(54) Title: PHENOL- NOVOLACS W TH | MPROVED OPTI CAL PROPERTI ES (57) Abstract
A nmethod for the manufacture of a fluorescent polyphenoP? Sepieatge 0% t h

hi gh UV absorbance, its subsequent epoxidation, polyphenolic products,
epoxi di zed derivatives and conpositions ther eof as well a 4,,.*[”--“; nat es

cont ai ni ng f cent pol henol | c products and derivati i her eof are
di scl osed. 2 éi'senber mefa:g a1 USHOF 08994 NO\/O_ACS

W TH TNRROHERNGRTL by ERERFTES ) QuAoh ok e SRl i - part

22, iﬁb’gt"’“g‘““ﬁh‘l’“&“ﬁ%@ﬁf‘?“on reI at gs tdllphemﬁoml’lglwy@xH#mberondens‘&’(b%()fﬁflﬁﬁf’
gl ycji dyB3dBeH32, §85G §44.i3@8s t her eof Alc mgﬁm'%& lloarg;“bfont gi.ni ng, L1 %8@98993021 es

P

and their glycidylated derivatiy m nat es reintforci nn a
resi zm&[rnstfsnal gpgmtm RbckhGr: epow,bgoelakgﬁf %qimgme%a; ACROERSAL OB, 8L AU, 3 OF
resijdues of such RU, 8G, European patent (AT, BE, CH, CY, DE, DK, ES,
(22) International Filing Date: 3 April 2000 (03.04.00) FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).
(30) Priority Data: Published
09/208,153 23 April 1999 (23.04.99) us With international searck report.

(71} Applicant: BORDEN CHEMICAL, INC. [US/US]; Kenneth
P. Van Wyck, 180 East Broad Street, 24th floor, Columbus,
OH 43215 (US).

(72) lnventor: GERBER, Arthur, H; 260 Wakefield Trace,
Louisville, KY 40245 (US).

(74) Agents: VAN WYCK, Kenneth, P.; Borden Chemical, Inc.,
180 East Broad Street, 24th Floor, Columbus, OH 43215
(US) et ak.

(54) Title: PHENOL-NOVOLACS WITH IMPROVED OPTICAL PROPERTIES

{(57) Abstract

A method for the manufacture of a fluorescent polyphenclic product with high UV absorbance, its subsequent epoxidation, polyphenalic
products, epoxidized derivatives and compositions thereof as well as laminates containing fiuorescent polyphenclic products and derivatives
thereof are disclosed.




roducts, as well as nmethods for manufacture of the for ing. .10 t he
ﬁet hods for meking the condensates of this invention, S%@B mb@kgé@% 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 m xture by
distillation at a tenperature below that of about 170 C. 15 The reaction is
conduct ed WP oaedébhg conti nuous or at |east two additi onsPCisgPsedkal to a
phenol wherein the total nolar ratio for all additions of glyoxal to

phenol is about 0.15 to 0.22. Water in the reaction mxture is renoved
incremental ly by distillation duringlthe reaction. 20 Less than about 70%

of the total gl C ok ' d to the :
reaction m xt urﬁ@%&@ﬁg@?ﬁ%ﬁm&BR@@%&%%%%[@ the total

al dehyde units to be supplied to the reaction m xture together with any

ket one units for i 1} o re. present jn.the reaction mxture at
any one tinme. E-gﬁ%a%fp')?%ﬁ%f {sﬁal?'?&élgﬁ[]%@o@é'ﬁf% r?”\yf‘sal':t(;’é‘?md’é’%?ﬁtl%‘. A way for
25 neasuri nger ho. 89/468yp8é whidh was figdtoneSepni 22) 1998, ketone units fornmed is by
determ ning ald Y nts, .as lLater defined. The al dehyde

equi val e%ts in t égﬁ'ygﬁa)tc i%l‘?ﬁ?ﬁ @HEPQOE-%'Y%?H?%%@% glygidgatean about 70%
of the al defwrivativescthessal,entrpositiohd eoiitainilg tHe aBhddnsaris MHdiRxal to be charged
to the react, L xtur.e . for,_makin he _condensati on product. The catal yst
i's renmoved 'i_f‘g%‘%pﬁé dPB&%‘lVF%Ha@@%‘ﬁ%fth@f%@a figersi B agesiawealtix 85% of the =
al dehyde ecndmiaifiagepoxitizell BhbsIglyoRal SondeRsdtlof prodiitts G4RRILLY oPLudh YOxal to
be charged todt e reaclt)i on %A;H’e f or maki n? t he condensati on product
have react € HHdPale Psf'F%i' 9 epuiacise oF thei faeageing23 Sept enber 2003 WO
00/ 646690 PCT/ US0O0/ 08994 2 all or a portion of the water in the reaction

m xture. After ?b@-nlrjat 8 %o% the said al dehyde equival ents have reacted and
prior to renoval® B¢ PeiBogs foraking the copdersatesefdbisimangon.ra tilasr oacet i ¢

acid is thexcassdfHenobs $eddiéC W biyeydatt hit¥mpk ' ) bs added
to the reag:teiyon m'xt;(ere to neutraPiYge HCI tgebﬁrgﬁ?g?tgﬁ?{oﬂ{eo%

trichl or oacet$'RY 30AGIC Gatalyst whichcan beremoneddeana thesteactigrempduretyon ni xt ur e

i s heated dtillatidreatReteriperfuf bdiswMabpubodi A28 €. t 0 2000 C for about 0.25
hour s thS hour s. ’

The reaction is conducted by making continuous or at least two additions
of glyoxal to a phenol wherein the total molar ratio for all additions of glyoxal to
phenol is about 0.15 to 0.22. Water in the reaction mixture is removed
incrementally by distillation during the reaction.

20 Less than about 70% of the totai glyoxal to be reacted with the phenol is
added to the reaction mixture at any one time. Also, less than about 70% of the
total aldehyde units to be supplied to the reaction mixture together with any
ketone units formed in the reaction are present in the reaction mixture at any
one time. Each glyoxal molecule contains two aldehyde units. A way for

25 measuring the aldehyde units together with any ketone units formed is by
determining aldehyde equivalents, as later defined. The aldehyde equivalents in
the reaction mixture are maintained at less than about 70% of the aldehyde
equivalents in the total quantity of glyoxal to be charged to the reaction mixture
for making the condensation product. The catalyst is removed from the reaction

30 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 mixture for making

- the condensation product have reacted. Removal of the catalyst also eliminates



Al so, after renoval of the catalyst, any renaining unreﬁg ed g $s wel |
as water is renoved at tenperatures above that used fo & po
catalyst. 10 Broadly, the lam nates of this invention are prepared by the
use of conventional nmethods and ingredients but with the use of snal
gquantities of the phenol-glyoxal condensates or reaction products thereof
such as, glwousisuket ed, or epoxidized derivatives as partpc@fyshdi@ed4€Si NOUS
matrix in which fibers are enbedded. 15 BACKGROUND AND PRI OR ART

Pol yphenol s, such as pol yphenol s prepared fromthe condensation of gl yoxal
and a nol ar excess of phenol in the pregence of an acid catalyst, find
utility in the same manner as other pol yphenols and particularly for
preparing 20 asgdarineithe wajerie ths reavtivromixbae. Béeustsait B5% ofdhe isaigs and
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properties provided by th| s invention. 23 Septenber 2003 WD 00/ 64669

PCT/ US00/.08994 3_111 |veI e of oI vents such as al cohol -aronmatic
hydr ocariyon: mxtBFO(;"'?‘:‘fhj W!Haé éﬂf’@@.'BY%‘ RBAFHRERAIRSOYING LUSP&E are

ef fective i l@oh\}‘emtonelgﬁétﬂodé' bAd mgmm&tg bumuttoﬂnetdtf,keSof iR JubAicd S the
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are useful feﬁ{beé ! as are adducts with epoxy resins and
15
BACKGROUND AND PRIOR ART
Polyphenols, such as polyphenols prepared from the condensation of
glyoxal and a molar excess of phenol in the presence of an acid catalyst, find
utility in the same manner as other polyphenols and particularly for preparing
20 epoxidized polyphenols which can be-used for coatings and electronic
applications as well as adhesives and laminates such as in the production of

printed circuit boards.

The polyphenols of this invention will typically contain from about 1% to
25 about 6% of the tetraphenols of ethane. When the phenol is phenol itself, the
tetraphenol is tetrakis(p-hydroxyphenyl) ethane which is also referred to as TPE.
Although the reaction products of the phenol-glyoxal reaction are mixtures,
individual polyphenols such as TPE as well as other components thereof can be
cryétallized out of solution by conventional technigues. Thus, the level of
30 tetraphenol ethanes, such as TPE in the phenol-glyoxal condensation products,
can be greatly reduced to essentially zero by methods well known in the art

without sacrifice of desirable optical properties provided by this invention.



adduct s of epoxidi zed phenolic-gl yoxal condensates with enplic | acs.
The AO is typically performed by neasuring: fl uoresceﬁggeﬁ mﬁﬂé%ﬁgt hs
in the 10 range of about 450 nm (nanoneters) to about 650 nm particularly
at an excitation wavel ength of about 442 nm and/or ultraviolet (UV) |ight
absorbance in the wavel engths of from about 350 to 365 nm Applicant has
found a set wafoopgdsszess conditions together with nononers pdhusiadssertain
catal ysts for obtaining polyphenols and epoxi di zed derivatives thereof
havi ng UV absorbance and/or fluorescence which is substantially higher
t han phenol - gl yoxal condensates prepared by other nethods within the
wavel engt hs ﬂeneral |y used for AO quality control. Photoi mageabl e

a

material s wsiratdiely, Hse ShpQlvrits svchwne Alcelinlsrormalirdamisegashon mgwresand

absor bance | g iSSbEXBlelRitol ATRIMIAEHU%e 8] iHB5aRs o5 used in

el ectroni c applications suc as high density nultilayer printed circuit

boards. Advantages of this invention include: (a) preparation of an

essentially metathd BompoSforRUrNRS fivehtioH é@%ﬁié@@%@%meﬁ%%mﬁc

filtration or neutralization and water washing ] erein recovery of
phenol i s Ssi Aplical insgeelion (AR insised farauality centioliof lamipateas Bk pelypiisis cases
where the ca hvertion b ithy I ap. ation of
pol yphenol s ggihmysgr\llérglso ﬁlloedégggﬂ?zed nﬁtlj\%ﬁr%h\?g? ﬁg%@ﬁﬁgpg%%m\%u?[?%ﬂgﬁ(hi bi t

i nproved opt ptiie polvpbeneiscyre esajul fohAQhas areasidestsevitheepmal/resindJandibs or bance
in the wavel g&g T r.ak:ho f i n W th

I ncreased so?gﬁ'ﬁ#?{; | nlthira:'grSj ni (':1 Olsl%gl\?gneﬁ)s:fm%‘%%ﬁeeﬁ%{ﬂ @}e%g}@é?@%%ogbé many
met hods for Alkisiypicalyperonmied bymikasepoyiftiormsdeter awvedvelagthhiarteef . But t he

prior art .do ' ' t r..2003_WO 00/ 64669 4
PCT/ USOO;l 889833‘9%3%8#%@5%&%@8@8%%%89%Hg,gséﬁﬁ'cgfgg V@Y\ﬁﬁﬁ‘eh appl i cant
uses for obt ekqiatign wakeledathbiaf abbet 4820perandés ultfavidiet (P diglatt bsofbanibe s

condensat es. ia0F MEIeBbl S Moly SR8 3505 353 Ber i co of thi s invention.
Applicant has found a set of process conditions together with monomers

15 and certain catalysts for obtaining polyphenols and epoxidized derivatives
thereof having UV absorbance and/or fluorescence which is substantially higher
than phenol-glyoxat condensates prepared by other methods within the
wavelengths generally used for AOI quality control. Photoimageable materials
are used in conjunction with these condensates. High UV absorbance is

20 desirable for the manufacture of laminates used in electronic applications such
as high density multilayer printed circuit boards.

Advantages of this invention include: {a) preparation of an essentiafly
metal ion-free polyphenol without recourse to catalyst filtration or neufralization
and water washing steps wherein recovery of phenol is simplified and the

25 reactor yield is increased in those cases where the catalyst is not neutralized
with a metal ion; (b} preparation of polyphenols as well as the epoxidized
derivatives thereof which exhibit improved optical properties, e.g., high
fluorescence and/or UV absorbance in the wavelengths used for AOI; and {c)
préparation of polyphenols with increased solubility in organic solvents.

30

The prior art discloses many methods for making polyphencls and
epoxidized derivatives thereof. But the prior art does not use the combination. of



As used herein, the followng terns have the foll ow ng ni ngs: é@i
"phenol - gl yoxal condensation product” shalt refer to thggéﬁ@ﬁ ?GQ? al
reaction product produced by the nethod of this invention wherein such
condensate contains |ess than 5% of unreacted phenol, preferably | ess than
3% 10 of unreacted phenol and particularly less than 1.5% of unreacted
phenol . (b)WOel@edtyde equivalents” is a method for nmeasumcmgsedadgdayde units
and shall refer to al dehyde and any ketone units which may be formed in
the reaction mxture or in the glyoxal gharged or to be charged when
measured by the bel ow described nethod. "Such neasurenents are generally

orted in n Lvalents reacted in_conparison with
-[ﬁg al dehydeﬁ%ﬁﬁ% Fgﬁt&io C cg]?gbeb g'o(rﬁ%(lt)éﬂ%sé "&}H‘g‘rﬂ%&ﬁcﬁf&l{s%fqr@&lm@g m xture.
Thus, if mé@%gﬁf@bﬂ%pr@peaiea@ﬁmreqmwaf llﬂiﬁ mmmg. Aiss! efridf ?Fﬂa%?tgl yoxal

d phenol < ival ents and, neasurenments after
?gaclto ion in ?ﬁgagr@gfzPﬁ%ﬁmgf%ﬂ%ﬁ%ﬂﬁ%ﬁ%{e%ﬁ%W%ﬁ@Jﬁﬁéféblscﬂmﬂ%hm@ieﬁ % of
X, then the &ftinipyentom. equi val ents in the reaction nmixture are 50% of t hat

charged. During the reaction, sonme ketone groups may also be formed which
are included in neasuring of the al dehyde equival ents and are consi dered

as part of the aA@Ithdjbetei]uith@cloﬂagmghafnﬁé ﬁh\;@&ﬁ&f&%ﬂi@ﬂ?ﬂgwbgézedgh grm’ ni ng
[ ' . 0. reaction

Gt Tng 1o i oh ) PEhoPSYbR cRiensaneh Bodler chelfietertathedhen- 3.5 with

05 1 Cof 0% Byt el e v oert o Ao ethod o 118 B UHE LR CGch P! ©

sti rreg f or @é{ér?ﬁrn%é ecé%rﬁ}ﬂ%fs Gé@ﬂ‘atn 7o Of Hpteacled nhepRrl, pre erablydess than B%25

Nor mal * (NP 30f wrodacten phidtiaand @atteultily Msshan 1Ba/§pf‘Hﬁ@§Et88f ggh&l Iliters

ms the titre f e sodi um hydroxi de sol ution use .aqk_‘titrate
'Ehe )sagrpl eto a )p(P}Pcﬁ‘lé%'.ygeieguwégﬂfs 152 E16tad tor meanering aldblyyiie wijsianal ent s.
The m s of saidilrefenyaiakshyte arel sty Riohdludil ek R RAAS, }3RR0 64669
PCT/ US00/ 08994 tZothetltrels Ed{ustedb correctrrng by Titration with

sodi um hydr oXPaet 'B‘P‘t'frﬁé’r e P! elirioed e )b chwrgrsl Whehr vebbaeiidy 1 eagent s
used in the thesielndesdibsd irGethb@! sb&ﬁ%éa%u?e?n%ﬁ%am ie,ig'rﬁi}‘&epéﬁeﬂ}% al dehyde
equi val erfgs for t h(? Fdaﬂvl e are then determ ned by the

percent of aldehyde equivalents reacted in comparison with the aldehyde

equivalents charged or to be charged to the reaction mixture. Thus, if

measurements of aldehyde equivalents in a mixture of the glyoxal and pheno}

charged show X aldehyde equivalents and measurements after reaction in the

reaction mixture later show aldehyde equivalents of % of X, then the aldehyde

20 -equivalents in the reaction mixture are 50% of that charged. During the

reaction, some ketone groups may also be formed which are included in

measuring of the aldehyde equivalents and are considered as part of the

aldehyde equivalents herein.

25 The method for determining aldehyde equivalents is by taking 1.0 gram of
reaction mixture and diluting it with 50 ml of methanol. The pH is then adjusted
to 3.5 with dilute sodium hydroxide. There is then added, to the pH adjusted
sample, 25 ml of 10% hydroxylamine hydrochioride with stirring. The sample is
stirred for 10 minutes and then the sample is back titrated with 0.25 Normal (N)

30 sodium hydroxide to pH of 3.5. The number of milliliters (mls) (the titre) of the
sodium hydroxide solution used to back titrate the sample to a pH of 3.5 is used
to calculate the aldehyde equivalents. The mis of sodium hydroxide solution in



following formula: (2.9 tinmes 0.25 N times (m s sodium hydroxide titre
minus the ms of the sodium hydroxide in titrating the?bPsRemPeri@oy al ue
obtained by this fornula is then conpared to the al dehyde equival ents
obtai ned by the above nethod and formul a based on one gram of an unheat ed,
catal yst free m xture of 10 phenol and glyoxal in the weight ratio of

gl yoxal to Whey¥s%used until that time or the tine in qWRETUSOMSPd or der to
determ ne the percent al dehyde equivalents reacted. Unless otherw se

i ndi cated, the fluorescence measur ement g herein are 15 as the maxi num
counts per second for a 0.05% solution O6f the material in question

di ssol ved i . Ltation ve | engt h-of 442 nm
for an acquirtg%? Fr%?}@%cfﬂ%%{feg?) 9%8@@@0@& 't%%? ﬁ@%ﬂf’&'@bﬁ%ﬂé‘f’??ﬁfgﬁ? when
nmeasured w trﬁeﬁ?ﬂt‘@leaf\ddwgé)wfanﬁmhydmaﬁlom& eagemsusedlin tleQesteirr ihistip Cure

Moni t or  100Qepdictito ias 88 i ment nade by Spectra Goup Ltd., Inc. of 20
Maunee, Ohi o? quu?s?t?@oﬁiétqﬁl%réﬁi s the exposure tine at the designated

wavel ength. A count is a basic unit used by a | arge nunber of |ight
measuring: devic f ngd refers to_,a process of digitization
of accumul at ed gﬁgnﬂPeﬂ@tﬁaﬁ@% %i'ise B&Gasaﬁit'?tﬁ‘éef@@f’ teruped by theed by
Spect ra G odplowing tosaiyla: (18 times O\GINtimesQhilosedidmMydsdkideitre mflisiiRe t he
data set for | e L iaht 25, produc | ectrical charge on the

det ect or thé‘ltilgiogﬁ{gﬁéoosra‘euc?h‘é%ﬂ?%?é'g{fr%lﬂ’geiﬁ?/%gnﬁhi@ﬁ Y3lue obtpinedhythisi zer is
ol ectroney St teads T oo et Dottty (L B0E 0P ot ve
basi s anmong rﬂ[\%re:&?glgéfloar&\fqugas 89N Fam panLInhegted, satalyst free miduleedf set
forth herter phana andighasakintin weight B eI SylyckaHe, pHe®! fiddiOiRF HERERe\R! ues of

pol yphenol Stwtﬁ{gi n any..one ofo\the‘zﬁtabl es set forth later herein are
relative tol 5t WBE MHAYSHIRR Abedepia atarming thepeseentaidahyde eagivalentso/ 64669

PCT/ USO0/ O8e&attdérl. sane t abl e, but conparisons cannot be nmade with the same
or other polyphenols in other tables. The UV absorbance val ues are
obtained from sanples prepared by 5 dissolving the material in question in

THE (tetrahydr of Unlasy otiendis€ MARd, #id Mbr&dcendd mMBhsLEMEtIhargy aer 100 m
(mllil |1t5er gg th%nnqla)tciﬂ'n%maggu%rtsb 3219 seecgﬁg ?clyjrraeggg‘gfa solution of the material in
question 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 instrument made by Spectra Group Ltd., inc. of
20 Maumee, Ohio. Acquisition time is the exposure time at the designated
wavelength. A count is a basic unit used by a large number of light measuring
devices for data output and refers to a process of digitization of accumulated
signal. In the case of a CCD detector that is used by Spectra Group Limited,
Inc. of Maumee, Ohio and which was used for the data set forth herein, light
25 produces an electrical charge on the detector that is subsequently read out by a
digitizer. The digitizer is set to record one count for approximately every 10 units
of charge (electrons) it reads.

The fluorescence measurements are on a comparative basis among the
30 various materials such as in each of the tables set forth herein and not as
absolute numbers. Thus, the flucrescence values of polyphenols within any one
of the tables set forth later herein are relative to other polyphenols within the



made at 350 nmor 365 nm SUVMARY OF THE | NVENTION 10 I n_ gne aspect this
invention is directed to a nmethod for preparing a pol y%rohg eb?%ct by
incremental ly contacting and reacting glyoxal with a nolar excess of

phenol in the presence of an acidic catalyst which can be renpoved fromthe
reaction mxture by distillation at tenperatures bel ow about 3.5 170 C. A

reaction t v PRsadeyr € of about 80 C to about 100 Cis useq.cfr;%o didasd4
reaction. Water is renmoved increnmentally fromthe reaction mxture by
distillation while the al dehyde equivalents in the reaction mxture are
mai ntai ned at | ess than about 70 percert based on the al dehyde equival ents
in the total ano % al dehyde to be charged to the reaction m xture in
maki ng t he p?ﬁ%k%ﬁﬁ) ”t%péﬂﬁ%l@"ﬂ@&baﬁn@ﬂeg-lltizothalsamrgﬂﬂerto the reaction

mxture is fpsyprpol ifothér aBieabout  0.22 noles of glyoxal for each nole of
phenol . The reaction is termnated by distillation to renove the catal yst

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

of glyoxal to be [g% nsatlon roduct have reacted.
Waen trichl or oaceg:lfik“‘(’i:1 aci 0 E’h@gftaﬁlgo?t%%%% ?"P)?@me PrepPRigd BYs added to
the react P orfighoking thegnater lal‘ io qmeatnrah TcHF {titeatnyatatiingg) at @cmﬁt%ﬁh—éﬁéﬁ 51e any

hydr ochl ori ur.i val of catal

Reroval of '?1 h()gﬁggpa: rﬁn]s s%@e@gbng@ﬁ%g%ng tn‘gf“{’s%ga'?%"ﬁﬁﬁ‘ﬁ?mﬁﬂ t he
reaction m fJnadeat 3§ @mmfliiﬁﬁmnatlon of the catalyst: (a) free or unreacted
phenol is distilled out of the reaction mxture so that the product is
free of catalyst and 30 contains |ess than about 5% of phenol; and (b) the

reaction mixture is heated aSUMMARWRIF IHE INVENTIONM about above 175 C to
about 200,C for 0.25 to 3 hours- In another aspect, this invention is
directed to a nethod of preparing a 23 Septenber 2003 WO 00/ 64669

PCT/ US00/ 08994 7 Irpathey atreach | this inprentioie is dhl‘ectﬁai oA REHSATor &Bﬁéﬁﬂd‘ﬂ and
| es of a 40% sol utl on of gl yoxal

novator | n PoREnsRIE R8N by Bigmeih Sonapton 20eutepeingcalimal W Aol es-of
gl yoxal basetblamescess nbﬂamoofn thb @redened of Qﬁ’dmdﬁ:‘ c%ftéwét'unﬁbﬁ% Beaction
mxture a f 'rérﬁoved {18 tﬁ)e reacton m%?tgruetbysdofgttlllgtlég at temperatures befow about
15 170°C. A reaction temperature of about 80° C to about 100° C is used for the
reaction. Water is removed incrementally from the reaction mixture by distillation
while the aldehyde equivalents in the reaction mixture are maintained at less
than about 70 percent based on the aldehyde equivalents in the total amount of
aldehyde fo be charged to the reaction mixture in making the polyphenol. The
20 mole ratio of glyoxal charged to the reaction mixture is from about 0.15 to about
0.22 moles of glyoxal for each mole of phenol. The reaction is terminated by
distillation to remove the catalyst when at least about 85% of the aldehyde
equivalents in the total quantity of glyoxal to be charged for making the
condensation product have reacted. When trichloroacetic acid is the catalyst, a
25 basic material is added to the reaction mixture prior to removal of the catalyst to
neutralize any hydrochloric acid which may be released during removal of
catalyst. Removal of the catalyst also removes some or ali of the water in the
reaction mixture. After elimination of the catalyst: (a) free or unreacted phenol is
distilled out of the reaction mixture so that the product is free of catalyst and
30 contains less than about 5% of phenol; and (b) the reaction mixture is heated at
a temperature of from about above 175° C to about 200° C for 0.25 to 3 hours.
In another aspect, this invention is directed to a method of preparing a



5 distillate after about 1 to 5 hours of reaction tine; _char anot her
0.06 to 0.11 noles of glyoxal based on phenol charged gg %{“b%ﬁé 083t al
guantity of glyoxal <charged is fromabout 0.15 to 0.22 noles for each nole
of phenol; continuing the reaction for about another 1 to 5 hours fromthe
time the flwﬂoog“%;lHatlon was comenced, and distilling the reactlon

m xture a second tinme to recover about 10 6% to 12% of di ?T’PF'%%‘? and
continuing the reaction until at |east about 85% of the al dehyde
equivalents in the total quantity of glyexal to be charged for making the
condensati on product have reacted. The above tenperature of phenol

reaction wit ipolyphenclic, prodm:itudhldhlg:d:ﬁm gb:sdHakdidd b t '

After at | eaglog faqﬁﬂ %@g Mns ?Ieae!j"?}ls vgaglﬁdgﬁgg\egﬁie%%%g@ﬁ (Els

di scussed above ‘#ﬁ’e §P PEO S'N@’éﬂ'! inpwater jretheguesense afiakbutr e i s

distilled at 2atot5é/6rpiamm:uaemv\mehh@les ohgiyb BEs&H oﬁh%%oib@q)fgpéﬁ?labout 1|70 fC
renoval o

the cat aryst CarSpl TS encien ik ron i imerpermove sbolsye t31mas vsed
for renoval dfstllldteaﬁa:t@&cmu t§(5ﬁ&u@g0,(,@gcgdrﬁﬁngt%gpia%?n&gg#@%&@ s heat od

condensate i neost f #han about 5% and the
under vacuu 2L 8r basgfongthegsbehargeeo that heototaCqfiantitpbbetyoxsl 25 to 3

h t chuer dh;ef
ours to pro e rcﬂh%ﬂ@bﬂﬂhy f8L2GRNEERT @ %bﬁﬂ-:o?é B%erﬂol crqogrmlp%n t her e

Sept enber 20&2\% 7a_,. According to one aspect o
i s provided, "€ 3"‘1%&%%‘?@ aeefil?sﬂéqw ﬁ@oymofemmmnmnma tl[n@f"mtldlsﬁlldmhrvaises

i mpregnat ed wdrhiheAcdd SaritOd resin and a curing
agent for t § ﬁe§¥ resin; §mr@ﬂhb)§?%§@@nﬁ€\ﬁl Eofﬁﬁﬁgt%éesc OYSi %mr”ém nous
matrix coft & Rithd2¥e Hrdistiate; and p@nmwlrpgatheseax;tnomnghat Ieéstaboird 887 @$ cent

ol yphenol , taizh rou

(F:)ong:ostl ng of a fe{hgggsggigﬁ]'%n%qg% ﬁtﬁgggwaﬁélgﬁﬁg?é %rﬁﬁ @%'569 ding to
met hod (1), QCPFWQE%HEOQU%“WBWEQ Fhembbvetenapeahtuco prisis i e pr epar ed
accordi ng t qef® i is a

met hod fgr p? e gﬁﬁﬁgﬁ@%xﬂgﬁ%g&ﬁ%H{ee(agtﬂ%'ﬁﬁﬁﬁoy%?(g}f ﬂ@%n@%'{] @t Huct
froma rmnorﬂP(?BF 8%k e adﬁ@%mlemhaw MIMSCL(saéd@BéWegltﬁtg phenol

(025 ! A R SRS 6 Rl o Bl 1 1
the fange of about 130° C to about 170° C to remove catalyst and water.
Unreacted phenol remaining after removal of the catalyst is removed by
distillation at temperatures above those used for removal of the catalyst so that
the free phenol in the polyphenol condensate is not more than about §% and the

20 reaction mixture is heated under vacuum at a temperature of about 175°to 200°
C for about 0.25 to 3 hours to produce the phenol-glyoxal condensation product,

25

30



to the reaction vessel to forma reaction mxture at a tenperature of about
80C to 100C in the presence of about 1 %to 6% based oA OfBteiIeHREODS
phenol charged, of an acid catal yst which can be renpved fromthe reaction
m xture by heating and distilling the reaction m xture at a tenperature
bel ow about 170C, said catal yst selected fromthe group consisting of
oxalic acid, trichloroacetic acid and trifluoroacetic acid; (b)
increnentally renoving water fromthe reaction m xture; (c) maintaining the
al dehyde units in the reaction mxture at | ess than about 70% of the

al dehyde units in the total quantity gpf glyoxal to be charged for nmaking

t he condensati on product; (d) distilling the reaction mxture at a

t enper atAfCErdiTY e 98etampactapbihe proent Bventinnpberenis @r@wde@amanmmtﬁen at

| east 85;&%‘[3?&@ s@ééﬂﬁﬁb@@d UhbrbSs | dlibbfiftes t Wﬁé%&th|W aOfreerléﬂ%X%

charged for t he condensation product have reacted, provi th t
prior t&oglﬁé'ﬁ'“al%'t PPt esl, and Ba@irag a@nbfqraﬁhe@omm t*betlﬁi'@rqvéat?ﬂt on

m xture W%m&@mafsa@ute&hgusemm&%n ﬁﬂﬁd %mza%oﬂé’ﬂfd)ﬁ‘t)%é Sy wspﬁt yhen the

catalyst is trichloroacetic acid atin e reaction mxture at a
t enper atfypEeseentapRIyRhersl Gaic p@b‘@bﬁﬂ%rbe'%cﬁw“%"% $rieated thons thereuraf t er

step (d)coRbIotRy ofmoééskeﬁteﬂné\abp@yda@r EtefoRsht PRt ed 4 QB diMtPto" RaRLY mam xture

to obtain a phenol - glyoxal condensation product contal nin ess n about
5% by wé& We%?ﬁntz@sséﬁpéﬁﬁ%l@n@@@mbcor(dgysqiﬁ@marewéﬁm thaeHloddmhy de
units ar@diRsHsQHerdsf, q}hg‘%hyde equi val ents. According to another aspect of
the present invention ere is provided, a lamnate conprising

super i mps¥eed (o I‘S()@én%tb% f‘}" Rrevaringgfugrescen Rensl-gyoxaksandarsaiar Pf@duﬁher ein

sai d 1 egiofPal foiBhydric &;enardna%oxéi wHEPEmAiseko 80 parts by weight of an
epoxy resin having er epoxi de val ue of about 190 to about 10, 000
?ﬁg@%@we\ﬂe

B. About 7 td&R5 ;sa tgmreaptloal \espelrpdpanmenighy esgiepadytat e5in; the

i mprovenent whi ch aBeGHs. w%om%&% aggl},akan ke éa%ﬁ 'nﬁ‘tS?é‘%f fmt;mehouf érf&l?@e%bOUt |
to 15 parts of a fluorescent I?g(gheno sai d yphenol being nber

sel ected fromthe %F@Jﬁa"é@ﬁéﬁe%‘? fogm aafeﬁﬁté’rﬁ‘dmx&\r %akﬁte%ttﬂﬁ%tém@w& he
80°C to 100°C 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, trichloroacetic acid and triflucroacetic 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 quantity of glyoxal to be charged for
making the condensation 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 quantity of glyoxal to be charged for making the condensation
product have reacted, 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 175°C to 200°C for
about 0.25 hours to 3 hours after step (d) above; and

(f) removing unreacted phenol from the reaction mixture to obtain a phenol-

glyoxal condensation product containing less than about 5% by weight of



resi due of a phenol - gl yoxal condensate and m xtures of i.d condensate and
resi due, said condensate prepared by: (a) charging, to zgﬁea bgh 2 0&sel, a
nonohydri ¢, nononucl ear phenol having up to 12 carbon atons and from about
0.06 to 0.11 noles of a 40% solution of glyoxal in water, the quantity of
gl yoxal based on the nmoles of phenol charged, to forma reaction mxture
and wherein the reaction mxture is at a tenperature of about 80C to 100C
in the presence of about 3 to 5% of oxalic acid; (b) conducting a first
distillation of the reaction mxture at said reaction tenperature after
about 1 to 5 hours frominitial reactpon of the phenol wth the glyoxal in
the reaction xture and renoving about 8%to 12% by weight of distillate,
based on t hel é}"uanph?’lp"ofwﬂ?ﬁ%'ﬂolthech@?’ﬂé’@e Ut alge MeasaEad of nalstelnde; (c)
charging to the rg@@ba@msm xture another 0.06 to 0.11 noles of the gl yoxal
based on the of phenol charged wherein the total quantity of gl yoxal
char ged \FePtiRe tPe%ﬂ,O(th%nasrﬁ’??*t gt e erera%tmna%@ﬂ thers is proyvides, ppiasynatgf

gl yoxal coaprighafsupdhposéd poibud BeahicsinpReHala dith AYekinblid falrkevhdr&act i on at

the said reaction tenperature for about another 1.5 to 6 hours after the
commencEHE AESIHAUSIRINX FRBPNISESSti | | ati on and then conducting a second

di stillationaofatdae4o &pgs pares B} wéighofah dpbRy FRINChdVERCS Weiht SdmghalhEre to
renove from abouIﬁq a(gﬁgherp4%ﬂtwo 1%% v;etgl §¥1t of distil Igte based on the

quantity of pheRde 190 to 8bed JO0ABer 2003 7¢  (d) continuing the

reaction aftpgr Aﬁmw&ﬁwﬁar@k WwelPﬁﬁGf%rbuﬁhghb@ntﬁ‘@ﬂﬁé bPSkytregRer ature until at
| east 85% of the al dehyde equivalents of the total quantity of glyoxal to

be charged for PaIFNGYEMRN YIS Rrisesinsiudingdn theﬁaeaow%@etnédront ahorai si ng
the tenperature @bweaa@eﬂta ﬂ]u%@élsﬁehiop hollgaﬁh goﬁﬁlﬁjer@l $bingld RBmbdne

reaction mxture t he cat a heati ng the reaction

mxture at a t &AI5E P’é‘ E{E?(S‘Bt CQLnFE?‘t‘@/tQ; ?m@'f%k’oxa lseUdensates theurs to 3
hours after renmssiabe offa pihotglyakal sbaderRste(dht MiRAPY FSaldéRReh&fle BRgNOl to

recover a pheno'sn?ué/ %lcon gnds%tnesgftebgrgd by:

(a) charging, to a reaction vessel, a monohydric, mononuclear phenol having
up to 12 carbon atoms and from about 0.06 fo 0.11 moles of a 40%
solution of glyoxal in water, the quantity of glyoxal based on the moles of
phenol 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 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 quantity of phenol charged, from the
reaction mixture;

(c) charging to the reaction mixture another 0.06 to 0.11 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 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 distitlation of 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;



product containing not nore than about 5% of unreacted phenol. According to

agai n anot her aspect of the present invention, there is j i
| am nat e conprising superinposed porous substrates i npre%%%%fgg&mb%g%@

uncured resinous matrix conprising an epoxy resin and a curing agent for
the epoxy resin; the inprovenment which conprises said resinous matrix
containing fromabout 1 to 15 parts by weight, based on the weight of the
epoxy and curing agent of a pol yphenol, said polyphenol being a
fluorescent phenol - gl yoxal condensate having an ultraviolet absorbance of
at least 0.260 at 365nm and/or 0.400 at 350 nm and a fluorescence which is
at | east 25% hi gher than Acridine Cran68 Base, at an excitation wavel ength

of 442 nm and aqapi&itihu@g teneedtio. &ftes etRNEscoMae QistiltRioAChS %i\élereﬁ&%ﬂge
Base is used at a oncentratiin ?f ? 2mo/liter in methanol and the

phenol - gl yoxal condéﬁ?ﬂ%“ries”'ﬂ &4 'est 5% ghtiengifghydgneqstivaiends ofuihg katal
percent in tetrahydg@instest giyoxe tb Wet feigas RR Ghakitd e EAWRALARA poadi ect ed
to a nmethod for prer?arin %poxy resins i1n the formof glycidyl ethers of

t he above descri bed %"&fﬁ%ﬂ% ol s by epoxidizing the polyphenol with a

hal ohydrin in thgepraasenme tefparmiuab dbic BBS@I1307Y €5 arbieL706C Gnd BQElYM
hydroxide. In a sti)l further. aspect i nv?nti on is directed to a

I , . thi
met hod for preparing® &40 Mbduieda e V'@éﬁa@?icﬁﬁ’ ¥she phenol - gl yoxal
condensatio ' n i) oekitihg e deadtionihikiues BES (RMRBENUFELSH dboli01 BIPEREPB0RPR¥Y
resin derivatives of tggg he' f f ol - *oxaT- - cond?géﬁti on products. 23

Sept enber 2003 WO O heps OSAHERYSS rgneR esplbist #Fect s, this
invention is dir égitrechoingt inaepaty phendl & picepar 80phddwi-§ipexaMioRasssaebnt hi s

i nvention and epoxi diéeq grtoducts g’r e‘g%%ed theéc,gfrom I n %et further
aspects, this i nvel PO FRMAMAINCLYIS R BB % ShunteariedPRe®RY 5 the
phenol - gl yoxal condensation products or epoxidi zed derivatives thereof and
conpositi i er enol i ¢ novgl acs and/ or epoxi di zed derivatives

t her eof . /?Jr?f%é&ril“oi Eoe(r‘%bg@p%cotlﬁ,‘ert PSS ﬂt;grlﬁ P&Res '”Hf"?tg’g't EQF”F dS dUPEEeDriNAcur ed
react i on lapinatiucompasing sepairepadedgbgross | substruden Sraprgnstee hwigs shhossrdd epar ed
by 10 gl ygidyl ation, i dat i or_.reaction. with nol - f or mal dehyde
novol ac rrgilﬂ%ds oF 9% c@%&&éf&gy na?‘gdd( yo“ras"é[‘Sﬂ(r)';ciI igr 789 %peep?\fpgpﬁ%gpgnfy tesin; the
phenol - gliypsabmeohndbink apwprisdashsaid hesinoos ahatix cegainingSrovebbowst toatd pates of

reenfor Cib@gwéibnl‘?rlaﬁs% OFI a[f?é imfé%gh?fof W™ onxy and curing agent of a polyphenol, said
polyphenol being a fluorescent phenol-glyoxal condensate having an ultraviolet
absorbance of at least 0.260 at 365nm and/or 0.400 at 350 nm and a fluorescence which
is at least 25% higher than Acridine Orange Base, at an excifation wavelength of 442 nm
and acquisition time of 0.5 seconds when the Acridine Orange Base is used .at a
concentration of 0.2mg/liter in methano! and the phenol-glyoxal condensate is used at a

concentration of 0.05 weight percent in tetrahydrofuran.

In a further aspect, this invention is directed to a methad for plreparing
epoxy resins in the form of glycidyl ethers of the above described polyphenols by
epoxidizing the polyphenol with a halohydrin in the presence of an alkali metal
hydroxide, e.g., sodium hydroxide.

In a still further aspect, this invention is directed to a method for preparing
epoxy resins by reacting the phenol-glyoxat condensation product with a
preformed epoxy resin to prepare epoxy resin derivatives of the phé&rol-glyoxal—
condensation products.



fibers in aresin matrix containing the phenol -gl yoxal condensates and
reaction products thereof. 15 BRI EF DESCRI PTI ON OF THEZDRERAENESHZQES | of
the drawing is a graph showi ng fl uorescence spectra of various epoxidized
products. Letter "A" indicates the fluorescence spectra curve of EPON 1031
(CAS No.: 7328-97-4) which is a comercial epoxy resin of a 20 pol yphenol
havi ng | esswe@pud#668% of free phenol which is commerci al | y rasadodessss AQ
fluorescence in the same wave | engths which are shown in the graph. EPON
1031 is sold by Shell Chemical Co. Letter "B" indicates the fluorescence
spectra curve of the epoxidized productsof Exanpl e 5A of this application

wherei n the epoxidi z roduct s produced by the sanme nethod as shown in
25 Exanpl e 8 heréPH?F‘(Ej‘QE’E %Srpe'ctﬁf {H‘%@V%'&it%-‘ifiﬁ%ctﬁﬁ (RiheRayphengisadepaieds t he

epoxy produby thefméthad®bethfs invdntioaanbpegigiRel brsUctrepalelt thiefdraW ng t hat
the poly glycidyl ether of the phenol-glyoxal condensation product of this

I nvention has unexpectedly 30 greater fluorescence at an excitation

wavel ength 442 f ah yerfupReUispebisOthid inf@nteh is emﬁg@g@%%ﬂggﬁ i3t WL hi

t he range_of 45?%;0 50 nmin comparison to ne :
1031 as wel Ithg® H%’ﬂi\‘ﬂ"?[ eAnpensationdrpdiicts pr eppxidizedderivetives the@@Basd pr oduct
of Exanpl e %mﬁ&ﬁiﬁhbE@hQ‘ﬁ%@%b@ﬁb@%@éla&"énhi&?’?%ﬁi@ge%%igﬁ\gﬁﬂsggiéé&gr'\]’g28”Er'

5 The phenolic nmononer, also referred to sinp a I
whi ch can be unsubstituted or substituted, e.g., with al kyl, phenyl or

g! Eﬁ)é?/ea'r groups. rI:T HROIBBF adHRR ik SvBRAGR direflef th %Fré&“&%‘é@{:}a%%a&[on
, ydr oxyphenol's whi ch have at Teast one ortho or para
posi ti on avdirP@tteof igiphsaelalvrxal aedeneateh such as thoseamepared by t ypi cal |y
cont i 0 40, gl Sp R4 6 BB F55RSAMdlyl R AR i PO
pheny{ phenolor agyadyylatedeorgpoxidized dasivativersd . phvedoBglyoxal condensate with
the novolac resin as well as laminates of reenforcing fibers or fabrics of such
fibers in a resin matrix containing the phenol-glyoxal condensates and reaction
products thereof.
i5
BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 of the drawing is a graph showing fluorescence spectra of various
epoxidized products. Letter "A" indicates the fluorescence spectra curve of
EPON 1031 (CAS No.: 7328-97-4) which is a commaercial epoxy resin of a
20 polyphenol having less than 1% of free phenol which is commercially used for
AOl fluorescence in the same wave lengths which are shown in the graph. |
EPON 1031 is sold by Shell Chemical Co. Letter "B" indicates the fluorescence
spectra curve of the epoxidized product of Example 5A of this application
wherein the epoxidized product is produced by the same method as shown in
25 Example 8 herein. Letter "C" indicates the fluorescence spectra of the epoxy

product of Example 8.

It can be seen from FIG. 1 of the drawing that the poly glycidyl ether of
the phenol-giyoxat condensation product of this invention has unexpectedly
30 greater fluorescence at an excitation wavelength 442 for an acquisition time of
one second when measured within the range of 450 to 650 nm in comparison to
the commercial product EPON 1031 as well as the poly glycidyl ether of the



. met hyl phenol ; various xylenols, e.g., 2,5-dinethyl phengl and 3

di rnet hyl phenol ; and ot her al kyl phenols; and alkoxypheﬁéﬁ@p§¥ﬂh?r§903

2- met hoxy- or 3-net hoxyphenol. M xtures of phenolic conmpounds can be used.
A preferred phenolic conpound is unsubstituted phenol, i.e., phenol
itself. . Preferred phenolic nononmers can be represented by the follow ng
20 formula: 25 ?H CfRl'" C wherein R is selected fromphenyl, alkyl of
| to 4 carbon atons and al koxy of | to 4 carpon atons and . is an integer
of 0to 3. Wien R is alkyl or alkoxy, r is to 3, and when R is phenyl,

, 1s 1. Mxtures of . the_phenplic nononers can al so be used. 30 The Glyoxal :
fluct Sl Erample st

React ant The gl ycf?{g u be in various fornms such as relatively
pure 23 Septenber 2003 WD 00/ 64669 PCT/ US00/ 08994 10 nononeri c ‘gl yoxal ,

pol ynmeri zed gl yoxal or glyo i i t I es thereof.
Il'lustratively, glyoxal is ﬁé@??@%’é@%ﬁ@ﬁﬁ%@%m&ﬁbm water. 5 The
~Acid Catal yst ThewaclPhlemﬁt:Mo;mmeirs one which can be renoved fromthe
reaction mxtuge t a .t enperature above
et ST O R kb ASER 9644 ARl Bl PLEIPR A

| l.Lustratively, t\ﬂmltaambqsnsmmut&momsmutedceg awthaflwr pherlybarcakexy aci d or
mixtures ther eof YAl BSRIE ool RS BRoRRR el |

'terrperature of tf‘?erreac I"on Xture1s ra oveaout
to about 170 C t ogendiwdroxyptrencdl which have @trie%ahdn@or@icemramry poh@ortaqueblat ure

is raised to abo%r t}o%rﬁ to about
10 _
The phenolic monomer will typically contain up to about 12 carbon atoms
and preferably up to about 8 carbon atoms Such compounds include: phenol -
itself; alpha—naphthoi phenylphenof; creso{s e.g., 2-methylphenol and 3-
, : methylphenol various xylenols, e.g., 2 5—d|methyiphenoi and 3,5- '
15 dimethylphenol; and other alky! phenols; and alkoxyphenols such as 2-methoxy-
or 5-methbxybhenol. Miktures of phenolic compounds can be used. A preferred

phenolic compound is unsubstituted phenol, i.e., phienol itself.

Preferred phenolic monomers can be represented by the following
20 formula:
?H
C

NS

25 _ \c & _ |
wherein R' is sélecfed ffom phenyl, alkyl of 1 to 4 carbon atoms and alkoxy of 1
to 4 carbon atoms and , is an integer of 016 3. .
When R'is a!kyl or alkoxy, ,is 110 3, and when R' is phenyl, y is 1. Mixtures of
the phenolic monomers can also be used.

30

' The Glyoxal Reactant

- The glyoxal reactant can be in various forms stich as relatively pure



160 C so that the oxalic acid catalyst is deconposed to tile
conponents. 15 Oxalic acid can be used in its various f%ﬁ\?&s[}@ﬁfa@% he
pure conpound, the dihydrate, or m xtures thereof, all of which are
referred to as oxalic acid herein. 20 Illustrative of the trihal oacetic
acid catal yst there can be nentioned: trichloroacetic acid and
trifluoroaggidofsaqeei d- Trifluoroacetic acid may need to bg. renlenished
during the reaction since a portion thereof distills togeﬂ:ler Weh the
water. Trifluoroacetic acid forns an azeotropic mxture in water.
Therefore, when it is desired to renoue the trifluoroacetic acid catalyst,
it is preferred that a series 25 of distillations be made with the addition
of wat er af manowesih gliioxal polymedzedglyaeal boglyoearalise ovebi st watarahdy al | of the

aci d. Wen ti & is used. as the cataly the tenperature
is raised h%hg%kg% ﬁﬁlﬂ}%ﬂ%ﬁ%’%y’r@mﬂ%@sﬂ%meg‘f s %f‘ﬁsé’rs%ﬁﬁpnri?dr ochloric
acid to 30 weteformed fromthe trichloroacetic acid is neutralized. The
guantity of the catalyst can vary from about 1%to about 6% based 23

Sept enber 2003 WD 00/ 64669 PCT/ US00/ 08994 11 on the wei ght of the phenol
charged to TheAciddeatalyat m xture. The quantity of oxalic acid is from about

1 %to 6% pref about. 1. 5%t o about 5% and partlcul arly about 2.5%
to about 4% basgIt %é!? ﬁ%ta&ét §rAneYhikheanbe remevrsfrer the eactienmidter m xt ur e.

When a tri hiy distillitig meaeadldnanmd abs t@rﬁb@aﬂﬁé abb@@a@é{ﬁ'ﬁb" BY bet Béloﬁrat al yst
IS preferabl%%}‘tngae ﬁt 1%% %bou 4%@1\? ght based on the phenol
charged to ¥ cti0f RFiefablebelny apqut 1 I%rl"ys%ﬁib‘abf theatalyshbaut 3%

M xtures of bé bealiecicili ered RihhseiPdbidbpRikiGred ¥fdfeofT Ne Reaction Conditions 10
The pol rylﬁhenol s (condensation products). of this invention may be prepared

by contihuous or step-w se contact of the glyoxal wth a nolar excess of

t he phenol in thetHy &aRToxakc é&i@a@%hﬁl}%@ttﬁé ié?ﬁperédu?é’éﬁhﬁtréé{c% %, for

stepvvlse reaction, eaC|d cat al are C to a reactor

and then ar™XYeig @Fseld%oéﬁéﬁt’“bﬁq reSuphasd tq&!b%lhé?@e@ltqwthanewﬁmact or

while the rdafibtionaddprefablyans Erpdraiaé Radisal 15 abSPROAEY6 GuBly aPoUt 80 C
o abou e
160gC so that the oxalic acid catalyst is decomposed to volatile components.

i5
Oxalic acid can be used in its various forms such as the pure compound,
the dihydrate, or mixtures thereof, all of which are referred to as oxalic acid
herein.

20 llustrative of the trihaloacetic acid catalyst there can be mentioned:
trichloroacetic acid and trifluoroacetic acid. Trifluoroacetic acid may need to be
replenished during the reaction since a portion thereof distills together with the
water. Trifluoroacetic acid forms an azeotropic mixture in water. Therefore, when
it is desired to remove the trifluoroacetic acid catalyst, it is preferred that a series

25 of distillations be made with the addition of water after each distillation so as to
remove substantiafly 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

30 be formed from the trichloroacetic acid is neutralized.

The quantity of the catalyst can vary from about 1% to about 6% based



gl yoxal reacts with the phenol and then additional glyoxal is charged to
the reaction mxture. The nolar ratio of glyoxal to ph%%§Fp¥ﬂ?b?ﬁ%5b3
manuf acture of the phenol- 20 gl yoxal condensation products is from about
0.15 to 0.22 noles of glyoxal for each nole of phenol charged and
preferably about 0.16 to 0.20 noles of glyoxal for each nole of phenol

charged. VWayoekatot @l of two i ncrenents of glyoxal are H?’%IS&UR) Jgge
reaction mxture, it is preferred that each increnment be from Abut 0.06 to

0. 11 nol es of glyoxal based on the total noles of phenol charged and 25
particularly about 2 equal nolar quantilties of the glyoxal. Total nole

ratios of |ess than about 0.15 noles of glyoxal for each nole of phenol
charged gi veon themeight of the phanchehasged t, the vedctias niREreMThelyuaatitgesent i al |y

devoi d of O%ﬁ@é?id ﬁgﬁ&ﬁratbbﬁfk%r{o%t%e prr@fgrga%gr %ﬂgg%?%%ﬁié%g%q quality

control. Ratios of greater an abadut each nol e
of phenol | dadiquarlycbgut 2.b8atorahout 8% hased onadhe weight bf Hednol tiRargéy & pr oduct

wi th higher i scos) : e e ul val.ents qr al dehyde units in the
reaction nmi E{%re a?i%a_%ém%ogﬁag@%%%f%‘gﬁéﬁg@S%%Y%O‘SP@@%WY12

mai nt ai ned &f catalyst istraefesdityfromCiountid tpabber4%h by weag babed oalipait 60% of
the total V. ' ts or .al dehyde units which wll be charged to
the reacti g’hgﬁ?‘xﬁ%%{e%é\r{%ng%cﬁw “fﬁr%ﬁd?%%%@a%boeﬁméﬁs@%t 3%hus, ‘not
more than Mixutesidithehcitvataystebyrdalseguivsad.ents to be used in the reaction
are 5 present in the reaction mxture at any one tinme. The catalyst is
renmoved fromthe reaction mxture after at |east about 85% of the al dehyde

equi val ent s The RdaetibmTCahditibekehyde equi val ents to be charged to the reactor
have reacted, an referably when from about 90%to 10 95% of such al dehyde
Z@t s have%‘gﬁgly@ae.moi%@ﬁng

equi val HEAIBHPEICts 6f this inyriiepanaybe ai sed to
renove the paipaketsby chitineves or B Witd tEAQI0P LIS Ritd almolal Besat @l yst, a
basi c materlﬁh [ adgeq to the reﬁgtlo_n mxture 1n an anmount sufficient to
neutralize § ekﬂsf'(?PB i '?)‘_?P‘E?SSE%I"_t e peidreatafat Hasteatively dJepsiepwisen  product
of such aci tedetibmreeplitiril hhdl &id Adid tatafbf S6tRdrde tb 8R40} %dgﬁé@éﬁ st. 15
When t he basi.c materiatl sed to neutralize hydrochloric acid is an al kali
initial iIncrement of the glyoxal is charged to the reactor while the reaction
15 mixture is maintained at a temperature of about 80° C to about 100° C. The

glyoxal reacts with the phenol and then additional glyoxal is charged to the
reaction mixture.

The molar ratio of glyoxal to phenol in the manufacture of the phenol-

20 glyoxal condensation products is from about 0.15 to 0.22 moles of glyoxal for
each mole of phenol charged and preferably about 0.16 to 0.20 moles of glyoxal
for each mole of phenol charged. When a total of two increments of glyoxal are
made to the reaction mixture, it is preferred that each increment be from abut
0.06 to 0.11 moles of glyoxal based on the total moles of phenol charged and

25 particularly about 2 equal molar quantities of the glyoxal. Total mole ratios of
less than about 0.15 moles of glyoxal for each mole of phenol charged give
more of the tetraphenols, such as TPE which is essentially devoid of optical
properties in the ranges given above for AOI quality control. Ratios of greater
thah about 0.22 moles of glyoxal for each mole of phenol lead to longer reaction

30 times and are likely to give product with higher viscosity.

The aldehyde equivalents or aldehyde units in the reaction mixture are



nmetal oxi de or hydroxide or an alkaline earth netal oxide or

hydr oxi de, e. g., - sodi um hydroxi de or cal ci um hydr oxi de abatReEHEE A 3r
equi val ents of such base are added based on the nolar equival ents of the
trichloroacetic acid used 20 as catal yst. When an amine is used as the
basic material, about 10%to 20% of the am ne nol ar equival ents are added
to the reacWPdd6466%t ure for neutralizing HC based on t RETisShGIEI4
equi val ents of trichloroacetic acid used as catalyst. It is preferred that
the basic material be an am ne so that tal ions such as that of al kal
metal or alkaline earth metals not be ihtluded in the product. The 25

presence of - ' leterious for use of the product in the nore
demandi ng el g@"i’%ﬂ%@g@'&%??“%ﬁﬁe"SHﬁ% ?r@fgprregqrgglg Igse tg’?ﬁ? AkLEY% fthe al i zi ng
the hydr ochtataliatdehyie ettiealentsan amhm@nhiwﬁcﬁmilﬂﬁécﬁh%%éd‘ﬂ) fhepKa val ue of
about 5 to h as,.pyridi.ne, .picoline, benzyldi netyl am ne,
triethylaning, ggﬁfh%ﬁ@%ﬁ%&%{“ﬁéf'}ﬁ %‘?Wf'ﬁfﬁﬁ”?ﬂépownﬁﬁ@tgﬂbﬁ NPYRETS or t he _
Sbout 5 o abott 15 hour s andoreterably Sbo Borat SR Yy “5h05 o
abou abou ours..and. prefera ou 0 ept ember

00/ 64669 8 P?f?)s?fgdw%@@ﬁtpﬁ"ﬁﬁﬂﬁga%gx‘?E’ﬁ’ﬁerature of the condensation

reaction of the phenol and glyoxal in the presence of the catal yst,

i ncluding distil Iﬁ{ionsl, will be in the range of from5 about 80 C to about
100 C and pr ef er aIBFARIHISIERARVed drom the reaction mipture afier atjleastabaout  85% or

more of the g4% et aRehidRbQiIVAents of the th@l AldeAWRNLddivaidits tPbyoxal to be
charged for r%tr(l ncﬁfpétge cond?‘nsatlon (groduct have react ed. ter is renoved

cont i nuous| y*'H¥9% figaciafthaye Kadkedt and prefasably when fepm aboutH0feto t he
reacti onigf @%@xa&cw@m@m@b@qfqtvaféhkd ﬁ%l\'ﬁeﬂ‘téﬁét@&i etk t@rﬂgéﬁainﬂe?ﬁ of the
0 e

gl yoxal , since accunul ation water in reaction mXxture slows the

reaction. \@anefalivdaised ipemnyerthe calglygk hioweven wheadtghioroatetigiasikial wi t h
ghenol and  tadhtaly2na hasid¥akfial i§ 24886 f@ﬂ(}hte%e BRGNS {fa Lﬁfrgtxal charge,
.g., glyoxal is eneral |y used as a 40% solution 1n water. The wat er
content in tEIGIHER Neirakir ey Bydrechipds acid ko be kumedtas ddéenmposition
product of such acid before distillation is effected to remove the catalyst.
i5
When the basic material used to neutralize hydrochloric acid is an alkali
metal oxide or hydroxide or an alkaline earth metal oxide or hydroxide, e.g.,
sodium hydroxide or calcium hydroxide about 80% molar equivalents of such
base are added based on the molar equivalents of the trichloroacetic acid used
20 as catalyst. When an amine is used as the basic material, about 10% to 20% of
the amine molar equivalents are added to the reaction mixture for neutralizing
HCl based on the molar equivalents of frichlorcacetic acid used as catalyst. It is
preferred that the basic material be an amine so that metal ions such as that of
alkali metai or alkaline earth metals not be included in the product. The
25 presence of metal ions is deleterious for use of the product in the more
demanding electronic applications. llustrative of amines for neutralizing the
hydrochioric acid there can be mentioned amines having a pKa value of about 5
to about 11 such as pyridine, picoline, benzyldimetylamine, triethylamine, and
hydroxyethyldiethylamine.
30 _
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



about 8% by wei ght based on the phenol charged to the reaction m xture and
pref erably bel ow about 6% based on the wei ght of phenolz%éﬁPﬁgﬁmf%Oq%e
reaction mxture. Illustratively, two or nore, e.g. 2 to 4, additions of
the 20 glyoxal are made to the reaction mxture with distillation of water
after reaction of glyoxal with the excess phenol. Preferably, an initial

gl yoxal chd@e/e&nrade with the subsequent reaction fol POWos00y994
distillation of water and then a second g¢glyoxal charge is nmade foll owed by
reaction of the nononers prior to reactjng at |east about 85% of the total
al dehyde equi val ents to be used for nak}%g t he 25 condensati on product.

| nst ead of qpnltorlng the progress of the reaction by neasuring al dehyde
equi val ent s, % time of reaction can be used for conducting the reaction
when the reactants and catal ysts are the sanme and the operating conditions

are within 30 th srrera e.g., e ratios, reaction tenperatures,
the catal yst andertrﬁg ‘?’ Q}tﬂ%&rﬁg@f‘satﬂ“ﬁ@’s‘c@@@f#‘%thmoé?f‘@)gR’@Xa‘vvater and
t he agount dh tied ﬁﬁe&;bh@t@fthe‘chia!&%t rrftﬂthdl% Miguﬂe{ﬁ@zr}r% Qi Bé“iﬁ‘ﬂlesrﬁﬁ%f 64669t ime
periods ¢ mol ar ept e

PCr / US00/ gsé‘g’&’ugggéj%?hagﬁft ‘@b &and RfefeﬁthPm@OPF%é%b% ©.udilap 0.22; a

40% sol ut i one@ét &bums*el' or fnoré SRfHeafdetykB eﬁbﬁaréhts' ih 35 i‘otéihuénﬁtﬁ'&”?er ature of
80 Cto 100 |n| t| al %oxal charge is nade with subs ent reaction

of the glyo H’ﬁkwgtthﬁéonwsan@m pradyet have rmte@med by

anot her gl yoxal add| t| on foI | owed by continued 5 reaction and then
distillation which is followed by continued reaction before depletion of
the al dehyde equiValeeistremoyed soptipropsly or ptermitantiy by disgéitlation; sueh asbout 0. 06

to 0.11 {®! eftePthd lRBcIVS oxap@ﬁl?ﬂhéﬁbl hﬂl@wﬁﬁqwﬁhdﬂgl dagfaﬁfaﬂls of faarged, are

added with each charge of the oxal . ter addition of the initial
quantity of ga%kamcetaﬁ@raulam ater incthe readtion mixturecsipwe thel retgiorabout | t o

5 10 hours, \paek & BRhYd E¥§1é&)n%e %Woﬂ ré &lotnr}ﬁ%é)og@rvﬂﬁﬁe% Phgd | ed from

about 8%to 12% of a first distillate fromt reac 1'on mxture based on
the wei ght @ddiieaaly watghigragaeralippresent indhe glyoxaldihetgel, leag.i glypxalii ch is al so

conducted w Héfbll%h@e&g q‘ro% g&lgﬁo,{ﬂw pf about 80 to 100 C anot her 0.06

to 0.11 nDI I'yoxal based on t 95 moles of phenol charged, are
slowy ablded to the reaction mxture. Preferably,

The water content in the reaction mixture is preferably kept to below
about 8% by weight based on the phenol charged to the reaction mixture and
preferably below about 6% based on the weight of phenol charged to the
reaction mixture. llustratively, two or more, e.g. 2 to 4, additions of the
20 glyoxal are made to the reaction mixture with distillation of water after reaction of
glyoxal with the excess phenol. Preferably, an initial glyoxal charge is made with
the subsequent reaction followed by distillation of water and then a second
glyoxal charge is made followed by reaction of the monomers prior to reacting at
least about 85% of the total aldehyde equivalents to be used for making the

25 condensation product.

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

30 the same ranges, e.g., mole ratios, reaction temperatures, the catalyst and the
quantity thereof; times for distillation of water and the amount of distillate.

lllustratively, the following steps and time periods can be used when: total molar



there is charged about equal quantities of glyoxal durin each addi tion.
Heating of the reaction mixture is continued for anothﬁ Sgptegibgr 2003
preferably 1.5 to 5 hours fromthe tine the first distillation conmenced
and then a second distillation is started to renove about another 4%to
12% of water based on the phenol 20 charged. After the second distillation,
the reacti ¥0®4g8rmitted to continue for another 0.5 tec®uspvosfoarably 1
to 4 hours fromthe tinme the second distillation conmenced before the
tenperature is raised for distillation together with renoval of the

catal yst. 25 The terrperature of 80 Ct0*400 Cis used until it is time to

rstit | ati orfotS ot Sl (5 Pl LS i P Lkl 22 0 40Pk SSliumo ol aml bt al yst

i s conduct edeaa:tdewnth\pmuutmsem aba témp@‘aﬁjrébf amPclftemeG T4 infital §IP6xal
tenperature. ,The vacu an var

a/ &?Lh to 25 inches or nore of
mercury. 30 FAEG& R a‘f" gHbsgH ?Q_} el*@y%’iﬁ' a’FtDﬂ'eB?' amddp timeat i on i s
| ess than alyatistilaiiéh, Gollowear raﬁd;therl aﬁ BaditigPRINbwaE By € ontYFlee’a oxalic acid
is the 23 Segggtnber 0/ 646 CT/ US00/ 08994 15 cat a t, the

t enper at ut jog;and égﬁrﬂ)S\?E’ isg 'Ct js fgjlowed P)’G:UOt'mﬂﬁi'teiaémfan?l‘e about 155 C

to about 16Qiép@tloﬁ~|oftWa!@&iWe@‘qulvElénY%%% 8r [eS5BY Bt éﬁarb  fibie the
case where oxalic acid e catalyst, all

catalyst is re
or su%st ant i% H{/)‘yﬁglto bf“t’ﬂ%‘eﬁﬁf e Q!@xﬁbﬁﬁﬂoﬂ\ﬂ‘@rﬁmﬁ@tﬁpﬁy@t is removed
from the reaghiged, Sloddded withbachahifge df%‘@!r;l%ii& THus, gﬁ%:f E&ﬁﬁdng&s L xture

after ellmnatlon of the catalyst is final renove | I ation
in removal dtidlgEapiiyebelyoxal the aideh w@ww&act@d V\tlﬂl‘iéhmh@molé@rcatwutmcﬁSt he

catal ystyg Umabﬁl%CPFé?er%nyeﬁi tH BBGIs addstpé:?ﬂ% YL ditmE ot 5&&&%?0{5 féo%t ure so

as to bring the tree phenol content o e reaction m xture Ss than
about 5% pPéﬁ@r%MS}'"@f@ frass et mastiongpirture dasedion therweighl @frnhpnbbss t han
about 1.5% RByaehght of the reaction mxture. 15 Renoval of the unreacted
phenol is attained by conventional nmeans such as in the renoval of
unreact ed phenol After i/ gstdistilatiormvhich ig alsof ¢amdhicigid siihin thieitempbsatureeat i ng

the reacti ofarigeXdrébBubo M AP &/ MRl COR B &1 Y okl 8 BT H4a It

15 moles of phenol charged, are slowly added to the reaction mixture. Preferably,
there is charged about equal quantities of glyoxal during each addition. Heating
of the reaction mixture is continued for another 1 to 6, preferably 1.5 to 5 hours
from the time the first distillation commenced and then a second distillation is
started to remove about another 4% to 12% of water based on the phenol

.20 charged. 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.

25 The temperature of 80° C to 100° C is used until it is time to raise the
temperature and remove the catalyst or unreacted phenol. Such distillation,
prior to increasing the temperature for removal of catalyst, is conducted under
vacuum so as to assist in the control of the temperature. The vacuum can vary
from about 15 to 25 inches or more of mercury.

30

The temperature for removal of the catalyst by distillation is less than
about 170° C, preferably less than about 160° C. When oxalic acid is the



the tenperature can be up to about 190 C or 200 C under out 25 30
I nches of nmercury. Steam sparging under vacuum at such %ggﬁaﬁeﬁﬁ’ﬁ}:é&?{:an 20

al so be used to renmove phenol in the product. Concurrently with renoval of
phenol or as a separate step following renoval of the catal yst, the
reaction mxture is heated at a tenperature of from about 175 C to about
200 C and prefwsaddl y from about 180 C to about 195 C 25 remaisedmssdai ng i S
conducted for a period of about 0.25 to 3 hours and preferably for about
0.5 to 2 hours. Al or a portion of such heating can be conducted at the
time the phenol is renoved under vacuum® Optionally, the phenol -gl yoxal
condensati on_pr.oduct with 5% or |ess of ted ph |, can, be placed in
an inert at @%ﬁie&’g SRRcR Fé%fafﬁ?dé&ﬁaﬁgsgﬁéﬁ%ﬁ‘ Rl [r;)CaPFrt'SP‘af'ﬁe heati ng
in the 30 ratgeat ¢55°abauabof3I6® Co 200 C for about 0.5 to 3 hours.
[l'lustrative of an inert atnosphere there can be nentioned nitrogen or
argon. After such heating step at about 175 C to 200 C and reduction of

phenol in the reagtdrebmeiofithe waled id rRffovad abeRi RO e RARt D INRAC RO
PCT/ US00/ 08994 16 than 5% th _r@%ctlcin m xture is also referred to as the
phenol - gl 30XBf CagHH %’ﬁs"&‘ta(i‘%ﬁc'gr‘% etalystcallpraniptagtialy.all of dmwates ig i on

product is qu¥male@ivhin GROEREYHNS rerRo @RISR the rdaefigh MikiGd, Aﬁ"ggwat%_ e
Phenol - Gyyoxal Condensation Products Properties of the phendl -glyoxal

condensat i ofepakvRiINdhe Feackian mixtyafter ehmmaipe of thematalystis Baalyr ed  Range

Range MN/'Vhré@.@v@@@{rﬁ@odi&ﬂ@ﬁéﬁﬂrxéﬂ%§l?&~tﬁégheﬁél.sCOSi ty, cps at 175 C
300- 2500 450- 1500 15 Free Phenol (% 0-5 0.03-1.5 Tetraphenol ethane such

as TPE (% 0-6 1-4 UV absorbance at
10 After removal of the water and all of the catalyst, unreacted (free) phenol

is removed from the reaction mixture so as to bring the free phenol content of
the reaction mixture to less than about 5%, preferably to less than about 2% and
particularly less than about 1.5% by weight of the reaction mixture.

15 Removal of the unreacted phenol is attained by conventional means such
as in the removal of unreacted phenol in novolac resins, e.g., flash distiliation 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

20 also be used to remove phenol in the product.

Concurrently with removal of phenol or as a separate step following
removal of the catalyst, the reaction mixture is heated at a temperature of from
about 175° C to about 200° C and preferably from about 180° C to about 195° C.

25 Such heating is conducted for a period of about 0.25 to 3 hours and preferably
for about 0.5 to 2 hours. All or a poition of such heating can be conducted at
the time the phenol is removed under vacuum. Optionally, the phenol-glyoxal
condensation product with 5% or less of unreacted phenol can be placed in an
inert atmosphere and heated to conduct a portion or all of the heating in the

30 range of about 175° C to 200° C for about 0.5 to 3 hours. lllustrative of an inert
atmosphere there can be mentioned nitrogen or argon. After such heating step
at about 175° C to 200° C and reduction of phenol in the reaction mixture to less



350 nm at |east 0.400 at |east 0.450 20 particularly >8.% UV absor bance
at 365 nmat |east 0.260 at |east 0.275 particularly >6°36PteRbghr&&tence:
The fluorescence of the phenol glyoxal condensates is about 25 70% hi gher
at fluorescence maxi num (about 532 nm) than Acridine Orange Base (Aldrich
Chem cal ) using an excitation wavel ength of 442 nm acquisition tine of
0.5 secondswaspgragsured in a CM 1000 i nstrunent (Spectralgﬁgﬂﬁ,&%gf I nc.
of Maunmee, Chio). Acridine Orange Base was used at a concen raglon of 02
ng per liter in nmethanol and the phenol - gl yoxal condensate at a 30
concentration of 0.05 weight percent inlbetrahydrofuran. The phenol - gl yoxal
condensation products contain a variety of conpounds, i ncluding

pol yphenol s $hadrb%sthaireactionimixtusais alsn referreshiol as. tha pheagitglyd@l 2003 17

Il1Tustrativekynd enol s can be represented by the formula: 5
HO- C11 C C#n%%k{??ﬂcﬁoﬁ%pG\ QA RKCC HO CCCGCOH .15 wherein Xis

an integer of 0 to 3. Wien Ris alkyl and or alkoxy X is 1-3 and the alkyl
and al koxy group | n.th eact.ants. are phenol
TUselt and gl yowal T prenokgBotaltahiaiaAbe Beau By NGply B5aE bfa

hydr oxyphény g¢reranheoromp@fedyeiaflakedal so referred to as 1, 1, 2,

2-tetraki s(4- hydroxyphenyl)ethane. Epoxidation of the

t et r aki s(4- hydr oxyphenyl ) et hane gives 20 the tetraglycidyl ether of

t et r aki s( 4- hydr oxlEhBhgnol-&iyaabCondensation Products

Properties of the phenol-glyoxal condensation products are as follows:

Broad Preferred
10 Property Range Range
Mw/Mn 400-600/300-380 440-540/320-370
Viscosity,
cps at 175°C 300-2500 450-1500
15 Free Phenol (%) 0-5 0.03-1.5
Tetraphenol ethane
such as TPE {%) 0-6 1-4
UV absorbance at
350 nm at least 0.400 at least 0.450
20 particularly >0.5

UV absorbance at
365 nm at least 0.260 at least 0.275
particularly >0.30
Fluorescence: The fluorescence of the phenol glyoxal condensates is about
25 70% higher at fluorescence maximum (about 532 nm) than Acridine Orange
Base (Aldrich Chemical) using an excitation wavelength of 442 nm, acquisition
time of 0.5 seconds as measured in a CM 1000 instrument (Spectra Group Lid,
Inc. of Maumee, Ohio). Acridine Orange Base was used at a concentration of
0.2 mg per liter in methanol and the phenol-glyoxal condensate at a
30 concentration of 0.05 weight percent in tetrahydrofuran.
The phenol-glyoxal condensation products contain a variety of

compounds, including polyphenocls such as di-, tri-, and tetraphenols.



By residue or residues of a phenol -glyoxal condensation roduc% meant
t he anobunt of phenol -gl yoxal condensate used in making @QEFESﬁg%xbduct
such as a resin or conpound. Illustratively, if 10 grans of a
phenyl -gl yoxal 2 5 condensate are reacted with 40 grans of an epoxide, the
phenyl - gl yoxal condensate residue of the conposition would be 10 grans.
Also, if 20 grans of a phenyl-glyoxal condensate is glycidylated and the
gl ycidyl ated product is subsequently reactfp with a phenol - fornmal dehyde
- novol ac, the phenol -glyoxal residue would still be 20 grams. Generally the
phenol - gl yoxal d as an-anmount. The epoxy resin used
in the | am nate @%ﬁegg?ylgﬁgtgga&ﬁﬁﬁglnventlon will 23 Septenber 2003 WO
00/ 64669 PCT/USOO/08994 18 have a_wei ght per epoxide (WPE) val ue of from
about 190 to 10, %qu?@%?resgng fthlelforfrf about 190 to 500. The pressure

used in making t nates c var romthe contact 5 pressure of

- applying a | am nated Iining ngt,a wall to the hj &, e.g.

1,000 psi or gore, ugRy-ig Mg acture of el rical %nsul ation sheets. -
The tenperature used In makl ng thel | am nates cah vary ovdr a wide range '
such as that of about ro terrp/r, ure to over % C 10CThe ®de of a
solvent in the |amnate corrpo trons\i s opti ona atlon of
Pol yepoxi des -Epoxi di zed products of tXe phenol - Iyoxal condensat es can be
prepared 15 by at |east two different\convent onal routes. One route is by
reacti on of the phenol-gl yoxal condensatg-widHh a hal ohydrin in the presence
of an al kali -metal = hydroxide éo for IyC| dyl\et hers, of the Qrgl yphenol .

t

Such epoxi di 2&d products % |y have e ogyecqﬁ:u-a-lﬁn of about
190 to 230 and preferg ut 2@5 to 225. TheCot-her rbEte is by reacting

; a nolar excess of a ﬂé@f oll:rred 20 p@ yfuncti onal gpoxy W t _(tjple
thenol gl yoxal conde t Zpom di zed produ&r\ % ot her route

will typically have epoxy equm}' ents of about 140 td&* 250 and preferabl y
about 160 t:o 230. In the first route, the polyepoxide is prepared by
contacting the phenol - 25 gl yoxal condensation Pr oduct with an excess of
epl chl or ohydt$ n whereire, ipaadelgger of 0to 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 ietrakié(4—‘

hydroxyphenyl)ethane (TPE) which is Valso referred to as 1,' 1, 2, 2-tetrakis(4-

hydroxyphenyljethane. Epoxidation of the tetrakis(4—hydroxypherlzy'!)ethane gives
20 the tetraglycidyl ether of tetrakis(4-hydroxyphenyl)ethane.

By residue or residues of a phenol-glyoxat condensation product is meant
the émount of phenol-glyoxal condensate u_sed in making a reaction proddct
such as a resin or compound. {liustratively, if 10 grams of a phenyl-glyoxal

v25 condensate are reacted with 40 grams of an epoxide, the phenyl-glyoxal

| -condensate residue of the composition would be 10 grams. Also, if 20 grams of
“a phenyl-glyoxal condensate is glycidylated and the glycidylated product is
subsequently reacteci with a phenol-formaldehyde noVoIac, the phenol-glyoxal
residue would still be 20 grams. Generally the phenol-glyoxal residue is

30 expressed as an-amount.

The epoxy resin used in the Jaminate compositions of this invention will



of an al kali netal hydroxide such as sodi um hydroxi de or,_ potas

hydroxide at a tenperature within the range of about 56° €SP 6390%0 C.
Optional catalysts, such as quaternary amonium salts, my be enpl oyed.
The reaction can be carried out in the presence of an inert sol vent,

i ncl udi ng al cohol s such as 30 ethanol, isopropanol, nethyl isobutyl ketone
(M BK), tolwenepscet hers, and m xtures thereof. 23 Sept erdzarusgseisos\O

00/ 64669 PCT/ US00/ 08994 19 Anot her nethod for preparing the pol yepoxi de by
the first route is set forth in US. 4,518,762 of May 21, 1985 to

Ci ba. Geigy Corp. which is incorporat ediﬁerel n by reference inits
entirety. Briefl Ln.this C Iyphenol preferably the

phenol - gl yoxh?v%%wefq?.gaeb?mm?@Yag'é%f’gf A @bguis1 909 G00and of 400 to
1000 C, in tpefaablifeen abodmpocisdayst specific for the formation of the
chiorohydrin ether internediate, in the presence of 2 to. 25% by weight,
based on the reaction mxture, of a Iovver al kanol or | ower al koxyal kanol

cosol vent, with eRgepRsORrbREQIPMERI rt‘he ﬁ‘ﬂege?ﬁ U&yﬁ?&%‘@ase Sontadr oxy

value, in_ the gresence of 0.5 to 8% on the
reaction i xPiESeuUre) apRling;a mminajed bm{lg 1053 éaqmvwaﬂteﬁlneshtqh pedsute, ®.gal i net al

hydr oxi de pet,aob@8birfioreiséinthe BiaPackite OF Wadifte FRAIYOASHEE e Of the

pol yphenol and wherein there Yot o Yo by wWel g
reaction ni xiemF@r?tHF%U@ﬁ’dUﬂ“QNm ﬁhéa\%fmnates qaeniantiover i wige sangs suthaskal i

met al hydr oxjhdeof dbdub fodr? ierallf ol 23908t 1 mm dianmeter, which

hydr oxi de is charged to the reaction m xture porti onw se or 15 conti nuously
during a gradually escalating addition program and then isolating the

O 18 20} oMY usTbrd oRE AR BHiEAL BbmBORRAAL CRRD. L0e, PPOXY

resins containing the phenol-glyoxal condensationp “of this
i nvention, one part by weight of 20 such condensation product is reacted

with 4 to 8 ﬁ%b&r%tl% O@Pg&bﬁg)ggég de at about 1000 C to about 150 C using a

catal yst, e.g potassiu roxi de, benzyl di et hyl am ne,
benzyl tri nmet hyI arrrmnl um hydr oxi de, 2-nethyl im dazole, and

0. 15610 about 0. CHopaua Todias BNARBhenc 8l corfifiEt o e pistiet Tor 25
reacti onii thy atH@aq¢Mdlﬁe@mumaWemlonaleustaBJ One poutel sty rRBEtidrerRe Of
diglycidyl  henokgiyoxal condensate with a halohydrin in the presence of an alkali metal

hydroxide to form glycidy! ethers of the polyphenol. Such epoxidized products

will typically have epoxy equivalents of about 190 to 230 and preferably about

205 to 225. The other route is by reacting a molar excess of a preformed

20 polyfunctional epoxy with the phenol-giyoxal condensate. Such epoxidized
products by the other route will typically have epoxy equivalents of about 140 to
250 and preferably about 160 to 230. ‘

In the first route, the polyepoxide is prepared by contacting the phenol-
25 glyoxal condensation product with an excess of epichlorohydrin in the presence
of an alkali metal hydroxide such as sodium hydroxide or potassium hydroxide at
a temperature within the range of about 50° C to about 80° C. Optionai catalysts,
such as quaternary ammonium salts, may be employed. The reaction can be
carried out in the presence of an inert solvent, including alcohols such as
30 ethanol, isopropanol, methyl isobutyl ketone (MIBK), toluene, ethers, and
mixtures thereof.



ether resins, e.g., the diglycidyl ether resins of. bis gnol A henol
F; resorcinol; neopentyl glycol; cyclohexane dinethan es

t hereof . The phenol - gl yoxal condensation products of this |nvent|on can

al so be 30 partially epoxidized without sacrifice in the desirable optical
properties by reduction of the quantity of alkali used in the reaction with
epi chf or ohyd» #w64669| | | ustrati vely, reduction of caustic tecsbsiwtesdd’to 70%
of that in the nmethods of 23 Septenber 2003 WO 00/ 64669 PCT/ US00/ 08994 20

t he above described first route affords partially epoxidized derivatives.
Unl ess trichloroacetic acid is used as]éhtalyst with netal ion oxides or

hydr oxi des for of the hydrochloric acid, the phenol -glyoxal
5 condensati on p?@ﬂ{r@f eg}f qoﬁ[grqpﬁ%g,tt @ROWEPexide by theifirst rauleds selper cent by
vei ght  conderi rnamemsarfsmtﬁlmam 1085k@€ﬂaatd§é§@¥%%‘twhxéh f305% for sodi um
0. 003% f or caIC|u % f iron; and 0.002 % for potassium The

phenol - gl yoi%‘?c’“&?fﬁ ?'8 ydg ’%ed%gﬂeﬂﬂ'fﬁh'e Eff@ﬂbfufﬂéh'é;ﬂﬁgﬁﬁsﬁébﬁns 10 but
preferably tdamh@ﬁ@l pn%@eﬁalblgtl@ﬁﬁéﬂbﬁély@fhl\yuhfkd)bﬂ%@hcteQ(}ééfcté&%tQ curing

agents. The lamn Eﬁf of . this invenfion are conventional |am nates

cont ai ni my 4eMPEAHEOf ARGoAPONE. Wy fha aksenpenfany|catalyst sperific foetienous matri x

conpri si Ng FormeRRAXY tiePsHidroRPdtirPethel inftemagars if P ﬁr@&n%e%ﬁ@%%ttrysmh as a
phenol 15 for nal dehsyde resin , except that the resinous matrix w al so

contai n fr offeiddpased qiihg seaction @'Eyr%fg#ﬂwer iamel edpyeadlseryatkanel 15 parts
and parti CU'cééélVelﬁbQHﬁ e)?césg epibﬂld?élwdﬁn bl.Vaé@@'cﬂﬂhe phas&i @Br&@%am%' gt of of

t he resi nous matrlx a € oxal condensate, | due or m xture
t her eof . Théh%a@;wn%ef% t%ﬁ/q wﬂ%zg f wates bagad op lhewapctioormisusat e or

resi due imeraﬂefw.mig@m '1@%hiv)éle?1t§6f's\bﬁ&‘%lkﬁuﬁ{e%ﬂ/t@@jox ge erpAGnéiROxYy and

curi ng agent wil | enera %l rise at | east e resi nous matri x
or nixture. hyd@xyl eﬂs’?%tswl hei epoesv derivativa of hetnolyphenelrang whereintthene

cont ai ni ng b, I 40 to
cont al prefisr qu}d%@/ aéwvé.gﬁ%mﬁéhxt Rlich nmu%h%bh utt[['?g]'é%{E b‘% Dar s

art o resin
and prefer alﬁ‘??o%b&ﬂg seligl afigali fpﬁfla{ I;ydwxuép wﬁgﬁ@mgo%eds of ghaetrismre, resi due
or mxture Gekaef widu d?&ldé’ls%ﬁ?rﬁa% HlSERR Midme PRrRAWRY &S of a

sol vent and about 7 to
15 continuously during a graduaily escalating addition program, and then isolating

the epoxy novolac resin.

In the second route for preparation of the epoxy resins containing the

phenol-glyoxat condensation products of this invention, one part by weight of

20 such condensation product is reacted with 4 to 8 parts of a polyepoxide at about
100° C to about 150° C using a catalyst, e.g., potassium hydroxide,
benzyldimethylamine, benzyltrimethylammonium hydroxide, 2-methyl imidazole,
and 2,4,6-tris(dimethylaminomethyl)phenol. Typical catalyst levels are about
0.1% to about 0.6% based on the reaction mass. Typical polyepoxides for

25 reaction with the phenol-glyoxal condensation product are those of diglycidyl
ether resins, e.g., the diglycidyl ether resins of: bisphenol A; bisphenol F;

resorcinol; neopentyl glycol; cyclohexane dimethanol; and mixtures thereof.

The phenol-glyoxat condensation products of this invention can also be
30 partially epoxidized without sacrifice in the desirable optical properties by
reduction of the quantity of alkali used in the reaction with epichlorohydrin.
ltustratively, reduction of caustic to about 40% to 70% of that in the methods of



conventional epoxy curing agent. 30 The preferred polye ide pro s of
this invention when used in electronic applications su%ﬁéggterr%ﬁ{%ﬁis for

the production of printed circuit boards will typically conprise the

foll owi ng conposition based on 100 parts of an 23 Septenber 2003 WO

00/ 64669 ' PCT/ USO0/ 08994 21 epoxy resin, e.g., an epoxy resin such as the
di gl yci dyl vedéemassof bi sphenol A: (a) about 18-25 parts obcguSsiogsg agent
such as a phenol -formal dehyde novolac; 5 (b) about 3-10 parts of a nenber
selected fromthe group consisting of a glycidylated phenol -gl yoxal
condensati on product, a reaction producd of an epoxy resin and a
phenol - gl yoxal condensati on product, a phenol -gl yoxal condensation product
and mi xt ur eshe ppvesieschbe ﬁfé";)f%'ﬁ alberds pyﬂia&ne@@%;ed:d@riwagvgmcel erator. 10
Epoxy resins for |am nating and coating formul ati ons are generally sol vent
based. Coating formulations may include fillers whereas |am nating

fornul ati ons gendnigsprichigipacaiistasidin usegpe catalyst with fnetalfigmexidesior | x such a

glass clot ' &I}ﬁg@,la'- | PO Shey 15 T ] es of this

i nvention CQ‘X%%‘mﬁgée am.éi}ﬂrﬁg)%q g’? g‘eén@‘ﬁ?/ém@é%\}‘ednt %oenéa\fer{ozghﬁgéqlues such as
the use df &ondensgéinapegiugisoxfhis évientieswilliypicatiwihave egiencerdtyiweightgr edi ent
or a bromn - aat I ' 1L S

chl or i nat ed By Syaual oReRRidHE ir|tna SbahCRbos Gt Sl PBBRTer , 3. 4

i br onmopr opy ICRlsGE $H@AI5% Ferdromn andrB0P2 8% ferpotassivemt | onal | ami nati ng ,
techni ques can be used in making the lam nates of his invention such as
the wet or dry-lay-up techniques. 25 The |am nates of this invention wll
general | y cont ai hhebbenolglsxalcapdensdigs omi b tisexf aloes tovours epaky resirmat er i al

ol ot h. eyt bRretdBly By ettt ol BBl SRS Bol Pl B o uer v

from 30 bi sphents! - A and bromi nated bi sphenol A with weight per epoxy (WPE)

val ues The laminates of this invention are conventional laminates containing a
reinforcing agent such as glass cloth, and a resinous matrix comprising an
epoxy resin and a curing agent for the epoxy agent such as a phenol-

15 formaldehyde resin , except that the resinous matrix will also contain from about
1 to 35 parts by weight, preferably about 1 to 15 parts and particularly about 2 to
10 parts by weight, based on the weight of of the resinous matrix, of a phenol-
glyoxal condensate, residue or mixture thereof. The epoxy resin, curing agent,
phenol-glyoxal condensate or residue thereof and optionally a solvent system for

20 - the epoxy and curing agent, will generally comprise at least 75% of the resinous

matrix or mixture.

The resinous matrix of the laminates of this invention containing a
solvent wili generally contain, by weight, from about 40 to 80 and preferably 50
25 to 70 parts of an epoxy resin; about 1 to 15 parts and preferably about 2 to 10
parts of a phenol-glyoxal condensafe, residue or mixture thereof about 10 fo 35
and preferably 15 to 30 parts of a solvent and about 7 to 35 parts of a

conventional epoxy curing agent.

30 The preferred polyepoxide products of this invention when used in
electronic applications such as laminates for the production of printed circuit

boards will typically comprise the following composition based on 100 parts of an



of about 190 to about 2,000. O her epoxy resins which 2%(; be used_apart
from the bisphenol A resins include: epoxy phenol novofacePeBEEs30S esol
novol acs; 23 Septenber 2003 WO 00/ 64669 PCT/ US00/ 8994 22 aromatic gl yci dyl
am ne resins such as tri glycidyl-p-amino phenol; N, NN N,N -
tetraglycidyl-4,4"-diam nod iphenyl nethane. Epoxy phenol novol acs include
epoxy resi Wougddvyed from phenol - gl yoxal condensates by pegotioospon t h

epi chl orohydrin, in the presence of alkali such as Epon 1031 of Shelf
Chemical; 5 reaction products of an epoxy resin and a phenol - gl yoxal
condensation product. The conventional?lepoxy resin making up the 100 parts
of the conmposition.is preferably a flanme retardant epoxy resin such as.a
hal ogenat ed SF8% {FSHk &G, an EP%V,reg‘ﬂ syFh Aa thegdiglcigylptherafdispbsohAt esi n.
[I'lustrative of such brom nated epoxy resins there can be nentioned the
brom nat ed producé of the di glfyci dyl 10 ether of bisphenol A e.g., EPON
1124 (CAS N3} 28bedt 1$32Rgrisel apiing adenbaychas ephenglifermaldghvdat ed epoxy
resin can beoysigg: in flame retardant conpositions with epoxy resins such
as those of %Iaycid | ethers of a phenolic novolac, glycidyl ethers of an

o- cresol /5 ol®hl dabgdte31i8wartaof adnembyer splected fiemdhe grous enmsisting ofa

di giycidyl efverfyfatéd phérdhafoeal &nd&%&ki%ﬁb%ﬁucﬁ%}gééﬁd?\f r68§&ro?iaH0| , 15
di gl ycidyl ethers of neopentyl glycol or diglycidyl et%ers 0
cycl ohexane@PR¥X 1Esivanca gheiclalioxal qardpasationmsesuct.cuphengl-alyesdler at or s can

be used in %oﬁa@rstahbaﬁma @h8 Mixthifes thefesf.ein@t © the cure of the epoxy

resin. Generally, such quantity is fromabout 20 0.05 to 0.5 parts based on
100 parts of (@ heorlisnally.rasenexy sHrinthaeqetaigterl y about 0.1 to 0.2 parts. Such
accel erafprs include 2-nethylimdazole, 2-ethyl-4- nethylimdazole, am nes
such as 2,4,6-tri_s (di nethyl am nonet hyl)phenol and benzyl di net hyl am ne,
and or ganophosphBP®¥ fesins deriaminating and coatingfgrmuistienserergsnarally soivent

triphenyi ph@agdd N&oatiRg RiRfldiibRs Maydsdide fikYs @hs t to |ower
viscosity and inprove ghaﬁ%ﬁ ng gLégr acteristics. %gﬂgf@ﬁﬁ%f reactive
di | uent s i néerodatiens generpllyimpregnate imyiinle thyerscoftacfiber mateix edtroa glisgl yci dyl
ether; resopQith 4 gHeN A mEhBRS finigd  cycl ohexane di met hanol di gl yci dyl
et her. '
15
The laminates of this invention can be made flame retardant by

conventionat techniques such as the use of a halogenated epoxy resin as the

main resin matrix ingredient or a brominated or chlorinated flame resistant

additive such as chiorinated bisphenol-A, tetrachlorinatied bisphenol-A or tris

20 (2,3-dibromopropylphosphate and antimony oxide

Conventional laminating techniques can be used in making the laminates
of his invention such as the wet or dry-lay-up techniques.

25 The laminates of this invention will generally contain about 40% to 80%
by weight of resinous matrix material and about 20% to 60% by weight of
reinforcing material such as glass cloth.

Epoxy resins usefui in this invention are generally those derived from
30 bisphenol- A and brominated bisphenol A with weight per epoxy (WPE) values
of about 190 to about 2,000. Other epoxy resins which may be used apart from

the bisphenol A resins include: epoxy phenotl novolacs; epoxy cresol novolacs;




30 A variety of curing agents well known in the art can_be used for the
epoxy resi % They ingl ude but are not linited to aromat? eeRlgMREE2003
pol yani doam nes; 23 Septenber 2003 WO 00164669 PCT/ US00/ 48994 23

pol yani des; di cyandi am de; phenol -formal dehyde novol acs; and nel am ne-

f or mal dehyde resin. When phenol novol acs are used as curing agents a

catal yst (ass@REstor) S5 is generally enployed and may Q&E}@J}gﬁﬁ&gﬁd from
tertiary organi c am des such as 2-al kylim dazoles; N, N

- di et hyl benzyl ami ne; and phosphi nes such as triphenyl phosphi ne and

m xtures thereof. The phenol novol ac c@2i ng agents are condensati on
products of phenol 10 with fornal dehyde wherein the phenol can be sel ected
from phenol aremaliqglycidis aming resinsench ais ti glyoidgi-pramindopispios MIN, AN’ Nbar apheny|

phenol , nap ; %t f bstituents for th nonmer s
i ncl ude hyd?%%@?ycﬁ E€14 _g%ﬁﬁﬁqagﬁﬂfwﬁ@rsg‘gﬁé'a Ooﬁ,pTI’ISPIRlMO%FSim:?I{JLZ carbon
atons as vveBpoésfesmmlved\&vmlF}i@ﬂobglﬂox?cmyﬁnedﬂe&@dteﬁctmhﬁwm ef ?r r edI SUL i gg
agents. Party r: agen are - f or mal dehyde
novol acs an%b%‘r‘l_itoﬂéﬂyé@s@lqﬁ é@%ﬁﬁ%&éﬁ%@&n SHS@@PEPQ"H .H?SSE‘G%%GEW% wei ght
of 1, 000 3 or&ction profuaisdd ansmpiosy yt-fsn‘i ?]Bc}bh\phanal-gwl ab@md&ﬂéatlidrﬂﬁ'lbul%t.n? .
haol genat ed I . ; 0 col, e {}lers, col, acetates,
NNl et hy P somrinal dEeR? B RakRd e IbY Bes BHFS! Sineholianen
di cyandi ani geeferablyseftaras reztandiangem:g@rmﬁn llﬁeétoaﬁa ha{dg@hél@ﬁ e%@%ﬁ 733 yihf , et hyl
et hyl ketong,, di t t hyl. 1 sobut et one. Rei nforcing
fibers or fgﬁf'?dg?r@¥{erd§r?? @'rﬁgﬁag%’d ?Ff%r%sui]'n@f’ﬁt&%tx’ﬁl such Sf?é‘?@‘j‘t&ﬁd mat s;
carbon and gpamytresies thezecan be ehdnticasd d}&d&bﬁm'lnatéd broatust mh&g!@lljﬁ@jyshelets, 25
fibrous .qua ven fd Q unwoyen fibrous glass
mat , ancjf(a t%{géf ?C@gﬁ%“ﬁ"r@@gsﬁ@“ﬁ%ﬁ@g "%’g\é?gpézﬂf’%)&j,%@& c, calcium
car bonat e afitieinival Cbi Kisis eymiahied dpexy eeticdrobd h%dﬂﬁlaﬂ%l@témhgﬂ x. 30 The
| am nate ca d at roomtenperature o ating under pressure
a | ayer corrg?rﬁg?sﬁﬁgc’%%% e%%é%%n%ﬁlécﬁa tﬁ"?ﬁ gﬁgbﬁ'déb?f‘ﬁ?rissqfﬁgo%ﬁw&‘boxy

novalac, glycidyl ethers of an o-cresol/formaldehyde novolac, digiycidyl ethers

of bisphenol A, diglycidyl ethers of bisphenol F, diglycidyl ethers of resorcinol,

15 diglycidyl ethers of neopentyi glycol or diglycidyl ethers of
cyclohexanedimethanol and mixtures thereof.

Epoxy curing accelerators can be used in a quantity sufficient to
accelerate the cure of the epoxy resin. Generally, such quantity is from about
20 0.05to 0.5 parts based on 100 parts of the epoxy resin and particularly about
0.1 t0 0.2 parts. Such accelerators include 2-methylimidazole, 2-ethyi-4-
methylimidazole, amines such as 2,4,6-tris (dimethylaminomethyl)phenol and
benzyldimethylamine, and organophosphorus compounds such as
tributylphosphine and triphenylphosphine.
25 _

Reactive diluents may also be present to lower viscosity and improve
handling characteristics. Examples of reactive diluents include neopentylglycol
diglycidyl ether; butanediol diglycidyl ether; resorcinol diglycidyl ether; and
cyclohexane dimethanol diglycidyl ether.

30 .
A variety of curing agents well known in the art can be used for the epoxy

resin. They include but are not limited to aromatic amines, polyamidoamines;



23 Septenber 2003 WO 00/ 64669 PCT/ USO0/ 08994 24 resin as, inpregnant. The
wei ght average nol ecul ar wei ght (Mvy and nunber averagez3§%ﬁéﬁgﬁ%@003

wei ght (Mh) herein are neasured using gel perneation 5 chromatography and
phenol i ¢ conpounds and pol ystyrene standards. The sanple nol ecul ar wei ght
to be neasured is prepared as follows: the sanple is dissolved in

t et rahydr ofwreamsseamd t he solution is run through a gel peropestinosy4

- chromat ograph. Any free phenol in the sanple is excluded from cal cul ation
of nol ecul ar weight. 10 The quantity %f TPE in the various reaction

m xtures was determ ned by the follomdﬁb nmet hod. (a) The reagents used

- ; TPE. .and silylati t. Proced f
dot er m i o PHBETRE: Slovardimr Prdtort R RRviE RSt Ahd ipaBepar od as
fol |l ows: i ntarniidatlydémedihi |iter) reaction flask, add by syringe: 10 cc

(cubic centineters) of pyridine, 3 cc of trinethylchlorosilane (TMCS), and
10 cc of hexanethyl disilazane (HVMDS). This was left to stand for 5 to 10

mnutes. (c) TheWHeh pHeaobiandlaeslavs Usid as ciirgpaients Asatfist @ﬁ@éle%%r&éi gh
into vial. (a %&ﬁ?mli ate for siJ%]l a&}i ong?féaqpfr oximgtely 30 ng each TPE and p-
et hyl phertol > S IYEMRIPYSA 29 BRY PESSlaned e kertigniarpanie adidesswchas
(appr oxi mat @kalkylitdidarotest BsN.-diffahylbénAyRimih & BRI fHodpRINBY SfictP¥$r ni ght . | nj ect
1 mcroliter,i ntoI Bas .chrfgd”]rat raa}h. Use net hyl ethyl ketone as rinses.
The col urm d4E§NYIBHOsRLNE a '&’Pﬂ?@'ﬁ% &ePlexsi| 300 which is supplied by
Supel co of Belfonte, Pa. 25 In order that those skilled in the art may nore
fully understand_t he invention presented herein, the follow ng exanpl es
are set forth- A e BB{?’{C& naYRJaC B@ﬁ'@eﬁfﬂ%&%é‘ei Gengpesation predists dPhpepl as
el sewhene i with forfnatdahyde inefdin Biccpiihol ¥ BEkelebRUSfom BhARI W specifically
stated. 30 The {ol | owl ng} exa,nBI g_s are illustrative of the invention. Sone
of the cresols, xylenols, Tesorcinol, bisphenol-A, paraphenyl phenol, naphthol, and

mixtures thereof. Substituents for the monomers include hydroxy, alkyl of 1 to 4

carbon atoms, alkoxy of 1 to 4 carbon atoms as well as phenyl. Novolacs and

dicyanodiamides are preferred curing agents. Particularly preferred curing

15 agents are the phenoi-formaldehyde novolacs and ortho-cresol-formaldehyde

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

A wide variety of solvents may be used, including haolgenated solvents,
ketones, alcohols, glycol ethers, glycol acetates, N, N-dimethylformamide. The
20 lateris particularly useful when dicyandiamide is used as curing agent. Ketones

include acetone, methyl ethyl ketone, diethyl ketone, and methyl isobutyl ketone.

Reinforcing fibers or fabrics of reinforcing fibers include glass fibers and
mats; carbon and graphite fibers, cellulosic paper, fibrous polyamide sheets,
25 fibrous quartz sheets, woven fibrous glass cloth, unwoven fibrous glass mat, and
the like.

Fillers such as quartz powdered, mica, taic, caicium carbonate and the
like' may also be added to the resinous matrix.
30
The laminate can be prepared at room temperature or by heating under

pressure a layer comprising at least one sheet of prepreg comprising an epoxy




exanpl es are designated as "conparative" to show differ es, from_exanpl es
23 ggptenber 2003 WD 00/ 64669 PCT/ US00/ 08994 25 whi ch a?g%&ﬁeﬂ“t&ﬁ”ﬁﬂ?s
i nvention and not necessarily as conparisons with the prior art. EXAMPLE |
5 PREPARATI ON OF PHENOL- GLYOXAL CONDENSATI ON PRODUCT AT 90 C WTH TWO
ADDI TI ONS OF GLYOXAL AND OXALI C ACI D CATALYST To 1,728 granms (g) (18.36

ol es) phengb oabflsPS- 1 9 oxalic acid dihydrate at 90 C re was added
over 30 mnutes 227 g of 40% gl yoxal in water (1.57 10 no‘%"‘lgl'zljlsoong

tenperature was nmaintained at 90 C for another 1.5 hours and then there
was vacuumdistilled 185 g of distillate4(10. 7% based on the wei ght of
phenol charged) fromthe reaction mxture at 90 C over a period of forty
m nut es. Af tlepinAsdmpreganhg, approxi mately 79% of the al dehyde equival ents
charged until that time had reacted and the quantity of water in the
reaction 15 m xture was about 4% Another 227 g of 40% gl yoxal in water
(1.57 nol es) was Thaderighttayetage melactlaoweighk@w)earaveimiser 29efiigaut e per i od

while the t i i at 90 .C for 1.5 hours and then there
was vacuum ﬁ@??@%%&ﬁ%m) H%Fmd?']?{}lﬁﬁg?sél{%gﬁﬂg 9SLRITERYh the wei ght of
phenol char gigMmatogephg apdeherolipemmpalinds anbipolygtyrérdétasdardé.t Bhe Such

heati ng apprxi 9 dehyde 20 equjvalents charged until that
ti me had reasg?dg(? gﬁ)ll ctuzag@W%hé&gg%ﬁ%eﬁyyegﬁsPF?é’ag"rde%%%qﬁBWS-ﬁWﬁBWE'%s about
363%_The nulissolvedtii tetmygﬂoﬁﬂxaland@le)htﬂg%ﬂné'f;@tﬁn tHﬂ@JgHé)géﬂpégﬁwfeEﬁBrh gl Koxall,5
addi tions et erature. was I ntai ned for another 1.
hour s. Aft\g;%ﬁgéjgé}zﬂ?§9 i #@9%8 OF 'Hgi‘%ﬁa@ﬂkfd%ﬂ%@ﬁ%fa%ﬁﬁ@uaﬁaﬁ*@éd to the
reacti on m xteleaulanweight hat ti ne had reacted and the 25 water content was
about 4.5% Then the reaction mxture was distilled at atnospheric
pressure to 160 C and held at 160 C for one hour. The reaction m xture was

then vacuum di st The qdantiy bETBE én theevdiduk redction hbaGied Qv Rieimiatd byl 55- 160 C.

Vacuum di st | j ntinued up to a tenperature of 190 C. and held
at that ten%ﬂéér%gih‘?g@gﬁﬁéhgﬁ'e hour until. phenol in the reaction m xture 30

was | ess the 1% hdremgeatulsedivgerpipanobthgl pional, TPENARASAIARIN REQEHICT Was
then —comm il e Gofuce i} BEMnRY TITWE s ik 07 1 e &l denyde
qui val ent s*1’'n the .

15 Asilylation reagent was prepared as follows: into 25 mi (milliliter) reaction flask,
add by syringe: 10 cc (cubic centimeters) of pyridine, 3 cc of '
trimethylchiorosilane (TMCS), and 10 cc of hexamethyldisilazane (HMDS). This
was left to stand for & to 10 minutes.

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

20  Weigh into vial (appropriate for silylation) approximately 30 mg each TPE and p-
ethylphenol. Add 1 cc silylation reagent. Shake until dissolved (approximately
10 minutes). Heat in low temperature oven overnight. Inject 1 microliter into gas
chromatograph. Use methyl ethyl ketone as rinses. The column used for this
analysis is Dexsil 300 which is supplied by Supelco of Belfonte, Pa.

25

In order that those skilled in the art may more fully understand the
invention presented herein, the following examples are set forth. All parts and
percentages in the examples, as well as elsewhere in this application are by
weight, unless otherwise specifically stated.

30
The following examples are illustrative of the invention. Some of the

examples are designated as "comparative" to show differences from examples



reaction m xture were naintained at |ess than about 70% oé t he al dehyde 23
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guantity of glyoxal to be charged for naking the phenol - gl yoxal

condensati on product. Properties of the phenol-glyoxal condensation

product are given in tables which follow In the tables which follow, this
exanpl e i swal me4seef erred to as EX1. 5 EXAVPLE 2 ( COVPARAREWESooBEBPARATI ON
OF PHENOL- GLYOXAL POLYPHENOL AT 90 C WTH ONE ADDI TI ON OF GLYOXAL AND
OXALI C ACI D CATALYST 10 To 576 g (6.12 nol es) phenol and 23 g oxalic acid
dihydrate at 85 Cis added over a peri2® of about one hour 151.4 g of 40%
gl yoxal in water g(lp.04 nmol.es) during which period the tenperature was

sl owl y rai s&dighhargpar ofthis inveptien and Net necessafiiag cormpairons iwithahe priar7.

| medi atel y gifhereafter, vacuumis applied to renove 120 g of distillate at
90-95 C over a period of 60 mnutes- A 15 tenperature of 90-92 C was

mai ntai ned for 2.25 hours after which tinme about 82% of the al dehyde

equi val ents charged had reacted. Theraygign was applied over 15 mnutes
to renove 13.3§of distillate. Heating was continued at 90 Cto 910 C for
1.25 hours. RREEARAAON O PRENOLBLY, PORENGATIONBROBIUC BATEY de

equi val ent s cchangeith gD RERATRINS HCHLYORAS P RE 1§ qu,g,mﬁ%p M nut es

to renove 6.68 g of distillate. Heating at C was continue 5 hours
and one hour at 100 C. After such heating for one hour, about 94% of the

eact]on it Sovae A oag Lo oeaiep) et 5 el LR EErR 2 o
of 160 C wast 90el ghare wasmsidrd ever Shminutesc227o9 ofd 636 \ghexabis water(Wacuum
vaouum st [11E07 aeape sl Mot slnkifsan s8] RO Sradrad et on
m xt ure wastheadberenuas waeuunDiistilied 186@ ofatisiillated1877% bagddoon thiseweigiatadfi on
nour s, - The. Pag i eHalleaPirbiR Lol miffre o0 C By & doRd S 61 or and ¢ hen
conmmi nut ed, minujes. Aftegisueh hertinge approximetely R8%3 the bidehedmequivalentst of thi s
exanpl e ar e ¥el uhfl thaln7s ndl tldtdddddWe A09nd) bP water in the reaction
15  mixture was about 4%. Another 227 g of 40% glyoxal in water (1.57 moles) was
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 distiilate (11.3% based on the weight of phenol charged) at 90° C over a
period of thirty minutes. After such heating approximately 70% of the aldehyde
20 equivalents charged until that time had reacted and the water content of the
reaction mixture was about 3.5%. The molar ratio of glyoxal to phenol for the
total of both glyoxal additions was 0.17. The temperature of 90° C was
maintained for another 1.5 hours. After such heating, 90% of the aldehyde
equivalents charged to the reaction mixture until that time had reacted and the
25 water content was about 4.5%. Then the reaction mixture was distilled at
atmospheric pressure to 160° C and held at 160° C for one hour. The reaction
mixture was then vacuum distilled to remove the bulk of unreacted phenof at
155-160° C. Vacuum distillation was continued up to a temperature of 190° C
and held at that temperature for one hour until phenol in the reaction mixture
30 was less than 1%. The resulting phenol-glyoxal condensation product was then
comminuted, e.g., flaked. During the reactioﬁ the aidehyde equivalents in the
reaction mixture were maintained at less than about 70% of the aldehyde




exanple may be referred to as EX2. 23 Septenber 2003 9

PCT/ US00/ 08994 27 EXAMPLE 3 ( COVPARATI VE) PREPARATI ON V%%Féﬁ@&@%(&
POLYPHENOL AT 102 C AND REFLUX (103-104 C) WTH ONE ADDI TI ON OF GLYOXAL
AND OXALI C ACI D CATALYST 5 To 576 g (6.12 noles) phenol and 23 g oxalic
acid dihydrate at 90 C there was added over a one hour period 151.4 g of
40% gl yoxalwonosyagser (1. 04 noles) while the tenperature paagisaddgmsed to
rise to reflux (103-104 C). The nole ratio of glyoxal to phenol was 0.17.
The reaction mxture was held at reflux 10 for 10 hours. After such refl ux
approxi mately 89% of the al dehyde equi véfents had react ed. The tenperature
was then raised to 110 C and there was renoved 55.5 of distillate over a

period of abgitivaentsinihedetal eyantiofalyoxal tede QM&%’JPB"@!“"MOE ghem- one hour

and then thegw@mbmmmhﬁdmmdu@tsm@bm%m% ﬂ%dov gbﬁl'cbh%sraﬂorjrfsp C. The
reaction m xture eld for one 15 hour % 0O C. The reaction

m xture was RFHQHCt\?é%QWﬁFHT?PHSIV@HCHB’ P¥rove the bul k of unreacted phenol

at 155- 160 Gnane!tdomss Wisieh Bllodi fHid bxkahple s H!@éréf@ﬁéhtcﬁ@{'ﬁkﬁ‘ued at 176 C unti|
phenol in the reaction nmixture was |ess than 3% During the reaction, the

al dehyde equivalents in the reaction mxture were maintained at |ess than

about 70% of the al dehyde equgmmrEsz t@bmmmﬁt 20 quantity of gl yoxal
to be charged for ﬁ?ﬁﬁe condensat 1 on product.” The reaction m xture

was then di sPc'ﬂ%P@B&TfQ'S HENQIcBLY Ol ROKYPHENSY, AT 99’ C WHTHQNE

Properties of the pebhBRMONOF BILYEAL ANDIOXALEXACTH eé;'r}\e\fg'gven in tables
which follow and this exanple nay be referred to as 3. EXAMPLE 4

( COVPARATI VE) PREPARATI ON OF PHENOL- GLYOXAL POLYPHENCL AT 102 AND REFLUX

(103-104:6) W THTQM76AN. 1 ngyegl:g Pl 2?\%@{3@9%%?@%@85‘”@ i£76 d

(6.12 nol es) c}ohenol and 6. 23
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 giyoxal to phenol was 0.17. immediately thereafter, vacuum is
applied to remove 120 g of distillate at 90-95° C over a period of 60 minutes. A
15 temperature of 90-92° C was maintained for 2.25 hours after which time about
82% of the aldehyde equivalents charged had reacted. Then vacuum was
applied over 15 minutes to remove 13.3 g of distillate. Heating was continued at
90° C to 91° C for 1.25 hours. After the 1.25 hour period approximately 88% of
aldehyde equivalents charged had reacted. Vacuum was then applied over 6
20 minutes to remove 6.68 g of distillate. Heating at 90° C was continued for 5
hours and one hour at 100° C. After such heating for one hour, about 94% of the
aldehyde equivalents charged to the reaction mixture had reacted. The reaction
mixture was atmosphericelly distilled to 160° C. The temperature of 160° C was
held for one hour. The reaction mixture was then vacuum distilled to remove the
25  bulk of unreacted phenol at 155-160° C and the vacuum distillation was
continued at 190° C unfil phenot in the reaction mixture was less than 1%.
During the vacuum distillation the reaction mixture was heated at a temperature
of about 175° C to 192° C for about 0.25 hours. The reaction mixture is then
dis¢harged from the reactor and then comminuted, e.g., flaked. Properties of the
30 polyphenol product of this example are given in tables which foliow and this

example may be referred to as EX2.



phenol) at 90 Cis added over a one hour period 151.4 g%qo 400/ oxal in
water (1.04 noles) while the tenperature is allowed to %0?'6'

(103-104 23 Septenber 2003 WO 00/ 64669 FCTI USOQ' 08994 28 C). The m)l ar
ratio of glyoxal to phenol was 0.17. After two hours at reflux about 93%
of the al dehyde equival ents charged had reacted. The reaction m'xture was

then vacuuRryglpidskde! €d Wi th the tenperature rising to 110
aqueous HCl distillate of 116.4 g. 100 g of hot water vvaé’gtrhjg?lmdg ed to

the reaction mxture and distillation was continued at atnospheric pr essure
to 150 C. The hydrochloric acid catalyst (HCl) is co-distilled with water
fromthe reaction mxture. Then, by vacuumdistillation up to 180, the
unreacted phenol was renpvedEXAMPLES3 (CRMPARATEVE) ning in the reaction

m xture. The rg@-{éﬁ' f L SC I r and
conm nuted, e.gQ., 1“% IW‘?EF&# % %SWLPQ'&%%@Q@&&%@ of this
exanpl e ar e RENEIX{T0I- W°t®bNH§40NEABMEOM@FM@MBANmMIMy be
referred to [PEéﬂ LE 5 (COVPARATI VE) PREPARATI ON OF PHENOL- GLYOXAL
POLYPHENCOL B\ 15 REFLUX (103-104 C) WTH ONE ADDI TI ON OF GLYOXAL
AND PHEN®LSULFONI C ACI D CATALYST To 576 g (6.12 nol es) phenol and 5.76 ¢

(grams) (1.5% based o enal,), of 65% ph | f on a t 90?%

catalyst there is addga 52€§rt8 12 "Brigs E 4%%91%(55""43@8& yg xal in

vat er (1.04 Grtheesas Bddedoler & ate bowrfpetiod QBYQX@bf 401% RveRal inivatét.(1.04 The

tenperature of, the xture rmitt se to.reflux

(103- 104 C) THEPIHI eetﬁﬁh%ﬂ‘ﬂ%f& L{f%pﬂage%)@.mp thg5e S‘J il (108 (’?%‘i)rﬁ)e%? on of

al dehyde eq unMaIreﬁu sf ghpexalifo ghenabwag 096%6Thk réﬁk&ionthﬁﬁ.@@dlas'ﬁblcﬁat remhﬁ ol | oned

by neutr e ca coolin q,6 S|n W t

di still eﬁé el 1‘?{‘]%“%’% é”gél“? ﬁﬁ’Pé"’i‘fEangﬁ 4%@3“&#@% valents

di still ati orhadaed&ted 2$h€tetﬁ|derhhwwaa¢immad§eattb lthet ccymdahe@hmt 176 C L o

reduce the uantl act ed heno reaction mxture to about

1% The readEmgHe ‘#Qg&r of itiiate var Bper igd Et LR%?éB'"“t@S Thetemparaturex AvPLE

5A ( COVPARAT4adHeldat TH0® (Pfopord tber &id thaf 1k e tibi ﬁmh@ Wagias fol | owed but

the atmospherically distilled to 160° C. The reaction mixture was then held for one

15 hour at 160° C. The reaction mixture was then vacuum distilled to remove the
bulk of unreacted phenol at 155-160° C and the vacuum distillation was then
continued at 176° C until phenol in the reaction mixture was less than 3%.
During the reaction, the aldehyde equivalents in the reaction mixture were
maintained at less than about 70% of the aldehyde equivalents in the total

20 quantity of glyoxal to be charged for making the condensation product. The
reaction mixture was then discharged from the reactor and comminuted, e.g.,
flaked. Properties of the polyphenol product of this example are given in tables

which follow and this example may be referred to as EX3.

25 EXAMPLE 4 (COMPARATIVE)
PREPARATION OF PHENOL-GLYOXAL POLYPHENOL AT 102°
AND REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND HCL
CATALYST

30 To 576 g (6.12 moles) phenol and 6.23 g 18.5% HCI (0.2% HCl on
phenol) at 90° C is added over a one hour period 151.4 g of 40% glyoxal in
water (1.04 moles) while the temperature is allowed to rise to reflux (103-104°



phenol sul fonic acid was replaced by 1.25 g (0.22% based on enol of
anhydr ous net hanesufonic acid. Approximtely 97% of t he?3

Sept enber 2003 WD 00/ 64669 PCT/ US00/ 08994 29 equi val ents charged had
reacted prior to neutralization of the catalyst. Essentially, equivalent
properties, nolecular weights, viscosities, and % of TPE is obtained.
Properti es WP ogéphenol - gl yoxal condensati on product aregyinsednoesesx tabl es
which follow wherein this exanple may be referred to as EX5A. 5 EXAMPLE 6
LARGE SCALE PRODUCTI ON OF PHENOL- GLYOXAL_CONDENSATI ON  PRODUCT I N THE
MANNER OF EXAMPLE 1 The phenol - gl yoxal tbndensati on product of Exanple 6

was prepar eday ubst apti al | as Exanple | except that
it was prepgﬁ;je‘g-hgi&ls'ar §%°E€'§(P’éa'iﬁaFﬁPP§ %WHE&%HWBH"@H{?C@@%MI hundr ed
pounds of prahimtBS%ahfdha\faBiehwmetlim@élaﬁgbﬁﬁ@éG%dQéacl&p ThelBaétRfpuce phenol
bel ow 0. 1% | nsol é{ 04% f or the phenol -gl yoxal
condensat i orf"B‘ﬁ{SE@ an Vg ‘iﬁ %ﬂl"\gﬁ\/\’ﬁéﬂ Eeré‘f‘ﬁ@l"'sﬁﬂﬂé‘ﬁéﬂ@lﬁéo are given in
tabl es whi chefrrmlvé@quudslwldcrldxéﬁiawbmM@DH@OW HoewhaRk Qakererd Sadsl 5X6- The

test for | IubI S_was, con essenti al di ssolving 15 g (gramns)
of conden at c%gg "?ﬁdgre[?H#&'ﬂ"ﬁ"@'@?g“ﬁascﬂont'mﬁﬁipﬁ‘té\daﬁwheflplﬂf?@uﬁ@ t hrough a

No. 42 \Mat rrtﬂm"t) | TRe hpaoehioAd dcitikatl fbl)(ﬁ%%zst&lﬁd.sfaﬁﬂewh Do} be\ﬁ‘?ﬂmeat 75 C

to 100 C for 30. m nut es XAMPLE
PHENOL - GL YOX&! @&\'ﬂéﬁ@ﬂ'@ﬂ eyt disilatiop uprNBER', dﬂemme@ ghemb
phenol - gl yox:ads @ﬂmeawtelse el mttéﬁwaﬁi‘nd—:mﬁ@}e%c?oﬁvﬁﬁxtWeeWﬁé ?é’adgﬂ? f the SamE‘

manner as that xcept that it was prepare at a er ent

of
tinme. The pdPilHe st lﬁEﬁglgﬁﬁsh%rged FrOf'hf@egﬁadawnd/mr@mmtw %QAIrfLﬂk@ds ot her
properties FHrepgtivesf ihe dofiphesoMbditt BP{H@&W@M&E %I‘engl & tﬁé may Dbe

referred to a%k etest for insol ubl es was orne |nt e sane
manner as i h g‘ﬁ‘b‘i"é‘" thip syamplsgnawhgreferred to as E 4.

EXAMPLE 5 (COMPARATIVE)
PREPARATION OF PHENOL-GLYOXAL POLYPHENOL AT 102° C AND
15 REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND
PHENOLSULFONIC ACID CATALYST
To 576 g (6.12 moles) phenol and 6.76 g (grams) (1.5% based on
phenol) of 65% phenolsulfonic acid at 90° C as catalyst there is added over a
one hour period 151.4 g of 40% glyoxal in water (1.04 moles). The mole ratio of
20 glyoxal to phenol is 0.17. The temperature of the reaction mixture is permitted
to 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. This is followed by atmospheric distillation to 160°
25 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.

EXAMPLE 5A (COMPARATIVE)
30 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 97% of the aildehyde



PREPARATI ON OF POLY GLYCI DYL ETHER RESI N (EPOXY RESIN) A one liter flask
was charged with: 75 g (grans) of the flaked reaction 2%3%%‘[95}?86?0%03 VO
00/ 64669 PCTI USOQ 08994 30 product of Exanple 6; 200 g of isopropyl

al cohol; and 52.5 g of water to forma reaction mxture,. The reaction

m xture was heated to 550 C. After 10 mnutes there was add 388.5 g of

epi chl or ohyes bdkscebne reaction mxture was reheated to 53 %ﬁ“ﬂ)ﬂmen 30 g
of a 20% sol uti on of sodi um hydroxide in water was added g I're

mai ntai ning a tenperature of 55 C. The 55 C tenperature was held for

anot her 30 m nutes- Then there was addex® 90 g of 20% sol uti on of sodi um
hydroxide in water. The reaction m xture was held at 55 C for another hour,
heated to 6%agvaleathehalgddhageastaduirios tanelttalizatidnrafrisé estagdt.t 0 a separatory

funnel . The gipp | &al: 7 ni r.145.6 g).was stirred with 150
g 10 wat er aEnég _a"g’ %@ﬁ'\ﬁ%ﬂﬁ%&rﬁ%@é%@aﬁyqqéﬁ%rw%ggmﬂ?’wr éé’ﬁ%ﬁd t he
organi c | ayeebiainet eBrapegies i the phemokplfordl eondersation gicetuict dredjivem inecover
excess epighi Fel dark resin_of the i di zed product
of Exanpl e g%ig#ﬁmséﬂef%loib@ ﬂ%@bﬁﬁth agaypj‘%fnaﬁﬁeﬂgier@g&?s%al ent of 203.1
and 225.& This conpares with a wei ght per epoxy equival ent of 210 for
EPON 1031. Viscosities 15 and wei gc\grﬁ% xy equi val ent (WPE) of the
LS

epoxy resin of this Exanple 8 as npari sons with other epoxy
resi ns prepar eARGESCALE AREDOUCTION ©OF BHENOLLGL voxian ¢aRDesnsAoRi N this

exanpl e may be referr TI VE) 20 PREPARATI ON
OF gEENOL- éLYOXAL Pa%ﬂéﬁ@s\ﬁaﬁr\ﬁw&%’? 5% TACI D) | ON EXCHANGE
RESI N To 709. 3 g The phieenkdlydxal bdndensation [.&ﬂldLé&bifExg?;@fe G\Waerplreg&edlﬁ which is
a dr | f Qni o 1l O xchange resin so Rohm & Haas . at a
terrpe)r/atSl ér eg@gﬁ%@%gg ﬂ% ga\\/rg? n%{ % E%","plfsaﬁe?’@ abiwag peepaged PN 409 gl yoxal

in water (Olabde scak egyipniBht whichsan presiceeseal Burked bb@ndse&if;%d{&.‘?ﬁ as <
a to .

catalyst in nts; 5,012 016;. 5 146,006, and 5,6191
Li, were ung&%%g%ﬁéﬁ%yﬁw §par98‘g?ﬁ1%%§g5’rr gues,Phengl Rglow Gd%stheo such
resin. The pempatiasoiublesasreraioataionatd phinoRQlybxdl ebnddifdhhiss ploddch@urs. After
such time 88% of r}é@ev\%{?dergcﬁg equi é/r?l ents 30 char ged to the reaction
mi xture had Vexd o WHFEFRS HEPEPIRRLTIGS BRGNS BipbliPe whiph follow wherein
15 this example may be referred to as EX6. The test for insolubles was conducted
by essentially dissolving 15 g (grams) of condensate in 285 mis {milliliters) of
isopropanol, filtering through a No. 42 Whatman filter paper and then drying the

paper in an oven at 75° C to 100° C for 30 minutes.

20 EXAMPLE 7.
LARGE SCALE PRODUCTION OF PHENOL-GLYOXAL CONDENSATION
PRODUCT IN THE MANNER OF EXAMPLE 1
The phenoi-glyoxal condensation product of Example 7 was prepared in
the same manner as that of Example 6, except that it was prepared at a different
25 time. The percent insolubles in the product were 0.01% whereas other
properties are given in tables which follow wherein this example may be referred
to as EX7. The test for insolubles was performed in the same manner as in
Example 6 above.

30 EXAMPLE 8 _
PREPARATION OF POLY GLYCIDYL ETHER RESIN (EPOXY RESIN)
A one liter flask was charged with: 75 g (grams) of the flaked reaction



g of distillate. On conpletion of the distillation 95% the ald e
equi valents charged to the reaction m xture had react eg:ff’ Sﬁﬂ%f’ﬁ&ﬁ@%’dg of

40% gl yoxal in 23 Septenber 2003 WO 00/ 64669 PCT/ US00/ 08994 31 water was
added over 31 minutes while the tenperature was maintained at 90 C for 1.5
.hours. After such 1.5 hours, 81 % of the al dehyde equival ents charged to
the reacti omobdeekésr € had reacted. Then there was vacuum q’itﬁ‘}l}Sl)dﬂﬁst) 70 g of
distillate at 90 C over a period of 30 m nutes. The tenperature of 90 C was
5 mai ntained for another 30 m nutes after which tinme, 91 % of the al dehyde
equi val ents charged to the reaction m x3wre had reacted. The nolar ratio of
gl yoxal to phenol for the total of both glyoxal additions was 0.17.

Cat al yst wadProduqt ehExampleds 200 @ cfisbprepyhaicobdly anbdars5 & iofwater ¢GRFme®

decant ed of f.aRRbnNerid&l T ] -G8 ~0f, .50% sodi um
hydr oxi de. 650 g of ngt%t r%ﬁ‘iégcéﬁ S@PH'P%&%S%E\%@OC g EHe ﬁﬁ’"?‘l’“ﬁ%k f or
at nospheri c taeretwas add 38.9 g of epictiordtiydrin cHut feantiominidtureavasashédted tyacuum

di St | 1'ed { oih 2 180 58PN MRAB iR LABLIEard ERSL N, (L he. gl dehyde

equivalents in the reacti-on mxture were a bout 70%
of the aldetwhile nezjutaringa tamperatune of 55°2C. TheaB’iQ fengfergluyowas hekiGobe char ged

for maki ng - r odu wa 9] ...The_ 15 resul ting
pol yphenol %@tﬁgﬁ?@ﬁ%&ngﬁégkﬁﬁgﬁ ardﬁgﬁggg %@@F&PE@" gksqdim ol yphenol
are given i mydedxidesn wisterhThe fdantiomhexteienwadhald @k 85PC Gornimotiee hotief erred to
as EX9. EXA 0 ~PRER I HENQL - GL YOXAL DENSATI ON PRODUCT
WTH TWO A%F’%dé%ggof—z W’%ﬁf‘@s%ﬁﬁw&tﬁ FeReptory
GL YOXAUPHEN®neDL Enerafiibed aifar Br@en Bgante IR (IRORD PN adNhiredRih Tis0y OF PHENOL
TO RE T . E RATI O TO 0.17 FOR D PORTI ON. 25 To
1419 g ( 515 %t%ﬁgﬁol gnlccf" 5@.’%%183%31?3@" y@?ﬁ%ﬁﬁgﬁ%“ﬁ@%"@ there
was added ovayer @@singchasesori2iMing aod tHeDPoaglivovdidtilied tovRicever( 855 nol es). The
t enperature | atal t 90, C for ther .1.5, hours t hen _t here
was vacuum Sp@ﬁ EOWQ)QF@E@@O% go‘% d&i%ﬁsfq (gf{}ﬁe ?P@f@?%pf"é‘&&? q?forgi‘amsle fire at 90
C over 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

15 and weight per epoxy equivalent (WPE) of 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 EX8.

EXAMPLE 9 (COMPARATIVE)
20 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 Amberlyst 15 which is a
dry sulfonic acid ion exchange resin sold by Rohm & Haas Co. at a temperature
25 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 5,191,128, all to S. 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 equivalents
30 charged to the reaction mixture had reacted. Then there was vacuum distilled 42
g of distiilate. On completion of the distillation 95% of the aldehyde equivalents
charged to the reaction mixture had reacted. Another 93 g of 40% glyoxal in




.30 a period of fifty m nutes whereupon about 62% of th | dehyde
equi val ents charged to the reaction mxture had react eg:" g??t@"-%gﬁg@p?flfty
m nute period. Another 240 g of 40% gl yoxal in water (1.655 noles) was
added to the reaction 23 Septenber 2003 WD 00/ 64669 PCT/ US00/ 08994 32

m xture over a 22 mnute period while the tenperature was mai ntai ned at 90

C for 1. Syoadsssse About 58% of the al dehyde equi val ents éﬁkgﬁ}a@g? t he
reaction mxture had reacted after this 1.5 hour peri od. was t he

vacuum distilled 212.2 g of distillate at 900 C over a period of 45

m nutes. After such 45 mnute 5 period3about 65% of the al dehyde

equi val ent s charged to the reaction mxture had reacted. The nolar ratio
of glyoxal watesnasaddedovend! minutes whilathe tempegityrexeds mainthinédaooras 0. 22.

The tenpera f ly 4 r .5 hour After, such 5
hour peri odbggga? héjgjop/% g?ﬂ@%‘éé@?? Esg%éc{aﬁgfvtﬁ?% C{ég' %ﬁg‘d?é%emﬁé’h?m?dr eaction
nmi xt ur e hadtaibgdeasionThixiure had rmd dhemihere waswasudth dislited 709wf10 two. To

hal f (7 henol |
Pt o to 0. gty de0 e £hdidh &l ihs Biheder bR RS " 00 C
for 2.5 Rourginiplaee fpsanotey3ominhies afideiiide tiegy oYW ehihe aRleayged to the
056 O BhAoRE nbERl e the REFRF IS Faa S BRIHT B AT 05"

4.9% The reactiron m u e Was nut es and
hel d at 15 dlgoxattd phenmiéorhbmtqtalau‘fbeth olyoahadditorisivds 0f 7ot stas enoved

P vt loitdd to ek elefifeiy oot ot S F o ARt Al Pettasbheno!  vers
geatT ﬁd to 1®@H d&wnthl?oﬁ'g oasa%pe:wm hydroxided 66y g@@éﬁﬁ?lﬁb&%blzdg@ﬁ' Fn tot 175

e e 1 on e mole ratio
of gl yoggl n‘?‘lj'sc ﬁgé(%a%ggg%é%gp?sé’@eﬁﬁg ﬁﬁ:ﬁtfﬁg‘%? 39&%‘% e eretiow 2 wher eas

t hat made vmtﬂumwasaheﬁvamtm dnsﬁlledaodfrsi’gCyox@hoW@pwqjurin? theferred to in
for. both EX10, 17 and EX1 0. 22,

thetables tion

t he al dehy ege@%&aﬁ%ﬁ% g:{%vg?er‘j ?6‘?‘?%9%“&%?'@ HEnfRRgdRld at | ess

t han about 2994hah abloat 'am%ejiyh:haa!dehwe\miml@tsiﬂth@ﬁ)t&l&ftﬂntlﬁ}l& yiyiobe Of

gl yoxal to h condensati on

product . Prtgg)gr{h%egeeodfpi ﬁﬁé’"ﬂﬁh?%ﬂ@ﬂﬁ?@ % ldgﬂ% é‘%‘%ﬁwﬁ‘%gﬁég TH®i ch fol I ow
The pol ¥phemrsiitiog HEXPBeAT! veatheh sbmafindiéd, (4.2 IMeIE Prapdriey of theat ed at 190 C
for one ho"lzgolg}J h%ﬁE)I a];rlélgllven i tables ‘m:ncr??olfolzvev%hecr)'femttrrl]gseiag\rp%d#ngyt/ Sbe

referred to as EX9.

EXAMPLE 10
20 PREPARATION OF PHENOL-GLYOXAL CONDENSATION PRODUCT WITH
TWO ADDIT!ONS 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 1418 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 vacuum distilled 148.3 g of distillate from the reaction mixture at 80° C over
.30 aperiod of fifty minutes whereupon about 62% of the aldehyde equivalents
charged to the reaction mixture had reacted after such fifty minute period.
Another 240 g of 40% glyoxal in water (1.655 moles) was added to the reaction




re shown in the follow ng tables wherein the heated sagple of EX10.17 is
?e?erred to as EX10.17H agd that of EX10.22 is referred®t 3CREMERIGOGDH | ¢
can 30 be seen fromthe tables that the heated sanpl es show i nproved
optical properties. 23 Septenber 2003 WO 00/ 64669 PCT/ USO0/ 08994 33
Exanpl e 11 PREPARATI ON OF PHENOL- GLYOXAL CONDENSATI ON PRODUCT WTH TWD

ADDI TI' ONS  Gho tdefe¥AL, GYOXAL- PHENOL MOLE RATIO OF 0.17
TRI CHLOROACETI C ACI D CATALYST AND USE OF BASI C MATERI AL ?‘%BEB%/AL OF

HCL. To 709.3 g (7.54 noles) phenol and 17.7 g trichloroacetic acid (2.5%
based on the wei ght of phenol charged) 3 90 C there was added over 27
mnutes 92.9 g of 40% glyoxal (0.64 nmoles) in water. The tenperature was 10
mai nt ai ned frakture svera 22 mimde abtied whitheftempdrityrdavasnamediosd st 9TA¢E r eact ed

after such kobybouiis, AURRSINSHUY agkhFiE MRS YA M ISt 1] ed 02,2 g of

distillate fromthe reaction mxture a
di still ati ormixtuiehad reastagdates this ¥ & et peried.CThatle (@ thvar vamuim\@stiigd% of t hat

. : 3 0,
Aot hor 2. 3 224 SRsHIEES S aBRbRa Bl 45 FRBHeS pBiiuch s iyl e5) v
added over (pg¥ipd ahotdif% whihkealdehyde teq::ripalgatswr‘:er%aﬁtiogﬁe ?a?mﬁ?rir%?? &/a 2 0 17
RPVeE e, ARy o Lo o Okt O Bt
reaction m mdﬁien&WGSDe’é’Cﬂ"hdierﬁpm;&meeﬂ?m%E Wg.rerrﬁaigmg%d\gjagw%ﬁ%l I teg681, 6
A SLhSAZt ;;{S‘%Qﬁ g‘ﬁ?&%@n@%ﬁ’&?&%%‘%ﬁ’% 0%%3"&%5#6%%@{?"{%@?@%%@ dual
water in théo thﬁa'eai:tgm myixiure heral(é mam;tezj. S%%Eh? r%ﬁcgﬁ@g {ﬁgﬁfﬁgmggaﬁ%gm{ ged at
(9: ga?gggr%(gg%g‘g% %n %‘Jf]?@iﬁ i f%ge'ii 83‘? IRt PheRe! tordivsbglyoxaighendter 1.0 g
of pyri di ne nvais ratidde . 17AThe wedttivh mexiaFe WEH ?gdrl&ed a%rﬂirl gggpggteaﬁgm?gﬁgéfafﬁr .
was rai sed 13 258008 HhsrSsa bk B clle Ratisalans RS iagb at ur o for 70
m nut es and réactibhenixtua Iettetcted SPerCehtolatdr f the WzctioR thikalwas 4198j S
tenperatureq,, reaction mixture was then heated to 160° C over 25 minutes and held at
15 160° C for one hour, after which the bulk of phenol was removed by vacuum
distillation to 175° C. The product was then discharged from the flask. The
remaining one-half of reaction mixture without added phenol was heated to 160°
C as above and phenol removed by vacuum distillation to 175° C. The phenol-
glyoxal condensation product made with the 0.22 mole ratio of glyoxal to phenoi
20 s referred to in the tables as EX10.22 whereas that made with the 0.17 mole
ratio 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
equivalents in the total quantity of glyoxal to be charged for making the phenol-
25 glyoxal condensation product. Properties of the polyphenols are given in tabhles
which follow. The polyphenol of EX10.17 and that of EX10.12 were further
heated at 190° C for one hour under full vacuum. 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 EX1 0.22H. It can
30 be seen from the tables that the heated samples show improved optical
properties.




for 23 mnutes to conpl ete deconposition of acid. The phe | yoxal
condensati on product was further heated at 190 C for ES% ﬁ\?ﬁﬂ%&:"f ull 30
vacuumto renove unreacted phenol and prepare the phenol gl yoxal _
condensation product which is also referred to as EX1 | in the follow ng
tables. During the reaction, the al dehyde equivalents in the reactlon

m xture 23 vappwagger 2003 WO 00/ 64669 PCT/ US00/ 08994 34 paraAfdeoif

mai nt ai ned at | ess than about 70% of the al dehyde equival ents |n the t ot al
quantity of glyoxal to be charged for -naking the phenol -gl yoxal -
condensation product. EXAMPLE 12 ( COVRARATI VE) PREPARATI ON OF

PHENCL- GLYOXAL CONDENSATI ON PRODUCT WTH TWO ADDI TI ONS OF GLYOXAL,
GLYOXAL- PHENOL MOLE RATIO OF 0. 17 FrampERITCHLOROACETI C ACI D CATALYST

W THOUT USEP%#&@ﬁO%EW&OE%LW@Ed@&%ATWP'?{dﬁlgew\ﬁlﬂ Exanpl e

11 was foll owed exce asic maferl €, was not
added to thé’W@a&ﬂDIE NG QUBE YPAbs %Q)@&LsPH@NmeMOﬂ_Eme OF0.1D 125 C

and renoval vﬂﬁ#fﬁc@ﬁ.@%ﬁémﬂ?ﬁdﬁ%ﬂﬂ%‘ ﬁEﬂB%%Uf@A%{é Wg@i@‘r’)gh of

phenol was 175 C. Processin IS exa e was

heating t% WBEM(B%thﬁaHChe viscosity was unduly high. This exanple is
also referred to in the tables as EX12. TABLE 1 CHARACTERI ZATI ON OF SOVE

PHENOL- GLYOXAL POLYPHENOLS 20 . 25 EXMal Wyt Phenol, TPE, %/ scosity
Mv/ Mho% ps( 1750C) Td 4689.33B(Fh41alesbphenol 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

10 maintained for 1.5 hours and about 58% of aldehyde equivalénts 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
water content of the reaction mixture was about 3.5% Another 92.9 g of 40%

15 glyoxal (0.64 moles for a total of 1.28 moles) was added over haif 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 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

20 distillation, the aldehyde equivalents converted was 72% of that charged and the
residual water in 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

25 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 to 160° C for 1.5 hours and held at this temperature
for 23 minutes to complete decomposition of acid. The phenol-glyoxai
condensation product was further heated at 190° C for one hour under full

30 vacuum to remove unreacted phenol and prepare the phenol-glyoxal
condensation product which is also referred to as EX11 in the following tables.

During the reaction, the aldehyde equivalents in the reaction mixture




480 24641347 0.295. 10510 4651362 0) 3468/ 3512. 058. 53300*
427213873.4613.21900* 5A53813761.1é10.1891 6494/ 3530. 0493 $8Blggber 2003
750813580. 042. 74670 9475/ 3560. 1910. 422, 400 23 Sept enber 2003 WO 00/ 64669
PCT/ US00/ 08994 35 5 10 10. 17485/ 3483. 805. 5350* 10. 17H4961357<0. 055. 791088
10. 22518/ 3643. 885. 60400* 10. 22H528/ 366<0. 054. 831700 11518/ 3630. 34. 852040

12552/ 3570.w0do/6d8se 9, 000 (a) val ue before catal yst was rq,!zq.)i%gw 3;94These
exanpl es have a hi gh phenol content which depresses the viscosity. It can

be seen fromthe above Table-1 that Exanples 1, 6 and 7 gave the | owest
per cent age of TPE even though Exanpl es3%-3 used the sane catalyst and the
sane nole ratio of reactants. The conventional catal ysts such as HC

(EX4), sul f ¥i§re W@&t@ﬂethslﬂsamn@bgut/éo%eufyhm?uhggéc_mt/@dmvaﬁ:}ta' I?;Ethartéltlaue\al1 ﬁ 3
oxalic 15 agj ' | | tions o Qxa

removal of ﬁg%sﬂtt?lgf]% eslﬁtg%cpg{;géé%d g&ﬁ‘ﬁ%{i@;g}%&@%{}?' S‘ﬁé‘i%ﬂ%ﬁ ¥R post
heating at B®OUE.in Exanpl es 10.17H and 10. 22H show no significant effect

on nol ecul ar weight or free TPE but decreased in free phenol content and

i ncreased in viscosity. TABLE 2
5 EXAMPLE 12 (COMPARATIVE)

PREPARATION OF PHENOL-GLYOXAL CONDENSATION PRODUCT WITH
TWO ADDITIONS OF GLYOXAL, GLYOXAL-PHENOL MOLE RATIO OF 0.17
WITH TRICHLOROACETIC ACID CATALYST WITHOUT USE OF BASIC
MATERIAL IN REMOVAL OF HCL.

10

The procedure of Example 11 was followed except that: a basic material,

€.g., pyridine, was not added to the reaction mixture prior to raising the
temperature to 125° C and removal of the catalyst; and the final temperature
after removal of phenol was 175° C. Processing of this example was

15 discontinued upon heating to 175° C because the viscosity was unduly high.
This example is also referred to in the tables as EX12.

TABLE 1
CHARACTERIZATION OF SOME PHENOL-GLYOXAL POLYPHENOLS
20
EX Mol Wgt Phenol, TPE,% | Viscosity
Mw/Mn % cps(175°C)
451/331 0.15 4.15 480
2 464/347 0.29 5.10 510
( (465/362)®
r:%— T 468/351 2.05 8.53 300*
25 4 5721387 3.46 13.21 200"
BA 538/376 1.13 -1 10.1 891
494/353 0.04 1.73 530
508/358 0.04 2.74 670
475/356 .19 10.42 2,400




20 FLUORESCENCE DATA OBTAI NED OF 0. 05% SOLUTI ON OF THE YPHENOL  OR
EPOXI DI ZED POLYPHENOL | N TETRAHYDROFURAN ( THF) AT ACQJ?%%P@\TP%?F KR9OF ONE
SECOND AND AT AN EXCI TATI ON  WAVELENGTH OF 442 NM 25 30 Exanpl e or

Product Maxi num I ntensity Wavel engt h Count sMaxi nrum nm 111232526 5A6516532
611502538 710535532 EPON 1031*6403528 23 Septenber 2003 WO 00/ 64669

PCT/ US00/ 0898 do/6k669* EPON 1031 (CAS No.: 7328-97-4) is a piorhReimbos .
containing tetraglycidyl ether of tetrakis (hydroxyphenyl)ethane and is
sold by She]] G Co. of Emeryville, CA It can be seen from Table 2 above
that Exanples 1, 6 and 7 which are 5 phkeénol - gl yoxal condensation products
of this invention had a fluorescence which was about 70% hi gher than

Exanpl e 5A Wi was d w | f on cid alyst. fimlar results
ar enghown i;F‘?;-ES-‘EMB% U §\'§?E 3 1%% EUORESGENCE OF 0. 05%
SCLUTI ON OF| HRGXIHDI ZH>96BA7YPHENOI<0L0$ THE| B 79EXC! | THBSON V\AVEh[ENGT H OF 442

n

ensity’

Dvel ongt s TSR i B & Coba e SnBADy £ 4001 Aookon
10.22H 528/366 <0.05 4.83 1700
5 11 518/363 0.3 4.85 2040
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.
10
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. The conventional catalysts such as HCi
(EX4), sulfonic acid (EX5A and 9 give very high levels of TPE and even oxalic
15 acid when not used with incremental additions of glyoxal and removat of
distillates also gave a high value of TPE (EX3). The post heating at 190° C in
Exampies 10.17H and 10.22H show no significant effect on molecular weight or
free TPE but decreased in free phenol content and increased in viscosity.
TABLE 2
20 FLUORESCENCE DATA OBTAINED OF 0.05% SOLUTION OF THE
POLYPHENOL OR EPOXIDIZED POLYPHENOL IN TETRAHYDROFURAN
(THF) AT ACQUISITION TIME OF ONE SECOND AND AT AN EXCITATION
WAVELENGTH OF 442 NM

25 Example or Product Maximum Intensity Wavelength
Counts Maximum, nm

',—————— r—-—————'—"—_"""‘l
1 11232 . 526
A 6516 | 532
6 11502 538
7 10535 532
30 | EPON 1031 6403 528




It can be seen fromthe above Table 3 that the product 5’% an‘BI e%(gj
namel y the epoxidi zed product of Exanple 6, shows about“598BHBPE" FH3
fluorescence than the comrercial product EPON 1031. 25 30 23 Septenber 2003
WO 00/ 64669 37 PCT/ USOQO 08994 TABLE 4 FLUORESCENCE DATA OBTAI NED OF 0. 05%
SOLUTION OF THE POLYPHENOL | N TETRAHYDROFURAN ( THF) AT ACQUI SI TION TI ME OF

ONE SECONDwM@/séeEs AN EXCI TATI ON WAVELENGTH OF 442 NM W Thb-BuddileeddfTA OF
TH' S TABLE 4 BEING OBTAINED ON A DI FFERENT DATE FROM THAT OF TABLES 2 AND

3. 10 15 20 Exanpl eConcentration w. % Maxi mum I ntensity, Wavelength O The
Pol yphenol Count sMaxi mum nm 10. 050016648630 10. 050016300531 20. 050313550530

20. 050313510529, 30, 050012860536 30. 050012640532 40. 050013960523
40. 0490138508 53NF R 1 654540 553285964 bis Gapnibepobeantaining éstrasiyoiiyl ether

of tetrakis (hydroxyphenyl)ethane and is sold by Sheli Oit Co. of Emeryville, CA.

it can be seen from Table 2 above that Examples 1, 6 and 7 which are
5 phenol-glyoxal condensation products of this invention had a flucrescence which
was about 70% higher than Example 5A which was prepared with sulfonic acid
catalyst. Similar results are shown in Tables 3 and 4 which follow.

TABLE 3
10 FLUORESCENCE OF 0.05% SOLUTION OF EPOXIDIZED
POLYPHENOL IN THF AT EXCITATION WAVELENGTH OF 442 NM
AND ACQUISITION TIME OF 1.0 SECOND
Material Maximum Intensity Wavelength Maximum, nm
Counts

15 EPON 1031 | 9640 527

1 EX8 14,600 535

It can be seen from the above Table 3 that the product of Example 8,
namely the epoxidized product of Example 6, shows about 50% more
20 fluorescence than the commercial product EPON 1031.

25

30



3*0. 05015130530 3*0. 05015280527 5A*0. 05035010530 * The yvalues for_these are
of the reaction m xture before renoval of catalyst. It %ﬁe@@@@%@%om _
Tabl e 4 above, that Exanple 1 has a fluorescence 25 which is substantially
hi gher than the ot her exanples, including Exanples 2 and 3 which used the
sanme catalyst in the same nole ratio of reacanl\lI?:tEsbA':l)"g |2§| Sept Egr}r_ber 2003 WO
00/ 64669 3 ULTRA VI OLET (UV) ABSORB

TETRAHYDRG%JRA%"(%% ME 100 ML) 5 10 15 20 PCTI USOQ 08994 P@b’esru‘g?gﬂt 350
nmAt 365 nm Exanpl e 10. 5440. 300 Exanpl e 20. 4700. 258 Exanpl e 30. 5000. 270
Exanpl e 5A0. 3670. 220 EP* of Exam | e 5A372900. 168 Exanpl e 60.5150. 288

Exanpl e 80. 4000. 223 Exanpl e 90. 2660. 134 EX10. 170. 3850. 216

EX10. 17HO. 4160. 224 EX10. 220. 4180. 239 TABLE 92H0. 4700. 258 EX110. 728,

0.7390. 395, MLUBRESCENCE DATA OBTAINED OF 0.05% SOLUTION OF THE -
POLYPHENOL IN TETRAHYDROFURAN (THF) AT ACQUISITION TIME OF
ONE SECOND AND AT AN EXCITATION WAVELENGTH OF 442 NM WITH
5 THE DATA OF THIS TABLE 4 BEING OBTAINED ON A DIFFERENT DATE
FROM THAT OF TABLES 2 AND 3.

Example Concentration wt.% | Maximum Intensity, Wavelength
Of The Polypheno! | Counts Maximum nm
1 0.0500 16640 530
1 0.0500 16300 531
10 || 2 0.0503 13550 530
2 0.0503 13510 529
3 0.0500 12860 536
3 0.0500 12640 532
4 0.0500 13960 523
15 {1 4 0.0490 13850 525
5A 0.050 9920 535
5A 0.050 9620 530
2" 0.0498 6940 540
3* 0.0501 5130 530
20 | 3* 0.0501 5280 527
B5A* 0.0503 5010 530

* 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
25 which is substantially higher than the other exampies, including Examples 2 and
3 which used the same catalyst in the same mole ratio of reactants.

30




EXI 20.4650. 317 EPON 10310. 2730. 161 Pure TPEO. 0000. 000 %gx%{ | t ?ﬁ[& be
seen fromthe above Table 5 that Exanple 1 and Exanpl e tpg}bgr
hi ghest absorbance at both 350 and 365 nm All of the oxalic acid
catal yzed products gave hi gher absorbance as conpared to the sulfonic acid
25 catal yzed products of Exanples 5A and 9. All other things being equal,
the great eiwe@pe@ptrations of TPE provide |ower optical pepB&lalekds: A SO,
it should be noted that TPE shows no absorbance under the test conditions.
It can also be seen that the phenol -glyoxal condensation products of
Exanpl e 10 and Exanple 11 which were B®ated at 190 C for one hour, nanely
EX10. 17H, EX10.22H, 30 EX11.17H and EX1 | had better optical properties as
conpared to the product before suchTRelgth ng, namely EX10.17, EX10.22, and
EX11. Additionally, it &Wtoﬁ@q{@mﬂBﬁﬁﬁAﬁ@E@Afﬂ@ﬁ9 39 PCT/ US00/ 08994
of Ex | e

be seen that the epoxidized ﬁroduc anﬁﬁé 1, nanely Exanple 8, gave
significantly higher aBYdfBahEERANYPROIUBAM{EE MGH0BMIduct EPON 1031.

£

Al t hough t prooouct—of e S oo FoFEreS ==
Vi scosity Blaterghtll v hi gh, nanme] jt 38ymm 9000 cps at | Ai3sEnas shown in Tdble
1 5 above,| and tlhu unaccept ab 6 TABLE 6 VI SCOSI T{ES AND VET GHT™ PER EROXY
EQUI VALERITS e rial et scosit \.—CQS. EB38paN i
1031895/ 3991 £3&Anfe0 C) 216 997 428 C) 172 150 C EP@¥Egof 576134812210 (100
C) 214 Exa re—Gr%tsu (125 T ' |
Example 3 0.500 0.270
Example 5A 0.367 0.220
EP* of Example 5A 0.290 0.168
10 Example 6 0.515 0.288
Example 8 0.400 0.223
Example 8 0.266 0.134
EX10.17 10385 0.216
EX10.17H 0.416 0.224
15 EX10.22 0.418 0.239
E£X10.22H 0.470 0.258
EX11 0.728, 0.739 0.395, 0.404
EX12 0.465 0.317
EPON 1031 0.273 0.161
20 Pure TPE 0.000 0.000
* Epoxy

it can be seen from the above Table & 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
25 catalyzed products of Examples 5A and 9. All other things being equal, the
greater concentrations of TPE provide lower opticat properties. Also, it should be
noted that TPE shows no absorbance under the test conditions. it can also be
seen that the phenol-glyoxal condensation products of Example 10 and Example
11 which were heated at 190° C for one hour, namely EX10.17H, EX10.22H,
30 EX11.17H and EX11 had better optical properties as compared to the product
before such heating, namely EX10.17, EX10.22, and EX11. Additionally, it can



440 150 C) Epoxy of Exanpl e767/37411580 (1000 C) 233 SA%%P%ZSb%%&D 2 150 C
TABLE 7 FLUORESCENCE OBTAI NED OF PRODUCTS I N 0. 05% SOL i

EXCl TATI ON WAVELENGTHS OF 442 NM BUT AT ACQUI SITION TIME OF ONE- HALF O A
SECOND. 20 Counts at Maxi num Wavel ength Product of Intensity Maximum nm
EX6 19,960 531 EX11 17,390 532 EX10.22 19, 040 530 25 EX1022H 19, 940 530
EX10. 17H 20, J%QQX%;% TABLE 8 SOLUBI LI TY OF CONDENSATI ON PRCDUCTS 2

Sept enber 200 0164669 PCT/ US00/ 08994 40 Sol ubility é’FT'%’é‘?%“&”c?'étone was
attenpted with the various phenol -glyoxal condensates. A large vial 7/8

i nches in internal dianeter was charged3ith 10 g each of acetone and
solid, warmed with vigorous agitation and then allowed to settle for 10
days at room P%ﬁ%tﬁﬁﬂh%mqﬁf*@z@mf@ﬁu@d@*&mm1.trmnei~y Eesmpias$, davéb 5 inches.

The cl ear supgpRifdaan A lfeqcﬁgg LW in
mllinmeters (H%%OQ'QEF%P v?bﬁggﬁgﬁm?ﬁql catl veeljc% br g%%trE%ﬁP é)l i ty. 10 15

he pradyck ek Expmpled 2keweiggivabsorbance values, its
viscosity was unduly high, namely, over 9000 cps at 175° C as shown in Table 1
5 above, and thus unacceptable.

Mat eri al C ear

TABLE 6
VISCOSITIES AND WEIGHT PER EPOXY EQUIVALENTS (WPE)

Material Mw/Mn Viscosity, cps WPE
10 EPON 1031 895/395 14880 (100° C) 216

997 (125°C)
172 (150°C)

EPOXY  of 576/348 12210 (100° C) 214
Example 6 1580 (125° C)

440 (150°C)
Epoxy of Example | 767/374 11580 (100° C) 233
5A 821 (125°C)

142 (150°C)

15
TABLE 7
FLUORESCENCE OBTAINED OF PRODUCTS IN 0.05% SOLUTION IN THF
AT EXCITATION WAVELENGTHS OF 442 NM BUT AT ACQUISITION TIME
OF ONE-HALF OF A SECOND.

20 Counts at Maximum Wavelength
Product of Intensity Maximum nm
EX6 19,960 531
EX11 17,390 532
EX10.22 19,040 530
25  EX1022H 19,940 530
EX10.17H 20,120 530
TABLE 8

SOLUBILITY OF CONDENSATION PRODUCTS



EX10. 1717 EX10. 2222 EX641 EX97 EX1124 Several materi al sggr cgec for
50% solubility in nethyl ethyl ketone. The product of W%F’@ ®<%¥and 11
remai ned conpletely soluble at room 20 tenperature after standing 10 days.
Product from Exanpl e 5A deposited sone product after standing 3 days. 25
TABLE 9 METAL | ON CONTENTS OF POLYPHENOLS & EPON 1031 Met al EPON

| onEX1EX6 EXWB)B/6366931 NaO. 0030. 0010. 0020. 0170. 028 PCT/US00/08994

Ca0. 0020. 0010. 001<0. 0010. 001 Fe<0. 001<0.0010. 001<0. 001<0. 001

KO. 008<0. 001<0. 001<0. 0010. 001 30 *This j.s product of EX5A on |arge scale
equi pnent EXAMPLE 13 23 Septenber 2003 00/ 64669 PCT/ US00/ 08994 41 5 10
PREPARATI ON OF P AM NATES Prepregs.and | am nates were nmade from
the fol |l owi ng re?ﬁ@?ﬁ'@%& r/|°>lz<°‘c 5 WS At .te(g)ﬁ’tﬂéa'ea‘qu@fjﬁ@ engfsBixmsAhht 1.

Br oni nat ed eposignsates. nA (EFOkal 1B46¢he8 indflerabi Ghebter GRREhaAled w10 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
5 inches. The clear supernatant layer was measured and is reported below in
millimeters (mm). Lower values are indicative of lower solubility.

Material Clear Liguor, mm
EX1 32
10 EX2 28
EX4 8
EX5A 23
EX10.17 17
EX10.22 22
15 EX6 41
EX9 7
EX11 24

Several materials were checked for 50% solubility in methy! ethyl ketone. The
product of Examples 1-3 and 11 remained completely soluble at room

20 temperature after standing 10 days. Product from Example 5A deposited some
product after standing 3 days.

TABLE 9
METAL ION CONTENTS OF POLYPHENOLS & EPON 1031
Metal EPON
25 lon EX1 EX8 EX7 EX5A* 1031
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

- 30 *This is product of EX5A on large scale equipment

EXAMPLE 13




2. Phenol - gl yoxal condensate (PGC) 3. Phenol novol ac curl agent 14, 4
(Durite SD1711 of Borden Chenical) 15.05 4. Acetone 5. %ggﬂ}tﬁﬁ@?héﬁmd

ket one7.45 6. 2-nethyl im dazole0.2 Two solutions of 2,000 cps viscosity
(25 C) were made wherein two 15 different PGC s were used. The PLC s
(phenol - gl yoxal condensates) were the epoxides (glycidylated derivatives)
of Exanpl e Va#bdesanpl e 5A as shown in the Exanpl es her ecnabanesssd The
epoxy of Exanple (Ex) 6 was made by the process of Exanple 8 and the epoxy
of Exanpl e 5A was nmade by substantially .the sanme procedure. The two
materials are characterized bel ow in Tedt 13A. 20 Test 13A Epox

y
of MM WMhVi scosity, cps 0Q- . :
5A767/ 37411580( 1000 cﬁ%%ﬁ@@@%‘%%ﬁh%@ﬁﬁ%ﬁm es of 7-8 nils
t hi ckness wer e nelepwrgs andiamihatel werermads fomstha iRk rebbas Hatss (an
E-glass) wt u %n643 finish. Cure conditions were typical for neeting
t he Nati onal ectrical Manufacturers' Association (NEMA) FR4
speci fication, nadateyial 1.5 mnutes at 325-350 C in an BQreuntBy Weight he
prepreg. The,prepr s then.c .o .roomtenperature and heated over
45 ninutes to %@'ﬂ@%tegﬁ%nwé%s%g&’d@@tﬂ%ﬁi s tenperature foP9bout 30
m nut es bef oA80@bShelhGhemicatijom t enperature. The resin content for the 23

Sept enber 2003 0/64669 PCT/ US0Q/.08994 42 | am nates was_about 60% by
wei ght. The ?aﬁ%ﬁ&é@y%%ﬂq‘?@ﬁé{@ggeﬁto 4 inch squares and8 nspected with

noder n aut on@t Phengitiovelacicosmeageran (AC ) equi pment. In thggcase of
ultraviol et ite SD1711 of Borden Chemical)

10 4. Acetone 16.056
5. Methyl ethyl ketone ‘ 7.45
6. 2-methyl imidazole 0.2

Two solutions of 2,000 cps viscosity (25° C) were made wherein two
15 different PGC's were used. The PGC’s (phenol-glyoxal condensates) were the
epoxides (glycidylated derivatives) of Example 6 and Example 5A as shown in
the Examples hereinabove. The epoxy of Example (Ex) 6 was made by the
process of Example 8 and the epoxy of Example 5A was rhade by substantially

the same procedure. The two materials are characterized below in Test 13A.

20
Test 13A
Epoxy of Mw/Mn Viscosity, cps WPE
Ex. 6 5761348 12210 (100° C) 214
Ex. 5A 7671374 11580 (100° C) 233
25

Two-ply 11.5 inch square laminates of 7-8 mils thickness were made via a hand
dip process using 21186 style glass (an E-glass) with a BGF 643 finish. Cure
conditions were typicaf for meeting the National Electrical Manufacturers’
Association (NEMA) FR4 specification, namely, 1.5 minutes at 325-350° C in an

30 oven for the prepreg. The prepreg was then cooled to room temperature and
heated over 45 minutes to 350° F, and then held at this temperature for about
30 minutes before cooling to room temperature. The resin content for the



5 absorbance, the follow ng equi pnent can be used: Hew %g g
3000, Teradyne's 5539 and Orbitech's VT 8000. The resul gpte
fl uorescence are shown in Test 13B bel ow wherein the tests were carrl ed

out in dupl
For mul ati on
epoxy192. 22

i.e., the

icate or triplicate. Test 13B 10Epoxy PCC in
Fl uorescence Dynam ¢ Range IntensityNoi se Level EX. 6

HP BV
for

Wb dedes§2. O 15EX. 5A epoxy130.81.6 125.41.5 133 mj@n@@? data in
Test 13B above show that the fornulation using the epoxy o‘f: anple 6

shows 48% hi gher fluorescence than the fornul ation using the epoxy 20 of
Exanpl e 5A. Repl acement of the epoxy of4EX 6 by unepoxidized material,

phenol - gl yoxal condensation product of Exanple 6 in the

| ami nat i ng flaminates was abput GBbamieigit. wi t h t he phenol - gl yoxal condensate of
exanple SA with the use of . AO as di scussed above showed that the
xal condensate of 25 Exanple 6 increased the fluorescence over
t hat obtai ned wi tTheHreindtes Eoretthen ablinto Sdieh quarésmad thapeoteiddeth cl ear er

h | f the Al U t
ot ARORER Bl st B (MO eab R 1P te Ao £F uirBgolt
conpl et el rdpﬁoamebmeafoﬂnmp@eqmbmmapm@e us=d: Mewlétt-Ragienya HEbDBY epoxy

PO TBHBRE R 520 S QihhSens WrPoc ot =Ruer o BArAGLr y 1rom

phenol - gl yo

i mges to t
The brom na

equi val ent
preferred f

about 40% t ofo8 006regcansegine shdwh ETedt or3BIbelbwaherdinthS sl was Parfiad be

substi t ut ed
PCT/ US00/ 08
but_ [ f fire
addi ti on18f

15

20

25

30

f al ogen such as 23 Septenber 2003 WO 00/ 64669
Q%H'Egaplﬂ?g ?rtﬁpl EP t he epoxy resin need not be hal ogenated

retardency is desi red, Stesh{8@t ar dency can be obtai ned by the
a conventional fire Fluorescence Dynamic Range
Epoxy PGC in Formulation intensity Noise Level
EX. 6 epoxy 182.2 2.0
194.7 ' 20
EX. 5A epoxy 130.8 16
125.4 1.5
135.5 1.8

The data in Test 13B above show that the formulation using the epoxy of
Example 6 shows 48% higher fluorescence than the formulation using the epoxy
of Example bA.

Replacement of the epoxy of EX. 6 by unepoxidized material, i.e., the
phenol-glyoxal condensation product of Example 6 in the laminating formulation
in comparison with the phenol-glyoxal condensate of example 5A with the use of
AOI as discussed above showed that the phenol-glyoxal condensate of
Example 6 increased the fluorescence over that obtained with Example 5A by
about 50% to 70% and provided clearer images to the CCD (charged couple
device) cameras of the AOI equipment. The brominated epoxy for the above
formulation can be partially or completely replaced by a bisphenol-A epoxy resin
with comparable epoxy equivalent to obtain similar results.

The formulation of Example 13 is a preferred formulation. However, the
brominated epoxy resin can vary from about 40% to 80% by weight of the

formulation, and such resin can be substituted with a different halogen such as



retardant. The phenol - gl yoxal condensate can vary in qu ity fro out 1
% or 2%to about 15% and be substituted entirely or pa?‘?lgg?% bﬂ%@n

equal quantity of 5 a phenol -gl yoxal residue. The quantity of phenol

novol ac curing agent can vary from about 7% to about 35% and the quantity
of solvent systemcan vary from about 10 to 35% all percentages or parts
. being by weivghsocadsxanpl e 14 10 FLUORESCENCE ANALYSIS | N CeMRaRIoasds W TH
ACRIDINE CRANGE BASE In this exanple, all spectra were collected using
0.05 wt. % solutions of the sanples in spectroscopic grade tetrahydrofuran
(THF). The solutions were prepared by #¥ssolving the solids in the
necessary ampunt of THE to give the 15 desired concentration- The standard
Acri di ne” Or afENga Aisq. Aheiepexy repiarneedinot bp halogehated ki firaNetardendyisi on

(0.78 NM wWagedieq j j :al | . ncentrated_sol ution
of the dye in net 'ﬁﬁ{\cglqeﬁygoﬂiggﬁ%?gtg idgnih:%d ?’Kfehteszfggg é‘rog%v\?ao Vg%tg%a?ﬁrﬁed by
absor ption SE&Fdansthgpherglolyora condensate camwary srequarditpfromi about 1% or

442- nanonet ege, ho@tv r : .gken usin .5 secopd 20
acaui o1 1 on 1 Sbad 1596 o8 Bo SERILEHRRR/S Erbdly i Sl i 8 o
f I uor escehce? inheaeldiyoxal esisluee Thequaotityto$ phemol nevalad casng'@jdnt @an gary

per cent age . i 1 £, t d.at, respective wavel ength. 25
30 23 Sept o Trom a6 56 ahaut B0 B u AR L ShvB e dan Yav T o 14
RESULTS. OF ghouDRESCERICRalrpertaiBa@ed oF (s Befg\ey @Mgh000 In this table, the
excitation wavel ength was 442 nm acquisition tine was 0.5 seconds and
Concentration was 0.05 wt %

Example 14

10 FLUORESCENCE ANALYSIS IN COMPARISON WITH ACRIDINE ORANGE
BASE '

In this example, alf spectra'were collected using 0.05 wt. % solutions of
the samples in spectroscopic grade tetrahydrofuran (T HF). The solutions were
prepared by dissolving the solids in the necessary amount of THF to give the

15 desired concentration. The standard Acridine Orange Base (Aldrich Chemical
Co. , Milwaukee, WI.) solution (0.78 pM) was prepared by diluting an aliquot of a
concentrated solution of the dye in methanol. Concentration of the standard was
confirmed by absorption spectroscopy. CM 1000 equipment was set to provide
442-nanometer excitation and measurements were taken using 0.5 second

20 acquisition time. Table 14 presents the results of the measurements with
fluorescence intensity reported in Counts per second as weli as a percentage of
the intensity of the standard at respective wavelength.

25

30



Sanpl eFl uorescencel ntensitylntensity Relative to Maxinu
nnCount s/ sAcri di ne Orange Base Standard, % Acri di ne CXaﬂ%ggggﬁﬁ@b%p%%se
0. 78 pM maxi mum) 23800 (0. 2ng/L) 1n52424000 Met hanol 53023800 53223400 535
Condensat e of Ex53224000100 5A Condensate of Ex 653240600170 25 23

Sept enber 2003 45 Cains 1. A lam nate conprising superinposed porous
substrates woosgsated with a resinous matriXx conprisingpapuh 4resin
and a curing agent for the epoxy resin; wherein said resinous natrix
contains fromabout I to 35 parts by weight of a fluorescent polyphenol,
sai d pol yphenol being a nenber sel ected44romthe group consisting of a

fl uorescent phenol - gl yoxal condensate prepared according to nethod (1), a
fluorescent residue of a phenol - gl yokatile déndensat e prepared according to

T oor cerent  pESurRe OF B GRESCANGERNARY SIS TAF ST Gl il < aheng
and gl yoxal whichn W' & dhae e(czit)atimhwagélquotpI?gt&;MZ’(t)mg;gadqalwﬁtan{cﬂné/lﬁ%eI I a][]d
. o 0. mol es of glyoxal for
ST GO Rlrafi wBP Bt vk o

i ncrenent al | yscha8
each nol e of the p'ﬂie altion vessel to forma reaction

m xture ab a tenper ature of about 80C to 100C in the presence of about |%

to 6% baseg-onrthe—weirght—of—pherel—eharged; n_acid catalyst i ch
can be renoy &amplem t he r eddfliaeseanceur|dntopsityeat i qgnm\_@i Refatilé tg1g |t he
fromthe ordup consi sting drPBHBRTE LIl CRMeRI or| MBI OREeE and | -
trifluoroacetic acid; Base Standard, %
Acridine Orange 528 24000
Base 0.78 uyM (maximum) 23800
(0.2mg/L) In 524 24000
10 | Methanol 530 23800
532 23400
535
Condensate of Ex 532 24000 100
5A
Condensate of Ex6 | 532 40600 170
15
20

25




b) increnmentally renmoving water fromthe reaction mxture; .(c) naintaining
ghé al dehyde uni?s in thegreaction m xture at |ess thadiﬁgﬁﬁém%?b,@Qﬁ= t he
al dehyde units in the total quantity of glyoxal to be charged for naking
t he condensati on product, the al dehyde units being neasured as al dehyde
equi valents; (d) distilling the reaction m xture at a tenperature of |ess
than about 170C to renove 'the acid catal yst when at |east 85% of the

al dehyde units in the total quantity b glyoxal to be charged for naking
t he condensation product have reacted, provided that prior to such
distillation, a basic material is adgedto the reaction mxture in an
anount sufficient to neutralize hydrochloric acid when the catalyst is
trichloroacetic acid; (e) heating the reaction m xture at a tenperature of

about 175C to 2G4 bar coﬁ@ﬁ%ﬁ%g%%gpl?@%ﬁg)%ro%shgﬁgsﬁra?ést Fhorahflted %trﬁbaove

and (f) renoving unreacte _ reactron mxture”to obta
phenol - desionus malondempagindan pp@wu@ﬂn@odtaaiunhgggwsf@r thé gpoxbresin; \snerbya

vei ght of  phenop res%gussﬁﬁEmli Romibott 1109s! AT RLEiQht & 2hBreschn
eno ehy d)% rbgvo? Eh

wherein the curing agent Is a -fornmal resin an
‘quant i ty pefypBend, saidmobwberl Qﬁmwpheﬁmberi seleﬁemfmdﬂne yrcw amhsisling of &8. The

| am nate ﬂ%re%{:@dt?g%aélndgg{%épb%d%ﬂ%tg rﬁt‘é’ﬁsﬁé&%@&orﬁﬂby@nﬁ&%d '(f % fluorescent

phenol - gl 'yoxa nat e havi ng~ i nproved uorescence
sai d | aniredidue pi @ pheeal-givosah eondensnid srapas @@wpcgng iti gedirpde(didapd rrmsiuresand
for eachylQQ,pands of said epoxy resin: (a) about 18 to 25 parts of a
phenol - fornaldehyde novol ac resin; and about 3 to 10 parts of a nenber
selected fr omﬂﬂfﬁ@%f’dlﬁ) acathiod tfﬂrngf epring a)ffuarq@ﬁ@ﬁonhegpngimal comitaastione

pr epar ed W{ﬁbrﬂ Loghdnd) and &ild Al eh d phenol - gl yoxal
condensate pr epar ed{"g%dﬁrlg?ﬂb toar}re kx(??w CE, %S’ea reacti on product of
about 4 to 8 &kt s cBRGHIPHRAPUIa Easign V%ne an mcmnta!tyaqﬂarmg etetapefoduct

prepared accor di ng abBulPidefl fzé}no[m;% 5t JRokhIbP8adRBRA thepherl Rl RAr t S
bei ng by weight and nethod (1) is a for preparing a fluorescent
phenol - gl yoxal cond&hgactigh vessel to form a reaction mlxture at a temperature of about

80°C to 100°C 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 bheating and distilling the reaction mixture at a
femperature below about 170°C, said catalyst selected from the group
consisting of oxalic acid, trichloroacetic acid and trifluoroacetic 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 quantity of glyoxal to be charged for
making the condensation product, the aldehyde units being measured as
aldehyde equivalents;

(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 quantity of glyoxal to be charged for making the condensation product
have reacted, 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 175°C to 200°C for
about 0.25 hours to 3 hours after step (d) above; and

2] removing unreacted phenol from the reaction mixture fo obtain a phenol-
glyoxal condensation product containing less than about 5% by weight of
phenol.



product from a nonohydric phenol and gl yoxal which conpg] eszﬁé G
chargi ng phenol to a reaction vessel and increnentally %}g?@fe %gzqcﬁ al of

about 0.15 to 0.22 noles of glyoxal for each nole of the phenol charged to
the reaction vessel to forma reaction m xture at a tenperature of about
80C to 100C in the presence of about 1%to 6% based on the weight of
phenol charged, of an acid catal yst which can be renoved fromthe reaction
m xture by heating and distilling the ABaction mixture at a tenperature
bel ow about 170C, said catal yst selected fromthe group consisting of

oxalic agid, trHeChhMASCH!ddimas € whBRkin ihd LML BGEN € ABhGholkBRERERRA! Y.
renoving water fromthe reaction m xture;, maintaining the alde g e units in
t he reactoypagTsainard the quastty oheaid Auergscent polyfienehis framyeliplid taihd parts.n t he
total quantity of glyoxal to be charged for meking the condensation
product, the aldehyde units being neasured as al dehyde equival ents;
distilling thdhedadinahoheizipype Whergin bafbpeasoed refypherd is paheapllyoxalzoC t o
renove t hend&isdiecat al yst when at | east 85% of the al dehyde units in the
total quantity of glyoxal to be charged for making the condensation product
have reacted, provided that prior to such distillation, a basic material is

23 Sept enper 2003mthate2diffhgt npladed eﬁﬁés@@né@,xgélﬂela}d%ai@,gﬂ%?é#‘éh guh i1 ent

to neutralize hydrochloric acid when the catalyst 1s tri oroaceti c acid;
(k) heat iCREPPHEOR eARRIHIY FA RRUY &eiP aRd {o pgeh A0Q Parts9f saiskrroxy 185t 0 200C f or

about 0.25 hoyss t @bdufmieD585dr8lof alpPBndid) foRRAN&LydaREvdIAY desh®BRY hBSLt 3
unreacted phenol fromthe reaction m xture to obtain a phenal- glyoxal

condensati on produd? TR BRAEXPIA MgMbes selestas framdhe osupwonsigingaf, of  phenol . 5.

The cured Iam{imatea%eﬁbp%gaél céhdehEfte lpsPahdd focofdind BintRoP(fpavi ng a resin
content of ab(()__t 40%to 8 A)%ﬁv\e@ht. 7. A cured l'am nate of claim of
claima40 6 wm'Léh h&s9'peeviated Rsnehdyed! Gradansaisaprepansd grcatding to method

(1)

(iii) a reaction product of about 4 to 8 parts of a glycidyl epoxy resin for each
part of the product prepared according to method (1); and

mixtures thereof, all of said parts being by weight and

method '(1) is a method for preparing a fluorescent phenol-glyoxal condensation

product from a monohydric phenol and glyoxal which comprises:

(9) 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 phenot charged to
the reaction vessel to form a reaction mixture at a temperature of about
80°C to 100°C in the presence of about 1% to 6%, based on the weight of
pheno! 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, trichloroacetic acid and triffuoroacetic acid;

(h) incrementally removing water from the reaction mixture;

(i) maintaining the aldehyde units in the reaction mixture at less than about
70% of the aldehyde units in the total quantity of glyoxal to be charged for
making the condensation product, the aldehyde units being measured as
aldehyde equivalents;

() distilling the reaction mixture at a temperature of less than about 170°C to -
remove the acid caialyst when at least 85% of the aldehyde units in the
total quantity of glyoxal to be charged for making the condensation product
have reacted, provided that prior to such distillation, a basic material is



8. The lamnated article of claim40 6 wherein the cureg | am nat e_cont ai ns
fromabout 50%to 70% by weight of resin. 9. A porous $B5EPfesRer 2003

i npregnated with about A 40 to 80 parts by weight of a brom nated epoxy
resin; B. about 7 to 35 parts by weight of a phenol-formal dehyde novol ac;
C. about 1 to 15 parts by weight of a highly fluorescent material selected
fromthe group consisting of: (a) a phenol-glyoxal condensate prepared
according to nethod (2); (b) the residdé of a phenol -gl yoxal condensate
prepared according to nmethod (2); and (c) mxtures of said condensate and

residue; D. about IQi4kQ B9 éﬁ@rrééctigﬁ thﬂ@t inOfaEa ﬁ\%bﬂte%iiﬁﬁi%ﬁ{ g l%é”traiig'ee.
brom nated epoxy resin and the novol ac; ar]d E. "an accel erator for "curing
the resin m xture; HyHEcklorc geidden(tig catslysl inbsichlosbacetic atidipari ng a

f1uorescent phenol 1lyAx#e EQARGNHRIUO3t a RERIM S urd bpgmtwg@vodéécﬁcﬂpﬁnol
(a) chargin e

and gl yoxal which conprl ses: gi ng phenol to a reaction vess and
i ncremental |y char qbeyt 2% beurs @B hodisalier stepfditaboge;Zndnol es of gl yoxal for

each nole of Re pf}@ﬁ‘u@bin@%F&%@dtﬂwethﬁo@gﬂ%g%éﬁggnggﬁﬁ@}% ooolgtgfn%%géﬁ&ipti on

m xture at a tenperature of about 23 Septenbe Cto in the
presence of about Heacwueniplisndredict RentaisingHessothan siherbb%chiawgight obf an
acid catal yst whi chyheas be renoved fromthe reaction m xture by heating
and distilling the reaction mxture at a tenperature bel ow about 170C,
said catal yst selected fromthe group consisting of oxalic acid,

trichl or gacet ifheagkdd 1@Rshatd bifddigrpoacetic acid; (b) increnentally renoving
water fromthe reaction mxture; (c) maintaining the aldehyde units in the

reaction mxure at | ess than about 70% of the al dehyde units in the total

quant ity eof gitw@Xahinh@ d1R1GRaLORL s resFBinRht b &P RGNS BbYAS) \g%igﬁwct , (d)

distilling the reaction mxture at "a tenperature of |ess than "about 170C to
renove the acid catal yst when at | east 85% of the al dehyde units in the

total quantitw afre@laminate drRidhe &RAEAY 4 AhichBHes HeehBnSsORYRASHdeP Rey Oduct

and pressure.

8. The laminated article of claim 48 6 wherein the cured laminate contains from about
50% to 70% by weight of resin.

9. A porous substrate impregnated with about
A. 40 to 80 parts by weight of a brominated epoxy resin;
B. about 7 to 35 parts by weight of a phenol-formaldehyde novolac;
C. about 1 fo 15 parts by weight of a highly fluorescent material selected from the
group consisting of:
(a) a phenol-glyoxal condeﬁsate prepared according to method (2);
(b) the residue of a phenol-glyoxal condensate prepared according to method (2);
and
(c) mixtures of said condensate and residue;
D. about 10 to 35 parts by weight of a solvent system for the brominated epoxy
resin and the novolac; and
E. an accelerator for curing the resin mixture; wherein
method (2) is a method for preparing a fluorescent phenol-glyoxal condensation
product from a monohydric phenol and glyoxal which comprises:
(a) charging phenol to a reaction vessel and incrementally charging a totat 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



have reacted, provided that prior to such distillation, basi rial is
added to the reaction mxture in an anount sufficient tagﬁgﬁﬁf&e{nﬁé&

hydrochl ori c acid when the catalyst is trichloroacetic acid; (e) heating
the reaction mxture at a tenperature of about 175C to 200C for about O0.25
hours to 3 hours after step (d) above; and (f) renoving unreacted phenol
fromthe reaction mxture to obtain a phenol- glyoxal condensation product
containing |l ess than about 5% by wei gh#8of phenol; wherein the al dehyde
units are neasured as al dehyde equivalents; (i) the phenol is a nononucl ear

nmonohydr oxy phenol [ d A ;1 lyst is
oxalic acid in a quég(?'it?soéf@@ggﬁ%%f%]'tgeo&g%o (El?iq?l @@/ ’eéésgbéﬁ%qﬁ%&r‘%@t §?
i ncrement al gl yoxalPheoeki charaed.i f anoanidilsatalyse which £a(i g remvesd ifronditist i | | ed

fromthe reaction e f.al Loy, n (! . r di.tJ
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for making the condensaiiet MARCA vickrodoll SE8SAAOPLEBALIGE Tesin

i npregnat ed substrat us In preparing electrical am nat es whi ch
process conpri(Bes iingeragniaty regnoymgdvaienisam regrsagiiontmixiuré;npr egnat i ng

conposition c F i Sh DGk gépgﬁ i V] a
Weirrght per epg%dewﬁ_ﬁg@ftﬁgﬁm b%u%ﬂggrbﬁ?eopéf&%‘bggﬁﬁégﬁiédglr]tplgﬁgdbggtent_
for the epoxy resi HO%Cof the fidehude unilssindhe fabal avantiy mé otyoxal tabed dBarged fékeat i ng

the resul ting inpreghaiehle SHRGH2dh frafktSt age resin and renoving the
sol vent systen wherein ?he I m:s)regn%t?ng’ conposition includes fromabout 1

to 15 parts bydhei gintilipg tenteactipr witueiatg teonpedire ioblesa thamazut &% toed
fromthe group consbmbidtheChcid Catalysl WRES SE st BEANGY ! @t Rle GARIGNERL T ON

product prepared accordi ng to
total quantity of glyoxal to be charged for making the condensation product

have reacted, 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 175°C to 200°C for
~ about 0.25 hours to 3 hours after step (d) above; and
(f) removing unreacted phenol from the reaction mixture to obtain a phenol-
glyoxal condensation product containing less than about 5% by weight of
" phenol; wherein
the aldehyde units are measured as aldehyde equivalents;
(i) the phenol is a mononuclear monohydroxy phenol having from 6 to
12 carbon atoms;
(ii) the catalyst is oxalic acid in a quantity of about 3% to 5%:
(iii) the total number of incremental glyoxal additions is from about 2 to
4
(iv)  water is distilled from the reaction mixture following reaction after
each addition of glyoxal; and
(v) the aldehyde units are maintained at less than about 60% of the
aldehyde equivalents in the total quantity of giyoxal to be charged
for niaking the condensation product.

10. A process for preparing resin impregnated substrates for us in preparing electrical
laminates which process comprises impregnating said substrates with an impregnating

composition comprising:




met hod (2); (b) a fluorescent residue of a phenol gl yoxg#gco d%ns 'é:)n
§BGimoss 200

product prepared according to nethod (2); and (c) m xt

fluorescent material; wherein nmethod (2) is a nmethod for preparing a

fl uorescent phenol - gl yoxal condensation product from a nonohydric phenol
and gl yoxal which conprises: (a) charging phenol to a reaction vessel and
increnentally charging a total of about 0.15 to 0.22 noles of glyoxal for
each nol e of the phenol charged to thé9reaction vessel to forma reaction
mxture at a tenperature of about 80C to 100C in the presence of about 1%

to 6% based qq ?\H%pw @5ih RlingRNGAGht JPap %@(‘}%}vé?ue mrcﬁ‘ﬁ Bo Aol %(% O%J Ch

can be renoved fromthe reaction nixture eat1 ng an distil
reaction ni xt UF-eA&uriag agesyfus tiag epexysesiow about 170C, said catal yst sel ect ed

fromthe group, ggg@bﬁggyggmpforgg,ﬁbg,,genascAgndhr| chl oroacetic acid and
trifluoroacetic acid gb) increnentally renoving water fromthe reaction

mxture; (c) rRi Healingt g reswiingimeregaated subsirate ta Retagedesinamdirbraviag e | ess
than about 70% gdnddpgyabeehyde units in the total quantity of glyoxal to
be charged for naking the condensation product; (d) distilling the
reacti-on Wiek&ire at a tenperature of |ess than about 170C to renove the

acid catal yst tH@ﬁﬁbr@?ndtiﬁé%n@%{m@ﬁ lﬁchﬁleglf@ﬁmtg&tl"lnfot% 5\'t§ Pg r\{veliqllltt %{fj (t:[r%e have

gquantity of glyoxal To be charged for naking the conde sat
react ed, PPEINYEW qoFROsEPR éerr@b%r&@WCtﬁdsftqnl' aremn cepsistisg ef-naterial is

added to the rgpfidredterl XHHERBLdIAN @MRERdatSHT bdhent Upg |
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2003 50 (e) heat MAtOHK®: reaction mixture at a tenperature of about 175C to
200C for aboyp) §.iRerdyeshiSrdsRiud JSIOHV&@H QfyoRbieBoriddhsARAY todﬁ&dp(é(p)ared

removi ng unreacted phenol fromthe reaction mxture to obtain a phenol -
gl yoxal condensa‘t‘qCBW"EQrdeﬂ%tt’o‘?:f?dt%(l%l ng | ess than about 5% by wei ght of

phenol ; wher ei() tixeired sedidifudiddchht AERrigeasured as al dehyde equival ents;
wherein
method (2) is a method for preparing a fluorescent phenol-glyoxal
condensation product from a monochydric phenol and glyoxal which comprises:

(a) charging phenol to a reaction vessel and incrementally charging a total of
about 0.15 to 0.22 moles of glyoxai for each mole of the phenol charged to
the reaction vessel to fotm a reaction mixture at a temperature of about
80°C to 100°C 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, trichloroacetic acid and trifluoroacetic acid;

(b) incrementally removing water from the reaction mixture;

(c) maintaining the aldehyde units in the reaction mixure at less than about
70% of the aldehyde units in the total quantity of glyoxal to be charged for
making the condensation 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 quantity of glyoxal to be charged for making the condensation product
have reacted, 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;



i i iii) the phenol is a nononucl ear nonohydroxy, phenol having from
53 %o( 1)2 ch.l’ bo% atoms; the catalyst is oxalic acid in aZg&sRtEMBE 6P0%bout
3%to 5% the total number of increnmental glyoxal additions is from about 2
to 4 (iv) water is distilled fromthe reaction m xture follow ng reaction
after each addition of glyoxal; and (v) the al dehyde units are naintained
at | ess than about 60% of the aldehyde equivalents in the total quantity
of glyoxal to be charged for nmaking th@ condensation product. 11. The
process of claim 10 wherein the epoxy resin has a wei ght per epoxi de val ue

of from about, 1190 t I ] opr&ssi ng
t oget her and %%tl r?tegtnﬁ)ﬁgprfag&%f] rfarétucgéfé fﬁ 16 %{rﬂéé;%g?%@ft ?eoseo Pcl aim
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With a resingys rra{a{tab find URFeBlold 'e%rﬁéﬂﬁr}ﬂg%m&ﬁ'rmxﬁfm bBER a BpeftioUt 40

to 80 parts b an epoxy resin havin OXI val u

of about 190 to ab@dypquocoecenﬁtlommducvcoraiaesrgﬁa$s Qhabyabwgt g%t bxowe@htgh ng
agent for the epox?héﬁ(ﬁ'\ﬂherﬁﬂe i mprovenent which conprises including in the

- resinous matrix fr out to 15 parts of a fluorescent pol yphenol said

pol yphenol bei ng a thifeaderydeswite arccnictswed apaldghydepeqtivaingti ng of a

phenol - gl yoxal conggnsaugs pidiy kesHnudilar SrdBAIRLAbR ha RIS and

m xtures of said c ensate and resi sai e prep red
charging, to a reaction 1¢€gthen atemgipnohydri c, nononucl ear phenol haV| ng up
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(iv)  water is distilled from the reaction mixture following reaction after
each addition of glyoxal; and

(v) the aldehyde units are maintained at less than about 60% of the
aldehyde equivalents in the total quantity of glyoxal to be charged
for making the condensation product.

11. The process of claim 10 wherein the epoxy resin has a weight per epoxide value of
from about 190 to about 500.

12. A cured laminate prepared by pressing together and heating multiple plies of the

impregnated subsirates of claim 10.

13. A laminate comprising superimposed porous substrates impregnated with a
resinous matrix wherein said resinous matrix comprises:
A. About 40 to 80 parts by weight of an epoxy resin having a weight per epoxide
value of about 190 to about 10,000
B. About 7 to 35 parts by weight of a curing agent for the epoxy resin;
the improvement which comprises including in the resinous matrix from about 1
to 15 parts of a fluorescent polyphenol said polypheno! being a member
selected from the group consisting of a phenol-glyoxal condensate, the residue
of a phenol-glyoxal condensate and mixtures of said condensate and residue,
said condensate prepared by:
(a) charging, to a reaction vessel, a monohydric, mononuclear phenol having

up to 12 carbon atoms and from about 0.06 to 0.11 moles of a 40%




m xture is at a tenperature of about 80C to 100C in the_presen about
3 to 5% of oxalic ggid; (b) conducting a first distilla?$§ﬁp CIEFﬁ&?%action
m xture at said reaction tenperature after about 1 to 5 hours frominitial
reaction of the phenol with the glyoxal in the reaction m xture and
removi ng about 8%to 12% by weight of distillate, based on the quantity of
phenol charged, fromthe reaction mxture; (c) charging to the reaction

m xture another 0.06 to 0.11 noles of ®he glyoxal based on the noles of
phenol charged wherein the total quantity of glyoxal charged to the

reaction mxture i sofiigMorBRekalln %@téroﬁfé @ag&@?awxa% 324 Un tn%%olsg%P ol e

of the phenol charged and continuing t at the saird reac
tenperature for abdiienghetaiged.1losfare 6 fegaian afixteie Bne whesaivetheeramotionf t he

first distillation ramré Rept aoBRbeHHie & sRuPREc d Sobdd &l han Fa‘seh&g

reaction nixture at the said reaction tenperature to renove Proma
anot her 4% to 12% RPouiet % of oxplisEcid at e based on the quantity of phenol

charged; (d) cong Wéh&%tlﬁ@ea r8C Gisamtidht & tﬁéﬂ"?eaﬁﬁﬁﬁnﬂ xﬁ.leététl L3l RiacRn the

reaction tenperature until at |east 85% of the al equi val ent's of the
total quantity of '¥nperitre alienaboyhi e sdopts freva it f@ﬁf@%@ﬁtﬂ@r@@nomth

product have reactygd gi/oR lhauhal,@gcﬁda.emmurmeérﬂf %n%\@f@o‘éso&b@%tﬁe Cat@fyst

about 170C and dlstllllngil he reaction mxture to m nat e

(f) heating the red@gh Histtiaice based onethseauantityeobphenad shamgesiC from #80C f or
about 0.25 hours t @eztiBRWigutter renoval of the catalyst; and (g) renoving
unreact ed phenol to recover a phenol-glyoxal condensation product

cont ai ni ng not n& hngHlg taﬁts%feaaﬂmmﬁmee%nﬁtw Qifeteof. 11 aolesrpktheaivaxat e of

claim 13 wherein t bas@Pexihe' Roled of Pleridl WeArghd whsH: rﬁP@)ﬂ)Q? Yt qgw out
190 to about 500. 15. The | am natoeaﬁe cl alrgw \évv\/r?(lerel n q cu@?% a?égﬁt IS

a phenol - f or mal dehyB¥9H &, tedeastioni mixtufais ff%% PRI L. Tﬁaiorq ?(2 awiasedlmdyoxacur i ng
accel erator and t herBaRMHle 6Rthe pﬂ@l%!@harfg% aRd eBRIug thd FedcBBH8PFRLGId S
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perature for about another 1.5 to 6 hours after the
commencement of the first distillation and then conducting a second
distillation of the reaction mixture at the said reaction temperature to
remove from about another 4% to 12% by weight of distillate based on the
guantity of phenol charged; _

(d) continuing the reaction after the second distillation at the reaction
temperature uniil at least 85% of the 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:

(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 unreacted phenol.

14. The laminate of claim 13 wherein the epoxy resin has a weight per epoxide value
of about 190 to about 500. '

15. The laminate of claim 13 wherein the curing agent is a phenol-formaidehyde
novolac resin, the resinous matrix contains a curing accelerator and the mononuclear

phenol for preparing the condensate is phenol itself.




16. In a |l am nate conprising superinposed porous substr S re ted
with an uncured resinous matrix conprising an epoxy regéﬁeaﬁg%grgfﬁ&? ng

agent for the epoxy resin; the inprovenent which conprises said resinous
matri x containing fromabout 1 to 15 parts by weight, based on the weight
of the epoxy and curing agent of a polyphenol, said polyphenol being a
fluorescent phenol - gl yoxal condensate having an ultraviolet absorbance of
at least 0.260 at 365nm and/or 0.400 at52350 nm and a fl uorescence which is
at | east 25% hi gher than Acridine Orange Base, at an excitation wavel ength
of 442 nm and acquisition tine of 0.5 seconds when the Acridi ne O ange
Base is used at a concentration of 0.2ng/liter in nethanol and the

phenol - gl {Boxal Inc iareinatgt eompsisingestipgrimposes pows rabbbates fimpregpatadi Ugtit an

percent ihdRId BsRYY maerrc%Hrpg% g aﬁ@?gt i Sﬁi] Arﬁr%ggh@r@%nﬁoﬂh@ei;@x [l n

the resinous matrix Includes rre ant. e cured | te of
cl ai m 16 WRdmerayemest poishreamprigas said festoys eratax santeingicefiom aprubtl toy19f a

hal ogenat gatsaRONighteBhdbdl &h heNRESht P thd &8P ANE dutihg ab &l 4888iyphenol, said
polyphenol being a fluorescent phenol-glyoxal condensate having an ultraviolet
absorbance of at least 0.260 at 365nm and/or 0.400 at 350 nm and a fluorescence which
is at least 25% higher than Acridine Orange Base, at an excitation wavelength of 442 nm
and acquisition time of 0.5 seconds when the Acridine Orange Base is used at a
concentration of 0.2mg/liter in methanol and the phenol-glyoxal condensate is used at a
concentration of 0.05 weight percent in tetrahydrofuran.

17. The cured laminate of claim 16 wherein the resinous matrix includes a fire

retardant.

18. The cured laminate of claim 16 wherein the resinous matrix includes a sufficient

quantity of a halogenated epoxy resin to render the laminate fire retardant.




