvea‘feQﬂ cardyoxyiig @IZI@WWG@)YEIZ Gl-ldterlym‘tow;ﬁbenzm c
(DHBA) ¢ and s Exam fo il r rs)

whi ch Er)ray beaéuésed" Cﬁ']c%cj the ut arh?rlt%t 't m tegq%?il g]ggr‘t%%{ i%g]é:,%
citraconic ardwdrydis:ca‘rﬂcbmm Grarthl @ic aankydd dé!lcmald@fqomtp@rsdas to

acetyl ened_c | i i = lLLarly preferr gBS beca sethey
produce ver ya‘{t aﬁ:% u%‘r%gécrcei?taclgs p engﬁp%lig%uﬁélsy a%@%f 1 Od| car boﬁ’yfEl
condensat es wxdircelaaud/,ela)s Itdwe celter yat .hUgle y)ifelthecsfe mera:bmpoe{ab@eam of
condensat e per h e e commer ci al
avai | abi | i ty%an“ at%lrgvg]{ 9 1?43.11%?%% th§ %%lé% afglgrd an(t].’ra “éFéSBr §6r, 5
mal efi® anhych"xtd:etctaroet rhmrﬂdrcajleanapy)rmteber pédtas phtabyst TheSabbabl e

1, 2-di carbon conpound faor use_int rocess.inel ud 0 unds
represent ed %’fotcﬁessteor’nuowevar egd @%REE(S??% B 8er%a\%h| h* ?L gnggg% are
the sane or dichf érlearmtreasmdnmee seI ect ed “from hydr ogen and unsubstituted and

noni nterfering subs tut | kY C2-Cl2 al
C3-C10 cycl oal kylli% ar al %?OQL’E k&@&g% ar yPraﬁarE{ZC?’ég h"éct
bond, unsubstaictiat(ed @mdcih&bmzrylﬁnter:ﬁ.érpngc(:ts@i:@sal «kybll deagerablone to

five inerne n|ts Pr.ef erabl y, r e r different and
are sle ect ed Sr{h h?d?dﬁeﬁ?l%ffcig%aﬁ ?Bgtg ?:E%Q%@ ana= sy ce cycl oal kyl .
Mor e pref er abupsRitanddRa3ramethydroddn Qﬁ bheakkytechavong, faoem dséd 4
carbon atons.. R2 't E’ gferabl seI gat erds;:l om a, di rect bog‘s‘5 %{1 | ene and
et hyl i dene wPth A atYEEe BSAdTBEI fg tjﬁe b5 pF 2FeFT 38, OhsPigR Cer ein, the
term "substi tuimedlintef eisht @, andlhydbonal btyd:mponﬂ(dstg mzaby—d\htﬁb@wm ai ns
a functional 25 group _such X nit ani no droxy

hydr oxyet hyl )c,onggi?,sagﬁﬁngl gufifon?ﬁ ¥%hﬁ°s%fflfh§?r%sr¢%’n of° it "?gredrh% ogen
atong0 The mapooirt gref prhauatdnsThesdephemah-dydavyemy ]l | corideh ooes DY |

| i nki ng rmieties arecr - t t ms oxygen nrtrogen
sul fur) 30 represen Fﬁg gn 3d%19% Qﬁ,!}‘? g‘% %9 éx& ’fe% r}/gst o%tﬁ St

nor . - hydr ogeandt d)amlpaEeenWhJ.Nbrer@relmr}e:lgknepm ei'sbmmsqﬁssce).f t he

1, 2-di car bonyl ound re s X 31 J 200

acet yl acet one, pﬁ yPgF?%&gl gv?%f’:eg Egchq'fenzr? grpdroil?sus\/afd%ﬁydoc‘sucrmg

m Xt ures thepbeﬁol%$tapbeﬁplredndsn:géwﬁ(angﬁ'hnsefbjomshmq Bskill in the

art cognl ze that _any 5 inc ete st enal.i ¢ conmpound
%e utili 288 h“?hé BP%%% T pr%%é:%%“ ;L%%ﬁgb? ei dhétiot ao@) ounds can be
repr esented bympbendioinuthe pre®ence viif ch sl Y6t sseal esetiest |ﬂ_nmanton\dﬂ ch
does not interfere vmthbthe conaden gtl an roenaé:t on oV\Ath t.he di.car bonyl and n
10 is an |nt8’g’;err1 Frorifb ?ﬁy%ll(andc pr era Iy an i ergeercaf“rb (}ltoaf en r.
is from1l topPecensbr Xsj sanddepeheeati]y sldiarot eiitdzrcoradlaisr delk@heCl2 al kyl
and substituted, C1-Cl12 al kyl the m "substitu Cl-C12
al kyl " ref erSrPbCaAy* Zh}é?f(?ffy u%% ctgln i R gta%s% VAT SN Lci’redﬁp such
as caﬁboxyl pfld!cttﬁr)soﬁ.‘m nrne r@'rbmcylalﬂqwer(tacgt ey girtoylide sabbkexy,l -cyano,
sul f onyl , g If|nyi andoeo nor e en at ons. Therraorl(t% of the
atons, ot her St FAFPAVYT oS8 Sttt TR L1612 SRR T&°& e AYBER™Swi t h
t he het er oat omns Im:enat@s(y;gﬁpaﬁéh msmememlﬁheh)olr-eiprcesenhymg only a
mnority, 33~ or less, of the total non-hydrogen atons present. Preferably,
X is select PIFHFTICTI2 al kyl, nore preferably Cl-Cq al kyl. Wen X is
Cl- C12 al kyl, thenafkyhreray ﬂeelﬁamﬂrtsorofbrfanm@dcahtchowgh geeﬁﬁéabl y, the
alky% 25 i1s branched When n is greater than g‘t ﬁr be taken
together witF°1Pe TarbdreRYOhE $0 WHYa Théy a?r é’lat Ten&d° taSlfioF‘ﬁfioﬁe cr

nore fused aromatic rings, such as naphthols, for exanple.



30 Preferred exanpl es of phenolic conpounds for 31 July 2003 - 6
preparation of she condensates of the present invention inc3lduelpBedd
o-cresol, mcresol, p-cresol, 2,3-xylenol, 2,4-xylenol, 2,5-xylenol,

-2, 6-xyl enol, 3, 4-xylenol, 3,5-xylenol, 2,3,4-trimethyl phenol,
2,3,5-trinethyl phenol, 5 3,9,5-trinethyl phenel, 1-naphthol, 2-naphthol and
such, of which the preferred are phenol, o-cresol, mcresol, p-cresol,

2, S-xylenol . 3oeeheQ)s il rpd kel BLEIMPRRN! hatk! BeaRCHOb: 800y
o-cresol being the nost preferred. The phenolic conpounds nmay be used
either singly or iThel®resgsisnatli ¢he steswetoinyengionnprheigescéss viiet he
present inventian, 1, icar L .an i oyt tacted
in a reacti onkﬁl@e%giluuctnt]qg)tn a@'%n?r??’g‘gﬁggﬁéo?‘aﬁr%%g?%f g?ggf@, ggﬁgggg&g@pof nol es
of phenolic cdampoeadetso implféaogksdeoaebonyh 26lysmbdest 1ibctesvesd0ir,
preferably from3: 1.t 1 d en re_pref bly fr 3:1 1t0.10:1. The
anount Elf’of car %Sféf‘%é %&%g)-rdr%glart éx?ﬂggeggi %pkg{é%u?g%?ergglé?‘ﬁ?mé% oyed in
t he process otatbibgyiliventidrs¢anrvaasyboxrgiia awid paagersso(songras a 20
catal ytic anmount is present. In,general. the catalyst _is added to the
reaction at a rafi %oof:aé%&&\%ﬁl R ch 839? Qé%“pf%%ﬁ?%%"r’ ?g Ergibﬁfré% of

phenol i ¢ conpoumgofinam @10811t 2-0158rbpnelecabpyuhdom thédey wr30icienen
nore preferably fro .0 0 he.pro of the prgsent jnvention
may be carri e&g(r)lﬁifa?g?gre é%%%ﬁ?gg %?/g%lércﬁﬁgﬁaﬁﬁéc?)’fe%%eenclerl‘gr esdiue%etds in a
react ién vessiekratnonehti pbrand Starboryglihi derdeaateage orrdfy mdtbnsg tiche

i ngredi ents ggﬁdual I.%ﬁ as th. rezsactié)él TE)rocaeggs }y\éni Icga séti rricp. and heati ng.
30 The reacti 6f-cBhd tFBRg 5??%?oy‘é%l P n-The pro%‘essC rﬁaﬁl WYY varied over
a wi de range. cRebokybict sokdwillegemeahebiy akepehd depans tite eachiedr
tenperature a?d other.reaction conditions. The reaction tenperature can be
control l ed sufPabl§ 3680‘?8?’%8%0 the reactivity of the 35 reactants, and
will generally range §tant60gGnde2P4l € for thel donRO t ipire frevaaltliynf r om
100 C,to 19C C al t hough tgn%e{aéyrecs out si de_ of othias rag%e are contenpl at ed
to be ®ithin #he PARgE" oF t Ret pf eSer ™ T PNEnt T BIPOUARES + S48t i%n 9F&ssur e
general |y rangesndl bm atmpsphes | and eaboutat by g3Si grned ckhenareact i on of the
phenol i c conmpound with the. 1,2-dicarb | comound _and catalyst nay be
conduct ed in fﬁgb%’f%sleﬁcaec%%(sé s%%c%a%g)é%)fclvégﬁ RS r(ﬁﬁutfesr?trs(%%l'n many
cases, the reactanhsthwe|prosent qurasess, |ave md moxg saldbdsydid tleéedreacti on
may easily proceed w t hfut t he 10readudristci>¥?gs ofarsolu\éerét% or q_i |, uent h As the
reaction proc%’éd%?rk?%”éy Je%c??%% B S f Becone Vi sCoGé taﬁé(ngg fraki ng
it nezéessary teaatibsol Tentsasoxdiliverdsid Sodlammiseorgnd dirkuesta that are
inert to the reaction may be used. Sui.taple,solvents and diluents include,
for exanple, HESR2 eut%rrl]%lcfa ebe?xrygjhlycdraoﬁludfgsrz, ?Ysé’b‘r%aﬁﬁflé‘ﬁcghc%u xyl ene,

t ol uene, cycl ohexanel andedcine prdmirstre soltetydoolgisisenThiescprebryabty
substantially_fr of .any, i nities. t i e i.s.h ,.volatiles
are all owed t%Cld‘:;E?)i I }%a h an'}r)r\}j'nst;pené’f";sieéj é%es%ﬁér ?ré%géﬁu?nﬁivggt@%g‘ﬁ éggietrléé?l y 20
applied in ordesatwratied idlimhatsiss ilmamildxy ldenmpoddd. aAft ercmahptet e

devolatilization, t.he mxture | i.S d_al 0 | . The
resulting hi g%cjfcfsuor}ae%lcn coenephoezflo%-r(ﬁogjgfcg%ﬁs)ll Sgﬁhgﬁgg%‘égcﬁgﬁ B% Wed as

i nt er nedi at esafanattire Sborhproduct inure leuepd@pmpéesnsfwhhebecahkéree used to
prepare fluorescent el ectrical |amnat.es far, printed wiring, boards.
Fl uorescent e Jo?@yc raecsllaﬁss ocrar?%bké'nﬁr éj[%rlecd afcrléjﬁ Pﬁekﬁﬁéﬁ}éy- a?%%%%‘h"y?d
condensat es yrdmaaic regritde ipledngle, 3®udi carcbopy| 1énhntedsad esmabéatned with
epi hal ohydrin.in t.he pres e, of I h.as_sodi um hydr oxi de or
the |ike. Thefud%anrelrcalaonpchocglg‘ilsdr O %ﬁﬁl}t?gﬁg%t ig%%%ﬁ;gﬁ% f%aﬁg%%gln%s to produce
epox\B @ esi ns {ADAFINV ehtfi-ahidydamd ybeoawe iion ((DHBAAr andSeel i¢pliexamypd e, TJ. S
Patent 35 No._ 2, 658, 885 he fl uarescent. epoxy.resins,of the 31 July 2003
P preseniEAATRARS GiF CAIF 56 rodaced ot BhrRas et STheNereh Trodkss or
any ot her conwest iigrdludgar,otess.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-



For éxanpl e, any epihal ohydrin may be enployed in the preparation of the
epoxy resins of the present invention 5 but epichlorohydrin31duiyp2008st
preferred epi hal ohydrin. The ratio of noles of epihal ohydrin to equivalents
of phenolic group in the phenol -di carbonyl condensate during the
glycidation reaction is typically from1L.5to 30, preferably from3 to 10.
10 As noted above, the strong base will preferably be sodi um hydroxi de

al t hough ot her_stran ses e _use Th tro ase | referably
added in an aﬁ%ﬁ%ﬁégéﬁ¥§22??4%?%é%§5eﬁﬁi&arsg?glg Pgagﬁwpé?f%gu?Egﬁﬁg? of
phenol i ¢ groupicls e medetn of gframse ofpchatiehyaté npandk choglensad® i S
usual Iy condu u relatively ml onditjons of tenperature an
pressure. Forqgﬁgﬁpﬁgﬁa% kaﬁéggéffoﬁqggﬁe 6 %%%%u%?%EF%ﬁlégtﬁﬁiﬁﬁ??{ié%féo C
at normal pressu eellepnenrdiyng ognprheesohabelictycod die phemmtediwayhonyl 20
condensate, the.reaction js conducted in the absence or presence of
convent?;onal APISHST ,ang‘ty & oy e P RePEF CAFY ‘ff% B e%”i“b 13T Wit bon
solvents and the ISuseabier 1eRagpkerbbhelr eanpoondd st eongectiad e from 50 C
to 90 Cin one or mare solvents fugh as diethyl ether, 25 toluene, xylene,
acetone, met hylF SPESLUBRFICRECOABCL BERanBIPOMWRA 2t S X EERIAY Ei% opr opanol .
The resul ting firxiiaze is then devol atilized under vacuum before being

di spensed. The resulting highly fluorescent epoxy resin can be 30
formulated into a resin systemby curing th& epoxy resin of the present
invention with either dicyandi am de (cygnogyani di ne or "DI CY") or any
phenolic curing agent or other curingRagerf.cCERP i nparting optinum

| am nating properties to epoxy conpositions (such as aliphatic 35 am nes,
aronafloc am nes, watctdsRlaahgdR? dese phensdnss or i fhengen20@3d_age_

i mdazoles and the li,ke). DICY is one preferred, curin gent in the epoxy
resin systen1BFEFHEEBrgé8ﬂE%Y%é%% ?0$9£VVRﬁ¥qﬁ ?uifdugég 28" he curing
agent, the amtetresphiayedubsciypteal ¢y-drpaikyig &6}E2@ab&§1bycgetgat per
100 parts by weight of epoxy resin, preferably 2 to 7 parts by wei ght per
100 parts by dékgnyvlef Capbxy feslerlXhbn Gaméindl iag addiyvilng aadefesCane used,
t hey preferablg have a phego[ic functionality greater than 1.75 phenol 10
groups per nofekargl @nd Bf eferd L rpVupP B phesoPsEicutrAgaBgents i s
phenob§c novohagsiprepacethyc{aacy i Atkd ianey di-oxy ephengk vaughn as.pbenol
or o-cresol or a dihydroxy phenol™ such ‘as resorcinol ox bisphenol=A with
for mal dehyde unitsid solution. 15 The Handbook of Epoxy Resins [by H Lee
and K. Neville, MGawHill, BPM/Ybr (I967%], Epoxy Resins, Chemi stry and
Technol ogy [editeBroferany vy, andt Vel a3@ kkér Seregly] dahferneki addy and
Technol ogy of s Epoxy) Resbdisri&dlin i dyerB. cELbl g, aBkacki e, Acagdeni¢1 anda20
Prof essional (1993)] contain various discussions concerning the curing of
epoxy resins @s-aeltyasoLDnpl | ald N aff eGubl PORAYLAL SR 3 Thee Chiyd Agg&gent can
al so be a m xture of the phenolic resin curing agent and a brom nated
Ehenﬁm cI 25 chlﬂéllgkﬁgﬁnlﬁaxsﬂcd’l A% 1brtwﬁ4na$]gaobi spbeaol rRA. ighe ]Plrom' nat ed

i sphenol - A wi e esent In anount effective to iIncrease ane
retardancy, gehered? %ﬁeg]rﬁﬁﬁﬁda%ﬁot“b %@lﬁﬁFFSEBQSV\e’F@my e 1A parts by
vei ght of epoxyhyesdéne Usital |y BQelct BRnEabksnhyLhei ghét Aefe B A0, g ts by
wei ght epoxy resin. Wien cuei ng aggnt%, other than DICY, are used, they
will be presetied MeFelbondtsitSt8h ismPahlahbedAt EFFeET iR 3% cure the epoxy

resin, which wditoaensyalilih e @ retiQitehivaiBhr E6neaDidta of ukktipdn 1. 25
equi val ents per 35 equl val ent of ﬁfoxy resin. In ternms of weight percent,
31 JU3 2003 9rMP IHP AR iGRFRLFHr WL OhedBrRReMYFFPHN Ehiilmt general |y

from 10 to 2ypaddyedy el By, Pefah@) Bartsnpy, i@hduofiBROXE B N,
preferably 15 to 100, nore preferabl% 15 to 75. 5 In order to pronote
faster and/ or®Y SR tERGSH FTOTSur 8 16f MERRT+BYi A ot GHetts 0P’ epoxy
resin systememih ORfd AN, CUne hgeeslcaral,or 1 1Ry e sk i M-S Walrdline

accel erators, such as ureas, tertiary am nes, im dazoles, phosphines,
quat er nary halitdeshghd eeAGtoBE dEk &l ¥ nex19eRart - 1R Wpdrfsda)des or

car bayy! at es, y diife RXAMHEL orARe KROWB ri Byt hesardy TEhes prasentd kRiaf erred
class is imdazol es such as 1-nethyl imdazole, 2-ethyl imdazole, 2-nethyl
i m dazol e, 2-ArHHARIGHATOM 8526PBL - 2UpFRTeian FISPIRFENCSGAVESy |

i i dazol e. Begayse af, 418 ch2raygh! aBnbbhyad ante PRI fiimNGe rhanagehani sti cs,
2-methyl imdazole is the prefefred accelerator. The accelerator will be
present in the conposition in an anmount effective to increase the cure rate
and/or | ower the cure tenperature of the conposition, generally in an
anount 20 fromO0.01 to 7, preferably fromO0.05 to 3 parts by wei ght per 100
parts by wei ght of epoxy resin. The epoxy resin system of the present

i nvention can optionally contain an organic solvent or diluent in an anount

Y B T v S " e Y . T S Y



ket ones, al cohols and glycol ethers, for exanple, are suitable. The chosen
solvent will generally have a boiling point |ess than 160 G317y BP€8erred
sblvents include DMF, toluene and xyl ene, al cohols such as 30

-2- met hoxyet hanol and 1-net hoxy-2-propanol and ketones such as acetone,

met hyl ethyl ketone ar.d nethyl isobutyl- ketone and sol vent m xtures of

t hese ketones with an al kyl ene glycol ether such as propyl ene glycol

Tonoet Ny &L Rer I IcRROT LR 0k 1 98kid, COMRAREPLS Aoyt he ARy composi L1 on.

can vary w dely ing updn thée anount’ of 31" Jul'y 2003 - t he ot her
constituents myeswRldehddeheri Adahdees appefeati dfoot mref%mﬂmsxm on, but
the solvent i 1%@451%0' vent-borne systemw || generally constitute from 15

to 50 wei ght percent of the total weight of the formulation. 5 In still
anot her enbodi mentTheset o prdsaaryi aheht i bh, thm@lrjhewﬂﬂoq:mcmw any

condensat es of; t e r}@poq :gg_ﬁp weuri ng
agent r%n t he retst{&r?1 gys%g% b\ﬂén%hgﬁ‘lwﬁ%l car onycf&% ondensat es of t he
present inventutddiaed ugeuhaspphemtrmrwsmg Sgaratsle Therfmyiamay be used
alone or as a h Gur ents such as DI CY.
They will al so%tbgég t%tg gé Qgé/nrgﬂé% Cga}ad:hrranfner}?nug'e forth herein
before for other phenol | c curi ng agent sQHWhen t he phenol - di car bonyl
condensates of the present 15 invention|are used as the curing agent in a
resin system they may be used in conbiaation with the epoxy resin of the
present invention or with any convent epoxy ' resin. Preferably, they
w ll be used with conventional epoxy X20 The epoxy resin conponent
of the invention can be any epoxy-functi+onal “€onpound having an average of
more than one;wi ghoah epex sielgrgugupefl@éee%ﬁlcﬁr%egrﬁgtepre drE §é“5
are diglycidyl ethers of bisphenols such as bi sphenol-A or eno
prepared by tHéthehbei Gﬁnéﬁnzétéﬁpcﬁ?wéh?@r‘r’htlw '@}Plet%egerleBbEeﬁ@qisn
carrieg out upderna t hop,cPN [ ap. e S an be
Capreeonted by Ra St rebtnr S Tornil o 00 BBGITY S PR T R
OCH~CHCH n i nOwhPcB-nWhenarnyab&Eomi  hitd 4 heeadhge b3 DH@QPQRWW| s a
direct bond otedediyal enbmhydioaar byl - @rouR 30 itk LaBLE: LOOKYG resLa, have
nol ecul ar wei ghts within. the range of om 3C0 to 3000, preferabty Zom

300 to 100G alBflJuhy 2668 hetlinTheheovemn Cialldyt avatéable-EPON Resin 828
(EPON is a trademark), a reaction product of epichlorohydrin and

bi sphenol - A havkKy’ ahepBRi He éﬁnl"g 12 %Jéfﬁghtwﬁml\ﬁ@tlm »f 187 and an

n val ye. in thgdltlggnul a above o ‘A?soassuﬂ: el preferred epoxy r SI n for use

in theinvent fBACEHRBESI FT s P& Cep S s Y 58Frf§onent

are-mul tifuncaibpnal (glgfcndy;drcetymﬂ@lof Eekbaphenghnet hamafo:aglr egp@sent ed

by the follow.ng-for Ia CH2-

OCH2CH- CH2 \ 07" bLn uchonn%l(%q_%gunc F%ﬁ%}{epoxy re |ns a?orltv\éggbl e
commer ci al | y abe EP(n&Reso rthel) Iharr tuydShegkh, Chenschssit @ derCsuliabl e resins
can be prepared the reaction of epichlorahydrin with nononucl ear di- and
tri hydroxy pheh BY¥caE%nﬁ%{Fﬂf§ S d8er BE5REPABP™MANGL phit or BHYIRF nol , 15

sel eci@d pol yauer np%mrmﬂr)om%e@eht@ngoanwnslsmau@hlags, 33% or

bi s( p- hydr oxypheny met hane and - di hydr oxybi phenyl, or aliphatic

pol yol s” such ggsa, Rhuththedital M'&V?EQBSF a‘?%se%‘%‘(?eﬁ”ém n conponent of
the epoxy respfesysdiey 20k CAS &b B&cddir| i Q@) acN3sad eRpey resins
("novol ac epoxy resins 3, whi ch are the egC|dyI et hers of the product of
reacting a pherefersth @s-@henbiyl ciddsol X resaneingl adrkyii,spihenclligl wit:
formal dehyde in acid solution. 25 Any brom nat ed epoxy resin may al so be
used. The br oM YR2d EPRAY TehTRRGIMRH R BEes egadyyly &hdy P lévRer of
;1) toef rabronpdisphemedq A or (2) a mixture of tetrabronob~sphenol A and

bi sphenol A or (3& a m xture of
hen 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



31 July 2003 - 13 tetrabronobi sphenol A and pol yhydroxy aromatic ccnpound
or (9) a nmixture of tetrabronmobisphenol A a pol yhydroxy ar 3trsluily 2008pound
and bi sphenol A. Preferably, the brom nated epoxy resin conponent has a
functionality of 5 from2 to 8 a brom ne content of from 10 to 50 percent
by wei ght, preferably 18 to 22 percent bys wei ght, and an epoxi de equi val ent
wei ght of from 330 to 1500, preferably from 330 to 575. Suitable brom nated
époxy resins e Jfeusin@n - f k€ i g t her of
10 2, 2- bi s(4ﬂhy§Jr g%%ﬁtﬁglnyf prq%paﬁggggﬁégﬁgnol%-g?& Bgegt?gttr% rgg%gl gphenol
A The bron ﬂatcédld@p@kl?npesl RS CprEPer aB9rhave. ap-avesade deBghvlpeosl,

epoxi de (4dPEk) ,q t hanc3 fepapl er-tha and nunber
aver age nol e(%ulzlar%?’%lﬂbh 9r ga’?grle?%gn %Og X %%Zir ab?yblg Jq?reater t han BOO,
and an epoxi d3e5f-umét9rlehal gt? gréawettzhhmhqnel @&eiabrymehhyhphemoge of

1.8 t@ 2. Sui gbke. rrpl,e h 4esi i nel PON Resin
1123, “EPON RE6 AT IO CEBR e 11 1P el b4 458 85 i ¢ on
to the abovewhdtbdthespnefernpedeats b@em@lus@cblteﬁtbl/j druad:tqscbh aresin
system conbinations of th oussresin g, use h. t _

phenol - di car Eo%%/ cghdghéa ey%trﬁér)l hg3 agensffe'vcf‘aJy & ;L)?egsje%mtél nveetekt‘:fjb

desired, t hepberrpbsl vidhspbéndheampd ecs-ecnxtescnlvemturcgt 2o mtal;smfmrﬂﬁ@nded
wi th ot her h r dlflers t hi ckeners,

ant i -foarrers e?ﬁ?’orgyc% Cg%g%z?ffmg rﬁa d[%Ietuas’re r‘legltore S UbBIESS i Hy ‘dhents and
conbilfat i onscbiet patiofhest it vrwea.re added in functi onal | y equival ent
anounts, e.g., t 0.1 titl whi ch provi de the
conposition Wi t hﬁt1 h‘géjp{% ?Jé%%ég ?gr&esté%eg%i%& tn eveezln‘oluon t\fly11 fadditives is
fromO to 200, beainemtbdnyyl/\eazgdttphequeici atdmpdunaima2@ tcmrﬂt(aﬁzqw denta, based
on the conbi ped wei gh he_ e resi.n a he ¢ age ach of the
nodi fiers suc‘ﬁaCtl r{‘% enetr sapqﬁlnoﬁe%gﬁgt eratst gjnd tve ﬁ% ydar%

enpl oyed 3tadid yo:20ﬁ)r§31es jlehd Imnrtcalblq dqm::&imlcdntt@ cm‘olfersomfo dlEo:at.r(boEt,yl
espegially 0.1 nt [ d.on_the 69 n t of epoxy
resi #’and cut? n%;r%tnéenteg CFReI ntl?%or\(,:fngj rrateé:al ar; r%\/\ﬁl MR - gg% 2% \ﬁng %’fed herein
i ncl ude nat ugeén amslr e yput it i ab Ify Kiercgn 3 :iln tichd 0f:ar.m of woven cl oth, nonwoven
mat, nonofil ame chopped fiber nd .the l.ike. Sui abI ;rei nf.or ci ng
material s incl u?ilte I%{%ésjtpnetcerfarﬁar OXWTSn 258y SR, CREECSY IS A% graphite
and _conbi natibmts::t&ten’ erHtalSust andpddyleldl erns tivei plnocalss bé emitlso_yed i ncl ude,
for inst ance, 10 t| norgani ¢, oxi des, i_norgani ¢ car b% ceramc

m cr ospher es, ?asltlc m crospheres, glass mcroép eres cfaay, sand, gravel
and £@nbi nata:mtmsl;t‘dner efounfhel s |p|ﬂeesresxtca|inbgeusedll,ntalemaat:alyaitt able from
0 to 100, esgceqclqal c;/tJhO tQ GQ REr Gent, %tv\%l %ht %a_eLe,gltéplgn t he_conbi ned
wei ght 15 of epoxy resin and ¢ rlng agent. resin sys?g 8f the
present i nvemtdaursare tes e lies prfepalernq;lcucatnpeuhanfmatne@ adtotding to
standard pro res |n-£cont ng salytion with a curi nt and
opt i onal accelescebratp&efr%ark% $Re valrlnlgshB b 7 20V Fani"RaF Hﬁeggﬁﬁggyu on. In
the initial Stagd.dr2 G:comﬁ)o$2|0t es preparation, generally one or nore

sub ates, gla ‘e carbo al yet yI
pol ;‘fog pheny! enet-érepHthal ;ka hzeﬁor sy%tb ei;(g"‘ly S BT DT B,
pol y( p- phen)dtenelfmiz(ﬁ)aasrtmleazdj_\,e)gldmntm altiapte'r Wre threg2diekes it esi al , in
chopped, mat_or_woven for Is dnpr at the varni sh or. a nolten
resin system temcnor?’ﬁeosssletnﬂe |s°tnnent%gn>%p§§gjd\@ttlt} lrrpaer It]ireeq%u%tfli%q ent to
evapor at e arby salddery tmeeaew.vea:hcérpmtgmddqaldw @ sMttHeoute g iadri on
(generally 40 C to 20 preferably 3 C to 190 C) or exposed to IR
radl ation tc?rpoaretl retvtnrtrhl&?t h[ % process known as
" B- St0agi ng" The‘h(eoms:lttl@n S:Gsmhjtecomed etrr@ltotyedBlst agjeng;rtdceﬁtsnErtHyfor a
tinme suffici ant éo |rrpart t he desir.e de ree % nerally 10 seconds
to 8 ninut eflSPh&S &TIHEhS Frodudt 2 95enéraq ﬁ‘t”ef as a
prepreg. Theydnamandtye defpencBltpbml }th%OQ@:a—ct]l@"t ftehfpeoaattexiemarsubjtﬂcaﬂ ng a
set of |ayered grepre S .condi ns efftectl\ée to cyre the resin and to
integrate t €3Frepred®n Oé’sl a natr&?‘: H&8t - STRE A% iTat?E " cg’r? optional ly
contain one dmrntmrl&elﬂa)senSa@f‘ ycemkmtdlm@ S omaher Ir@lacthaﬁ] tiatdfngheondi ti ons
gen§1r5ally |ncludeat|me nute to_ 4 hours erablyﬁ%mnutes to
nut es, “&3CEAPECat GP@ &f‘fG@eﬁetrB %2'5 r@ngfr 51‘8 76°C 260 C and
a pressure of 3.45 bar to 55.16 bar (50 to 800 psi). The | am nat e can
optionally be "post 10 cured" by heating at a tenperature of 140 Cto 225 C
at anbi ent pressure for 1 to 29 hours to inprove thermal properties,
preferably at a tenperature of 170 Cto 200 C for 1 to 6 hours. The
foll owi ng exanples are included to illustrate the |5 present invention. It
|s under stood that the exarrpl es are enbodl ment s onI y and are gl ven for the

o a L, L 1



31 July 2003 - In nunber of ours specified Table 1 Then the controller _
setpoint ws =a:.sed to 190 ~ m_ =c was not a' _ready at thi¥ gaiyw2003 a~: d

the s :ste:n was i-:eated to i90 Cwith volati.es d stilii.”. g at
-at"~ospreri: pressure. After the 5 react~.on m-:fture reached 190 , .,
vac: ~Lm was anol i ed. Excess phenol was & '7.Fowed to d~sti_i under vacuum at

190 C. After dis~illatio~ appeared to be conplete, the TPE prodLct was

-al =owed to stgpdr¥eapappPre¥mmabel ¥clsoningt es \A/iltthxo%fg&ﬂ b eita t13@ sC at
full punp vacuum 1C (pressure bel ow approxi mately 1 Pa) in order to

conpl ete the QBV&LAEI PLzEPIENT2TAE ABPL ERVREFPYEICES % PRE “HitdductPRas t hey
poLred out of rshgeFb@SEhbnbeeaeﬁke%veauonal rawed e 3l diraks Heoken up
and wei ghed. Gardner color of the TPE was determned nsLal” y as a 5~

soyut ~o: ~ ~n BSBRFeHYY I8NEPEOREPT ELMaEPESEEc~Ee gPoufte IPPEPRAY -det er mi ned
in tetsahydrof urafnd TEQa )t $68hULZ0PhAt pReRoNM-OLbAPLAG s Wkl £akI ON at 441
nm against a corTOn standard assigned an arbitrary VdiLe of 1.00. For sone
lots of the TPEZ-@hearlTPEYSafprROp1d02pfafiBfa2pshaladi §sorpaduriied alxture
of 337 grans €H€ﬁ€£8£99¥9r591aB@@nZe959”§oh§99£QPME_thEQHEbu §§-§gn9faﬂs
water, 19.51 gra Isoprcpyl glycidyl ether and 2.89 grans 9l ycidol.
Subsequent | y, C&98s griein® veagbanpglebhls RO Seldsi on. leer @edddad to th=s

m xtu-e, wt!z Lrring, c i e . { ol i p 65-70 C,
Start stirring orek e oRe reREeh Cpay g oLl PEOLRArkERATy fhe "5s ot
NaOH &éRarge, additiom ofirsaiesnts ppy dibueTtso hfabhe chargéonstir 8
mer . utes. 30 o T-Nax.%g : St il TIEAD: Serd S oS0,
all ow br_"e l§€§é€%§%eﬁ e, r‘gﬁ%{sfgelﬁ)%\%#%ﬁ%yI%‘\a/céé&_gA‘.’lgéfgg% {g‘%g%}/t

st~ =r~;, g armklify el R-neteheHy chargy@d solventy or dilpests.35oNdNBs. 3s
e’ "laCE Chaéﬂf’d§%ﬁéﬁt§ that AL ESinert 3do Jthy 2003+ 104 Tna fdde 1054 J0 Of
NaOH charge, stir 27 mnutes. Stop stirring, allow brine layer to settle,
renove | oner Pritablayeelveptsmrrd G leents si¢kpdag &a8 exiemsBla®0 of NaCH 5
charges stir {2, mutes. LS EL O, & 4 ,Ne t e, renove
Iowerf%ri ne I%%%%P'SSE%)P%§§ ar% st rri%hgél% a%%@%\l?%% gbf?%é char ge,
stir 12 m nutesludte Steycseherdnr, and [Gve blikr. |Byersebvert toe, didmve

| ower brine | ny 1155 23S S .dioes with half
its weight ofiasy treerf%!ﬁakg{)ggéruzgso r enﬁav%ﬁfn%{%é;n%/% sd tisr%llﬁ?l%/viaés@t hen heat ed
to 155 C to distiAd tiee epixhioy oy ddatethd wilverl Wt aa¥¢ exl lawedh Sacuum
being appl i edy afitar the ﬂrﬁﬁﬂﬁi@%f@éﬁf@ﬂ RREAIR B4 OMhedidWleralny

devol atilization, after visible distillation had ceased, was Carried ‘ou~
for approxi mearshiers im mardar o H5E Lt $149S pRHEVRELURREsElr e bel ow
appr oxi mat el y, Q0. Rajny, 20 Thee vl 48N 8RN eSiHE YRSk diian powed Hilfe pf the
flask into a steel can, allowed to solidify, broken up and wei ghed. Gardner
col or of the anebiat M diet®rdfitied visual |y by conparing to Gardner
standards as a 5Gy30lyd\0n iy TRIN £ 181dBds deelcenen fldiarasGancs af the
epoxy 25 resin was determned as for the TPE. From Table 1, it can be seen
t hat the TP~ qensensFdes el e Weae afade)tares igdiafy fdte iheventi on aci ds
as c 'ystsi%% ld Fcp%?' derably JHigheTca dd UiReaen a7 that
rradea%%i ng the cé%t%po acfiy s as 30 catal yslts. Wi l'e the TPE %&ggéusi ng
formc acid atluRGsCerds aleatnicad Hiagh nates Jore fueimde he O ITPE nade

usi ng mal e’ _quaa“ric@.at the sanme tenperature, the formc acid process gave a
trenendously Tower yield of TPE (I1o of charge versus 220) at the sanme 120
C reaction t enperfdtugre SIBéy &R BWOdGH 1iFe CRInbEr Potereasidy dlrem $hef aci d
catalyst 31,1l 2003 rrokf1 Usedieras disOhe « (ERe G ARy phlhgh -of the TPE

pr oduced
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 1s conventional and

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

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



with formc acid was al so higher. The succinic acid process |ikew se gave a
| ow TPE yi el d and hi gh Gardner color. The high fl uorescence3biduind0dPE
prepared by the 5 invention process was largely carried over into the epoxy
Tesin prepared fromthe TPE. 31 July 2003 t9 v H
00U~1b----u70\W' ~~r.-~lIri R d 00-Of " 7Cf ~~1B~I-Dr ~O ~H~l ~~00o~. -, NONO Or-1' r OO
r-1&smr~N--Qe.-alU -tf7r UNON 7MONM-O~o0a~0~0~r ~r, - ~n70CM 0, - ~r ~ni - 1~. - 1V~DO
OvN- 1~ UN~~ ' Oprekeu@CuaﬁeGr% @l BN r o6l dBD E 10ROt H N eherad, - =i 10
r~annoo, .i.~~~0.-,--0r-,0 -i O~' -a" UU~700NI " 7ONNW. - | - r ~OADO~r N\r GOp. -i t ~M Or
_i Ne- 1~ONv' ~DENCEESE, §Xa R0 Y- OLfFaNFPnVant Loqal; RyeEsAD f 7| 0ON-QOr INI ~01 DO
NMD100. -irl.-i(~ @orl¥ka Goud iHa@bﬁWdﬁ@'“ﬂar1§@'€%pQU@8613n'tQ@
-~--f~ON Ol Ori NOLr | DCDJrEAEq@IQOWSUR ~~V~~0~"MDN~ -YI ~O -1 NUo. -1i --C]\IU~--CDt
f~f" 1ONl D- - t | PZePRIRERPP~ICFOETE. SBoRy Fesinsget u?lﬁopmesueﬁtl énpenedonit | ~N
Dri”-" @r-l NAT byt- eplchuldtr@@\%&momtsnrt@mr h@@ltom%%w%ﬁra@ah%rlncl G nN

MNNVOr - 1" -' O~-NO, i b~~ad. -1 O-W d~~0O - 1NX
- - ~N7- C>~S Fh€F§aﬁﬁf of moles of epihalohydrin to egquivalents cf

-i ~UNO tn'ta+phenon§ag96§bt$n @h@Ngﬁénanalca¥B@§&Qrcbna@nsEHe @@¥Tng~ac-a

, aa~u~r.a~~~, ala~~"s~. ~. ~nmp, ~~0~+~0S- ~~ ~iClr--Irtl-~
"t - ~r 0~NNOar Gbﬁd@w‘:;@batwnorgep@&pa i§~t\)’8walé5af\’7°m lagake. 30, -~ ~ra~
V.-, >, avm+~~ag~gyega}5§§v@ygmog to~1h... ~VV ..~OW .~ ro V\N\E ~~C~ - ctTE~V\(~
(xul E-~ E- 31 July 2003 20'DOUN ~1 .

0ouUONSIOCOUl f ~al! Aﬁrnofed ebovansth@esmrpngmmwliwmramycb@ -1 Nrl NN
'rlVcadocv%f730&5&%n%ydroxmaevglﬁﬁéggﬁ oTRYE~WEEEH Y ase 5 FAVSpbe used.

| Esaru~~~. ,
-O-' O~ NfaH” Tﬂerstﬁmgﬁéﬁe kB8spEgiesabhp~addgd~ig-anaamount ~from -1y o

31 Juty 2003 £521 5(dquMpbkebhes e@tﬁegbcpéedeaymné&t agt dsn¥ks £ @dded as
the correspondi ng anhydrides. (2) = acetyl enedi carboxylic acid; DHBA =

2, 6-di hydr oxy®ede¥®i c acid. 5 259.3 Reactl on conducted in a stainless steel

autoci gve under apiOULOOLS: PHLESBUESe] Qp%&'%h%@rﬁﬁeﬁncﬁ h@oﬂ@éﬁ%ééé‘ lf@rm c
acid in the reaction mxture at the reaction tenperature. Exanple 10

Rel ati onshi p be¥akkn cardnekedordfeangetptibyesydhrted feRnN&hokgny eaf n made

from TPE made, &y@fa@ﬁé eé'ﬁ&t?féégul:@n 999%&&&9&)/“»&% r@éaeé&fo@ceéﬂh (from
mal efi ¢ anhydri versus oxalic acid (control) A 4-neck 1-liter

r ound- bot t omeldle FerRdustadkahasras 2gui pped B30 nC Exarmenal P LHged with
phenol 900 aguisons: gl Yoxal nand TBLET | ¢ BAMYAL | Sike 001 ALd G AR 8 TN the

guantities shown in ble 2. The tenperature controller was set”" to 190 C
(or other tenperdangateas t's%memtmneszqowtt% freddis aPsanaurE was

heated with 20, sidddd NG MOh@LAL ESHAET S Ablowede {1.di Sidddnats,at nospheric
pressure as the reaction m xture was heated. ‘After the tenperature reached

t he set poi nt,25eMafEc kapta hiPhael & b b P2 Foen tHel Valiserarst Hsurist kepeci fi ed
in Table 2. THeN IN80aNt rold efe SEL A N s Washddiaasl 40 4% Gdidc ido 25 was

not already at this poi nt) and the systemwas allowed to heat to 190 C with
vol atiies distq11G rig: Aanatedspres i zobrassuraichnfaedigidlestthiedn nmi xture

reached 190 G, MamimWase app!d&d &, the nE Iy Qdushs el ior ked up and
characterized as in Exanple 1. They were tHen made i'nto 30 epoxy resins by

the same pr oc%fdlﬁf‘@luséfﬂiﬁehr ExanpIRe dl adnidy t Hes GpeRpcdsi Adiengregulting
characteri zed,sigy,larly. tlﬁéﬁﬁ”&%} o 1B € IS bl v B fia @Uibe 11y AS

showy. in Figure 1, for e control resins produced from TPE made W th
oxal i ¢ acid ahcpertsed nvention

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,



31 July 2003 - 22 ' resins nmade from TPE made with nalefic ac=d, the
points tend to fall along a curve :.n a plot of fluorescenc® Jalhys280&ar dner
col or. However, fluorescence increased with increasing Gardner color at a
much faster rate 5 (steeper curve) for the resins nade from TPE made with
mal efic acid than for the resins nmade from ™E nmade with oxalic acid. The
only exception to this relationship was a point representing resin from TPE
made Wi th a vamy daow Wty ofndral jefd)c, acid, which fell roughly on the
oxalic 10 curve. Increasing fluorescence wthout excessive inc=ease in
Gardner color is RI§H v A& dp1ef daifrkriialndy 29888 atbde thRe epPEYUEESSR of
excessivel y daiktehedf iaad d.amEdpt a5 UdHdes).r @l Ry peest 9RENSLCAR Bie

avoi ded. Figuré 1 shows the superiority of the invention process 15 for

i ncreasi ng f| GoFé8FeiEedrert ih&MNGr ARl Avéchas. §ies caflyf Sroaxdnpsice,
sinpl ysl overing phetatd o ofi phenelr 1o lkexal piynERgnIPEFPEREESS Whil e

usi ng the sane o%al iC ac%)d clat al G%tr. 3PéJuI y ¥0‘63 5 23 Tagl e§’§a

Experi nent 123r985iTrErgedsaadtlivor: A d PaTalsySy weight per 100 parts by
usedMal ef i cMal,gf LgMaled efj chaligfic(1l)Acid or

anhydr i de, 5. 365198555 9%0. 3)534. 329 (eq

aci d) (0. 109) (0. 93%heo. £BENEA1437PEONT) PAENGE, age used, they preferably

(nol es) 569. 65 564 .,6269,645 616866 (8)E4-8)4 .
aqueou5116.08§%g.§0 1?% 8%%1% jOEéu?gS 7Bgl*yo£/ag, ag 240fan 1.75 phenol
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35 composition can vary widely depending upon the amount of
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OH

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.
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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 egquivalent 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 O

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
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20 was dissolved in a mixture of 337 grams epichlorohydrin,

168.7 grams isopropyl alcchcl, 56.87 grams water,
14.51 grams isopropyl glycidvl ether and 2.89 grams glycidol.
Subseguently, 195 grams of 20% agreous NaQOH solution were
added to this mixture, with stirring, according to the
25 following program:
At 65-70 °C, start stirring and add 12.4% of NaOH
c¢harge, stir 8 minutes.
Add PER €% of NaOKE charge, stir 8 minutes.
Add 16.7% of NaQOE charge, s:ir § minutas.
30 Add 18.3% o l

th

NaOH chazrge, st
Stop stirring, allow brine layer to settle, remove
lower kraine laver.

Ar 63-73 °C, szart storring and add 6.2% of NaOQH
charge, stzr 9 mirutes.

35 Add 8.3% ¢f NalE charge, szir 9 Tinutes.
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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
flucrescence 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
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to heat to 190 °C with volatiles distilling at atmospheric

o

Ro R0 Ro Ro Ro Ro

]
1
]
]
]
]
]
]
1

o

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 TPZ made with oxalic acid and the invention
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in Gardner color is highly desirable commercially,

because the production of excessively dark electrical

laminates (undesired by customers) can be avoided.

Figure 1 shows the superioraty of the invention process
15 for increasing fluorescence over the prior art techniques

of, for example, simply lowering the ratio of phencl to

glyoxal in the TPE process while using the same oxalic

acid catalyst.
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Experiment

5

8

10

11

TPE

preparation:

Reaction
Lemperature

setpoint. °C

120

120

120

120

120

120

Time at
setpoint,

hours

6.5

TPE product,
g (% of

charge)

150.8
(14.7)

286.6
(21.1)

182.72
(25.8)

313.87
(38.2)

312.53
(38.1)

254.74
(31.5)

Gardner color
{5% in IPA)

10

11.5

12.5

18

18

Epoxy resin

preparation:

WPE (grams/eg
of epoxide

group)

203.2

205.9

208.9

222.1

221.4

210

Gardner color
(5% in methyl
ethyl ketone)

11

12.5

14

15.5

Fluorescence,
arbitrary

units

0.99

1.52

Absorptivity,
L/g-cm,
441 nm,

soln

THF

0.108

0.176

0.226

0.464

0.413

Absorptivity,
L/g~-cm,
365 nm,

soln

THF

.48
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Example 3
Relationship of reaction conditions to yield, Gardner

color and fluorescence for TPE made with maleic acid (from

maleic anhydride)

5 A 4-neck l-liter round bottomed glass flask was
equipped as in Example 1 and charged with 451.68 grams of
phenol, 185.73 grams cf 40% aqueous glyoxal, and maleic
anhydride in the gquantities shown in Table 3. The
temperature controller was set to 190 °C (or other

10 temperature as shown in Table 3) 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 reached the setpoint,
it was kept at the setpoint for the number of hours

15 specified in Table 3. Vacuum was then applied to distill
excess phenol and the TPE products were worked up and
characterized as in Example 1. Data are shown in Table 3.
“Yield” in Table 3 is the weight of the TPE product as a
percentage of the weight of the total reactor charge.

20 “Coleor” is Gardner color as in Example 1; fluorescence
was determined as in Example 1.

As shown in Table 3, at a constant 190 °C reaction
dwell time (before phenol vacuum distillation) of two
hours, TPE fluorescence first increased with increasing

25 maleic anhydride level in the charge to a peak at
approximately 3.85% of charge. Fluorescence then
decreased with further increases in maleic anhydride

level in the charge. At a maleic anhydride level of 5.11

o

of the charge, fluorescence dropped sharply (in two

30 experiments) as the 180 °C reaction dwell time was
lengthened from zero to one hour. Fluorescence then
increased dramatically as the 190 °C reaction dwell t:ime
was further increased to 2 hours. Extending the 130 °C
reaction dwell time further to 5 hours caused little

35 change in fluorescence at a maleic anhydride charge level
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of 2.62 wexzght percent and caused a moderate decrease in
fluorescence at higher maleic anhydride charge levels. At
a maleic anhydride charge level of 5.11%, reducing the
2-hour initial hold temperature from 190 °C to 175 °C

5 also caused fluorescence to drop moderately. The

variations in charge and reaction conditions shown in
Table 3 apparently had only modest effects on yield and

generally had very little effect on Gardner color.
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Example 4

Preparaticn of laminates using high-fluorescence TPE and

fluorescence determination of laminates

Solutions of some of the TPE products of Examples 1
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
commercially obtained from a vendor), was also used.
These were combined with a solution of 80 parts of EPON
Resin 1124 (a brominated epoxy resin containing tetra-
bromobisphencl 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,
dicy) in 92.31 parts of 2-methoxyethanol and 10 parts of
2-methylimidazole in %0 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
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
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 °cC/
minute, and then held at 38 °C for 5 minutes. The cured
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

laminate prepared with standard-fluorescence EPON
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Resin 1031, although much 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 regquired 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 96.0 l97.5
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 varnish 150 165 210 190
gel time, sec.
171 °C prepreg 80 81 120 135
gel time, sec.
B-staging time, S 4 5 5
163 °C, min.
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’ Table 4 (cont’d)
Fluorescent EPON Resin TPE TPE TPE
component 1031
(commercial
control)

Processing:
Flow, 177 °C Similar Similar|Similar({Similar
press cure
Cured properties:
Fluorescence 1.0 0.88 1.0 1.0
index (1)
Color Yellow Darkest| Darker Dark
Tg, °C. (DSC) 136 131 132 131

(1) Fluorescence was determined in tetrahydrofuran (THF)
sclution for the EPON Resin 1031 or TPE, and directly
as the solid for the cured laminate, at 550 nm
following excitation at 441 nm, against a common

5 standard assigned an arbitrary value of 1.00.
(2) All components were mixed as solutions in various

solvents as described in the text of the example.
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carboxylic ac1ds a*e selected from unsaturated
dicarboxylic acids and aromatic acids containing hydroxyl
groups on the aromatic ring, and that the acid catalyst
10 is present at a ratio of eguivalents cof acid to moles of
phenolic ccmpound, in the range of frem 0.001 to 0.50.
2. The process of claim 1 wherein the one or more
carboxylic acid(s) are selected from maleic, fumaric,
acetylenedicarboxylic, 2,6-dihydroxybenzoic, salicylic
15 acids, and maleic anhydride, citraconic anhydride and
chloromaleic anhydride.
3. The process of claim 1 wherein the dicarbonyl

compounds are represented by the formula:

li il

R'-C-R%C-R?
in which Rl and R3 are the same or different and are
20 selected from hydrogen and unsubstituted and non-

~

interfering substituted C1-Cpq alkyi, Cg-Cp

CD

aryl, Cz-Cy2
alkenyl, C3-Cjpg cycleoalkyl, Cg-Cpp aralkyl, and Cg-Cag
alkaryl and R2 is a direct bond, unsubstituted and
non-interfering C1-C-p alkylicdene, c¢cr one to five vinylene

units.
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10 carboxyllc ac1d(s) or aromatlc acids containing hydroxyl
' groups on the aromatic ring or one or more carboxylic
acid precursor(s}.
6. An epoxy resin composition comprising the reaction
product of epihalohydrin and the phenolic-dicarbonyl
15 condensate of claim 5 in the presence of a strong base.
7. A curable epoxy resin system comprising the epoxy
resin composition of claim 6 and a curing agent.
8. The curable epoxy resin system of claim 7 wherein the
curing agent is selected from dicyandiamide and phenolic
20 curing agents.
9. A curable laminating composition comprising the epoxy
resin composition of claim 6 and a curing agent.
10. A curable laminating composition comprising one or
more epoxy resins and a curing agent comprising the
25 phenol—aicarbonyl condensate of claim 3.

11. A laminate comprising one or more substrates and the
curable laminating composition of claim 9.
12. A laminate comprising one or more substrates and the

curable laminating composition cf claim 10.



