1 e3e69300145N 96979~ a avw nam PHENOL- NOVOLACS W TH | MPROVED OPTI CAL

PROPERTI ES This invention relates to phengyjp S condensat esq PR 2003
gl yci dyl ated derivatives thereof, conposimmuﬁmm mww Jking t he condensat es
and their glycidylated derivatives, as well qg merhods for manufacture of
the Of oregoing. 10 In the nethods for making W&Condensates of this

i nvention, a nolar excess of phenol is reacted with glyoxal at a
tenperature of about 80 Cto 100 C using an acid catal yst which can be
renoved fromthe reaction mxture by distillation at a tenperature bel ow
that of about 170 RHENGL-HGVPLAES | GHTH sTERRRVER o BYCHRKEHOF BRRE ERUoUS or
at least two additions of glyoxal to a phenol wherein the total nolar ratio
for all additions_of glgoxal.to Eh$n0| is about 0,15 io 0.22. Water in the
reaction mxture T3+201PERBY&AN AELBRBAL 5P| PRBYOYISTFIYR¥RONn during the
reaction. sLessnddagaabsyt g708ialy1thedt akal vgtyoual tharbefr, eachpdsntibnkhe
phenol is adged go t he gﬁactiog nix%ure a% %Bé.one ting. A%sa, | ess t han
about 70% of CYREXtBLEF Al GehVHECURPFES 28N o BE 1 EuBpYFEEY L8 FHe reacti on

m xt ure togedéeivatilieanyakewahé uaist sethndedforn mheufeattirenoér ehpr esent
in the react%gge§;§£ re at any one tine. Each glyoxal nolecule contains two
al dehyde uni ts. mag'for neasuring the al dehyde units together with any
ketone units formed is by 30 determ ning al dehyde equivalents, as |ater

def i ned. ;e al delydengUib el S abienbeatk! ABnllbhtHEesabe HRiQLal ned at
| ess than about 700 of the al ehyge equivalents in the total quantity of
gl yoxal to béP¥REFEeH t 8 MRdareSXCLER RLXPHEBCLorSnERRRGCENY1EBNENSHRLoN

|olr3 oduct8 SOThfeaeﬁaalt}éﬁbﬁ%gtiu&er @@;é%@ukr @@Ptdlf'gtd% eagtd @dﬁi?ﬁguraﬁu wham ?t | east
about of the_al dehyde_equival ents or al de units_i.n the tota

Guanti cy of GRUGHIET SHBEN AABE EoTEHES, S0 o TeattdORpRIFETS S bY
.mxture for makicdglaheonorders alenpe ratadec behawe theacbéd abBamovualo®of . t he
cat al yst so elimnates all or a portion of the water in the reaction

m xture. ter about 850 of the said al dehyde equival ents have reacted and
prior to renoval Fhef reketdataliyss tconiductieds dyc asés ngheca tiinuchisocac etti ¢

acid is the taky fif:i cie ihY +@f & %%g rd ks added to
the reacti onq%i %t ur%gmt %d?éll}tlroasl z%tg %%?%%ngbggl i berat gglgga%%ﬁg% the

tri chl or oacefte&adc M@l aaf eyt i fisralaldf add tdana Wit glvieeale &&t PHenalxtidr e

is heated at adpouemenat W ol 0f WadBraleuicnk/ ¥ dtd o?0ikthae akout 0. 25
hours to 3 hours. Also, after renoval of the catalyst,, any remainin

unr eact ed? Ph&FICVES AT eRentaldy Y Sehfdidd il A Perurtde FaE
used for renoval of the catalyst. 15 BACKGROUND AND PRI OR ART Pol yphenol s,

such as pol yphenol.s prepared.framthe en i_on _gf oxal ,an r
excess of phenol iLr?sPshe p"’lrnesaéanocugC o%&ar?cfgc%?lf }quﬁqy_gi,y%a?\id)%ﬁot iq I %faalar?gtcﬁe
same 20 nmanneétitds tWehabgruly plemsidedarid gdre inraction mixngp @t mgry one

epoxi di zed pcﬂim@leﬁfﬂéow CHL P FR SO NGB AlRHYRNhits

applications as we as adhesives an am nates I n the production of

printed cPPcthid Ro&HPlied e e yisrHol SHike iYREHthoh With ahical Iy
contai n fromahaide 11t atied%NPItHda-dRIt AR enad orafseatthane. tndhen t he

phenol is phenol itself, the tetraphenol is tetrakis(p-hydroxyphenyl)
et hane whi ch TS FEPET YRy 1% e 9$W$DJ%#%tégx%ggiiQ§$ﬁﬁ{kﬁcts of
t he phenol 3CGwitkoixed twacdlidehpde unXtar ey wayli fodusdagpotypheriod s such as
TPE as wel | GoNPONe, f ' fi tion
by conventi o?l%&%tte&&enj quesé.'1 %%%Eﬁﬁ]?ar%r\gga{hgﬁ( %Ee%(r?%g#ein%ﬁe%e aenée)sl,égé h as
TPE in t héOphistatrmlyoxal a bdehiedes sequiv pratet s3s clatere dplemned. 35Meduced
to essential |y g dYe Rl POASHYE! | kﬁlﬁ%%&{bﬁf&] afi i x Wit h Otk e SRCT {4 LR Of
desirabl e optical ‘properties provided by this invention, Illustratively,
use of 1 0 &R ePPIthan about 70% of fhe aldehyde equivalents in the

total quantity of glyoxal to be charged to the reaction

mixture for making the condensation product. The catalyst

35 is removed from the reaction mixture when at least about
85% of the aldehyde equivalents or aldehyde units in the

total quantity of glyoxal to be charged to the reaction
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3 solvents such as al cohol -aromati c hydrocarbon m xtures and water m scible
ket one-water mixtures are effective in this regard. 5 The conpositi dnd ABR 2003
this invention are particularly useful when automatic optical inspection
(AQ) is used for quality control of |am nates. The pol yphenols of this
invention alone, or in blends with phenol2c novol acs, or after epoxidation
of the polyphenols, are useful for AO 10 as are adducts wth epoxy resins

and adduct s mifxtepoexifth 1z etk jpiven ot he - gbryderad a teiord gnsed wst viid e phenotéd.

novol acs. T i s tvypicall rfor measurin fluorescence at
wavel engt hsrhleerﬁ hael roa"'lng%&%?caa%%ﬁf ES#E%%H}P&%? 3gl]t %b%ﬁo%%borﬁn?f
particul arl ychat watexcin dthonremvel emgtintofrds ahbt&r 4a4120mtn8a%1d¢f)rthe

ul traviol et S  t to
365 nm App|sl( %tékﬁ}{%%nﬁda sefe prg%\é%\?s/eeécon ti on {ogetﬁgoyémc?ﬁgl
nmonomer s én@%eﬁh%?ﬁ*@%&ﬁ?st%ﬂfWO%t@&W%gﬂm@r®othh@I@a%ﬁl@pmi@| zed
derivatives £§“¥K¥ﬁc 1nge Wa @QéPfPéféﬁt £%1E¥U8fe§068§beHé€Qr él

substantial Iy higher than phenol - gl yoxal condensat es prepared by ot
met hods wi t hi$h & %%I%rh%tﬁ%a%%h‘éﬁ‘ artytsedte o‘Fe‘NéFahh%ﬂel t§CEohe r}é‘P

Phot oi mageab] snded€sd aby eHe thsg@lhwraéc@@m URE d onm:éb t&esea LopEleppat es.
H gh UV absorbance is desirable, for the nanufﬁﬁégﬁe of %n¥nates used in

el ectroni c appritit F onsP8uERIGEI AR gRLHENESR t 35 fdyRF ATRET RFNES t
boards. Advant afpesm oibdtit S178Venticondoictuder &Bpupr epasahbars3@o0f an

i tratton’ QIONGLrAFTSar KGROGHH-JRTBF GBeh no SEapeSEnchal nt FERORPY of

phenol is siwpfe¢dceedapdetbt asawedl ysertes Lacremeeddlatthose cases
where the c t r e t o] ration
of poIypheng$éﬁgéia£§fggsa?ﬁg&e%%é?d?%%% g%?lgg%?%%% ?ﬁe&géféaﬁ ﬁggxhlbl

- i nproved optical properties, e.g., high fluorescence and/or UV absorbance
in 1 01APR 2D03 4 the mavele@g@ﬁ@Ry§§§ iop Aorangr(c) preparation of
pol yphenols with increased solubility in organic solvents. The prior art

di scl oses many nethods for nmaking 5 pol yphenol s and epoxi di zed derivatives
thereof. But the pbnpphaﬁbldoesuaﬁtaQSpoupghéﬁamgnptéparea FPORNMERE,
reaction conditions

t f tai nin
ot able. pr SREREREaEOPrl Ae By Shbts S0F  EnPeLRR,SHEESR OF BRERPRG L, K art
does not dlspresenphenﬁlamoaghﬁoxata&gﬂuenfanésuha&uhg fihetdesksrabl e
tical |
hove the 3o ahhes d5 cfhSr. BYEDEhARo1ES aRCHAREl ELThr 0o b0, HORLAR HET T
shal | refer €BOKh 1pﬁén9plgp9§m118r yaet:hoﬁapr bauéﬁeér 6aﬁc§9a1§yngﬁeaﬁ€t hod

of this Inveaabeerwhgeebg i@%gtggﬂgeﬁéa&@1QOBEabB§eE§%%stBﬁ@ $%ndhates
unt eact ed phenol, pref erag ess than 3% of unreactegﬁpheno and

partlcuIarIylPe§§etﬁﬁﬁdT°§%98fOfopﬁﬁpééétgarﬁﬁéﬁop°af al dehyde

equi valents” is a nmethod for nmeasuring al dehyde units and shall refer to

al dehyde and any ket one ts b [ e [ m xt ure
or in théﬁglyoxal%%ﬁapgeg anngbe@cﬂgﬁse n&%éggggag&}gd ?ﬁgﬁéqgélow 25
descri bed nepnoéalSu@homea®@m@néﬁt$0aﬁbog§néPabEyth@p@ﬁﬁé@Fhﬁnpéﬁc@ﬁt of

al dehyde equisaleBls iheaced IharPall $aBHght g 2l delay deceqpinealant s
charged or to be charged t he reaction m xture. i f measurenents of
al dehyde eqU|l\$art@ﬁF§1<|lr$ (&-ﬁsmr@wp@fewﬁé §harsl thsespﬁéﬁ& refgrged show

X al dehyde el vl @piss metnr&aﬁlurtelrée&te%c&fﬂoexr r%@@ifdt%n igF tdMe Rereidion
m xture | ater shOM/aIdehyde equi val.ents of 1/ t he the al.dehyde

equi val entS Y& L &8GR i FUF@X5P§e§OW EPIWHQPaéh§P PhepPLish §UHKe
reaction, sor® KEEORE GelUpS:sTREhdrsS @oifpdienftar mr\m:fch:aaf e:ei ncl uded in

Teasuring of chiReandande Sauioal el A Y sonsid ARl he
Thus, the level of tetraphenol ethanes, such as TPE in the
phenol-glyoxal condensation products, can be greatly

35 reduced to essentially zero by methods well known in the
art without sacrifice of desirable optical properties

provided by this invention. Illustratively, use of



1 0 APR 2003 5 The nethod for determ ning al dehyde equivalents is by taking
1.0 gramof reaction mxture and diluting it with 50 m of methangl]. APRH&0IpH
is then adjusted to 3.5 with dilute sodi um hydroxide. There is then added,
to the pH adjusted 5 sanple, 25 ml of 10% hydroxyl am ne hydrochl oride with
stirring. The sanple is stirred for 10 m gutes and then the sanple is back
titrated with 0.25 Normal (N) sodi um hydroxide to pH of 3.5. The nunber of

mlliliters ddWedntd heudh ti@)aﬁoﬁcﬁ@-%éﬁ&%@@d&&ﬂ Ui eursehdp back
10 titrate the sa Ie 1.0 ad{)H of 5 is used to cal culate the al dehyde

equi val ent s.% O %ﬁﬁ’Pﬁld’?%‘k%é“’S’bWﬁ%%r?l’l% et in t&m%st ed
by correcti rtgeqamdjtratl on with sodi um hydroxi de for the methanol and

hydr oxyl am ne hydrochl ori de reagents used in the test and this is 15
referred to as the m's blank. The al dehyde equival ents for the sanple are
t hen det eBm ned bm'le heohpds owi angs fof niihbs {vénhtioresaxke At i¢utesr Xy s

sodi um hydr s, of di.u oxi de |
titrating t ﬁie% ‘%ﬁ&fh %Ql%&%t%%%f bjyn% ‘&fon %HP l? W&t o%r ed
to the al de@l@t@leﬁnlv@m‘ems @btharmeniabgﬂ H&@mnﬂa(pmrhmbls amﬁ troxsrul a based

on one gram e j xal in
t he wei ght rgél%%?é‘r@ éloxa “to Jﬁeno ﬁ%%d%égﬁ rf’é )E‘gt ti rre or’ t 12 tinme
in question @ﬁt%Fd%PO?tfbdﬂ'é%‘élﬂnﬁl eth@erpbyelenobs detiRie e¥RfWhl €9 sAPRact ed.

Unl ess otiher y& sgrkndagated, wihe ébé‘?{;%’?é@ﬂﬁ@ ARSI SIEH sof'eéﬁtb)?l@:[@e@s t he
maxi mum count s per.second 30 fo 050 splution of.,the material in

question di sEB‘Fggaang %??‘%%yﬂ?%@ﬁ?%ﬂt??l—iﬁ}t%tp%?P%]xb?t%\?Y%%a%veTq*%ngt h of
442 nm for amoacfigi 8ybioallynpedfopnedspgondayht ing: CMﬂ@f)@sd:@ﬁ&éum:nt vvhen

measured within th nge o abgut 450_.to 00 refers,t

Voni tor - 1000~ GRF AP RN 3 A cE FORE DS naBR By et r B YRUBCEFE) | Pnc. o

. Maunee, Ohi oabdutuesDt haonp pan91celahkyeapoanrexclh@tamnthavdbengnmteﬂ

wavel engt n s b n 1 r

mamber o i SReMmadsy iy 3307 Hou sHERERR¥S T Uy (L B SR lieEac R BE
of digitizattha whvaitengtihat ed Srgmakbouh Bhe taséGEfnm CCD detector t hat
is used by Spectra Group Limted, Inc. of Maunmee, Chio and which was used
for the 5 data set forth herein, 8ht produces an el ectrical charge on the
detector that is §&B§é&6€ﬁth§sr§86n uB B§tacli BreFeer. CTRELBLGNEI zer is set
to record oneoqeunbrf el tappoasmertehypdeveryalf oatasystschergebtelathgons)
it reads. | uorescence_neasure ts.a on _a,_gonpacatjve.basj.s anong
Lhe var; t0 RROSPPSOI8, R EoP deRtoRoEh S EABF B CEorEPh: « RoRAPE: Hoand

not as absol abeombainees andilios, fﬂherébuenescwhcehvasuegbetapbhymhgnols
within any o A e s r r rel,a to

ot her polyphgﬁgﬁs w?ﬁ%?np%%gggaﬁé§%x%? EQBEQBEEtQS ?gg §E§3n§ tEEéEr

with the san@eﬁhqéﬁh@ﬂt@émyﬁh@n@ﬁyeﬂﬁn§¢h§rgﬁaBFéé1Y295$ﬁef9V é@gorbance

val ues are 0%@1&%@ fcroqmr%qrrplpﬁ%t%&ﬁla@;lé%ltaym«altaﬂbv.gngrbhﬁs@at gnial in
guestion in t étr.ahydrofuran) at a concentration of 10 mlli, %r ans)

per 100 nf® (MONFUNCE) Vikd EHESEHSONEERSE thSas it Ghe Y PrE&é? N§501/m or
365 nm 25 SJd¥ARMEQR THdz IdN\éEN'EInGialdtuQre\.e o&spemtmaﬁ:hESusaueﬁhl on is

directed to alﬁ%t&r}%gla& r§,r) partllngi;1 a po phe?X lhcdggigqlé mt%é %r epent ally

30 contacting ai excess PH the
presence of ar iadiafi c;:loanalws:tomsch can be renoved fromthe reaction

mixture by distillatjonaled eparatines deliow ahatlali0 (G) Adleactiany

t enperature of about to ab I's used or the reaction. Water 35
" is renovedOi mf everasfantifaldy metaledemi-diran pody@hignodi stiithioatt on whil e

the al dehyde il ents daﬂ:él'}ﬁsﬁ ACH QU SR g @ Rite aTRIZAMBIE Al WSy
than abOUt.ﬂ%ashlng steps wherein recovery of phenol is simplified and
the reactor yield is increased in those cases where the
catalyst is not neutralized with a metal ion; (b)
35 preparation of polyphenols as well as the epoxidized
derivatives thereof which exhibit improved optical

properties, e.g., high fluorescence and/or UV absorbance in



7 1 0 APR 2003 percent based on the al dehyde equivalents in the tohih
anount of al dehyde to be charged to the reaction mxture in nakinb t 82W3
pol yphenol. The nole ratio of glyoxal charged to the reaction mxture is
fromabout 0.15 to about 0.22 5 noles of glyoxal for each nole of phenol.
The reaction is termnated by distillatidn to renove the catal yst when at

| east about 85% of the al dehyde equivalents in the total quantity of

gl yoxal to BBecHar§éersshsniitiedy foke A08rndansat(icon PFeraret Ueay €1 eact ed.
Wien trichl g699p8Ehe150wa&hd inerihg cpakahyisli1i2yPas GriRifald &olveradded to
the reaction mxture prior to renoval of the cafalyst to neutralize any
hydrochl oric acid which nay be rel eased during renoval of catal yst. Renoval

of the catalyst ahgopremRVestSATRQhbsakl mehyt i taiey fidy thgkirRACt i on
m Xt ur e. %5 Afte% el i,m natj on of, t.he c%taL St.:. %% free nreqﬁﬁgd pheno
e

i s distil?e8°FdPRE e AL EPOK izt PE Y AHAES R T tuc 4% e of
cat al yst angrdent airms doess ridtamsabaie TUmfi raitdnol ofambr{dwershe reaction
mxture is '}%%tcgq ot c%ntdﬁ%%rnas{,ﬁ[grer ;%fsa &%@T?/fgt[a%%litcha Jon) 1eahC Oes:"‘b{o”xI 200 C

for 20 0.257t0 hours. T n ano hi's i nv ion'1s diTected to a

met hod of prégadiniga thel Wesdnalile progerttiws off ddrprirsebictcharitigisand

reacti ng ph a 0. ‘ I f i gl yoxa
in water i nel?ﬁ)eem&?%%én?ei%’ fgl%atp%uﬁ%%]atﬂt?ﬁsegg n&a@%%ﬁ% %emn]bl es of
gl yoxal bésedyexalheansiansadfepimolng Hdvegaies idtahlie |ty cale prereytores

m xture a figstediidmg fxdienye about 8% to 12% of distillate after about 1
to 5 hours of reaction tinme; charging another 0.06 to 0.11 noles of glyoxal
based on 30 phenol charged so that the total quantity of glyoxal charged is
from about 0.15 tax Qs MEAsid Orcieacho YW raf pheino | hawonthé Ui YL ddeng
reaction for_ about another 1 to 5 hours fromthe time the first

- distillatiodS#HE ¥ hmenced, and distilling the reaction nixture a second
time to 35 recovera abtphertdb+q@l Uds bfcaiddriddatan mmadwont | shahl tdafer

ti t,l | % . j i t ot al
quanti vy of gt yaie) PSP RlyaRl Ve BRERE M IR oy feade fota
condensat i ormgtlaetl@f Havies riacertiomhdheie serpcrendersate ppembiingacti on
with glyoxalyeddichgh %w@ MA@ | Honol 5 Blefet HlP01 &ss Alieh 34 | east

about 850 of the a e equi val ents ‘have reacted as di scussed_above,

t he tenper at®f e 75e3GFD PR RN R FHFR Xt vr koS HR’Ri el af a

t enper at goe Whidddrddepamge. of about 130 C to about 170 C to renove

catal yst and watey., Upreacted phenpl remaining after. r val of _the
catalyst is rennv@ﬁ)b Sty ?a???ﬁyéie?%$pe+§t%r%§£%%€3go hos2sused910 for
renoval of takdebydéd yshite ahdtshakl fretephemobldehyde aodyphenbetone
condensate i t o] % a } } LS hea

under vacuun?%?e% ?@%%%r£€gr§90?65%é%t§€7%$% é%%&%} grﬂ% %3%80§§59§0£§g
hours to progilieexahecharaed - gt yorabe copdenedt voen pregsered1By| kha bateNer

aspect, ty SqbB¥eIbeN hetHbaeCt 8ch OndasBEERENt ST aPEC§AREAE1EPOXY resins
in the form of gI%C|dyI et hers of the_above descri bed ol%ghenols by

epoxi di zi ng ¥RBOFEEYphRNBRYGRER AL hal SRy neFHIYRESPFesEReEtER AR 20

al kal'i net al cbygasxidr, wetl. theodiganhydr eguilealenta shakheliuskrhee Baspect,
this invention is directed to a oethod for preparing_.epoxy resins_b
reacting the® ﬁgﬁsg-é?yggﬁlr%%ﬁﬁéﬁ%a??ﬁ uﬁ?bdﬁngmﬁgﬁ §95¥8F89ﬁggseé3xy 25
resin to prepadehgpgexgquésiahedesi vat avesxbhrehefphbrol glyoxall cendensati on
products..dn t e thigqi i k i t to the
polyphenévi B?géggegﬂéragﬁeghéﬁho s§$?5¥g?% ?ﬁﬁ%ﬁ??%ﬁﬁgoggﬁd epoxi di zed
products preP&REYTEREREFT BfFernreactiant hBr tASpEERSTLPAI BLXNUERL LY XS
directed to gaauosb&aeﬂgdgoehaﬁoh@ankeeoﬁhspéloglquaheﬁo@ﬂgngqa@agde

products or epoxidized derivatives thereof and conpositions
equlvalents 1n the reaction mixture are 50% of that

charged. During the reaction, some ketone groups may also
35 be formed which are included in measuring of the aldehyde
equivalents and are considered as part of the aldehyde

equivalents herein.



35 with other phenolic novol acs and/ or epoxi di zed derivatives thereof .

0 APR 2003 9 BRI EF DESCRI PTION OF THE DRAWNG FIG 1 of the draw ngl ABR&UUIJ
graph show ng fl uorescence spectra of various epoxidi zed products. Letter
"A" indicates the fluorescence spectra curve of EPON 1031 (CAS:. 5
7328-97-4) which is a commercial epoxy resin of a pol yphenol having |ess
than 1% of free phenol which is commercially used for AO fluorescence in
t he sane vvave | effgchgnatiiach fore @mﬁmnm@mme ERON viEO3Nt s isollly by

Shel | Chem : 1Left "B i C ra. curve

of the epoxidi zgﬁ! prgcfj ct 01% Cﬁi olfh’Ftt\'LI%E;leoagatr&:%?CJI(%al ]’%v%ptgﬁ'selﬁ e

epoxi di zed pHodfcmgthagroldud@e uyH tJIrﬁe Here arﬁemﬂitlechstcshbvﬁw Witiexdinpite 8

herein. Lett " t qg@gp tr

product of Esgir%plﬁeﬂ 1%%%%2%%%2%% romeaFIC§&1 tg?oémér@?aw% t%at t he

pol ygl yci 8yISaset, A5 tthe Phehdt -Riy Jiesear L atbkere reed S INORR tWIED t hi s

142\2/e]pt| on h%umm;ec:m Y?Qﬁﬁpéﬁisfé&lpf@&!?gﬂ‘ﬁ 52 xéifh@&@%ta%c% ﬁihé’&?\éeﬂuéngth
or an acquisition time o econ en ure in the range

of 450 to 655(5‘”%{?1 nlsc&?ﬁ)% EJO‘F‘FEL‘Be‘f @b%%l%‘? é‘& ﬁfg\‘t"i%l as wel |

as the pol ygiydriayildettwerpwfiot he. promgtnmﬁbéxwplmlbhlﬂ&ime&D

DESCRI PTI ON T NT The enol Mono Mo The enoI| nNoNoNeY ,

al so referréﬁﬁ%o S|ﬁ§¥5 déggL e%%$ 0 ﬂ%?%%%ﬂ%% Pu%ﬂgan U%%U%%?%tuted

or subst Lfutteidkrate. thev $dmn1alekytq> @hp&myzbfo’j al ks)xg{sgdotqascaB@JIq’pécathe

phenol i c ”D“é)ﬂfé}z%t On%ﬁ‘%rzﬁé‘l‘?ﬁé'c"fﬁé s bf‘“&&?@ﬁmﬁ‘%@?&}’%é’@&f@ﬂ%ﬁ

whi ch have at 0 or para position aval bondi ng.” The
phenol i ¢ nonokefhei titrgplisarfijusbed abn cprrecBinabbuttiprabioonvitbns and

preferably upodpug r@xf@ébPBraEHEB mé%ﬁ@n&?”ﬁﬁ@”ﬂ%df@ﬁ yges neheno
itself; al phanapht ho henyl phenol ; cresol s | phenol and 1

. 0 APR 2003 t?V@Fﬂ%?h9¥b @nbRadeREFolseRyIRNBRE, t%SS ang BhH$n%%hylphenol
and 3, 5- denetdfépheqiots asdtréhplsabkyhkphenol s; and alkoxyphenols such as
2- met hoxy- or 3-nethoxyphenol. M xtures of phenolic conmpounds can be used.
A preferred 5 phenolic conmpound is unsubstituted phenol,i.e., phenol itself
Preferred phenoThe nahdebydecaqubeatepteséntrethbysahnpléobtewthgnf or mul a:

10 1 @ C:/déﬁg&ﬁgngdcky~€he following formula: (2.9 times 0.25 N

times (mls sodium hydroxide titre minus the mls of the

20 sodium hydroxide in titrating the blank). The value
obtained by this formula is then compared to the aldehyde
equivalents obtained by the above method and formula based
on one gram of an unheated, catalyst free mixture of phenol
and glyoxal in the weight ratio of glyoxal to phenol used

25 until that time or the time in question in order to

determine the percent aldehyde egquivalents reacted.

Unless otherwise indicated, the fluorescence

measurements herein are as the maximum counts per second

30 for a 0.05% solution of the material in gquestion dissolved
in tetrahydrofuran (THF) at an excitation wave length of
442 nm for an acquisition time of one second with a CM 1000
instrument when measured within the range of about 450 to
650 nm. CM 1000 refers to Cure Monitor 1000 which is an

35 instrument made by Spectra Group Ltd., Inc. of Maumee,
Ohio. Acquisition time is the exposure time at the

designated wavelength. A count is a basic unit used by a



15 wherein R is selected from phenyl, alkyl of 1 to 4 carbon atons and

al koxy of 1 to 4 carbon atonms and " 'is an integer of 0 to 3. Wien R is

al kyl or alkoxy, y is 1to 3, and when R is phenyl, y is 1. M xt drle8PRi003

t he phenolic nononers can also 20 be used. The d yoxal Reactant The gl yoxal
reactant can be in various forns such as $elatively pure nononeric glyoxal,
pol yneri zed gl yoxal or 25 gl yoxal dissolved in water and m xtures thereof.

|11 ustrativélargeginpmear iaf Adrfdl Ineasuuirgs devAGessdlan idnta rouknu arfhe

Acid Catal yslodh cThe apidh LA YA d %1006 MG S R ATRERS Jimt he

reaction m xture by disti Iing reaction mxture at a tenperature above

about 80 C. ButthfeiGFauta GRP Celfrf fef@rablys v ibdreaB®m Group

Il1Tustrativeliniddie, ceial Yot Mamde, Otald GrRCivhinh &dd alpacat immaci d or
m xtures 35 thereof. In the case of oxalic acid as catal yst), the 1 0 AR

2003 11 tenpErdt b ofoTHe herrtt on M StturRF JGes S SR Hioutchise e
such as up tenh alrautdetdetor ogeithers Witk dhsdrid 1atdedt ang: pieferably the
tenperaturec%fz%jlr)aj sed t,%labé)ut. 140 C to about 160 C so that tkgné)xalic aci d
catalyst is Mtsed 5'¢ SV R 19 torioner £© i TATFYTant Ye used in
its various dpprmxsucte by ¢herpure woipwll, cridweyei (widkatteonoy it Xt ures

t hereof, all é%d%mich are referred to as oxalic acid herein. 10
0 h

Illustrative e trihal oacetic acid catalyst there can be nentioned:

trichlord&cetic acid and trifluoroacetic acid. Trifluoroacetic acid may

need to be repl enhﬁgeglggfég%l Jf]? ﬁggg&}&peﬂgc%(? HOrd i Ot hesepfodistills

15 together with the water. uoroacet1 c aci orns_an azeotropic

mxture in WRRekS JRRNST BRY) VaRbPus tnakeybal s et 2Tnbvecddle of the

trifluoroacetisla€i decatal¥StnetbihSand ehetred dbadl@csenh®Sess. Thus,
distillations be_ pade with the ddltlgn of V\Eéer after. each distillation so

. as to renove-2® EHBRTEREFAFFyValteds ot RO hrPReEnN R T RthI dPbaRRei @t acid i s
used as tiite thetatyslest hett eapenalateri Sereisedraprébaaboattd76teto renove

the catal yst_after any hydrochloric acid (o, be f fromthe 25

{1 chtorocePftvERPaoTs HErRral PheceMher4fadc POt oAt iiont Gneah vary
from about 1betwadbowitB% bhsedana theoteéyhpobyphemophendbh chhaeyed to the
reaction m'x%ggge The quantity of oxalic acid is fromabout 30 1%to 6%
pr ef erabl y about I:5%to about 50 and particularly about 2.5%to about 4o
based on the wei ght of phenol charged to the reaction mxture. Wen a

trihal oacgiic acidrhs ugednrasreahabyshiubbeagdasbtiyned eabal ¥§in§ﬂ.és

referably from about. 1%.to about 40 b i ght_ 35 based, on the nol
char ged to t RECPAAER] BY FiSEATE AAACHST BREGF APy AbARES oo Ab0UF 2%

M xtures of thetaeh¢dcatrakpatsatan abaoceherasédn o£110 AFR(ADDBigPanms)
per 100 ml (milliliters) and the absorbance measurement
made at 350 nm or 365 nn.

25
SUMMARY OF THE INVENTION

In one aspect, this invention 1is directed tc a method

for preparing a polyphenolic product by incrementally

30 contacting and reacting glyoxal with a molar excess of
phenol in the presence of an acidic catalyst which can be
removed from the reaction mixture by distillation at
temperatures below about 170° C. A reaction temperature of
apout 80° C to about 100° C is used for the reaction. Water

35 1is removed incrementally from the reaction mixture by
distillation while the aldehyde equivalents in the

reaction mixture are maintained at less than about 70



The Reaction Conditions The polyphenols (condensation products) of this

i nvention may be prepared by continlous or step-w se contact of t hey ?'A? )mg
with a nolar excess of the phenol in 5 the presence of the acid catalyst.
Illustratively, for stepw se reaction, a phenol and the acid catal yst are
charged to a reactor and then an initial tncrement of the glyoxal is
charged to the reactor while the reaction mxture is maintained at a

t enper at urepeﬁ:cabauba&&dCotmtt& aatlQiﬂh vERD Guitha egiteoxal dreaadscar th the

phenol and then d| ti ci[aal %x |s cha eq:é)t t he reacti on mxture. The
nol ar rati o28f"Y 8>§al (?héﬁi% et F6PS MERdi g ydkal
condensat i omaﬂmax@um ip® 1y pHeararh .abcmte Clelli) mﬁcﬂbfrmjlq&ml gﬂn/abqrdd f or
each nole of. p 0 ed an refer to Q.2

gl yoxal far fte)a(?Elr‘l‘rnt‘)rle(eé‘}cl’o é“r%dﬁd‘ crharlgsegb Ci%h 2) U g{; & S LP-T[]TDdr nt s of

gl yoxal &% emmi@@ tOd tgﬁe'mraaictﬁm grott vad e iaf ihepreef .er Mtk ttetcteiaoh is

increnent be fr Qig ‘%c"nl ol e ggryemg.]aaj 69] r% g total
nol es of phenol arge an par cularly about 2 equal nol“ar quan I es of
t he gl yoxal . e’P@ttaIaQ%lte &5# Y5 té’fe | aelsiehiviih epBifalEns gl dehoftefiddoxal for

each mol e olguahenely darced:alyedmie Alaidie telF apheng) snsuch as TPE

which is essentlall 25 devoi d of opti cal propertles in the ranges given

above for Aﬁopﬂ%ﬂ%aﬁ}%rﬁmucm’#‘f& Haghresht Mt HHBRT RSl es of

glyoxal for eaAeh rg)lteaepfcaaiwneit | eadbd i d Qﬁﬁleé’rifa?laci[s! Hudédreso agkk ar e
i kely to give pr.oduct, th hi gher vrscosrt 30 T e al dehyde equi val ents

or al dehyde Rfifits'9™h “H‘?% Yt i o % u‘?"em § 3t Y$estt han about
70% and pr efee;rtaiﬂlﬁdeemy hraynd edasht obe afid hﬁuicﬂt ahaal ke hyesibe &g val ent s

or al dehyde I d 35,1 t
maki ng t he phe nor}g V¥1hyoxa c%fn ens2&"’9@Thl%Jés)mcg éf h%%@agléé% )8%} of the
. al dehyde equiardeas ssame ber uskd oH the w@a@tlm ‘elree lmaafs‘@mnlmxhlere eaction

10 APR Ego%ééaf“éiﬂﬁﬁﬁléﬁyw“&é'é@talT@tcaEé‘i Y§£eé Sof eipves-fLem the
reaction m xture after_at |east about 85% of t he al dehyde equival ents of 5

the total alRighRke kyliathiedteubeotnbhgctraotit PHEERe $RVENRBAERR,
and prefer abdyoaien {4 of &b obtE @Qﬁ/aipsewn@fc@m@&ﬁé dedwelecani Vabent s have

reacted. Then the tenperature is _genera é/ repove the_ catal yst.
However, whet® t7% dMlOIdhcerPd HRi dthe ’f?r% Ela?%l IE}%i‘tu’ée bh%llaeiﬁe%?Er?al i's
added t o t het empet 4 oir & &t Uf Lo NaBouBn@bicve SUF$1 c et atwute ol Czeoany
hydr ochl grl C d to bh formed as a deconposition product of such acid
before diStiT14tion Ts @ffR¢cted to remove the catal yst. 15 Wen the basic
mat eri al used to heutnather agdeothl bhis auventioanial garechedatooxri de or

hydroxi de oryap,gh ké‘%'ﬁﬁeﬁé’fmg@t %Blgghgﬁoi’ichﬁ%@ﬁbgewh?cﬁ coﬁﬁgié'é%

hydr oxi de or cal ci um hydroxi de” ab % nol ar ui valents of such base are
added based %ar%nﬁorﬂaﬁi perefinvarefrelo fa{lﬂea]PPPEhPo?BaEgtPcléCT“BJ‘E%ed as

Cﬁt al yst. V\hiefn an4 ayi @?lhﬁlﬁﬁeéfagéygﬁaD%waﬂﬁéﬁr ial thabpubsdAdet 6£20% of
the amn i val epts_are ed t reaction ture

neutral i Zi-ng® Eﬁ?g gsga A Phe®KB éF aﬁbgvapﬁﬁtgog?stPFcﬁigPﬁﬁéegﬁéechH
used as catatystmoleslsf2§heheﬂechaﬂgebatdﬁhtlbasng thtereakthenan am ne so

that metal | R2%caushaag: LBl o ALkal baBLal g akkaling,gapth metals not

be included ITnt resénce  of “me NS i S deleterious for
use of the pdeancﬁlﬁhethétﬁnrebdenahdtngSeheerﬁoﬁfcrapptl@attemgl

IlIustratlvecﬁaraahaean595e§00neet%@lbzuagmbheshﬁére@pbgaucbeebé Lhere can
be nmentioned am nes havin pKa val ue of about 5 t0 abqut _11 such as

pyri di ne,3%i BBEPAE, CBéﬁS?ﬁdﬁﬁeﬁf‘?lta‘ﬁfpﬁeFoFﬁrleEHﬁ‘&FﬁFHeofaﬁélyoxa

hydr oxyet hyl dhetrb)éﬁa&snero%amatt ot.als tbme.hor mbhescavderaah apleeagt i on
of al dehyde wi ||

hours and pr &8?‘8 Iy EBgﬂrpuén?otﬁ %8%%%'1 nv%rog fﬁgé%z-gggg%ﬁ%rtg 2oyt 19
hours from the t;me the first distillation was commenced,
and distilling the reaction mixture a second time to

35 recover about 6% to 12% of distillate; and continuing the
reaction until at least about 85% of the aldehyde

equivalents in the total gquantity of glyoxal to be charged



The tenperature of the condensation reaction of t he phenol and gl yoxal in
the presence of the catalyst, including distillations, will be in {Ac\PRafe
of fromabout 80 C to about 100 C and preferably fromabout 85 Cto 95 5 C.
until at |east about 85% or nore of the al dehyde equivalents in the total
gquantity of glyoxal to be charged for nmaleing the condensati on product have
reacted. Water is renoved continuously or intermttently by 10

di stillatiofprsmehing &heeconhdenseidbnoprofiugkybrsk weahtphenolheol | owi ng

i ndi vi dual LE gl.yoxal [ : . At ter in the
reaction ni§9§?% gﬁgﬁggPﬁg?Fegﬁt?§R?°3a?§§°?§8gg§%g§ ggygkg%?ondensation
reaction of igFysRangwiche pghendll lakdoaddi tEoRal 1§ ttk0T €. gédéeal lag 15
present In 4889l Ypxak 883l 92 hdanqBhyBxabqls A70REA! huvused at.a 42%
solution in water. The water content in the reaction mxture I's preferably
kept to bl 8wsaBEELABHBY cueitdier tsapegasnrenés2gapRedornehiingedenstine
reaction mxtyurer-andspuatenalles hel %Wtéﬂplg%aﬁﬁr@a%‘ih(iﬁ the wahght H@f

phenol charged to the reaction m xture. ustratively, two or nore, e.g. 2

to 4, additPERETof3PheCgFyorBPutr &7 Aade %0 MO &N SH & dakath

gi S]Ei N glti oungkawdkar lpalfetnenl rr%&fétl hiirﬁ.rmgotaf%érgk)émﬁmotfh thiee cexeaegstphgnol .
referably, _an initia Q char iis_made wi.th the subsequent reaction

fol | oned by “&PSUEd Xi G B MR O (B eX SEREST a&w&%%%ﬁael&@% s nmade

fol | onedl by floractemovadfl dfhehwreterlysgri eo tthateadle fgest pheastl dbothe85%

of the total_gal Y ts t S for i t densati on

product. | n&ogﬁ%%%ﬁo%%n%%nsgaﬂ{g%rnggzr %gg%oﬁq&aﬁ]e arbersgllt?t i%%n a%? Crrt;g%suri ng

al dehyde equiezaltdioms niptteintd ries dfeartesk tindie rc a3 dveinB 5 tu se & efmgre redchec itng

the react i onian 1i7ie {Lagd@nlcs sl ERLA! 4bS e of ABusdmecARdoliiee

operating conditions are wthin the sane ranges, e.g., nmo ati os,

- reaction Lhe APRNGOT Iy tapndensediamhereatwitsst and the quantity
thereof ;15imes for distillation of water and the anount of distillate.
Il'lustratively, the foll owi ng steps and tine peri.ods can, be used when:
total nolar ratiobfd gﬁ%‘gt%g&;@holt I$ PR EBbUS GEPTED. %22 a 400

sol ution of mtymAlfdrs pregsdethgv épopherealing sied fthed foordmempferdingisiydf 80 C

to 100 C an,hitia oxal charge i e W t e £acC].i of the
gl yoxal wt heﬂp}ﬂee%soléfa%écfy Triine %%s%ﬁ%?@%ﬁlwgrﬁg rfoo%bﬁs%aé%%ha%o lhngf

gl yoxal additherpdlypheel Withm i Makehydy iredat itdre anesdnge difstan | ation
whi ch i s follpwed ty ctd b i f the al dehyde
equi val erzltbs %o 15%%? esklg@)&feg%%g?' c%%l'g'egﬁzﬁﬂq%ﬁ%ﬁ&%G to 0.11 noles
of the glyoxal, based on the amount of phenol charged, are added with each
charge of the gl ypxad .sdfp, rdprRét eispale 1100 Of i dPend b i B Quasdddy of
gl yoxal , the_al deh%c{ﬁ %s reacted with the }gheno] far _about, 1 to hS hour s,
preferably 15% 3 PSR4 OGN EARMIPRETRONS THRETTT I°¥0 FTHRT 0t 8% to 12%
of a first dpisé¢ndl-agkydxantdbederastian produnt wasked ooré¢fermesd ghipaty
phenol char . 20, Af j LSt ' - 3t che i I iduct ed
W thin t%g’ %%%%%a?é\régégégg %#’B%%og%é% “%%Hi‘g%“c anoﬁe?h%%rger%gfo. 1

nol es of gl ygkudxdhseendensabionl psodicphenol charged, are slowy added to
the reaction mxture. Preferably, there is charged about equal quantities
of 25 glyoxal during each addition. Heating of the reaction m xture is
continued for anofReYe® fBher pEEFeFabD| YhiS SIRVEBEROr S fAoRPEREAt FFe t he
first distiltati pplgpnerstedpasgat-be@npy BlesonetNbssi bf athbs Lavehaiéed to
remove ahout aﬁot her.g%tg 12%_of  wat er basgd Qn tﬁf ]Fhenol charged. 30
After theSeBBRdSHPELFEFEET BROPRES, BREPTFHRY| §PPEPh PFed to continue for

another 0.5 to 6, preferably 1 to 4 hours fromthe tine the second
distillation co c b h r i ' r +6p.ski Lon
foget her wi th rembyaf o5t tPAS Gkt SPVSrcesocihg + hnsak 8, LECaThBbEERoHA00 ¢
is used untikompopstipne tontaisénghthecpberalugeyardlr enpdenspbient al yst
or 10 APR 2003ul8s or epoxidized derivatives thereof and compositions

35 with other phenolic novolacs and/or epoxidized derivatives

thereof.



unreacted phenol. Such distillation, prior to increasing the t enpergg LAlpEmm
for renoval of catalyst, is conducted under vacuum so as to assist In the
control of the tenperature. The vacuum can vary from about 15 to 25 inches
or nore of 5 nmercury. The tenperature for renoval of the catal yst by
distillation is I ess than about 170 C, preferably | ess than about 160 C
When oxalic acid is the catalyst, the 10 tenperature is raised above 135 C
to about 170 C, parti cul ar IBRIEBFOWESKSH 10N adoWmHELGRANING 1 or sone of the
water is renoved at, ttle tfj trgje catalyst is rer@}ves&i In the case where
oxalic acid is the s c& alr@‘%et, TR SUubst aHtAR 1A D TR SR EICS s
renoved whespelkereatd] wstricus emeeid frainghmiucact | dettiedt UtE" Any wat er

remai ni ng i ctJ i er i.m i t St i8S,
final 1y Femsiod By et el s s Je iof Gy ek
renoval of (73 8m@t7erd Jarwhiglh et cgrineediphesdxy sresiovel & xture so as
to bring thefikee R east ] Xt t-o | reLolell i : about 20
and parti cuﬁ’é’ﬁ"?\ ess wei g dtgoglfégt%eﬁjr?%écﬁ o&aisrsnf%(%%&_)e. all %?l%}tﬁ]:{lscat al yst,
fromthe r eSS AG L lobrisaf BIr tAfel 504 UgFeIRRER il dthessargadf@ddout 1. 50

by Renoval aferfdiggiRfgadt ed LhanQhn i $n ati @i detbiby CcoRMeNt o o1l s NBGNS 1sPich
as in the renoval of unreacted 30 phenol in novol ac resins, flas

( e.g.,
di stillati oL héSHFERI N ededFlor M Xt tFRALF2 LS FRR ot BT RFPRIGE ur e
under vagOumpebirs duievd edpetiad UseoXadi Hed Upréduabost H:98mElersR08f C under
about 25 tot?fo. inche,;i oftmerc ry. Steams ar%iﬂg g@der cZacgum at sct{lch a

t enper at ur es R TR RE R Y veP phehof € PTRRYBr otitick T o9uce
Concur rent | yowitthe reesmy ahettiogp hemoshown atn aExapalat 8 heden APRLEDO&Br 17 step
foll owi ng reval, of I CL) 1 XL HI 8, LS at a
terper at ir e of (PSR hOm B ToborapSehoaCth Ry S L S ORI A L0

. 180 C to abguodwgst &@f Fampkatdng i s conducted for a period of about 0.25
5 to 3 hedrs and preferably for about 0.5 to 2 hours. All or a portion of
such heating can be conducted at the tinme the phenol is_ renpved under
vacuum Optional I3t €32 PRendepl FHRBI FEBndenSht FBR PFULRE HhER 5Bfor |ess
of unreact e%@r@@p}cmyl berpéaced theapnénsligayorabhesrdandatieahed to 10
conduct a port%gn or % of the heating in the ragg&lof abOﬁt 175 Cto 200
C for about BFEIEGEPhobPss IPYEREF P V8S oF GRPPR At #bSPHEFe there can
be nenti onedf méregeence atgan. edtieatsonhwhealengtit ép2at faboah 175 C to
200 C and egc‘#&{.gftfénp@f?ﬂgl oknohie é?%ﬁ&' af H‘%ﬁ%&éﬁ £q %:?th?ﬁsthga” 5%
the reaction  MEXTUTE 1S arso reforred to as ﬁe p enof-glyoxa condensat i on
product. Therpheaobfghfoxhd €bAdemsainoaoppradueeni scetbat gammgredadool ed

and general | ¥ 6Q00E NEHEH, 1639 asl LhakedasPEgRALBL ,8NyEE a2l ¥eRe¥ d@Sthe’
Epoxi di zed products of this invention can be prepared 25 by at | east two

di fferent coRveREFbnaf FuaPBs® Bhe route is by reaction of the
phenol - gl yoxal condensate product with a halohydrin in the presence of an

poxi di 76 product s w | PTYA RPaeE SR e At B About 150

The Phenolic Monomer

The phenolic monomer, also referred to simply as a
phenol, is a phenol which can be unsubstituted or
substituted, e.g., with alkyl, phenyl or alkoxy groups.

30 Typical phenolic monomers are the mononuclear or binuclear,
monohydroxyphenols which have at least one ortho or para

position available for bonding.

The phenolic monomer will typically contain up to
35 about 12 carbon atoms and preferably up to about 8 carbon
atoms. Such compounds include: phenol itself; alpha-
naphthol; phenylphenol; cresols, e.g., 2-methylphenol and



30 to 230 and preferably about 205 to 225. The other route is by reacting a
nmol ar excess of a prefornmed pol yfunctional epoxide with the phenol-bmﬁBR%m3
condensati on product. Such epoxi di zed products by the other route wll
typically have epoxy equival ents of about 140 to 250 and preferably about
35 160 to 230. In the first route, the pd®epoxide is prepared by 10
APfi 2U03 18 contacting the phenol - gl yoxal condensati gn produyc i th_an
excess of eﬁra‘ﬁltbﬁ'gmor} i Y AR5 SR 5% ﬁngal'szl'iS'r‘}iéf‘ﬁt%W Cde such
as sodi ]thm By&dﬂOBBdedQﬁneﬂiHyng;ﬂidlgﬁolh%Cﬂr@(idiﬂle&} aaldﬁlrrmreaxtdlrse \#ntdhi n the
range of aboyt 5 5 t.o about : tional catalysts uch ,as quaternary
annnniun1saﬁ#%?x¥§ B e B (fs'ﬁﬂ?%%hﬁﬁxbﬁnbéﬁqﬁgﬁﬁﬁxéEﬁTo t in the
presence of Mixtiurest cfolprenigliitictambioundd caholse ssed .as 2etgdrafarred

i sopropangl , thyl . is t vl . ket ane t ol ue t hers, m xt ur es

t her eof . go pR% qérc r(r:eot%ﬁ%é&yr}dorl%ggrbsaék?l\éntgl %tee%Q yeglgdc}xiq‘d% oy Fftﬁegl li rst route
is set forthtseld.S. 4,518,762 of May 21, 1985 to Ciba Geigy Corp. which is
i ncorporated herein by reference inits entirety. Briefly, in this process,
the 15 pol yphenol, preferably the phenol -glyoxal purified product, is
reacted at a tenpdefianeediPhEnebid QWEMeRs tGRN ffs SRRE TR dut fihest
speci fic forsdihefigidadd@nuef: t he chl orohydrin ether internediate, in the
presence of 2 to 25% by wei ght, based on the reaction m xture, of a |ower
20 al kanéP or I ower al koxy anol cosolvent, with excess epichl orohydrin,
based on the phenolic hydroxy value, in the presence of 0.5 to 8% by wei ght

of water, based on the, redct mxture, and with 0.9 to 1.15 equival ents
of solid alkali netalf%ydroxLﬁgiﬁeP’ enol i ¢ hydroxyl group to give 25 the
epoxy derivative of the poly nol and wherein there is 0.50 to 8 % by

wei ght of water in the Teac kﬁﬁ m xture throughout the reaction period,
using a solid alkali netal hydroxide in the formof beads of about 1 nmm

di anet er 15wt finlrRXi te seletbedefiren phenybacdenl rektliree 39 grRRI®NW se
or conti NUOUS ¥l Win s B Sk ROYR | YEESELALHAY REchd | &M PF Q@ &R idrdgehen

i solating the epoxy novolac resin. In the second route foor preparation of

t he epoxy 35°% it ont ai ni ng the phenol - gl yoxal condensation products of
this inventiwgenope parilkylvweirghlkéekysuchicandensgt i@ WHAU®’ iis reacted
with 4 to BOﬁgrts of a olyipo i de al:f-t 0 A PR.2003 19 5 10 15 2Q about
100 C to abobfei%br g d<i ry unsR et Eif PHSSISS MRNRREESxidd 345°
benzyl di remt hyé anse®, benzyl tri net hyl anmoni um hydr oxi de, 2-nethyl im dazol e,
and 2,4, 6-tris(dinmethylam nonmethyl)phenol. Typical catalyst |evels are
about 0.1%to about 0.6% based on the reaction nass. Typical pol yepoxides
for reacti onThwetGBlybraphBaatghytxal condensation product are those of

di gl ycidyl ether $g8i8SyoRal- rehBeaftobyai BYl iRt EFibES| ASrRE: shEgPhgnol A
bi sphenol P; resorcinol; neopentyl Elycol; ciclohfxane.dlnet anol ; and

m xtures t heF8bREITREY pRERSBI PERYBRELCCBhYRKE LY | BRI BTBELEES @ Yexpl or

i nventi orexaglabgal beipssiivall ynepaxedi 2ad wikbovéssaherébte in the
desirabl e optical properties reduction of .the guantit calkalj.used in
t he reaction&aﬁPﬁtgﬁggﬁﬁgyoh93¥9ﬁ?qlFfugfrg?ﬂéglﬁgege Tc i§&°o?°i%t§??c to
about 40% t oiZAO@abérthat in the nethods of the above described first route
affords partially epoxidized derivatives. The Phenol - @ yoxal Condensati on
Products Properties of the phenol -gl yoxal condensation products are as

foll ows: BrodbepPpefdr Fagakysperty Range Range

30 The acid catalyst is one which can be removed from the
reaction mixture by distilling the reaction mixture at a
temperature above about 80° C. but below about 170° C and
preferably below about 160° C. TIllustratively, the catalyst
can be oxalic acid or a trihaloacetic acid or mixtures

35 thereof.

In the case of oxalic acid as catalyst, the



450- 1500 Free Phenol (% O0-5 0.03-1.5 Tetraphenol ethane such as T

0-6 1-4 WV absorbance at 30 35Q nm at |east 0.400 at |east 0.450
particularly >0.5 UV absorbance at 365 nmat |east 0.260 at |east 0.275 35
particularly >0.30 10 APR 2003 20 The pghenol - gl yoxal condensati on
products contain a variety of conpounds, including polyphenols such as di-

tri-, and telempriterehe Jf ltHd reddoelon miuehirdetiaaphanals avdabout
represented by the fornula:

5/ GCRxI[ G RRH-C~C~Cil,~~11 Q
/C QO /C OHWE- & 81§D eR WPCHORabeuE 78 e\ togeher Bk digtglakion
anr eihn xI lksalnan pgmtf@%@bqu thd Otﬁnpé/ﬂwtmﬂ% Iis ataddedntb (Hbc\%ﬁ(wr:x ci $0l-3
and the al kyl_a oXy groups e 1 to.4 carhon atons. en the
react ant s aﬁﬁxﬁﬁéﬁg#)i?se i tg%é&x&??gﬁﬁeagﬁ EaSBﬁyﬁﬁeﬁélgﬁgomposed
tetraki s(8- {20 voldrxXypheomyporeddtamne (TPE) which is also referred to as 1
1, 2, 2-tetrakis(4-hydroxyphenyl)ethane. Epoxidation of the
t et r aki s(4- hydr oxyphenyl ) et hane gives the tetragl ycidyl ether of
t et r aki s(4- hydr oxeiny | getdaren 26 Wedshn titshvar baeetferesisudls ased as
catal yst wt i i.des J f i i f
hydrochl ori c{ha%rﬁd? ki hcgéhpgg%%rq?'- gﬁ%%ﬁ%ﬁ%ﬁ%’saﬁ olﬁ'nnj‘?}gttflzi)%%éctzlgttl é()?é]?ﬁ'l Séff
i nvention wi?ed Whighary #\%f/%r‘ée%e?‘ée@ﬁ Rt gRELleoneemt P ati on of netal
ions of hess than about: 30 0.005% for sodium 0.0030 for cal cium 0.003%
for iron; and 0.002 % for potassium The pol yepoxi de products of this
i nventi on when uskEtt$$tERE Y?oﬂ?ct%ﬁpF¥b%§}%%% Sieneatd| GaralYes Fofrehe 35

production ofaprvétsheibsedt bpacHsorbhtet Ypi g6l yas@nprisBubhcatotiow ng
conposition bagﬁ f a conventiona res an

d 1 t | i . e, ,
oS estn LoEg R 1RPuBR0SR a0 R 5 88 BhY (RERS FRVPY chfRIBiSifnanol A
. (a) about 183a2bipartise of eptiehoh- Ebnoal depydeiopnvohareof distills

15 together with the water. Trifluoroacetic acid forms an

Mv Mh 400- 600/ 300- 390 440- 540/ 320- 370 Viscosity, 25 cps at 175 C 33%—%@%03

azeotropic mixture in water. Therefore, when it is desired

to remove the trifluoroacetic acid catalyst, it is

preferred that a series of distillations be made with the

addition of water after each distillation so as to remove
20 substantially all of the acid.

When trichloroacetic acid is used as the catalyst, the
temperature is raised up to about 170° C to remove the
catalyst after any hydrochloric acid to be formed from the

25 trichlorocacetic acid is neutralized.

The quantity of the catalyst can vary from about 1% to
about 6% based on the weight of the phenol charged to the
reaction mixture. The guantity of oxalic acid is from about

30 1% to 6%, preferably about 1.5% to about 5% and
particularly about 2.5% to about 4% based on the weight of
phenol charged to the reaction mixture. When a
trihaloacetic acid is used as catalyst, the quantity of
catalyst is preferably from about 1% to about 4% by weight

35 based on the phenol charged to the reaction mixture and
particularly about 1% to about 3%. Mixtures of the acid
catalysts can also be used.



- Such ot her

(b) about 3-10 parts of a nmenber selected fromthe group consisting of a

gl yci dyl at ed phenol -gl yoxal 5 condensation product, a reaction prbgudR 2608
an epoxy resin and a phenol -gl yoxal condensation product, a phenol - gl yoxal
condensation product and m xtures thereof; and (c) optionally, an epoxy
curing accelerator. 10 The conventi onal é;?oxy resin making up the 100 parts
of the conpgsition is prefer flame retardant epoxy resin such as a
hal ogenat ed%i“&o%?arcgs]icﬁ} %O’Ef?b %HT%I’I nat ed or brom nated epoxy resin.

Il lustrative of s:mdw i D et €k eq:lﬂxn/dér&sat[lﬁort fmrcmm)be:ﬁmmusaned t he

br om nat ed produ . 15 of tbhe d| Cﬁ"b et hetr of _Dbi soo r_t A9 EPON
1124 (CAS: 26265 Ibﬂ f %h%lf Thl “EH TS Brom Hat e d1L epoxy resin

can be used ciomtfaicammf et lae d@IIyonca)hmetn inmso et hexapeng afestihes phm’m]asm hose

f gl dyl '
gr ego?llc:‘ ogr nﬁfdﬁ‘ﬁ eér}l%?/o&n%écé P@V%A?&exf#e)rlgi%&% Enﬁeno A, dxogl yci dyl
et hers of blmeF r@agty@mdw mmb ofd I’m@r@q:mwatﬂ:@{%ﬁtlm et hers

of neopentylo g ysad ©5 4i glycigy! %@eﬁﬁer&)faﬁyﬂ% dﬁnﬁ%f@ﬁéwoafame
m xtures thereof. Epoxy curing accelerators are used in a quantity 25
suf ficient tHlyeal a%t@hﬁh@egu?@ othe heeaplexy vwikie, t@n’é@%ﬂﬁﬂpn such

quantity is f{,0fadous 19a915t£9n9d5a9a£t§e @Qt@ﬁelé)f) Deke @i chebase
epoxy resin and partigcul arly about O. d&arts Such a(icel erators

i ncl ude 2fet3RA¥ni HA20l%) k@(fﬁﬂy%%tl}%ﬂqtrﬁ 74 EheRheae s &bero

2,4,6-tris («idetiyhan goyekdyl lohenatgeddtbetzy | e aret yh ani xveyrand

organophosphorus conpounds such as tri butyl phosphi ne and

tri phenyl phosphi ne. The phenol - gl yoxal condensati on products of this 35

invention in nmxtThesmoléh vahéo phegbyexalotacshénel ngnWhadsor bance of

| ess than O. ,ﬁ%@” n uL ] si ns.
pheno ?;Q ég?i BQA Eé ggg}’ég % ggsééggexg%ﬁgp%;érs‘e ?&;\%Qg u%§500

to 90% ofl SsuEhoBuRP@YtcBrAPBESLER] @n-?anmoilﬁé 9ﬁeﬁb¥°§ﬁ§'0f<9¥ edrlchrR At ©h

product can ﬁﬂ@ﬁéiSéhAQgge 599(0 9§e§1499b§9r589ue0699§|fcboa 26bRY ed 5ot 0 30
parts of this_type. o arin osition can be used ure 100 _parts of

epoxy resin. g%YPﬁ%%rEPFvéaSE §8éﬁ S?h@Feﬂ8$oF§E§ge§hereWEﬁﬂ BetAkhti Bhed

those preparedofiﬂ?réﬂémbd@hyg@yandlpaeaghaaé ﬁosuhétrﬁabedcﬁﬁﬂﬁﬁmtuﬁs leell

as mxtures thereo pr re rombis A _an a we

as such polyﬁchFchﬁ%ﬁSF dwﬁsg EB 6“?55??P§ug8dfrgmbsg ? é ?é or the

nonomnmer s ancbudle mymesxpf gﬂ&pka@fbiséd éncahbonoaaénmplaskofypbén@lto 4

carbon atons, e res f a
cA3rlEll hggmcm L4l eabedL 85h3a0! bl ObNgh e ReYaLacs

i ncl ude pheno € Nnovo ortho cresol ehyde novol acs
havi ng a nnlébalaﬂYﬂéﬁght Gpt§10®91?or§519509@ leRe ﬁé?gh?b89§rﬁgé5

nol ecul ar We&nembs(W) gqryéxraqm%%& @\A%lha%laobec@h@ho\m/ebaat:(;%) gheeeqhBrare
nmeasur ed usi n% % pernmeati on _chr omat ogr 5% ﬁgheno i C cgngggnds and 20
pol ystyrene StanB&r 4&LTRRECI9HSI e SHGPeES AFEWINGRE &5 GESABaSAred s
prepared 26 Helbadsoft Ia@tsiml @no@e@‘rtisel ved the trengebydiokur aboard fblre

solution is r thr t|on hr oma r Al ree.,phenol in
the sanple i éggx&u&gé%i’f F@%ﬂ%&ﬂ %E &6F SF 965 E:t% a?g%ell 8 uft E ‘?2
quantity of TREeisn otfhezlmadusforre@@tqhomlorkiextqur ehenad deeer monédnlgyrt he

foll ow ng ne I I h and
silylation rtéra%gﬁtl@‘) (}-E?%) % % %rl\(}ﬁé:? e%%v%l %g%%ll'f’lg%vva%g%gs h;igﬁfegvxs: A
silylation r&i§ees ks prepared asfollovvs into 25 mM (mlliliter)

reaction f$4ask, add by syringe: 10 cc (cubi c centi net ers) of pyridine, 3 cc
of trinmethylchlorosilan TNCS% Jlrﬁ cC of h net hyl di.si | azane (HVDS).
This was 35 |eft tcr)thse[zfr?d{ e[%u]y@ e %ét 5’?‘&
solution is m@pﬁnem asi ¥tldovwe \Aﬂ:gitamte@i \atalle(saqop:mmr Iaaioeltf on%, and
silylation) I tely o

FRR A Pess than about 60% of the total aldehyde

equivalents or aldehyde units which will be charged to the

35 reaction mixture for making the phenol-glyoxal condensate.
Thus, not more than about 70% of the aldehyde equivalents

to be used in the reaction are present in the reaction



1 Q ApR 2003 23 30 ng each TPE and p-ethyl phenol. Add 1 cc silylation
reagent. Shake until dissolved (approximately 10 mnutes). Heat in Qo R?
tenperature oven overnight. Inject 1 mcroliter into gas chromatog dw g@e
met hyl ethyl ketone as rinses. 5 The columm used for this analysis is
Dexsi| 300 which is supplied by Supelco gk Belfonte, Pa. In order that
those skilled in the art may nore fully understand the invention presented

herein, thepfigthew ag HhexHphaneare set forth. All parts and percentages
in the exanples, as well as elsewhere in this application are by weight,

unl ess othermnse specifically stated. The foll owi ng exanples are
i | lustrative of trlmﬁ l;@(;da][lf\gegﬁ 11@N. reimv%f d)ffrtd'ifle tepearﬁyaﬁﬁ-_lafre nciesdxg:rz;at ed as
"conparative" ,to sho ifferences from exanp ich are part
i nvention afid %6t 3k g &lﬁ%?u&s %Ban E\ﬁn e\lﬁ\‘/ﬂ e S a]rﬁ’i EXAI\/PLE
1 PREPARAT| &N eOk RIAENAI-JdndéAle CONBRENSAE @ RROBM@Eq@BEﬂb(inﬂ'ﬂééﬂmar
ADDI TI ONS O _G..Y! To 1 7 6 4m 25
oxalic acid &gﬁy ra ?rg %{{Zerrier\(/va X(a(fg-‘ 3-‘ aver: %%J m nlrﬁjdesacfz “g 40%
gl yoxal in watcdy &ﬂ%dmlwlvaﬂmu%m@tma@m et aﬂh@d at 90 C for
anot her AN CLUM t%%? I,stillate
(10. 7% basec#]aqr#{the We%hlh (}o%}?érﬁdevgﬁ f/&ﬂlar edxjcu %éedné\ﬁeﬂ 0 react on m xture
at 90 C overHoavq}@m,odvrtﬁn f‘mltthrﬁm%thm@rd sic e sta iyl Ysppraoxaamsiel y
79% of the alatalie el i O GRthanidil Alaludd T had dfaeLed and the

gquantity of water in the reaction m xture was about,K 4% Another 227 g of

40% gl yoxal ﬁ‘%ﬁﬁ/ﬂ%ﬁ’(ﬁm‘( TLEIHERY L 2R 2m5 RIRFR P T ife 3Lt FRrPei 5T over
a 25 mnute ferd atbodhpes iteod eI tIrer Vascheddiliverbd @0 I nit dod

hours and then t s, vacuum di stil | ed 5 g of distillate (11.3% 1 O
APR 2003 24 ch‘dseetgfeeo%t‘? t‘@\e‘T%’mV%fs}b e‘h%’fat‘ﬁﬁ?ged) at 90 C over a period of

-thirty mnutes. After such heating approxi mately 70@6of t he al dehyde

equi val ents char ggd t 9g]r qggi er content of

t he reacgltson m xt ur elle\/\n/%’;ll%‘séEslw%I TI‘%@%E hlgggrr%ﬁg? ratiro o glyoxal to phenol
for the totadiydfodoterityasdd beidiniahsahhsmetay. oxide tenpeydroxiedefon0 C
was mai nt ai ngd {0f; BN NEL r-dn SndOM Sox ML ebr SHEi-Headd Ne . (90% 8baihg

al dehyde equi valents charged to the reaction m xture until that tine had
reacted and BFEre®ide 2v %%h?é‘i’ﬁ‘ WA eBb8e 4. FYLUTHEN® tRelfBaction nixture
was distill edgaivalepspheri §u@h65§sléeaf@ 488e& B@@Iednednd the 14014 f or one

hour. The reaction m xtur s then yacuum distil gd to.renove tT ul k of
unr eact ed pheAdt vate é gom%? RO EPRERH Gt ORI waEeR oA HAERLYEC o a

t enper a_ture dbenfad 98mihantishetddadst haé bespermttueridby aheuholo% undi |
phenol i n thg?‘eé‘fttﬂe g‘mﬁgrﬁog@‘% éﬁafv%géﬂt&"/gr;fhgdégéuw Eﬂe

phenol - gl yox condensa aked.
During the reee@tbﬁntmexauaehyqe equtveléﬁ@eg|Hclhea$e@c?no hﬁ1%@&?é wer e

mei nt ai ned agqh§§§189t§hae %PQHElZQd%@EtEBeaéhgeﬁ¥38 ssUtaebepge Imttme
total quanti e. charge or. makin enol

t a b
condensat%%npéﬁﬁﬁﬁg?g FPBBeFP?e?aBFCtﬂétBﬁéﬁelB?nga?mtgﬁdﬁﬁsgpgﬁnmﬁFBauct
are given inibabl eacwhieehthakl ew. a2kalh hbeatablkeslwhl thef ebkaw, nehass

S © b BB BTt 18 ok pRALRE 2o OREOEATLYRLcPEERATATLEY OF
is deleterious for use of the product in the more demanding
electronic applications. 1Illustrative of amines for

30 neutralizing the hydrochloric acid there can be mentioned
amines having a pKa value of about 5 to about 11 such as
pyridine, picoline, benzyldimentylamine, triethyamine, and

hydroxyethyldiethylamine.

35 The total time for the condensation reaction of
aldehyde with the phenol will typically vary from about 5
to about 15 hours and preferably about 8 to 12 hours.



ADDI TI ON OF GLYOXAL 30 To 576 g (6.12 nol es) phenol and 23 g oxalic acid

di hydrate at 85 Cis added over a period of about one hour 151.4 g of UWZUM
gl yoxal in water (1.04 noles) during which period the tenperature was

slowy raised to 90 C. The nole ratio of glyoxal to phenol was 0.17.

| medi ately 35 thereafter, vacuumis applised to renove 120 g of distillate
at 90-95 C over a period of 60 mnutes. A tenperature of 90-92 C was

mai ntai ned for 212 Reurseraftare Wi cthd i dBhderd AR &@B:Qﬁorﬁhﬂtlttr%% of
t he al dehyde ?\gl val edl] char ged d reacted. Thfﬁgr]_L vacu appl i ed over

15 minutes 9 ¢ 1RG5t lrWascac ﬁﬁj’ed at 90 Cto
91 C for 1. ZlEndimﬁmg Mltsen]thetﬂor% halirl per iiod Epproeageatet yf:&ﬂ%aiﬁov.ﬁt

al dehyde equjqsal.e a
A AR T D A T
hours andS5or& hml?llataqolfﬁa’st Aiheut sifeh dieatdry dorthenea kdritydabout 94% of

t he al dehyd t d.

The react ) o T e B e o P ATy L [ SR M b s

t enper at ur e I TEK QA heten @Bsaﬁﬂeommﬂodum'e hag tierr®ekt ure was then

vacuum distilled to renove the bul k of unreacted phenol at 155-160 C and
the vacuumdistillation was continued at 190 C untjl 15 phenol_in the

reaction mxt ure WREST ek% THEPV Q96 CONF I L EHEY VRIT Uttt S B FFERETHNPY he
reacti onaiwi mw@mm@; eth & @stﬁfm@f a&m er@éc@hﬂutofi@lﬁ;wl 192c1C for
about 0.25 urs.. T eje{ e‘gctl on cﬁhen déscgaE%e 1 he reactor
and t hen co ?1‘?1?19 © Cb m?lla be?? Bt p% %?ﬂ‘i% ol b?%%uct
of this exan@d:@amba‘glmemf nwa bt esn whihe hr éatt oon anttins skawpl ehany be
referred to E P OXAL
POL YPHENOL Aﬁé"‘_’t‘gég?f’ @g%ﬁm‘azi @/‘F%%g ogg%) ‘B%%&’SET%—% YOXAL
. To 576 g (6.9kyeorbsyiphepénahdazd gd@x‘aimalabydwmtwdxat@eaer@mz t here
was added s0VEfe 80081 H0Uhe p&i%;éaﬁ%nér éOg/o glaw@kainlgﬂ%gﬁeﬁw

nol es) while the tenperature risetoreflux (1 The
30 nol e ratiw¥sed %ﬁy@xé@’ t O pHERSN %«BSW@:?}? The reaction mxture was held
at reflux for 10 hours. After such refl ux apprOX| mately 89% of the al dehyde

equi val ents had reaﬁt ed. The teggerature was rai seg to 110 C and there
was renoved 55.5 giof HFEEFI FRRESBYerD tB%rF%‘E‘iCHOEbIBhf 95°35%ni nutes. The
t enper at ure pasfbehddlptképd tof beloweahout avdbyheeight beaetli on thzture

t Lstilled 1 . t | d
for one. sy pheRoy Yol Gt €6 tRe R8atri SHrnl £8GEe PEnll BLUEE MBEY! BETCRC
vacuum di sti pbedtt 6%3rkeased ohetheal kedghtinpéaphenophehargad t85th80 C and
the vacuum di-ghitlghi ﬁﬂx‘é@%t hen CQ@&hBH’EQt%eiW &oHnbEl mBlenok . 4N khe

reaction nmixture was | ess than 30. During the 5 feaction, the'al dehyde
equi val ents R f‘heaﬁéa'éﬁpﬁﬁ ﬁfobPegg\é%aﬁaP’ﬁFaT“ﬁ@E tp FBesTEARSHISBout 70%

of the al dehyﬁagtagw wakBnBsstR1tBeibat ak qaaat:l bytet gkyexabnt erbe charged
for maki Q%St con ensgb gpl product. The éeag rnbiture wal%.%_heg

di schar getf f £ Pﬁf‘ﬁ t 5PeafdCESinPRENE r§Ier36-¥rakBd 1 "Préferties of
t he pol yphengllypxeduchaefet bussma)darmlleharteegsubseqnenablresCMiouh foll ow and
this exanpl e referred. X L NP,

PREPARATI ON &%%H%%&S&Qb%ﬁﬁgﬁéﬁﬁ %&Eﬁ%ogn%% REF?B?(E% \égé al’géfo’c‘)alvw TH
ONE ADDI TI ONCORrgeYdrAratle 598 lgwed. by wekes)iophefolthgndosomers Pgi9% HC
(0.2% HCQ ontpherakkridly 9@ CehitadéedtO¥es BroRBeh@Wtal aldehyde

30 equivalents to be used for making the condensation product.

Instead of monitoring the progress of the reaction by
measuring aldehyde equivalents, the time of reaction can be
35 used for conducting the reaction when the reactants and
catalysts are the same and the operating conditions are

within the same ranges, e.g., mole ratios, reaction



20 period 151.4 g of 400 glyoxal in water (1.04 noles) while the
tenperature is allowed to rise to reflux (103-104 C. The nolar ratio of

gl yoxal to phenol was 0.17. After two hours at reflux about 93% ofl 0 ARR 2003
al dehyde equi val ents charged had reacted. The reaction m xture was then
vacuum 25 distilled with the tenperature¥ssing to 110 C to renove aqueous
HCO distillate of 116.4 g. 100 g of hot water was then added to the
reaction m enmmemithrks; ithatcora st camnt itmmd;wetmantmsm’(mécmf prEeiessg e to

150 C. The 0 r C t is co-distil 30 wat er
fromthe r eg%ql[ Oaﬁfﬂm*é) ur%é$h§ ‘9%%’%/ %“‘t?r#rh‘? sﬂ%’ggl ofn A SEJO ]1 “the
unr eact ed phTelrﬂOJS‘wmtx‘eﬂb)oedtme fcelssowimm szmepsarmdumgne rpe:tmodseaaﬁn dre

m xture. %éé‘@%x}%k &‘E%i b St f&e&fcs ﬁha%gﬁ}b% e SRS ¢

conmmi nut ed, roperties o product  of this
exanpl e aPe égtp%% ? L3 hect@bkeés whi €b fepl oW amdef W%Y@X(fah‘pl%

referred to @sciXhenol OréERr 20035270 & dEDEARAHLVE), PPEPA@%\T' ON
OF PHENOL- GLYOXAL POLYPHENOL AT 102, C AND REFLUX (103-104 C) WTH ONE

ADDI TI ON OF B¥eat RNPPRENCLESCRECNF RaRT DY EAT AT gu Rt sy @t 1 en 19f
rrﬁl esl) prl?noih@r@h%oz@lggighaﬁﬁén&i W?bﬁe@ln@@ Wecgpéhpia@fa&ﬁ X
phenol sul f on Ci S ca S e is over_a one_ hour
Portod 151 -G BEvaBoby yBRaEheR GAYSRSt 18 GH rbPRe oL TRESROPE CaRT DTGRa
gl yoxal g@ pheactios @n?rthahedigﬁpELatubﬂ @ﬁléhelgeﬁcllonedOby1xturF hs
permtted to_ri re 10 04 C ere epmpin r ,severa ours
and the convers?o%&% aﬁaeﬁ§é gaéPEal %@ %b%nu%gtggabgg?e %@eof t hat
char ged. ThlquSV&bébba¢u0by5hegrrabsaaofohh@t thargedal sop gbolfng.®® 65
C and washi ”Qo"‘b”ﬂf.diné&bls' 8¢ \ggaeglgexaﬁmﬁsséa' bn tRe F{néuhﬁ 5g! i@fe%ﬁgl

out 176

at nospheric distillation to en vacuumdi stillation at
- C to reduce €hergadnt prg 8Adedr vathedapReAbRTEA Phetheagivenaki xThre to

about 1%15Th8ftéﬁchﬂaﬂtﬁb¥1t wfethé enentHal !;Maﬁ@ﬂﬁynéﬁfeglyéxgl, thaked. 20
EXAMPLE 5A ( COVPARATI YVE) The procedure of fhe abgve Exa was_ fol | owned

but the phenBPQSPYGﬁléSaEFéc%ég WesPatBa BpeT°QSf§r(Bb9gg BaEQdSOHOBH%noI)
of anhydr ousppefbaap3yf anisc tac |3d ho8ppr axurrahehytﬁéra?ﬁzsoﬁltsbe1abdehydﬁ

equi val ent s char e I act pr.i. or t tion f t he catal yst.
Gasential |y, SBRUEVAORD BedpeR Potihbi BLAFA: LaERoRrEN sPEcoREELeR And o
of TPE is obmaxnede Easgdrtme&h@fwehghpheﬁophghyéxahacqndensation pr oduct
are give n table fold 30 b dto
P EXSA BWPLE 6 AR AL E PO T R O S PreRBE L ng,%ﬁ\'é&o%ﬁé%i{f{%\l
PRODUCT | N THEtWANNEReorte@mmtErf I8NgRe OfhaREETgBPakal 108nde R thrr
product of Eyampl @c6owas AR &F | i%bt’a&t aakkal by the HeTesTBRNGhedd]

Ex le 1 t t I l, t h 10
APR 2003 26 LR THEBIEE S Sl ROedpsHRIEear HPBAT SR -was. vacuum
St eam spar gedraif e13®1¢ t aneedde phargedbabowtl eiytalThmapericdets ofisol ubl es
wer e 0. 04p. f n the phenal -0l yoxal. pondensation jproduct: af ,Lhics sexanml e

whereas o proper are givenin | OW Whérein this
exanpl e may e xtefrer ried aantEn UG £ oEhancdgdterf dr tion$ol prlederadd ycdndudoed by

essentially dj s$QhMING I D" ’iER:) t% %qr}@%n%qts%llma%%nmc%mén@n' | 51' 'ahﬁrs}

of isopropanol, filtering throu VWhat man | ter paper an

10 dryi ng t h&hfipeér SaFalst cvigt 137@0@ tl@ fG@rGeldort%G"em%’lﬁ @éaout

another 4% to 12% of water based on the phenol charged.

30 After the second distillation, the reaction is permitted to
continue for another 0.5 to 6, preferably 1 to 4 hours
from the time the second distillation commenced before the
temperature is raised for distillation together with
removal of the catalyst.

35

The temperature of 80° C to 100° C is used until it is

time to raise the temperature and remove the catalyst or



EXAMPLE 7. LARGE SCALE PRODUCTI ON OF PHENOL- GLYOXAL CONDENSATI ON PRODUCT | N
THE MANNER OF EXAMPLE 1 15 The phenol - gl yoxal condensati on product

Exanple 7 was prepared in the same nanner as that of Exanple 6, LQ&PRQW&
it was prepared.at a different time. The percent insolubles in the pr oduct
were 0.0lo whereas other 20 properties arg given in tables which follow
wherein this exanple nmay be referred to as EX7. The test for insolubles was
perforned i RinkRecEEE gRIHAr. asudh Bamhe & i@V er iFAMY B ritrdasing
PREPARATI ON OF POLYGLYCI DYL ETHER RESI N (EPOXY RESIN). A one_liter flask was
charged Wt Fhe7deqRegicdie dfon memavade @i &85 1018 tor dfu@oriugsedpindss 200

g of isopropslcRinCcoR@ jasarth X&H <t Gfn Walelcdrit dar fa theacddriierdpdng . The
reaction m@%ﬁure was heated to 55 C. After 10 30 m nutes there was add

388.5 g of epiccH3HIY &ah. Vafhe TRt 3R ild (1 dmas ¥ AFSPC and
then 30 gsofmexrc2fi%.sol uti on of sodi um hydroxide in water was added whil e
mai ntaining a tenperature of 55 C. The 55 C tenperature was held for

anot her 30 m nutes. Then there was added 90 g 35 of 20% sol ution of sodium
hydr oxi de i n wat éihe Ttenpaeszctuon fuxtuaeoweEls dfelttheatcaB8& I $orbynot her hour,
heated to 6 f P t ra PR
2003 29 sepgirz%torqa{%%élg ngn{}&gr@(sﬁ ear blrhﬁd\:hkdrgg%?%%ﬁglé’ol%ff :Eg%rsA
was stirred 3Ryt 150°°g Cwat émealn@X@Ol@ et idr isi &ae ¢ﬁ§a&éf§éou§—hleayer was

di scar deglpand s £ &a@'fslﬁyfgeavaém a $ECeNgqt Ia@s%u%ndﬂohe@ vacuum
distilled to recover excess Flchlorohydrln and 105 g of dark resin of

the epoxi di ZR&F POt l%fa@‘é 6L T &b8¥dxy6P8stn has a wei ght per
epoxy equi val ent of 203.1 and 225. 8 Thi s conpares vvlth a wei ght per epoxy
equi val ent of Zlopcifr EPON 103]1. Viscosities and we % er OXY.p

equi val ent (\WPE) 5 0°?he @ o%e rERTTF of S tHFRCER aE TR Fr3s

. conpari sons an?tehlmtheis epexyve@si s yhepases thane pmkzymmn@d:sdam thewn

0" ( CONPARRTI V)™ PREPAHRTT RF CEL P ERCE L YOO P VELENGE 2 NG BETBre

(SULFONI C AGHBSN | 'ONe EXSHANGEL RES| NeffovgQof 8oy tife pheaotign. Sixtwres) and

35,5 0 of 20nAEItystrdnathind L8 endlYeabbion! fiRehee | gRcexchange resin
sol d by Rohm at a tenperature of 90 C over 30 m nutes, there was

added 93 g ofliMIBYFYORAPT| BhaeFeEal YsSB4l fof 8331 1N HF NP BeH nP¥aERhosen
since the regigtusegtasncahatysbvild &f Schpapeshsl. S5, 01 2, 016. 5, 146, 006; and
25 5,191,128, all to S. Li, were unavailable and this resi n appeared to be
the closé& to such resin. The tenperature was mai ntained at 90 C for

anot her 1.5 hoursAf#étreremuchlt ofetB8%atethendl dkhydeé thai wakemystghar ged

to the react] r he u tilled 42
g of distill gge!ﬂo}é ﬁp?g?’ﬂoﬁﬁg%gghégdl g?%{;? ?I %?81553}9& %%th eh de
equi val ent s shatged so0 tBheteebtinonthexfuee hhénﬂéa@PéﬁenAn@tfhﬁleQS g of
40% gl yoxal {-Ba%ef gh M&tﬁ@@e@ooyeés?%hahnabsﬁtwebI epwee}egmgr abufgswas
mai ntained at 90 C for 1.5 hours. After such 1.5 hours, 35 81%of the

al dehyde %ﬁuFVéPeﬁP@uEhéﬁgéHdt BarhéCReaELY oheRFxEHRB ﬁQBuFeéctséd bYThen

there was vagutighdi 6ti kthedré@cgioh distukkate at 90 C over a period of 30
m nutes. The 10 APR 20D3 30 tenperature of 90 C was nmi ntai ned for
anot her 30 m nutes after which tinme, 91% of the al dehyde equival ents
charged to the re&emosvalnioft the haderesietiegphefé hsl attranied ofy gl yoxal to

phenol for thetahal af Pgknd! ¥exal 2809 RS removal of unreactea

30 phenol in novolac resins, e.g., flash distillation by

heating the reaction mixture at an elevated temperature
under vacuum. Thus, the temperature can be up to about 190°
C or 200° C under about 25 to 30 inches of mercury. Steam
sparging under vacuum at such temperatures can also be used

35 to remove phenol in the product.

Concurrently with removal of phenol or as a separate



5 was 0.17. Catalyst was allowed to settle and relatively clear |iquor (687
g) decanted off and neutralized to pH of 6 with 2.6 g of 500 sodi um APR 2003
hydr oxi de. 650 g of neutralized solution was charged to a flask fo

at nospheric distillation to 160 C. The reaction m xture was then vacuum'
|0 distilled to 175 C to renove phenol . I?.}rlng the reaction, the al dehyde
equi valents in the reaction mxture were maintained at |ess than about 70%

of the alde i t of q be charged
for maki ng Fﬁ%%pﬁg&@nq{a %ﬁhﬂ?%&gf %r@fuct 3;55:63 o he 1 resul ting

pol yphenol e tiiren isomeatiadkdt e gremddriitade I@rfoﬁeﬂqm @it 1S p6l gphenol
are given i ndARA &9 mbcﬁnﬁo&%‘fe‘ﬁ‘&%ﬁwrbﬁ' Sp8Xanpkge r@yt@eaﬁﬂi_er:f@?” to_as
EX9. EXAMPLE 10 20 PREPARATI XAL CONDENSATI ON PRODUCT W TH
TWO ADDI TI O OPuGhydyemtingkA s @m@“@@m@m @ANBI‘PGHALOJ‘GL&?@%/@I-@\IO_
MOLE RATI © Qo G 3 ur@R &t RYr SKETAEIN, AN AluH QN Ot PHENMA LI REDUCE, THE

GLYOXAL/ PHENOL MOLE RATI O TO 0.17 F SECOND PORTION. 25 To 1419 g (15
mol es) phen@ REFdSH 21y SiGh i REAEIRE F3R Rt dvFrEE dherhe vﬁ&%d‘c@i’j over

30 minutes szbrgaloflﬁq%mxy@d(ahnd@rvw&@iuxﬁ.l Gt e as)y, Tiree gyt ure was
mai nt ai ned at, 90 for no t her %? n%b \en there wa 30 vacuu
distilled 148¥%4 apds “?ﬁ‘%{%“f% e Frdbed orP T M Sht T L
period of flzﬂteyncm e re sbevhel @cpdniabant 162% of tiidwepled e hymie leept edl Ent s

char ged t t re_h r y jft u peri od.
Anot her ggo é‘&#&@%}g&%&é Hlﬁrw% : g? {}g‘gﬁ%’%&mf gl? t\t'/\ljéés %dr% é% t he
reaction m akRewt oves® & X it € ﬁerl gdom PeSthe Behperature was

mai ntai ned af; f0G{Ofvd- éfhgﬂr§neééoy£m Ao thee Al dely dse efah ol 205 S
charged to 10 APR 2003 31 the reaction m xture had reacted after this 1.5
hour peri od. nq*FFé?%e’Wa%rt?l’é‘ﬁovacuﬁﬁFﬂFs??W REPUND PP W sePPRRLE7 2t D0 C

. over a peri ogb ofodb drigHd etsedlﬁc,fﬁﬁn SOUC FpHEN I etn@rﬁéattqtaﬂutm@&%:@‘ tide
al dehyde equ vaI ents 5 gh he reaction mxtﬁ < react ed.

a The
mol ar~ ratiPo ©FSYI Foxal° %ﬁ%nBFaF FOPRBLYTYER b & t’ﬁ% 8F3o%abC o ti ons
was 0. 22. Thenéepmem@lud;EyafcaQOCanaﬁsa’ai@hapﬂedué*or another 5 hours. After
such 5 hour period about 87% of the al dehyde equi val ents charged to the
reaction m xture 10 had reacted. Then the reaction m xture was divided into
two. To one half (794 g) was added 214 g of phenol to adjust glyoxal/phenol
mole ratio to Q 14y Th ﬁeﬁ@i‘cgji?Bx%XEUB@e%élﬂl@Hdﬁgoﬁﬁéﬂoksv‘@*ﬁeH@ﬁé?g at 90

C for 2.5 hours_whereupon Yo Of the a e equival ents charged to %,he 15
reacti on 4f xFBPéeﬂaﬂn@eaéﬂééalﬂ>§r 6é’ﬁfﬂlﬁﬁf—6%rlﬂ -@he feakefon nixture was
4.9% The reaction m xture was then heated to 160 C over 25 m nutes and

hel d at 160 %Ff or _one hour flt er whi.ch the bul k of phenol was renoved by

vacuum di sti FFSPPbHA 98“1?5 BOLYREO¥L888ct was then di scharged from 20 the
flask. The remai ning one-half of reaction mxture w thout added phenol was

& “The phenol gl yoRBr Sandons KELaRCPo dact Hngdb T b Re cg oo nbt So7 kB0 o
gl yoxal t2p pheznélt Leapf a;lwned1tf<fem¢ntth@onabh§soaglzsogﬁ@@ 29nghspuss tRat
made with the rézc@bﬁ B%t e &0 pr@nxéqx@h bqa@hee%ehga&%f SRl i Rt fae
tabl es as EXlg During the reaction, or bot h, EX10.17 and EX10.22, the

al dehyde equ?‘x‘?&P@Nﬁ%li’“n Ah & hee REGSERNCS PEURB ﬁé}‘élﬁaf"ﬁﬁél n&d E*188s tehan
abogt 7g0 of gb]lcm abdgbi@@'l?:%tﬁfw;t@/l&ﬂfelth% Iplﬂltybﬁghalla| smanntaproyuaflz@ﬁyoxal
to be charge r. makin - oxal condensati.an

br oper 1 o5 0P “FRECHS! YiranGUF AR 1t GETS ARPREI SEOMPLR D FonebpRE 190

pol yphenoso oftoE>213© Bndamdetffeatadfy EXHNT1 208ete 2215t herI‘hlme@ttMIan:olx% Gsf or
one hour und f rQRe f in
the foll ow ngoryt ab es\i\?\%g moeltsanrp %d%s%a(r%ppggﬁ%g%fg%%gt i's ref %E%‘eﬁg to as
EX10. 17H and etieati def WEXIDQE @wreﬂerqle/dmad FONERIGaZign PrpARCARRSZGHE 32
It can be se %,Q.}H S A A

opti cal propghq)ggmzte%e | e %%@R&%&Fﬁ%%ﬁ%ﬁ@ékﬁql %1@&%[]5&/&\“ ON
PRODUCT W THePASYABDIVEVENS TS @y@Rut GAPORAL2PI0EROS RSt HERIE Pt 7

W TH TRI Csls ORQACEH G #ACI D CATALYST AND USE OF BASI C MATERI AL | N REMOVAL OF
HCL.

In the first route, the polyepoxide is prepared by



10 To 709.3 g (7.54 noles) phenol and 17.7 g trichloroacetic acid (2.5%
based on the weight of phenol charged) at 90 C there was added over (PR 2003
m nutes 92.9 g of 40% gl yoxal (0.64 noles) in water. The tenperature was
mai ntai ned for 1.5 hours and about 58% of al dehyde 15 equival ents had
reacted after such 1.5 hours. Subsequenthy, there was vacuumdistilled 62.2
g of distillate fromthe reaction mxture at 90 C over 26 m nutes. After

distillati oeontaetah@ek&me p%‘é‘r'l'o\imgqr)‘/to%arle%%%@n‘sﬁ@%ﬁr beshunas, (@Y %fn that
charged and residual "20 water cont’ent of the reaction mxture was about

3.50 Anot hefX9258 §foprighlerpbysriro. 42 f‘%ﬁﬁe@r\eéﬁnﬁet 8faRnoflkalg npl es)

was added ometahahiydadxiae suuh st @%dtlf?ﬁp%a(@tr@&@d%%rr@b'ﬁta@'sfiﬁﬂl for 1.5
hours. The Eotal |l e ratio of %yoxal t.o.p

enol in this e was 0.17.
After 25 suBKRext ﬁga§b@utt @ft“éledm“eﬁﬁﬁv‘a’ﬁé‘ﬁﬁsoghéggg& £8 the

reaction 3 xbuaechad smeact edptSUbseqUEﬂhlLystﬁergumswaquummsfyI led 81.6
g of distillate_at 90 LQver 25 m nut t he di tlllatlo

al dehyde eqU|vaPeH s SEgver f8Y iss Qﬂgi h§h§F§5 +8&hd © Fﬁe%ﬁe5|dual
wat er in 30cehe legdacuiton mitttamer easenc® 5% aﬁhemee'm:psloaw@m@ wagcimiditng ned

2 90 G 1or a308hRs Lo sand About. 9% ah e ralkdchy de.sauval ent

charged had Feact eq er suc our Frod.-on hour ter 1.0 g
of pyridi nekgderedd@dBRA, sdehiudnge SEhenscemndomixtygiepdEhegqeiofal ents 35
whi ch hagybeen charged to the reaction mxture had reacted. The tenperature
was rai sed to 125 C over one half hour and held at this tenperature for 70
minutes and furt RERTEEaethad £ BPRIARRY 139 t FhesPd ieneXtds kyuridieand

hel d at thi &ﬂx@ﬂ)&rﬁw 8 d We2F BNt ¥.&.CQMH18, & sdeeaPRs tiion 1afgmAci d.
The phenol gl o condensatl on prodyct, was furthe%t% ted at 190 C for one

hour under f The (9% SERV eI ES a2 I5idh&e t he
- phenol - gl yomdferxm:ﬂ:&ns:atlms perotcli pod £ g (Brniesfm,sarreﬂersregd:d@sas EXl in

Feact ont o R iR ln Y AR Hlnd AL AR Ak o R
equi val ent s is neactad at op.,latmmmeyraﬁurgt nyS<af10° 160t 60Bé €hakgyethd o&bmrkq?ﬂg

the phenol - gly %%@ ﬁcﬁgﬁé AR 42 (OQWPARATI VE)
PREPARATI ON OF PHENOL- GYOXAL NSATI ON' PRODUCT W TH TWO ADDI TI ONS OF
GLYOXAL, GLYWRranEhGn MeireRramieryediate 150 wWHhe FRSIfFOEER ERAC D

CATALYST W T3, SFeQnBA%&é&TéRlﬁkelf\éﬁﬂ\@%huQ&dﬂ dhey m&,ﬁ&dure Of

Exanpl e 11 was fol]owed except_that:_ a basic teri ridine,
not added toa]t’T?e”‘?Jea‘Erfl%ﬂw?ﬁx?h}F%xﬁJr%?n?Jo SR i “ihé“tgﬁpee’f%/ﬁﬁe to 125 C

20 and rermve;bmﬁlé:l‘tﬂm@fﬁysbas@cmdomhtehé|psméndhrq)ehr§edm>ey a&at]e.re,rermval of

phenol was e Gor FLOSES L0, OF LI 34 expTpl e wesefl gall | nuetkyingy fegting

to 175 C becaus e Vi sc05| Yy~ was exa e 'S )
referred to ¥er¢hon anfstune, BXIR. WE’&TWE%LE"—Q CHARTER ZhemteN %@}Ei

PHENOL- GLYOXAy | .
5C ) 1451/ R ket 4%%’%?{@ hy dAEEy PAGB5E9 14y §PFe

' 0. 295. 165 032982RS1Y. 8881838HYe 48 2?13%73034%3139%390@01 wheye WprEBepR is

0.5% to 8 % by weight of water in the reaction mixture
throughout the reaction period, using a solid alkali metal
hydroxide in the form of beads of about 1 mm diameter,
which hydroxide is charged to the reaction mixture

30 portionwise or continuously during a gradually escalating
addition program, and then isolating the epoxy novolac

resin.

In the second route for preparation of the epoxy
35 resins containing the phenol-glyoxal condensation products
of this invention, one part by weight of such condensation

product 1is reacted with 4 to 8 parts of a polyepoxide at



34 5 10

5A538/ 3761. 1310. 18916494/ 3530. 041. 735307508/ 3580. 042. 746709475/356Q(ﬂ§@@g@?
2,40010. 17485/ 3483. 805. 5350* 10. 17H496/ 357<0. 055. 79108810. 22518/ 3643. 885. 604
00*10. 22H528/ 366<0. 054. 83170011518/ 3630. 34. 85204012552/ 3570. 301. 02> 9, 000
"' value before catalyst was renoved. * These exanpl es have a hi gh pheno
content which depresses the viscosity. 15 It can be seen fromthe above

Table 1 thagpbuanmbes & +6 apduf gaye éh?sirqywétcapﬁlqﬁsm age of TPE even
t hough Exanples 1-3 used the sane catal yst and the sane nDIe ratio of

reactants. Pﬁéaééﬁvghﬁﬁﬂﬁﬂx%ﬁﬁwﬂﬁﬁﬂ tHy lamineEx4), 20 sul fonic acid

(EX5A and 9b@h\z?1wméﬁrgﬂalnm@hsmofhy¥ﬁ%ﬁrwe SVemeglll G riidakahen 4if used
with incremental additions of glyoxal and removal of distillates al so gave

a hi gh val ué -8 6TBE JEtRde thyd Joonadty WPhancloo EYR BafAtEsL YEF: 17H and
10. 22H shewlreedisgRird camﬁutefo‘ act oh dmhecud A% Imsi @i mfe frep-thikin but

decreased in free content and i ncr eased |n VISC TABLE 2
FLUORESCENCEZBETA %LP Gfﬁ %

EPOXI DI ZED I@G]y‘éﬁdaEN@Qﬂd‘énTﬁwmﬂRﬁ\l E(r'I'EHﬁ;hOQB'Ié Aﬁlel‘Q‘ TR yTll I\ﬁl’@fr ONE

Beanmpl e o PESAUSIE G 118 CHST 1Y Coint YRV ST TS M i eroL 7
nm].11232526%@%1&5%@%53@@%@%52@30}%&@31 (CAS:

7328-97-4) i ﬁ%ﬁﬂgdgﬂuﬂggdcﬁgggﬁfgémkﬂé&égfraglyC|dyI ether of tetrakis
(hydroxyphenyl)ethane and 1's sold by Shell 0i1 Co. of Eneryville, CA It

can be seen fromTfEbIRNSN bR Phat * EXRERBRE 40N PEIRN AR E ok
phenol - gl yoxaveaaiidansad h oam £ ask ér@iallﬁyt @i@yﬁulmma

0
i th Sulon R e H y e dFTATHILS ot 1% br B QRGH $9 BALTSRIGELRR 4
. which foll owf 2helABLdNBity Fd;meE‘&‘ENGEs@ Dn 059 S€2A AT Thh G 80X DI ZED
POLYPHENGL | ThFy ATLRXGLTAT AN YAVELENTH, OF: 442 MM ANDE AGRIA 81 J1 QY Ti ME
about 40% to 70% of that in the methods of the above
described first route affords partially epoxidized
derivatives.

The Phenol-Glyoxal Condensation Products

20 Properties of the phenol-glyoxal condensation products
are as follows: Broad Preferred
Propexrty Range Range
Mw/Mn 400~600/300-390  440-540/320-370
Viscosity,

25 cps at 175° C 300-2500 450-1500
Free Phenol (%) 0-5 0.03-1.5
Tetraphenol ethane
such as TPE (%) 0-6 1-4
UV absorbance at

30 350 nm at least 0.400 at least 0.450

particularly
>0.5
UV absorbance at
365 nm at least 0.260 at least 0.275
35 particularly

>0.30



25Mat eri al Maxi mum I ntensi ty Count sWavel engt h Maxi num nnEPON 10319640527EX
814, 600535 It can be seen fromthe above Table 3 that the product 3@ AR 2p
Exanpl e 8, nanely the epoxidi zed product of Exanple 6, shows about 50% nore
fl uorescence than the conmerci al 10 APR 2003 36 product EPON 1031. TABLE
4 FLUORESCENCE DATA OBTAI NED OF 0. 05% SORYTI ON OF THE 5 POLYPHENOL | N
TETRAHYDROFURAN ( THF) AT- ACQUI SI TION TI ME OF ONE SECOND AND AT AN

EXCI TATI ON WAVEL ENGT idh@hn 0442 INEXAIN T it oHdie 9A EA oF pHAdS cEABldordaBid NG

OBTAI NED ON_A_DI FFERENT DATE F JTHAT OF TABLES.2 AND 3. 10 15 20 i -
Bxanpl 6- CoNSEAtTEat g CRERRIET e Ty pmeh S0 MRS MAsRS 1A, Fdount s
Wavel engt h Modinumnd tetraphenols. Illustratively, such tetraphenols

nmL0. 05001664Q53Q1 Q 05 53020. 05031351052930. 0500128605
3630.0500122%%%%%2%?%%%%%%3%%@%%ﬁg#ﬁﬁgg%§§§%E255AD.05099205355AD.0509620530
2*0. 049869405403*0. 0501513d5303*0. 050152805275A* 0. 05035010530 25 * The
values for these are of theg reactign mxture before 4 enoval of; catalyst. It

can be seen from Tabl e ﬁ/abff§<ffhét Exanpl e 1 has>a Scerfice which is
substantial |y hi gier— ﬁ -C C jjﬂé??E//

' ;
C\\\~c;§¢;c\\\\ ////c:t:>C’//,c.__.0H
10 CH— CH
. c/ C\ c/ \ c/ cy R,
;;:?\' e £ &— on
'§§§:c_//’ P

15

wherein , is an integer of 0 to 3. When R is alkyl and or
alkoxy , is 1-3 and the alkyl and alkoxy groups have 1 to 4
carbon atoms. When the reactants are phenol itself and
glyoxal, the above polyphenol is tetrakis(4-

20 hydroxyphenyl)ethane (TPE) which is also referred to as 1,
1, 2, 2-tetrakis(4-hydroxyphenyl)ethane. Epoxidation of the
tetrakis(4-hydroxyphenyl)ethane gives the tetraglycidyl
ether of tetrakis(4-hydroxyphenyl)ethane.

25 Unless trichloroacetic acid is used as catalyst with
metal ion oxides or hydroxides for neutralization of the
hydrochloric acid, the phenocl-glyoxal condensation
products of this invention will typically have a percent by
weight concentration of metal ions of less than about:

30 0.005% for sodium: 0.003% for calcium; 0.003% for iron; and
0.002 % for potassium.

The polyepoxide products of this invention when used

in electronic applications such as laminates for the

35 production of printed circuit boards will typically
comprise the following composition based on 100 parts of a

conventional epoxy resin, e.g., an epoxy resin such as the



10 APR 2003 37 than the other exanples, including Exanples 2 and 3 which
used the sane catalyst in the sane nole ratio of reactants. Table P HTK?@B
VI OLET (UV) ABSORBANCE DATA IN 5 DI LUTE TETRAHYDROFURAN (10 ME 100 RL

15 20 Material At 350 nmAt 365 nnExanpl e 10. 5440. 300Exanpl e

20. 4700. 258Exanpl e 30. 5000. 270Exanpl e 5A0 3670 220EP* of Exanple

5A0. 2900. 168Exanpl e 60. 5150. 288Exanpl e 80° %000. 223Exanp

% 0 s b i it il A ¢
TPEO.0000.Omﬁ-pnﬁn@bmiQfmaldebmdbeneeehatron1the above Tabl e 5 that
Exanpl e 1 and Ex (0501 bhaPLONEE s heRnbance 8be0a! FrdnOepnd 365

nm All of the oxa |c aC| roducts gave hi sor ncé as
conpared to qmgmcvmi%tangdof aOgAPRl@DQ‘Cs@ pheapglz@aypx@blucts of

Exanpl es 8A @ihifhsAdiloRt PREaLALNOS P@hegléﬁuﬁkodﬁéﬁ QfeéheépSQ{/‘C?Qéiﬁ“ ons
of TPE provide |ower optical properties. Also, it should be noted that TPE

shows no abstibahceenaerIiHextésEorAAFRFHAB . pFPdEﬁﬁfaPthSnBE’géEﬁXFﬁat

t he phenol - gtyoxahsg0NgRNBRLEABLPS @ﬁdCh§xQﬁrE§aﬁhéQeé9,aaﬂdExamﬂ e 11 which
wer e heat ed a{ 90 C. forggne hour, nanel 10. 22H and EX11 had

( ¥ EXlO.l?E Eg _
better opticalSpr3BetPPasiss 8BnERPEY CBTLRE BFGELEFab8Fore such heating,
nanely EX10.17 and EX10. 22, Addltlonally, it can 10 be seen that the

o oher atidor bancorPRarcT RERESeRate PRy, EASER EalindolP ThRThbbGRAFRE
prgdrcth?fhExénphe QQmshemegoh|gB @bséesahée :afmeme retavdsobseppxmas

and t hus gnacgggﬁa%f‘eﬂ %\Bg 91%1\‘98%8%‘5'%3 Eggﬁ% %\Eﬁg&r% EIR Eg%?w?ééﬁ%% LENTS
(WPE) Mat er i @F Mat MRVN3E6SI epoxypSAPERPONI1d35805L3y51 2836uchoprepinated

.997216(125 Qipdtg(EeliGk2@ERSX @%517%34«1%%%21;%61Q:QeC)o%la‘&@fnaEéarTEE%dﬁ&SO
(125 ©) 440( 1% ) Egoxi de of 767/ 3741158% % %o C) §21233Exa A(125 ©)
142( 150 15 95 ¥RABLBLFlpCoORESCENCE CATRIREBSARIPRIDECTS /1 KFON0Sds §OLUT| ON

I N THF AT EXCcZAll Obl2¥AVEISENGHHS fOSne42 NieRWEaAT caCQInSIsTboNnIhEed0 OF

ONE- HALF CF AP§E%Q¥QSLH can be used in flame retardant compositions
with epoxy resins such as those of glycidyl ethers of a
phenolic/ novolac, glycidyl ethers of an o-

20 cresol/formaldehyde novolac, diglycidyl ethers of
bisphenol A, diglycidyl ethers of bisphenol F, diglycidyl
ethers of resorcinol, diglycidyl ethers of neopentyl glycol
or diglycidyl ethers of cyclohexanedimethancl and mixtures
thereof. Epoxy curing accelerators are used in a quantity

25 sufficient to accelerate the cure of the epoxy resin.
Generally, such quantity is from about 0.05 to 0.5 parts
based on 100 parts of the base epoxy resin and particularly
about 0.1 to 0.2 parts. Such accelerators include 2-
methylimidazole, 2-ethyl-4-methylimidazole, amines such as

30 2,4,6-tris (dimethylaminomethyl)phencl and
benzyldimethylamine, and organophosphorus compounds such as
tributylphosphine and triphenylphosphine.

The phenol-glyoxal condensation products of this
35 invention in mixtures with other phenol-novolacs having UV
absorbance of less than 0.260 at 365 nm, have utility as

curing agents for epoxy resins. Such other phenolic
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EX10. 17H 20, 120 530 TABLE 8 SOLUBI LI TY OF CONDENSATI ON PRODUCTS S i my
at 50% acetone was attenpted with the various phenol - gl yoxal condensates. A
|l arge vial 7/8 10 inches in internal diampger was charged with 10 g each of
acetone and solid, warned with vigorous agitation and then allowed to
settle for IdrwdEyssstcaroomtmnpss aftre.alhe 3@% ato i ghaf cfudthecuw es was

1.75 inches. i S r | ayer. wa asure d s reported bel ow
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remai ned Borpira €180 A XS eohtepeoyn Tenper at Tk busirative apdi siech othgs .

Product f | | 3d . 35
roduct fromdxarmple 54, J8D0SLL g%e\rs[%ﬁ_tsf’%%@%%ée %@Sﬁafé&m & ays

1 D APR 2003 40 TABLEOMETALI ON OLYPHE & EP
1031Met al EPGSOHBAERGEX 7GSRBS NeD. 90T PH1 b bed PlvaTel 028 well as

Ca0. 0020. 001f); P eds OO 892 FeeRo HO 150 99104 0PAsH . PO 5ReROLKY. £98<0. 001<0. 0
01<0'0010'Oqgaéﬁkﬁgﬁ2gg2§e gg such polycyclic phenols which are

' 10 substituted. Substituents for the monomers include hydroxy,
alkyl of 1 to 4 carbon atoms, alkoxy ©f 1 to 4 carbon atoms
as well as phenyl. Preferred resins of the other novolacs
include phencl-formaldehyde novolacs and ortho-cresol-

formaldehyde novolacs having a molecular weight of 1,000 to
15 5,000.

The weight average molecular weight (Mw) and number
average molecular weight(Mn) herein are measured using gel
permeation chromatography and phenolic compounds and

20 polystyrene standards. The sample molecular weight to be
measured is prepared as follows: the sample is dissolved in
tetrahydrofuran and the solution is run through a gel
permeation chromatograph. Any free phenol in the sample is
excluded from calculation of molecular weight.

25

The quantity of TPE in the various reaction mixtures
was determined by the following method.

(a) The reagents used were para-ethyl phenol, TPE, and
silylation reagent.

30 (b) Procedure for determining TPE was as follows:

A silylation reagent was prepared as follows: into 25 ml

(milliliter) reaction flask, add by syringe: 10 cc (cubic

centimeters) of pyridine, 3 cc of trimethylchlorosilane

(TMCS), and 10 cc of hexamethyldisilazane (HMDS). This was
35 left to stand for 5 to 10 minutes.

(c) The TPE standard solution is prepared as follows:

Weigh into vial (appropriate for silylation) approximately



10 APR 2003 41 What is clained is: 1. A nethod for preparing a
phenol - gl yoxal condensation product from a nonohydric phenol and glyoxal
which 5 conprises: (a) charging phenol to a reaction vessel and rRzmg
increnentally charging a total of about 0.15 to 0.22 noles of glyoxa

each nole of the phenol charged to the reaction vessel to forma reaction
m xture at a tenperature of about 80 Cto 100 C 10 in the presence of about
1% to 60, basethooralche ™ ghid qf-gtierighhater ge(kdd)fl ac aa:milcylmettlahyst whi ch

can be rem)ved fraomt r.eacti.o. ture b {eatl d d| II|n ‘3355
reaction m Xture at r%t%ear)ﬁia Rﬁqe aelf% “?t l‘ect ed

fromthe gr cbimtcansllsiw nemfem@inre camrd oxaérmrql'tml oTrro}maI |Jc mnb]azrtdar

trifl t f e

Xt ur e (o) L R T Gy QA To T THE T SO G AT | ess
than abou? 7% ¢foltumn alsrdhyihr utrms dmalyrels ot Deprbk i 390 ofhigtlyod@l to be
charged for Jpkingd g, gﬁqgggq] Nsatd He 20r péiuclg (d) distilling the reaction

m xture at a tenperatur ess than a out 170 Cto renove the acid
cat al yst when at | east 85% of the al dehyde units in the total quantity of

gl yoxal to be changes-d&¥ #Rdd nehdde gendeasain opmer Oﬁﬂ@tmé'@\/lﬁ‘of@aﬁﬁ
provided that prior to such disti]lation, a basic naterjial s added to the

reaction nmi X SIRMN HhouVERFIPR| RAESEREGR UAFEFI e TRRIrboht 9179 aci d

when theloat@tmlﬁ a})}fé chdoroseeh i C AT1 dpaz(?.), &e@tp@ﬂcéﬂﬂ&%@@dm oth&i >r<]t ure
at a terrperature abo 175 to 200 C fo 25 hours to 3 hours
after step (dja&%gees' ahd “(? lr%ﬁn&'iﬁw}ﬁ%%aﬁe{‘ih e%%?P?caH?rﬁe ]F%O% i on

m xture to okt 2 whkest -gtlyexwiseospenshicahlyredatedcont ai ni ng | ess

t han about 50 by wei ght of phenol. 35 2. The nethod of claim1l wherein the
al dehyde units are neasured as al dehyde equi val ents. 1 0 APR 2D03 42 3.

. The nethod of cl afhe 2 ohteelngt @¥anp ﬁ%n%h@alléﬂﬁtrﬁéhgeo@ftﬁbeglyoxal are

continuoys adedhOén . 4sOJ@eofrE£H@de9£m§hégnaeevwasgs?ﬁaﬁae agid catalyst is
5 selected fromthe %r oup consisting o trifluoroacefic acid and oxalic

aci d and t he"FRBREYIRL Ve Xt HP eShQWnEaf E8TERCEsSt ERPBr 8¥aPRLBF PGk 38® to

195 C for abpattOcb tRi2 hAvestabhehngefiB¥aheB8bstheitat akysbmpdrifohs The
met hod of cl anﬁz wher ei n: %5,1' t he phenol is a mononucl ear nonohydr oxy
b

phenol havi n§* o8 PH195 on atons; (b) the catalyst is oxalic acid in
a quantity of about 30 to 5% 15 (c) the total nunmber of increnental
gl yoxal aquditionsisfromabout 2t01§ ter is distilled fromthe

reaction mxture follow ng reaction af each addition of glyoxal: and (e)
t he al dehyde equRélPéWI@rfb%lHﬂFéiqwldtomés§o2@&W1&@b ROEHSTOf t he

al dehyde equival ents in thepbpobab &uaibd tiw®f alh¥Px&ts ter ber edvadiged for
maki ng the condensati on product.
To 1,728 grams (g) (18.36 moles) phenol and 62.1 g
25 oxalic acid dihydrate at 90° C there was added over 30
minutes 227 g of 40% glyoxal in water (1.57 moles). The
temperature was maintained at 90° C for another 1.5 hours
and then there was vacuum distilled 185 g of distillate
(10.7% based on the weight of phenol charged) from the
30 reaction mixture at 90° C over a period of forty minutes.
After such heating, approximately 79% of the aldehyde
equivalents charged until that time had reacted and the
guantity of water in the reaction mixture was about 4%.
Another 227 g of 40% glyoxal in water (1.57 moles) was
35 added to the reaction mixture over a 25 minute period while
the temperature was maintained at 90° C for 1.5 hours and
then there was vacuum distilled 195 g of distillate (11.3%



6. The nmethod of claim2 wherein the reaction mxture is 25 distilled to
renove the acid catal yst when at | east about 90% of the al dehyde

equi val ents of the total quantity of glyoxal to be charged to t hé 0rARR NN
m xture for making the condensation product have reacted. 30 7. The net hod
of claim2 wherein the phenol is phenol iedsel f and t he phenol - gl yoxal
condensati on product contains from about to to about 60 of

t et raki s(4- Pp&ESx PPhéRpl Weddn®f IheqolTiehangetbd af 29°afnPZekhéerei n t he
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phenol is>p ?e’l -+ Tfe M IFShyeRF QA aﬂ]é’rﬂ’é]l AT &t ure
are mai nt ai rwtaax dfes:fbﬂl'h &Qﬂm‘oﬁéwaaé otsehmi.e eThe iedgidsaturd he
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unr eact eéloprmnﬂentn W qd?mﬁngWyoxalTMderammtm@dmwtmse @3 t han
about 40; ang; ddve g ravinlgls &P&OI@%EC@SQI d N PIOCUG drgy Relleast 160275

at 365 nmand/or 0.450 at 350 nm 20 11 The phenol - gl yoxal condensati on
product produckRF KPe Hewet HBE OFSRERI PR ULNPUL THERD HERDT - G GS%AI
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for preparing a phenol‘gﬁ oxal| .~ condensati on roduc frogn ngnoh drjic
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in an amount9 ﬁFT'FEYeﬂ A¥a ?3 SREAS BﬁIBF‘ &ngc BefB 81When at
| east 85% of glilhexal dedaxyd@ngguwﬁl pﬁbaubﬂ theOp@fahequant thy phegbyexal to
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distilling t YPEACt TR T X er at ar e of ess an about 170 C
to renove thé&ocadtpPd-catalyst; (f) heating the reaction mixture at a
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renoval of thg ggt%ﬁ/st and

EXAMPLE 2 (COMPARATIVE)

PREPARATION OF PHENOL-GLYOXAL POLYPHENOL AT 90° C WITH ONE
ADDITION OF GLYOXAL

30 To 576 g (6.12 moles) phenol and 23 g oxalic acid
dihydrate at 85° C is added over a period of about one hour
151.4 g of 40% glyoxal in water (1.04 moles) during which
period the temperature was slowly raised to 90° C. The mole
ratio of glyoxal to phenol was 0.17. Immediately

35 thereafter, vacuum is applied to remove 120 g of distillate
at 90-95° C over a period of 60 minutes. A temperature of

90-92° C was maintained for 2.25 hours after which time



15 (g) renoving unreacted phenol fromthe reaction mxture to obtain a
phenol - gl yoxal condensation product containing | ess than about SW qyé@?ﬂﬂrt
of phenol. 14. A nethod for preparing a phenol -glyoxal condensation

product which conprises: (a) charging, to a reaction vessel, a nonohydric,
nononucl ear phenol having up to 12 carbork@tons and from about 0.06 to 0.11
nol es of a 40% sol ution of glyoxal in water, the quantity of glyoxal based
on the nol efRFupHeholoDhhaalirhyde é@ﬂfv’@l@@*a%tﬁlwwwmté mﬁbmr ein

the reacti onmwt\%&mﬁ s aaﬁﬁ?@d a&%f Pé Pﬁ&édﬁ%c? E&n 'i’ d "ee

presence of about to 5% of ‘oxalic acid conductin
distillati orﬁi%ﬁtltjlfﬂea?%actlil%tlrﬁ‘&t‘iﬁ*‘e %@nghm@jeql eAEt?oHNn & @rlatﬁréo’éf ter

about 1 to 5 385 howiss [ roméenithal 1 29ckéeP Séride inhtany hes gl ypxal
in the reacti ture and, renovi ng about 8% to 12% wei ght “of

distillata, %@%W%% FHLL YRR T $ yc%?r%%‘én%"l’dcﬁ%?ﬁ%%d f %wrhewf%%a@f%n

m xture; (C)apﬁmﬁémrmwéﬁ)éfWhﬁﬁi@él@@ ﬁéméuéesaa@t@eéfodﬂﬁtiplﬁtél 35 nol es
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quantity of Yo% hat W8S FOTRIMS Dn Tkt YIS f AolPWl. A5 to
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distillate based on the quantity of phenol charged (d) continuing the
reaction aftEPrtPBesBEBRd dTBEi FRAEtsANaPikhEIPeHREi BACPHPEREPUre until at
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. the tenperatbr8’gbbhe ¥ SHPmléeséﬁﬁéaEBBUtWi?oceﬁﬁhﬁulgs?FlF?Hg

react|on:naxpnéﬁonolﬁltﬁbnaéecthenCQEﬁtysb waB (Bksheathngst hpurengt tha

m xture at a teng E f about 175 C;C 200.C for aboué 0 2% hﬁurs to 3
hours after Y&HBVR 6? aEéPﬁl%EF TSRGTEGN PARSIFRg¥anr BEEFEE Bhefol to
recover a phéﬂmpeghyuxalofoaden$aﬂV5h ®rioeluk? 2t ehtfaimiakgutotO . 1261 &otlrsn

about 5% of %Heu%gé@.&%ﬂ Q@Q@Qﬂ:e 13- £ABS %EEﬁQrgEdck%gﬂ Jcﬁe""?gég‘c%rt he

reaction mxture is nperature o
about 0.5 toaaéoﬁbes ﬁ@ﬂiﬁ‘énéf‘iﬁén ﬁeﬁevaﬁléi(efihepé”ﬁpﬁll‘%ﬁs 9% tBe The rret hod

of clai mZd %nghenbllepmanelt a&y%ag %QBQ\%'I%atalr%ngﬁR;@‘ﬁUfih kap1as

ul travi ol et aB g % ii at. | east 260 at 36 gnd/or 400 at 350 nm
30 17. The n¥CR&8 &P P¥|HP§4tRHér8¥ﬁmPH@ &ava sFe STEeq to asi §X2-
dehydrate; the first distillation of the reaction mxture is after about

1.5 to 3 hours frominitial f L1th the glyoxal; the
second distillation is about ]ﬁﬁ§4¢¥l§Pﬁ% ¢§?#ﬁ$§§%¥%¥%i me the first
distillation 35PREPARATION; OFnPHENOL-CANOXAL imld@%iﬂtmm:edﬂf clyozén©tmlb 0.5
to 6 hourss afRRE‘%*LLﬁ{O”(‘i%@C-‘i’EQBt?S’fxﬁE'E‘Q éx@goﬂﬁo%%k'bﬁtcﬂ?okﬂﬂ" at |east 85%

of the al dehyde equivalents o 46 total quantity of
gl yoxal to be charged fI§r 5fgkiond &-He &Gi&ENs e lprdducs Mavkaldscasdd

dihydrate at 90° C there was added over a one hour period
151.4 g of 40% glyoxal in water (1.04 moles) while the
temperature was allowed to rise to reflux (103-104° C). The

30 mole ratio of glyoxal to phenol was 0.17. The reaction
mixture was held at reflux for 10 hours. After such reflux
approximately 89% of the aldehyde equivalents had reacted.
The temperature was then raised to 110° C and there was
removed 55.5 g of distillate over a period of about 22

35 minutes. The temperature was held at 110° C for one hour
and then the reaction mixture was atmospherically distilled
to 160° C. The reaction mixture was then held for one hour



18. The method of claim 14 wherein the reaction 5 tenperature is fragm Elﬁlﬂt
85 C to about 95C. 19. The nethod of claim 14 wherein the phenol i%UdH%
itself and the phenol - gl yoxal condensati on product contains from about 1%
to about 6% of tetrakis(4-hydroxyphenyl) 10 et hane. 20. The phenol - gl yoxal
condensati on product produced by the metRéd of claim14. 15 21. A

pol yphenol of a phenol and glyoxal having an ultraviol et absorbance of at
| east 0.2603% %65 fim BR8/ BP2BL210D BLxXSBEenHRS2BherhEaFBIPpReRsF1éfRdcF]i m

21 cont ai ni R rgv@MtRMR0 W1 1006d0 14} Ay §ha{o1d akPh 5523 6 oPhec paly phxggnol  of
claim 21 wherein tE@éﬁ? ol _.is phenaol itself., 25 24. Theoprodugt of claim
21 cont ai ni NGY FHPTHVATIDGh AP HIBAY Flod5% of 88&itdm  about

0. 003% of cateingl iabaie GHEDNT ninafiraMbabioids GCHP%Df motassitma 25.
o B b ST o PRI B Gt 00 e R
gzgllyci dél gp;w@rer e@ht&mﬁcmmtpalrésTS)ftraardi@qmt dM%l]'Ecm:I Epoxgldasyde of claim
, and m x . e . L es |
epoxy equi ve SR e TS e SR o S RPN o,
conprising &d1 awekimg ditvmmorsprnea tiew rprothdbisedloh reatt 100 phxterof
said flanme r rdady Wk
W ﬁ%cgwo Yo efStfom (@%e( aﬁ@é&%b tds %r?d ComMAStd, % . g

phenol - f or mal dehyde nov esin; an about to 10 parfts of a nember

sel ect ed 10r o aled grRygrehnsestohots rol vplesnok eTeAWRt PRI B DS, a 10

pol yphenol oéx&hﬁaiéna%e G ¥t UE D81 ddafetdn £EBlod en&OrRDS | ékARpDé claim
27 wherein the f]lane
may be referred to as EX3.

EXAMPLE 4 (COMPARATIVE)
15 PREPARATION OF PHENOL~GLYOXAL POLYPHENOL AT 102°
AND REFLUX (103~104° C) WITH ONE ADDITION OF GLYOXAL

To 576 g (6.12 moles) phenol and 6.23 g 18.5% HCl

(0.2% HC1l on phenol) at 90° C is added over a one hour

20 period 151.4 g of 40% glyoxal in water (1.04 moles) while
the temperature is allowed to rise to reflux (103-104° C).
The molar ratio of glyoxal to phencl was 0.17. After two
hours at reflux about 93% of the aldehyde equivalents
charged had reacted. The reaction mixture was then vacuum

25 distilled with the temperature rising to 110° C to remove
agqueous HC1l distillate of 116.4 g. 100 g of hot water was
then added to the reaction mixture and distillation was
continued at atmospheric pressure to 150° C. The
hydrochloric acid catalyst (HCl) is co-distilled with

30 water from the reaction mixture. Then, by vacuum
distillation up to 180°, the unreacted phenol was removed
to less than 4% remaining in the reaction mixture. The
reaction mixture is then discharged from the reactor and
comminuted, e.g., flaked. Properties of the polyphenol

35 product of this example are given in the tables which

follow and this example may be referred to as EX4.



retardant epoxy resin is a hal ogenated epoxy resin. 15 29. A conposition
conprising about 50 to 90 parts by weight of a phenolic novol ac havi h@PR003
ul travi ol et absorbance of |ess than about 0.260 at 365 nm and/or 0.400 at
350 nm and 10 to 50 parts of a pol yphenol of a phenol and gl yoxal having
an ultraviol et absorbance of at |least 0.260 at 365 20 nm and/or 0.400 at
350 nm and from about 0% to 6% of a TPE. 30. The gl ycidyl ated pol yphenol of

claim21. 31. The gl ycidyl at eEXMRLES dICQMEARATIV Havi ng an 25 ul travi ol et
absorbance air@adRRRiy aheBn v BloRdd %%%L QB 2t 33RkpNm 32, A

| ani nat e havin rrprove uor escence, sai am nate prepared froma
conposi tion Xs WW%pGﬁy WISS ONEn D23 THEN ST K LYOKApaPN® of said

epoxy rein: ﬁg@N@ﬁgwﬂFdﬁﬁéquﬁop@ﬁfﬁlggTa.phenol f or mal dehyde novol ac
resin; and (b) about to 10 parts_of a nenber selected fromthe
consi sting of, 35°%i 57% Phehot2 ghgdsal RepRRhsART oh- Bt o%luﬁ:ﬁrﬂ%}jugjeoﬁby

10 APR 2003 Hassé@eomrepmsopf @f aw% 1ﬁnex€¢1§upfc9w@|£<yieat£ﬂ gdremolasgl yoxal
condensati on £ ct géoduc
r

g of claim 14 4 iﬁ# reaction
product of an The ahd & %e‘ah%ﬁ%]f @I%?(JFO%’(’)@%E%% o%lu‘?;
produced by 4(171% grbyblmll ofnchater 14) . andndies) m Xt esol derzoio éBB A

rasin a4 SRR EG: T SSSRRE ol e et dratit PR LR PRI R0
hélogenaﬂéﬁ BpoRyre et npetBifbedsSto rise to reflux (103-104° C) where
it remained for several hours and the conversion of
aldehyde equivalents was up to about 96% of that charged.
This is followed by neutralization of the catalyst, cooling
to 65° C and washing with distilled water to remove salt.
15 This is followed by atmospheric distillation to 160° C and
then vacuum distillation at about 176° C to reduce the
quantity of unreacted phenol in the reaction mixture to

about 1%. The reaction mixture is eventually comminuted,
e.g., flaked.
20
EXAMPLE 52 (COMPARATIVE)

The procedure of the above Example 5 was followed but
the phenolsulfonic acid was replaced by 1.25 g (0.22% based
on phenol) of anhydrous methanesufonic acid. Approximately

25 97% of the aldehyde equivalents charged had reacted prior
to neutralization of the catalyst. Essentially, egquivalent
properties, molecular weights, viscosities, and % of TPE is
obtained. Properties of the phenol-glyoxal condensation
product are given in tables which follow wherein this

30 examnple may be referred to as EX5A.

EXAMPLE 6
L.ARGE SCALE PRODUCTION OF PHENOL-GLYOXAL CONDENSATION
PRODUCT IN THE MANNER OF EXAMPLE 1
35 The phenol-glyoxal condensation product of Exanmple 6
was prepared in substantially the same manner as Example 1

except that it was prepared on large scale equipment which
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reaction mixture was reheated to 55° C and then 30 g of a
20% solution of sodium hydroxide in water was added while
maintaining a temperature of 55° C. The 55° C temperature
was held for another 30 minutes. Then there was added 90 g
35 of 20% solution of sodium hydroxide in water. The reaction
mixture was held at 55° C for another hour, heated to 65° C

and held for 30 minutes and then transferred to a
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The agueous layer was discarded and the organic layer
washed a second time and then vacuum distilled to recover

5 excess epichlorchydrin and 105 g of dark resin of the
epoxidized product of Example 6. This epoxy resin has a
weight per epoxy equivalent of 203.1 and 225.8. This
compares with a weight per epoxy equivalent of 210 for EPON
1031. Viscosities and weight per epoxy equivalent (WPE) of

10 the epoxy resin of this Example 8 as well as comparisons
with other epoxy resins prepared from polyphenols are shown

below in tables wherein this example may be referred to as
EXS8.

15 EXAMPLE 9 (COMPARATIVE)
PREPARATION OF PHENOL-GLYOXAL POLYPHENOL USING ACIDIC
(SULFONIC ACID) ION EXCHANGE RESIN

To 709.3 g of phenol (7.54 moles) and 35.5 g of

20 Amberlyst 15 which is a dry sulfonic acid ion exchange
resin sold by Rohm & Haas Co. at a temperature of 90° C over
30 minutes, there was added 93 g of 40% glyoxal in water
(0.64 moles). This resin was chosen since the resin used as
catalyst in U.S. patents: 5,012,016; 5,146,006; and

25 5,191,128, all to 5. Li, were unavailable and this resin
appeared to be the closest to such resin. The temperature
was maintained at 90° C for another 1.5 hours. After such
time 88% of the aldehyde eguivalents charged to the
reaction mixture had reacted. Then there was vacuum

30 distilled 42 g of distillate. On completion of the
distillation 95% of the aldehyde equivalents charged to the
reaction mixture had reacted. Another 93 g of 40% glyoxal
in water was added over 31 minutes while the temperature
was maintained at 90° ¢ for 1.5 hours. After such 1.5 hours,

35 81% of the aldehyde equivalents charged to the reaction
mixture had reacted. Then there was vacuum distilled 70 g
of distillate at 90° C over a period of 30 minutes. The



wi[ M1 (10% 10 10 10! (10%& ()-:!!  (10%& ()-

C(109%& ()-: 1! (10%008 ()-: ! | " A#U#) [ <M1 | ]

U SH109& () -1 SH10%& () -1 SH10%&' ()-! SH10%& () -, 10%&' () - &m0okd @f 066
% ' WUSMA! " L- @10%&' ()- ! L- @10%& ()- !L-@10%& ()- ! @10%v& ()-

| @10% ()- ! @10%: () - 30

)XxV4ITh "10%&' ()-M T"10%&' ()-M s10%&' ()-& 10%& ()-Y 10% ()-M 10 10
10)) y** +$, @temppraiune afy PR C( was maintained for another 30 minutes

It 10%EE ()giddhAP% Qimd | Lg10% ¥
100 ()< 1 P rTe Siobed (1% T K S O R e
10z7! " 9- - #1 0% A4 § Jreactyian rovgs yye hafd S g =teeetvi Ty Pef s M&Lqromq)aml

& 10%14& yI! N
& 1o () I Feohinse) S e ﬁo%ﬁ(%@tﬁ%ﬁ gt Bod Mo additions

& 109%& () 541was ljﬂ/ﬂnn&:? 5a lowed to settle and relatively
20 97 SU | SHI0AY L il 497 $) 1006akded SOPRIAA He B0 )rd "Bt 0% ()
" 6-w1t .6 g of 50% sodium hydroxide. 650 g of neutralized
solution was charged to a flask for atmospheric
distillation to 160° C. The reaction mixture was then vacuum
' 10 distilled to 175° C to remove phenol. During the reaction,
the aldehyde equivalents in the reaction mixture were
maintained at less than about 70% of the aldehyde
equivalents in the total quantity of glyoxal to be charged
for making the polyphenol. Yield of product was 263 g. The
15 resulting polyphenol was then comminuted, e.g., flaked.
Properties of the polyphenol are given in tables which
follow wherein this example may be referred to as EX9.

EXAMPLE 10

20 PREPARATION OF PHENOL~-GLYQOXAIL CONDENSATION PRODUCT WITH TWO
ADDITIONS OF GLYOXAL, OXALIC ACID CATALYST AND TOTAL
GLYOXAL/PHENOL MOLE RATIO OF 0.22 FOR FIRST PORTION AND
ADDITION OF PHENOL TO REDUCE THE GLYOXAL/PHENOL MOLE RATIO
TO 0.17 FOR SECOND PORTION.

25

To 1419 g (15 moles) phenol and 56.5 g oxalic acid

dihydrate at 90° C there was added over 30 minutes 240 g of
40% glyoxal in water (1.655 moles). The temperature was
maintained at 90° C for another 1.5 hours and then there was

30 vacuum distilled 148.3 g of distillate from the reaction
mixture at 90° C over a period of fifty minutes whereupon
about 62% of the aldehyde eguivalents charged to the
reaction mixture had reacted after such fifty minute
period. Another 240 g of 40% glyoxal in water (1.655

35 moles) was added to the reaction mixture over a 22 minute
period while the temperature was maintained at 90° C for 1.5
hours. About 58% of the aldehyde equivalents charged to
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ch argeg to the reactlon mlxture had reacted. The molar
ratio of glyoxal to phenol for the total of all the glyoxal
additions was 0.22. The temperature of 90° C was maintained
for ancther 5 hours. After such 5 hour period about 87% of
the aldehyde equivalents charged to the reaction mixture
, 10 had reacted. Then the reaction mixture was divided into
two. To one half (794 g) was added 214 g of phenol to
adjust glyoxal/phenol mole ratioc to 0.17. The reaction
mixture with added phenol was heated at 90° C for 2.5 hours
whereupon 89% of the aldehyde equivalents charged to the
15 reaction mixture had reacted. Percent water in the reaction
mixture was 4.9%. The reaction mixture was then heated to
160° C over 25 minutes and held at 160° C for one hour,
after which the bulk of phenol was removed by vacuum
distillation to 175° C. The product was then discharged from
20 the flask. The remaining one-half of reaction mixture
without added phenol was heated to 160° C as above and
phenol removed by wvacuum distillation to 175° C. The phenol-
glyoxal condensation product made with the 0.22 mole ratio
of glyoxal to phenol is referred to in the tables as
25 EX10.22 whereas that made with the 0.17 mole ratioc of
glyoxal to phenol is referred to in the tables as EX10.17
During the reaction, for both EX10.17 and EX10.22, the
aldehyde equivalents in the reaction mixture were
maintained at less than about 70% of the aldehyde
30 equivalents in the total quantity of glyoxal to be charged
for making the phenol~-glyoxal condensation product.
Properties of the polyphenols are given in tables which
follow. The polyphenol of EX10.17 and that of EX10.12 were
further heated at 190° C for one hour under full vacuum.
35 Properties of these products are shown in the following
tables wherein the heated sample of EX10.17 is referred to
as EX10.17H and that of EX10.22 is referred to as EX10.22H.
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To 709. 3 g (7.54 moles) phenol and 17.7 g

trichloroacetic acid (2.5% based on the weight of phenol
charged) at 90° C there was added over 27 minutes 92.9 g of
40% glyoxal (0.64 moles) in water. The temperature was
maintained for 1.5 hours and about 58% of aldehyde

15 eguivalents had reacted after such 1.5 hours.
Subsequently, there was vacuum distilled 62.2 g of
distillate from the reaction mixture at 90° C over 26
minutes. After distillation, the aldehyde equivalents
reacted (converted) was 70% of that charged and residual

20 water content of the reaction mixture was about 3.5%
Another 92.9 g of 40% glyoxal (0.64 moles for a total of
1.28 moles) was added over half an hour while the
temperature was maintained for 1.5 hours. The total mole
ratio of glyoxal to phenol in this example was 0.17. After

25 such heating about 62% of aldehyde equivalents charged to
the reaction mixture had reacted. Subsequently there was
vacuum distilled 81.6 g of distillate at 90° C over 25
minutes. After the distillation, the aldehyde equivalents
converted was 72% of that charged and the residual water in

30 the reaction mixture was 3.5%. The temperature was
maintained at 90° C for another 1.5 hours and about 88% of
the aldehyde equivalents charged had reacted after such 1.5
hour period. One half hour later 1.0 g of pyridine was
added. At such time 88 percent of aldehyde equivalents

35 which had been charged to the reaction mixture had reacted.
The temperature was raised to 125° C over one half hour and

held at this temperature for 70 minutes and further raised
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e aldehy equivalents in the total guanti of glyoxal
10 to be charged for making the phenol-glyoxal condensation
product.

EXAMPLE 12 (COMPARATIVE)
PREPARATION OF PHENOL~-GLYOXAL CONDENSATION PRODUCT WITH TWO
ADDITIONS OF GLYOXAL, GLYCXAL~-PHENOL MOLE RATIO OF Q.17
15 WITH TRICHLOROACETIC ACID CATALYST WITHOUT USE OF BASIC
MATERIAIL IN REMOVAL OF HCL.
The procedure of Example 11 was followed except that:
a basic material, e.g., pyridine, was not added to the
reaction mixture prior to raising the temperature to 125° C
20 and removal of the catalyst; and the final temperature
after removal of phenol was 175° C. Processing of this
example was discontinued upon heating to 175° C because the
viscosity was unduly high. This example is also referred to
in the tables as EX12.
25 TABLE 1
CHARACTERIZATION OF SOME PHENOL-GLYOXAL POLYPHENOLS

EX Mol Wgt Phenol, | TPE,% Viscosity
Mw/Mn % cps(175°C)
1 451/331 0.15 4.15 480
30 2 464/347 0.29 5.10 510
(465/362)®
3 468/351 2.05 8.53 300%*
4 572/387 3.46 13.21 9QQ~*
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11 518/363 0.3 4.85 2040
10 || 12 552/357 0.30 1.02 > 9,000

) value before catalyst was removed.

* These examples have a high phenol content which depresses

the viscosity.

15

It can be seen from the above Table 1 that Examples 1,
6 and 7 gave the lowest percentage of TPE even though
Examples 1-3 used the same catalyst and the same mole ratio

of reactants.

20

The conventional catalysts such as HC1l (EX4),
sulfonic acid (EX5A and 9 give very high levels of TPE and

even oxalic acid when not used with incremental additions

of glyoxal and removal of distillates also gave a high

value of TPE

(EX3).

The post heating at 190° C in Examples

10.17H and 10.22H show no significant effect on molecular

25

increased in viscosity.

TABLE

2

FLUORESCENCE DATA OBTAINED OF 0.05% SOLUTION OF THE

30

POLYPHENOL OR EPOXIDIZED POLYPHENOL IN TETRAHYDROFURAN

(THF) AT ACQUISITION TIME OF ONE SECOND AND AT AN
EXCITATION WAVELENGTH OF 442 NM

weight or free TPE but decreased in free phenol content and
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7 10535 532

EPON 1031%* 6403 528

*EPON 1031 (CAS: 7328-97-4) is a polyphencl containing

tetraglycidyl ether of tetrakis (hydroxyphenyl)ethane and
is sold by Shell 0il Co.

10

of Emeryville, CA.

It can be seen from Table 2 above that Examples 1, 6
and 7 which are phenol-glyoxal condensation products of
this invention had a fluorescence which was about 70%

higher than Example SA which was prepared with sulfonic
acid catalyst.

which follow.

15

Similar results are shown in Tables 3 and 4

20 TABLE 3
FLUORESCENCE OF 0.05% SOLUTION OF EPOXIDIZED
POLYPHENOL IN THF AT EXCITATION WAVELENGTH OF 442 NM
AND ACQUISITION TIME OF 1.0 SECOND
25 || Material Maximum Wavelength Maximum
Intensity Counts | nm
EPON 1031 8640 527
EX 8 14,600 535

It can be seen from the above Table 3 that the product
30 of Example 8, namely the epoxidized product of Example 6,

shows about 50% more fluorescence than the commercial

203 (
()-

>7{ oM+4! y10%@as! () - s! Oy8&109008& () -!y810%&s() - ! y8&10%& () - @0% & () - 8ymi0% &

)-t
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5 POLYPHENOL IN TETRAHYDROFURAN (THF) AT ACQUISITION TIME

OF ONE SECOND AND AT AN EXCITATION WAVELENGTH OF 442 NM
WITH THE DATA OF THIS TABLE 4 BEING OBTAINED ON A
DIFFERENT DATE FROM THAT OF TABLES 2 AND 3.

Example Concentration | Maximum Wavelength
| wt.% Of The Intensity, Maximum nm
Polyphenol Counts
10 1 0.0500 16640 530
1 0.0500 16300 531
2 0.0503 13550 530
2 0.0503 13510 529
3 0.0500 12860 536
15 3 0.0500 12640 532
4 0.0500 13960 523
4 0.0490 13850 525
5A 0.050 9920 535
5A 0.050 9620 530
20 2% 0.0498 6940 540
3% 0.0501 5130 530
3* 0.0501 5280 527
5A% 0.0503 5010 530

25 * The values for these are of the reaction mixture before
removal of catalyst.
It can be seen from Table 4 above, that
Example 1 has a fluorescence which is substantially higher
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EX11 0.728, 0.395, 0.404
0.739
20 EX12 0.465 0.317
Epon 1031 0.273 0.161
Pure TPE 0.000 0.000

* Epoxide

25 It can be seen from the above Table 5 that Example 1
and Example 11 afford the highest absorbance at both 350
and 365 nm. All of the oxalic acid catalyzed products gave

higher absorbance as compared to the sulfonic acid
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of Example 6 1580 (125° C) 440
(150° C)
Epoxide of 767/374 11580 (100° C) 821 233
Example 5A (125° C) 142
(150° C)
25
TABLE 7

FLUORESCENCE OBTAINED OF PRODUCTS IN 0.05% SOLUTION IN THF
AT EXCITATION WAVELENGTHS OF 442 NM BUT AT ACQUISITION TIME
30 OF ONE-HALF OF A SECOND.
Counts at Maximum Wavelength

Product of Intensity Maximum nm
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EX6 19,960 531
EX11 17,390 532
EX10.22 19,040 530
EX10.22H 19,940 530
5 EX10.17H 20,120 530
TABLE 8

SOLUBILITY OF CONDENSATION PRODUCTS

Solubility at 50% acetone was attempted with the

various phenol-glyoxal condensates. A large vial 7/8
\ 10 inches in internal diameter was charged with 10 g each of

acetone and solid, warmed with vigorous agitation and then
allowed to settle for 10 days at room temperature. The
total height of the mixes was 1.75 inches. The clear
supernatant layer was measured and is reported below in

15 millimeters (mm). Lower values are indicative of lower

solubility.
Material Clear Liquor, mm
EX1 32
EX2 30EX48
20 EXSA 23
EX10.17 17
EX10.22 22
EX6 41
EXS 7
25 EX11 24

Several materials were checked for 50% solubility in
methyl ethyl ketone. The product of Examples 1-3 and 11
remained completely soluble at room temperature after
standing 10 days. Product from Example 52 deposited some
30 product after standing 3 days.

35
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TABLE 9
METAL ION CONTENTS OF POLYPHENOLS & EPON 1031
Metal EPON
Ion EX1 EX6 EX7 EX5A 1031
5 Na 0.003 0.001 0.002 0.017 0.028 Ca
0.002 0.001 0.001 <0.001 0.001
Fe <0.001 <0.001 0.001 <0.001 <0.001
K 0.008 <0.001 <0.001 <0.001 0.001
10
15
20
i
25
30

35
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What is claimed is:

1. A method for preparing a phenol-glyoxal condensation

product from a monochydric phenol and glyoxal which
5 comprises:
(a) charging phenol to a reaction vessel and incrementally
charging a total of about 0.15 to 0.22 moles of glyoxal for
each mole of the phenol charged to the reaction vessel to form
a reaction mixture at a temperature of about 80° C to 100° C
I 10 in the presence of about 1% to 6%, based on the weight of
phenol charged, of an acid catalyst which can be removed from
the reaction mixture by heating and distilling the reaction
mixture at a temperature below about 170° C, said catalyst
selected from the group consisting of oxalic acid,
15 trichlorocacetic acid and trifluorcacetic acid;
(b) incrementally removing water from the reaction mixture;
(c) maintaining the aldehyde units in the reaction mixture
at less than about 70% of the aldehyde units in the total
guantity of glyoxal to be charged for making the condensation
20 product;
(d) distilling the reaction mixture at a temperature of less
than about 170° C to remove the acid catalyst when at least
85% of the aldehyde units in the total guantity of glyoxal to
be charged for making the condensation product have reacted,
25 provided that prior to such distillation, a basic material is
added to the reaction mixture in an amount sufficient to
neutralize hydrochloric acid when the catalyst is
trichloroacetic acid;
(e) heating the reaction mixture at a temperature of about
30 175° C to 200° C for about 0.25 hours to 3 hours after step
(d)above; and
(£) removing unreacted phenol from the reaction mixture to
obtain a phenol-glyoxal condensation product containing less
than about 5% by weight of phenol.
35
2. The method of claim 1 wherein the aldehyde units are
measured as aldehyde equivalents.
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4. The method of claim 2 wherein the acid catalyst is

5 selected from the group consisting of trifluoroacetic acid
and oxalic acid and the reaction mixture is heated at a
temperature of about 180° to 195° C for about 0.5 to 2 hours
after removal of the catalyst.

| 10 5. The method of claim 2 wherein:
(a) the phenol is a mononuclear monohydroxy phenol
having from 6 to 12 carbon atoms;
(b) the catalyst is oxalic acid in a guantity of
about 3% to 5%;

15 (c) the total number of incremental glyoxal additions
is from about 2 to 4;
(d) water is distilled from the reaction mixture
following reaction after each addition of glyoxal; and
(e) the aldehyde equivalents are maintained at less
20 than about 60% of the aldehyde egquivalents in the total
quantity of glyoxal to be charged for making the
condensation product.

6. The method of claim 2 wherein the reaction mixture is
25 distilled to remove the acid catalyst when at least about

90% of the aldehyde equivalents of the total quantity of

glyoxal to be charged to the reaction mixture for making

the condensation product have reacted.

30 7. The method of claim 2 wherein the phenol is phenol
itself and the phenol-glyoxal condensation product contains

from about 1% to about 6% of tetrakis(4-hydroxyphenyl)
ethane.

35 8. The method of claim 2 wherein the phencol-glyoxal

condensation product contains less than about 1.5% of
unreacted phenol.
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9. The method of claim 2 wherein the phenol-glyoxal
condensation product has an ultraviolet absorbance of at
least 0.260 at 365 nm and/or 0.400 at 350 nm.

5 10. The method of claim 2 wherein the catalyst is oxalic
acid in a quantity of about 3% to 5%; the phenol is phenol
itself; the aldehyde equivalents in the reaction mixture
are maintained at less than about 60% of the aldehyde
equivalents in the total quantity of glyoxal to be charged

10 to the reaction mixture for making the condensation
product; two to four additions of glyoxal are made to the
reaction mixture; a distillation of water is conducted
after each addition of glyoxal and reaction of glyoxal with
phencl prior to increasing the temperature above about 130°

15 C to remove the catalyst; the amount of unreacted phenol in
the phenol-glyoxal condensation product is less than about
4%; and the ultraviolet absorbance of the product is at
least 0.275 at 365 nm and/or 0.450 at 350 nm.

20 11. The phenol-glyoxal condensation product produced by
the method of claim 2.

12. The phenol~-glyoxal condensation product produced by
the method of claim 10.
25

13. A method for preparing a phenol-glyoxal condensation
product from a monchydric phenol and glyoxal which
comprises:
(a) charging phenol to a reaction vessel and incrementally
30 charging a total of about 0.15 to 0.22 moles of glyoxal
for each mole of the phenol charged to the reaction vessel
to form a reaction mixture at a temperature of about 80° C
to 100° ¢ in the presence of about 1% to 4%, based on the
weight of phenol charged, of trichloroacetic acid as a
35 catalyst;

(b) incrementally removing water from the reaction
mixture;
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(c) maintaining the aldehyde equivalents in the reaction
mixture at less than about 70% of the aldehyde equivalents
in the total gquantity of glyoxal to be charged for making
the condensation product;

5 (d) adding a basic material to the reaction mixture in an
amount sufficient to neutralize any hydrochloric acid
formed when at least 85% of the aldehyde equivalents in
the total guantity of glyoxal to be charged for making the
condensation product have reacted;

10 (e) distilling the reaction mixture at a temperature of
less than about 170° C to remove the acid catalyst:;
(f) heating the reaction mixture at a temperature of about
175° C to 200° C for about 0.25 hours to 3 hours after
removal of the catalyst; and

15 (g) removing unreacted phenol from the reaction mixture to
obtain a phenol-glyoxal condensation product containing
less than about 5% by weight of phenol.

14. A method for preparing a phenol-glyoxal condensation
20 product which comprises:
(a) charging, to a reaction vessel, a monohydric,
mononuclear phenol having up to 12 carpon atoms and from
about 0.06 to 0.11 moles of a 40% sclution of glyoxal in
water, the quantity of glyoxal based on the moles of phenol
25 charged, to form a reaction mixture and wherein the
reaction mixture is at a temperature of about 80° C to 100°
C in the presence of about 3 to 5% of oxalic acid;
(b) conducting a first distillation of the reaction
mixture at said reaction temperature after about 1 to 5
30 hours from initial reaction of the phenol with the glyoxal
in the reaction mixture and removing about 8% to 12% by
weight of distillate, based on the gquantity of phenol
charged, from the reaction mixture;
(c) charging to the reaction mixture another 0.06 to 0.11
35 moles of the glyoxal based on the moles of phenol charged
wherein the total quantity of glyoxal charged to the
reaction mixture is from about 0.15 to 0.22 moles of
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glyoxal for each mole of the phenol charged and continuing
the reaction at the said reaction temperature for about
another 1.5 to 6 hours after the commencement of the first
distillation and then conducting a second distillation of
5 the reaction mixture at the said reaction temperature to
remove from about another 4% to 12% by weight of distillate
based on the quantity of phenol charged;
(d) continuing the reaction after the second distillation
at the reaction temperature until at least 85% of the

10 aldehyde equivalents of the total quantity of glyoxal to be
charged for making the condensation product have reacted;
(e) raising the temperature above about 130° C to about
170° C and distilling the reaction mixture to eliminate the
catalyst;

15 (f) heating the reaction mixture at a temperature of about
175° C to 200° C for about 0.25 hours to 3 hours after
removal of the catalyst:; and
(g) removing unreacted phenol to recover a phenol-glyoxal

condensation product containing not more than about 5% of
20 unreacted phenol.

15. The method of claim 14 wherein the reaction mixture

is heated at a temperature of about 190° C to 200° C for

about 0.5 to about 3 hours after removal of the catalyst.
25

16. The method of claim 14 wherein the phenocl-glyoxal

condensation product has an ultraviolet absorbance of at

least 0.260 at 365 nm and/or 0.400 at 350 nm.

30 17. The method of claim 14 wherein the catalyst is oxalic
acid dihydrate; the first distillation of the reaction
nixture is after about 1.5 to 3 hours from initial reaction
of the phenol with the glyoxal; the second distillation is
about 1.5 to 5 hours from the time the first distillation

35 is started; and the reaction is continued for another 0.5
to 6 hours after commencement of the second distillation
until at least 85% of the aldehyde equivalents of the
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19. The method of claim 14 wherein the phenol is phenol
itself and the phenol-glyoxal condensation product contains
from about 1% to about 6% of tetrakis(4-hydroxyphenyl)

10 ethane.

20. The phenol-glyoxal condensation product produced by
the method of claim 14.

15 21. A polyphenol of a phenol and glyoxal having an
ultraviolet absorbance of at least 0.260 at 365 nm and/or

0.400 at 350 nm.

22. The polyphenol of claim 21 containing from about 0% to
20 about 6% of a TPE.

23. The polyphenol of claim 21 wherein
the phenol is phenol itself.

25 24. The product of claim 21 containing a concentration of
less than: about 0.005% of sodium; about 0.003% of calcium;

about 0.003% of iron; and about 0.002% of potassium.

25. An epoxy resin selected from the group consisting of a
30 glycidylated polyphenol of claim 21, a reaction product of
about 4 to B8 parts of a glycidyl epoxy resin to each part

of a diglycidylated epoxy resin of claim 21, and mixtures

thereof.

35 26. The epoxy resin of claim 25 having an epoxy equivalent
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20 nm and/or 0.400 at 350 nm and from about 0% to 6% of a TPE.
30. The glycidylated polyphenol of claim 21.

31. The glycidylated product of claim 30 having an
25 ultraviolet absorbance of at least about 0.200 at 365 nm
and/or 0.300 at 350 nm.

32. A laminate having improved fluorescence, said laminate

prepared from a composition comprising an epoxy resin and
30 for each 100 parts of said epoxy rein:

(a) about 18 to 25 parts of a phenol-~formaldehyde novolac

resin; and

(b) about 3 to 10 parts of a member selected from the group

consisting of,

35 (i) a phenol-glyoxal condensation product produced by
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the method of claim 14,

(ii) a glycidylated phenol-glyoxal condensation
product produced by the method of claim 14,

(iii) a reaction product of an epoxy resin and a
phenol-glyoxal condensation product produced by the method
of claim 14, and

(iv) mixtures thereof.

33. A laminate of claim 32 wherein the epoxy resin is a

flame retardant epoxy resin.

34. A laminate of claim 33 wherein the flame retardant

resin is a halogenated epoxy resin.



