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

O (57) Abstract: The specification discloses epoxidized products and compositions of a poiyphenol of a phenol and glyoxal wherein
the polyphenol prior to epoxidation has an ultraviolet (UV) absorbance of at least 0.260 at 365 nanometers (fim) and/or at least 0.400
at 350 nm. The specification also discloses the manufacture and use of such epoxidized products,

| east 0.260 at 365



- This application is a continuation-in-part of ny U S ent | cation
Ser. RBP 09/ 158, 584 which was filed on Sept. 22,1998 ad§?§9&EF@EP£ ent
Application Ser. No. 09/298, 153 which was. filed on April 23,1999. This
invention relates to epoxi.di zed products of phenol -glyoxal condensates
wherein the condensates, prior to epoxidation, have an ultraviolet (W)
absorbance of at |east 0.260 at 365 nanoneters (nn) and/or at |east 0.400
at 350 nanoneters. This invention also relates to the manufacture and use
of such epoxidi zed products as well as conpositions containing,the,
epoxi di zed products. In the nethods for fmking the condensates of this
invention, a nolar excess of a phenol is reacted with glyoxal at a

tenperature of ab Wale ' ' an be )
renoved fromthe gg?ﬁ@@?wmk@%}g@ﬁ&% g@ggb(,}tq ma’&ﬁure bel ow
‘that of about "170C." The reaction isPESHEBTERS by naki ng continuous or at =
| east two additions of glyoxal to a phenol wherein the total nolar ratio _
.for rall additioons of glyoxal to phenol is about 0.15 to 0.22. Water in the -
reaction mxture is renoved incrementally by distillation during the

reaction. Less t Hdvs abgigatiqnis atontmeation-ai-past byl UtD Patentodopliedtion t h t he

Dot 70% o a0y SyADE S AR STIKES Sl 274 aMDEnd Py & Plont Pon
m xture t ogétARdratgn; eraﬁﬂ?' ngéggﬁg’gm'?%W?S?ﬁ}?@ogrrﬁpf'&érfr tion afe present- ..

~inthe reaction mxture at any one tine. Each glyoxal nolecule contains

" two ai dehyde uni H§ye i QiatedRASHINIdIES B ' NSt ogether with
any ketone uni 1tjs Tf%sr @gé\@losﬁﬁglatedet er r;é]ld}n%]&?&g)ﬂg!é%y éﬂgaﬂ%g?&eaﬂlt s, .as later -

defined. Th&°H %Ib‘-ﬁ&?%?ew BN Hiesspndensates Iior & epPEFAtiAN haye an Miraviglel ai ned

at | ess t haifUspabsord8fteodf atheast|0zolyate365hHopiataisenn)00ahd/f 411451454

PCT/ USCQ' 089660210 Yt RliSrs nl[(t}tl@ﬁlv%ﬁﬁcﬂl all ALk Yo e H]Iaﬁgg%'tur%‘%gge char ged

-to the reaction_m xture _ for making e condensati on prodt catal yst-
is renoved UFBRf R FRAGYIZEH Praducis sl an camppetiens etaningsigof t he
al dehyde eqepusitizet productd.dehyde units in the total quantity of glyoxal to
be charged to the reaction m xture for making
In the methods for making the condensates of this invention, a molar

excess of a phenol is reacted with glyoxal at'a temperature of about 80°%C to

100°C using an acid catalyst which can be removed from the reaction mixture

by distillation at a temperature below that of about 170°C.

The reaction is conducted by making continuous or at least twe 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. - '

Less than about 70% of the total 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 reédction are present in the reaction mixture at any
one time. Each glyoxal molecule contains two aidehyde units. A way for
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



5 the condensation product have react ed Renoval of the_catal yst al so
elimnates all or a portion of the water in the react i GhoRPIRMBEE20GF t or
about 85% of the said aldehyde equivalents have reacted and prior to
renoval of the catalyst, in those. cases where trichloroacetic acid is the
catal yst, ave@¥Rerent quantity' of a basic nmaterial is arCEUSHOSIEHe
reaction mxture to neutralize HCl to be |iberated by the 10 -
trichloroacetic acid. After renoval of the catalyst, the reaction mxture
is heated at a tenperature of fromabout 175 C to 200 C for about 0.25

hours to 3 heuiFalentdif @he ﬁél%uahﬂt%‘f@lyo%l th |B§ chakRdtd tthe F’é?%tlél"? B9

unreact ed phenol as well wat ef i S’'renoved at tenperatures above that
used for rembdnaking theecwﬁ?aw?m prpdugtafiveatalysigs remoegshicomithe seaction
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pol yphenol s a epoX
can be used basescwla&rerigts‘limndceﬂomd tsrthe catapqst iacafffiiciers qaaniiglof adasedhesi ves

- and lam nate a h ed 0 The o
pol yphenol s g’faﬁ%ﬁ?'ss %;dn eraﬁ{) @%P%ﬂ%f&h?ﬁﬁf uhglﬁﬁ F@' %J?nh& %tdq@'}hF '
about G%Endtrgﬁtwoaadeltly atidvAfter bwavial GPﬁbpatszghhe edactibe migtureipheatdds of -

et hane. Wen, t he o] h

t et r aki s(p- h%?&%’g ﬂ&/ hs%% ‘% L‘yﬁ%os(s 02%%@ %P@'g‘ggg%ﬁ&‘ﬂt@é&%%gw 3

et hane whi chAis®, afte:crerrmfvalrasfetie t:@taa/st Eﬁb‘nrerﬂbmirrgu.gheadled pBR&ed| laerwawasduct s of

- the phenol - oxal rea n_are. m xtures ndi vi dual | yphen such as -
TPE an et 1 UlET o temasied l naRLTon b ek iot i B oY B gatt of

solution by conventional techniques. Thus, the |level of tet raphenol

et hanes, 1SUCh as {-_r;rﬁingpestoqean epoxidized phenol-glyoxal condensate are prepared by

the use of conventional methods and ingredients but with the use of the phenol-
glyoxal condensate or reaction products thereof such as epoxidized, 'e.g.,
glycidylated, derivatives as part of the resinous matrix in which fibers are
embedded.
20
| BACKGROUND AND PRIOR ART

Polyphenols, such as polyphenols prepared from the cbnden_sé_tidri of

glyoxal and a molar excess of phenol in the presence of an acid catalyst, find

25  utility in the same manner as other polyphenols and particularly for preparing
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.

30 ' The polyphenols of this invention will typically contain from about 0% to
about 6% and generally 1% to about 6% by weight of the tetraphenols of ethane.
When the phenot is phenol itself, the tetraphenol is tetrakis(p-hydroxyphenyl) -



5 polyphenols can be greatly reduced to essentially zero by nethods mell
known in the art without sacrifice of desirable opticaf3 pRESEDE 2203
provided by this invention. Illustratively, use of solvents such as

al cohol -aromati c hydrocarbon m xt.ures and water m sci bl e ket one-wat er

m xtures ar@ogipBs4ive in this regard. 10 The conpositi onseafUSONDE63
invention are particularly useful when automatic optical inspection (A(])
is used for quality control of |aminatesy The pol yphenols of this
invention alone, or in blends with phenolic novolacs, or after epoxidation

of the pol ypb@aakwhidH 8 alserbirdddb a@Q‘p@w%agﬁw.%&m %Iadﬁeex fth€Si ns and

adducts of the epoxidi zed pol yphenols wi th phenolic novol acs e Ad is 15

typi cal |y pePhesiaksiyorsl repetion ara grixiureso instividyal olyphopple BMQ@%IPEWQWI range
of about 450 Bfﬁe(‘ Eéﬂﬁﬁﬁérﬁﬁ ?ﬁeré@f Ay cr@étgld? fts'o #%{Jﬂ\ﬁrﬂ‘%nah

excitation “wavel engt bout 442 nm an traV| o
absor bance |technreuessamnseﬂvgtlwl@ftetrra@hemaﬂzareeosm @B6Phin the0 Appl i cant

has foundga §ag%r9énoﬁ>g %ﬁﬁ%%lg@%eﬁgnﬁefjﬁ&% %@&n@y%@%ﬁ i %Nem% ertain

catal ysts fo tarnrn ol's"and epoxi PVes er eof
havi ng WV abisdhe antodthoutisaorifite ob desiableeptical pﬂmpéﬂieswbcmidmi byathisy h| gher

t han phenol - r t t he

wavel engt hs g‘%@@ |'§‘9ﬁu%%0é A%S%%éﬁdst@)‘cagn Om%#{%l %&A}gﬁ

materi al s 2@bdures @edavater mlsngbmmtommwatetrmmxﬂmmrecaﬁﬁéehmhebls rbgagb w - o

. absorbance is desirable for the manufacture of laninates used in electronic -
applications such as high density nmultilayer printed circuit boards.

Advant ages of t hiEhd corepasitamsiai this deenter) arprmm.darlyomem whenesgandtial [y 30°

I f | I h I i di
ol yphenor | SRicBy ARSI Al S e FE bl e arthae, IBSpRlAngitt
neut Ira:c i zgt i thﬂgvmnamlonsaehinmeme piaTolic novalacsy er witerf egaixeiatibni s
sinplified a

act or e 2003 WO 01/.0245
BT Usoo! 0sodans PENBRESRSart ey AQL aE s AR E s e geins andor
neutral i zed adduttsoithtabokidized pb@bh@icﬂ@@ltatphemtmfnqwlawhEHtDAG»I Bs well as
the epoxidi zed. deri gt ve t her eof ' ved, optica

oroporti &3, Bpigally pe B A o
wavel engt hs mﬂ 450 i@ anoftegersElo avoepes@hnp paitulay ¥phesadimtion W t h

I I I h fl i
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wavelengths of from about 350 to 365 nm.

20 Applicant has found a set of process conditions together with monomers
and certain catalysts for obtaining polyphenols and epoxidized deriya_t_ives
‘ thereof héving UV absorbance and/or ﬂuofescence which is substaniially higher
E than phenol-glyoxal condensates prepared by other methods within the |
wavelengths generally used for AOI quality control. Photoimageable materials
25 are used in conjunction with these condensates. High UV absorbance is
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 essentially
30 metal ion-free polyphenol which can later be epoxidized wherein the polyphenol
is prepared without recourse to catalyst filtration or neutralization and water
washing steps wherein recovery of phenol is simplified and the reactor yield is



- absorbance properties of the epoxidized products as wel S _conpo |t|ons '
cont ai ning the epoxidized products is due to the high f%%gﬁ%@ﬁ'l]:;’ﬁﬁz OChd hi gh
UV absorbance of the pol yphenol of a phenol and glyoxal of this invention.
10 The prior art discloses many, nethods for making pol yphenols and
epoxi di zed wownimas4 ves thereof. But the prior art does notecwamsod/ises:

.conbi nation of nonomers,  reaction conditions, or catalyst which appli cant
uses for obtaining the desi rabl e proper£| es of the products of this
i nvention. Also, the prior art does not disclose phenol-glyoxal
condensat es hereaf ed
derivati ves, i r%g%'irfﬂl\ég%ggﬁ eeotgél £ JS?% not‘f‘nF gtrahz%? V@Lhygh‘%é\@&n ion. As -
used herein, (i Ipeeﬁan&lﬁmfngolypm@rmmas'weﬂ lae tmeaé;b@w!mgﬂ dm’maltltr@sthere(d)

henol - gl yox nsati o aI I f [ he | yoxal
rgact i ongp¥o‘€fﬁj8p F‘@@JEBH’VS@ oﬁlﬁa sofe % h gﬁﬂH&%ﬁ% r?pwgg&e[i’\?i }s/uch 20
condensat e ceabdobasce tastseWh@eﬁ@ﬁehsa@fm@c@bdn@@mﬂparﬂmmm‘rmﬂyp}tehelss t han

3% of unreact ed hen particul ar e 5% of -ung t .
Shenol 0By S ke selibginl B araStic Solénts; Tia hiBhpisieafte AR FRE e units
and shall r@iﬁﬁrbérﬁbeﬁﬁrdpémd@oaﬂﬁ @wrd@cmedM$ tasmﬂlaerconmpsmené orned in
the reaction mxture or

th h to b h
measur ed by 9@%@%@?8&%3%? |p§‘§g’°¥ﬁe'i5%(9ﬁ(i°§?}% Qg'i?g‘é‘?fi‘ﬁf@a b'%eral ly

reported in spiE&tte &ifth@bepphétal @fHIpHahenird dlgdal 6thisNneamipar i son with-the .
- al dehyde equivalents. charged or to becharged to the reaction m xture.

" Thus, if measurenents of al dehyde equivalents in a mixture of the glyoxal -

and phenqlo Charcmeﬁmvar%@été@ésvﬂanfﬁww@sammaﬁmg pURGIsBAES after.
reaction in the 30 reaction m xture Tater. show al ded}/ esﬁegw val ents_ of Y2

of X, then tfeO¥digrchgerdvatives thesgdnBet the prinkant dags nef pebiation ghy, of

t hat charged oPdfn'ePéJ rbAQion cBAGKIbAL or AR SK RhRASpBlicaHD Bisé@ior ab&dnikg f or med
whi ch are |nml uded in 23 Septenber 2003 WO 01/ 02454 PCT/ U800108963 5

- nmeasuring of thetresiipblerniererter Pl tip deduciner hisdnvasiien ddisedna £righart degs ¢ he
al dehyde equj, ﬁ{)@&és’%kﬁ}?e’n%'! Bgoiél%oﬁséﬁ%é & epfiiidiiadl dUrR Bt ARENEE e.g

equalents 'S gﬁamo reaction m xture and d||ut|ng It
with 50 5 oglyq@vlamtﬂenvm\eesﬁy yigg theedeskaplesartigal yopertiespt hisdnyentiensodi um
hydroxi de. There is then added, to the pH adjusted

()

As used herein, the following terms have the following meanings:
(a) "phenol-glyoxal condensation product” shall refer to the phenol-
glyoxal reaction product produced by the method of this invention wherein such.
20 condensate contains less than 5% of unreacted phenol, preferably less than 3%
| of unreacted pheno! and particularly less than 1.5% of unreacted phenol.
‘ (b) "a!dehyde equivalenis” is a metﬁod for measuring aldehyde uhits -and
* shall refer to aldehyde and any ketone units which may be formed in the |
reaction mixture or in the glyoxal charged or to be charged when measured by
25 the below described method. Such measurements are generally reported in
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 phenoi
charged show X aldehyde equivalents and measurements after reaction in the
30 réaction mixture later show aldehyde equivalents of % of X, then the aldehyde
equivalents in the reaction mixture are 50% of that charged. During the
reaction, some ketone groups may also be formed which are included in



" sanple, 25 m of 10% hydr oxyl-ami ne hydrochl ori de W|th stirrin The sarrpl e
is stirred for 10 minutes and then the sanple is back %??@F%&em% 0.25
Normal (N) sodium hydroxide to pH of 3.5. The nunber of mlliliters (ms)
(the titre) of the 10 sodi um hydroxi de solution used to back Ctrate the
sanpl e to awpiiles8.5 is used to calculate the al dehyde ewquiusad/esasss. The

-m s of sodium hydroxide solution in the titre is adjusted by correcting by. '
titration with sodium hydroxi de for the ;. methanol and hydroxyl am ne
hydrochl ori de reagents used in the test 'and this is referred to as the ms

bl ank. 15 Thﬁeaﬁg‘@ud#w?@bgﬁdeﬁ@v%&ggaﬁﬁ a?@ea#s?d@rea aE;g]%Pt Sgher m ned by

the follown m s sodi um hydroxide titre
m nus the ehﬂdetﬁ%"V@lﬁ!ﬂ&JheﬂWdrOX| de in titrating the blank). The val ue
obtained by this fornula is then conpared to the al dehyde equi val ent's

obt ai ned- by 't he above 20 net hod and fornula based on one gram of ~an o
unheat ed, cat al yskhefmetsodifortdetermining pidehgtie aqdvalentsxiaby itaking1é. vgraghif rati o

of glyoxal t e |n ue n,in order -

to deter m15 ne'% erx(t:dgﬁg% QQIL&QBL%EME Sbvrgpofﬁﬁethéﬁcﬁetl&? B'd Lﬂ‘ﬂtj%

ot herwi se i ntdﬁ;&wdu dilttesctliuno hgdrokide e Theesia teereadded) & merphhaajusmi t he

maxi mum cou 50/ ut.i.on. of .. th question

di ssol ved |2§ﬂ§ne@ %a%i@fgﬁﬂq;&ﬁ&?ﬁﬁ%? O'i)f#r%%?rfdaﬁ‘fv% 6&5 ﬁ%‘fﬁ'ﬂp%f $442 nm

for -an acquidirteddor 10 minuiés ambtreadhe damplehis aaaMltt@tae Withsg. ZSIN%h’han -

~measured within t 450to6 n 000 efer Cure 30 '

" Moni t or 100&%%53’?@6‘@%% H&c%%m’g herfﬁlﬁ'éb% '@@Fﬁac?w"@fl)c&t? {tf ° “of T
Mau nFe taﬂl mp?mﬂuy&bkuemotutnﬁﬁ usé&d Edﬁl@amnfwm éanﬁme@di ?rbtdwmttf?ﬁ ||sguns’€09d h

wavel eng C si;c_uni nunber o

measuring 29 @E’HP%%@? a@ggédﬁ/@%\ﬁ'@?agﬂﬂ%%mﬂ Qg‘é’%‘ 8&9?%'@8 % or data

out put and ripéeitrs id @d;asteﬁ@9@@&eaingobygmttatmtw;mrsdaﬁurﬁﬁyﬁmidétfeﬂthesI gnal. In

the case of a det ctor hat e I nc. of-

Momes. S ont dhelianakAnAT eyl es by usfe'ﬂﬁg%aqaaegﬁuqegl@ ife tenfpadfiis s, [ gnt

referred to as the mis blank.
15
The aldehyde equivalents for the sample are then determined by the
following formula: (2.9 times 0.25 N times (mis sodium hydroxide titre minus the
mis of the sodium hydroxide in titrating the blank). The value obtained by this
formula is then compared to the aldehyde equivalents obtained.by the above
20 method and forrhula based on one gram of an unheaied, éatalyst free mixture of
' phenol and glyoxal in the weight ratio of glyoxal to phenol used until that time or
_the time in questlon in order to determine the percent a!dehyde equxvaients :
| reacted. ' '

25 . Unless otherwise indicated, the fluorescence measurements herein are
as the maximum counts per second for a 0.05% 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

30 Monitor 1000 which is an instrument made by Spectra Group Ltd., Inc. of
Maumee, Ohio. Acquisition time is the exposure time at the designated
wavelength. A count is a basic unit used by a large number of light measuring -



produces an electrical charge on the detector that is sgﬁg&g@gq}lg read out'
by a 5 digitizer. The digitizer is set to record one co

approxi mately every 10 units of charge (electrons) it reads. The

fl uorescence neasurenents are on a conparative basis anong-the various

mat eri al s swomwas4 n each of the tables set forth herein acausetosss. 10
‘absol ute nunbers. Thus, the fluorescence val ues of polyphenols wthin any
one of the tables set forth |ater herein are relative to other polyphenols
within the sane table, but conparisons cannot be nade with the sane or

other pol ypg‘&ﬂé&ssfial’ EatthJ?.lgfut taﬁﬁlr@l%rs b Eu*&%eéé/oﬁﬁgﬂéé}%%ﬁ a}é@uﬁ‘\ﬁ%téﬂ e

obt ai ned from sanpl es prepare di ssol vin uestion in
THE (tetrahysigedlulmie Q&seapfacﬁfélardetmmdhatos usqtd)by@peqﬁra Greprakiiteder 100 m

(mlliliter %W?%%ﬁ%%ﬁ%uéﬁﬁéghﬁﬁ% thdTBAS <2 fo:f‘én%éég?norlltgﬁtGS o 20

SUVMARY -OF T I'n "one ‘aspec nvention is-drrécted. t
met hod for ppreguedsan alecmgalyqtiaegﬂ)bm thepdeteciot thahlscﬂmbssqumwea;bowmaed. The
pol yphenoli c .pt. i P acting -
o yowal apt ragiagy The gt R S5rabtd 85 PR Apbr pRBRRL NS ARl ol

cat al yst ' whi cfrchaege (beatrens)Mieakisom t he reaction mxture by distillation at
t enper atures bel ow about 170 C. "A reaction tenperature of about 80 Cto
about 100 C is used for the reaction. Water is renoved incrementally from
the reaction m xtTheefilwyestente Measummeanits hee ¢rha campatalide begjsiavadrigrthe i-n the ..

: t t t d at 0. 70 t based f
R T T e Nt i R
t Ee r egcgno ?%momw m?mu@rmﬂmgtm?@éoﬁpbemlhes $ﬁ@ol9@1@l§fsaﬁlﬂtfﬂn ahy O.]é'yox a:c :
char ge 0 r |1 O m. XTI Uur 1S Tro abqQu noles o
S eont enbor DEbB e SALBH BerherP e Haosso s pRhBneads wibiiiae o of

phenol . The s£A6tdbx) mcbmpai;mmﬁnhmmmhuémw b dane drsthsre t he cat al yst
when at Ieast g‘g‘out 85% B%aal dehyde equivalents in the total quantity-
of glyoxal tBPMRNERE §k 'P'b'ﬁa ki ng the condensation product have.

react ed. 'V\hen trichi oroacetlc acid is the catalyst, a basic material is

added to 5 the reaction m'xture‘))rlor to renoval of the catal st to
neutral i 2& any The UV absorbance values are obtained from samples prepared

dissolving the material in question in THF (tetrahydrofuran) at a concentration of
10 mg {milligrams) per 100 mi (milliliters} and the absorbance measurement
made at 350 nm or 365 nm.

20 SUMMARY OF THE INVENTION

In ohe aspect, this invention ié directed to a method for_preparir_:tg a
- polyphenolic product which is later epoxidized. The pofyhheno!icprqdqbt' is

prepared by incrementally contacting and reacting glyoxal with a molar excess of
25 a phenol in the presence of an acidic catalyst which can be removed from the

reaction mixture by distillation at temperatures below about 170_° C. ‘A reaction

temperature of about 80° C te 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
30 70 percent based on the aldehyde equivalents in the total amount of aldehyde to
| be charged to the reaction mixture ih making the polyphenol. The mole ratio of

giyoxal charged to the reaction mixture is from about 0.15 to about 0.22 moles of



“ hydrochloric acid which may be rel eased during renoval of _catalyst. Renoval
of the catalyst also renopves some or all of the water %%S?Wf‘émkéra%qq%n '

m xture. After elimnation of-the catalyst: (a) free or unreacted phenol

is distilled out of the reaction mxture so that the product is free of

cat al yst an¥Wa@re4s#ns | ess than 10 about 5% of phenol; aneCT 0008963
~reaction mxture is heated at a tenperature of from about above 175 Cto
about 2000 C for 0.25 to 3 hours. In anoy her aspect, this invention is
directed to a nethod of preparing a polyphenolic product which is later

epoxi di zed agRoyiSFedeATREE S BhefiATALBackBna iRt BY dRAAIRh oand_about

0.06 to 0.11 noles of a 40% sol uti on of %I yoxa I'n wa I'n the presence
of about 2 tEMo¥ehesrEAst when @t laasbabait 88%0ef the pidedyde sguivaleots in e nol es
. of phenol chgjfigethangly o bivbk ts) ] ' ' renove
about 836 to oAy S blypidido bpenaRRR tbOMaRY i Faficrskhin biddBet idtel TY¢
char gi ng anofaastedyViien tgciompcaiis agid i thgloptaivst, hssid nmterit émaddattar ged so
that 20 the it f]%qﬂ ' AeV'é:]) i) 0.15 to 0.22
mol es for rE.)eafc]-{% r%%r%t e. g&%[@];%lg% ycontall ﬁﬂ‘?‘%&%ﬁ@ﬁ%@‘%@%gg‘by about anot her
1 to 5 hour shydreghleriracid wichthay be rejeastidsduringaemonalef sataysteReredyal afid
distilling t i Jér]'% e Le. 1.0 T ver about, 6% to 12%
of distillat {eh% %nﬁ%gﬁs{&l Aul E{gé ?R@groe%gt%?éh% ‘L'Jﬁt%ﬁq tﬂgtrg%glggtm' 6 f%‘fv% of the
al dehyde. equéhlmingtiersof the ichtalistit(a) fregianumrenctetl phengl iy distilled outls tiedhar ged. for - .

. maki he 1 | ' _The . above.tem “of -
Tk e e A GRS YR L i BB ORI, % o
C. After 18t hleat%bbpherdfondi(b) he rekctiohyiatussis hertehtsa tevseratueaef ed -as
¢ G ' e . a 2d -as
GoriTTed ar s apelEab SRR R I ooy SR b Wb L EREd35 0" 27 0 Kbt 170 C

to 30 renpve catal yst and water. Unreacted phenol renaining after renoval
of the catalyst Ii ) rﬁréoved i.stil.lati eratures abpve those

Y,..d J nat.te '
- used for renoval 'M&fOVIEERRS 'I@@t'mée&t'f’ﬂés[&f%geqﬁ”eae 5if RPATRE 301 yphenol
condensat e i polpstienatic prodaicSepitk idlater 2p0xdiBed bag whlithudonidfhisaBdcHdiging eact i on

e e O T e A
further aspe@twatéhinghe pusshé@of asoudiesved dxalieatE} ihedndles opgipeti Nng  epoxy
resins int ht(;"as'fez%rorﬁf t%]:a n%lgs? I01d B/Irllen%ﬁ Ql%rraeg;fdis&m%ga%ﬁg \r/eeacglgg (r;r{i)i(tgr%da Hr%lt }g#lgenol s by
to remove about 8% to 12% of distillate after about 1 to 5 hours of reaction time;
- charging another 0.06 to 0.11 moles of glyoxal based on phenol charged so that
20  the total quantity of glyoxal charged is from about 0.15 to 0.22 moles for each
- mole of phenol; continuing the reaction for about another 1 fo 5 hours from the
time the first distiliation was commehced, and distilling the reaction mixture a
- second time to recover about 6% to 12% of distillate; and confihuing the reaction
until at least about 85% of the al-dehyde equivalents in the total quantify of
25 glyoxal to be charged for making the condensation product have reacted. The
above temperature of phenol reaction with glyoxal, including the distillations, is
8b° C to 100° C. After at least about 85_% of the aldehyde equivalents have
reacted as discussed above, the temperature is raised and the reaction mixture
is distilied at a temperature within the range of about 130° C to about 170°C to
30 remove catalyst and water. Unreacted phenol remaining after removal of the
catalyst is removed by distillation at {emperatures above those used for removal
of the catalyst so-that the free phenol in the polyphenol condensate is not more



- epoxi di zing the pol yphenol wth a hal ohydrin,in the pre ce OL %g}%lkal
nmetal hydroxide, e. g., sodium hydroxide. In another d%% R <0
invention-relates to glycidyl ated pol yphenols of a phenol and gl yoxal
wherein the glycidyl ated pol yphenol has an ultraviolet absorbance of at

| east about 0.200 at 365 nm and/or at |east about 0.300 at 350 nmiIn

anot her ‘aspect, this invention relates to epoxidized ponphenoIs pr epar ed
from a pol yphenol of a phenol and gl yoxal wherein the pol yphenol, prior to
epoxi dation, has an ultraviol et absorbance of at |east 0.260 at 365 nm

and/or at least 0.400 at 350 nm _ In &still. further aspect, this
invention is directed to.a nethod for preparing epoxy resins by reacting a
pol yphenol

f en |on Wi re 0 po resin to prepare epoxy
resin deri vglﬁ"{/% 0”6159 ﬁ%r“' HiE 9@93?%5@%@ VAGRERALa ¢t his i nvention
i's direct edtemper@tqmgxftabowts17cﬁotm2ﬂorﬁ3rf@r ahovié 028! to Shlzors $0-prodape iheali zed I
derivatives pbipherdl stdls @gRERASH.L I ons with other phenolic novol acs and/ or

~epoxi di zed derl vati-ves thereof. In another aspect, this invention relates
to a novel glycidylated phenol glyoxal condensate having an ultraviol et
absor bance of- at In edsntheﬂaspectoﬂﬂ@mvantiorﬁisﬁineatadrtetaemetr(ordrﬁ)r pregaong at | east

0. 300 nm at ﬁ Hﬁ.‘ins |Htl$éfdrrnéf é’tﬁﬂeﬂ'ﬁ@%ﬂhe’[éﬂ el dRYERMBd PP aigjlé% ed to

COI’TpOSI tions ureq react

1.Ng. C
products of Pﬂ’@d'ﬁ E’IP;?/'BH%'HHF%E‘ Q%”?' tﬁSé’ée?ﬁ“@ﬁ i meta
- glycidyl ati bpdroeplexedgt sodiumdiydrexdde.i on with :a phenol - for ma dehyde
“novol ac resin.or a glycidylated or epoxidized derlvatlve of a

phenol - gl yoxal condensate with the novolac resin as well as |am nates of
reinforcing fi befsagpthendsnesh e iygadon refates tp givgidyiaied PrlyPheRolE 8ha ai ni ng

t he phenol - phélyshanld glymaewhatsirs thenglyciddatedpolyphedotthiss amelt@oiblet! n yet
anot her asPSB%orb&R#eSofélyg 'a‘BBu 628bSF 368 n a.‘{’c%{;é(t r%&%'%&oﬁgb%b%‘i‘ss{)fomth‘e
OoT abou 0 a

group consisting o a reac I'on produc parts o
- pol yepoxi deMfb each part of a pol yphenol of a phenol and gl yoxal wherein
the polyphenol has an ultraviol et absorbance of at |east 0.260 at 365 nm

alndé |O(rj fi;t eljeazr[ nolaﬂln&ﬂeraéﬁp%%P tﬁ@rn\%'?lﬂor(i pélme)éttb' Sﬁxra ze&@ol%enolg
ay Y pre%areci3 from a polyphenol of a phenol and glyoxal wherein the polyphenol, prior

to epoxidation, has an ultraviolet absorbance of at least 0.260 at 365 nm and/or
at least 0.400 at 350 nm.

In a still further aspect, this invention is directed to a méthod for preparing
- epoxy resins by reacting a polyphenol of this invention with a preformed epoxy
resin to prepare epoxy resin derivatiyee of the polyphenol.

In yet further aspects, this invention is directed to. composmons containing
the polyphenols or epoxidized derivatives thereof and compositions with other
phenolic novolacs and/or epoxidized derivatives thereof.

In another aspect this invention relates to a novel egcrdyIated phenol
glyoxal condensate having afi ultraviolet absorbance of at least about 0.200at

365 nanometers (nm) and/or at least 0.300 nm at 350 nm.

in still another aspect, this invention is directed to compositions



“phenol and gl yoxal wherein the pol yphenol prior to glyc
ultraviol et absorbance of at |east 0.260 at 365 nm andf %”ﬁﬁﬁgsaﬁ 400
at 350 nm- wherein the polyphenol is prepared by reacting glyoxal with a
nol ar excess of a phenol in the presence of an acid catalyst. In still a
anot her aspect, this invention relates to a conposition conprising an
epoxy resin and for each 100 parts of -said epoxy resin; (a) about 18 to 25
parts of a curing agent for the epoxy resin; and (b) | to 30 parts of a
menber selected fromthe group consisting of a gl yci dyl at ed pol yphenol of
a phenol and glyoxal wherein the pol yph8nol before glycidylation has an

ul travi ol et absorbance of at |east 0.260 at 365 nn1and/or at least 0. 400
at 350 nm a_reaction arts I i dyl. epoxy
Fesin to eacPiainE puBtss by e A progids B PR Actef bofaernti flinALa; ¢
pol'yphenol “phpeg ptapaged by diycidyiatian repoxidation) mrrraact@qremﬂabsadaebalnce of ‘at
l'east 0.260 ﬁ?m%@éﬁ%ﬁ@ﬁ@d%c @%m'cﬁaeﬁélygd fbc?éré’p%%d‘ﬁ@d dié‘rﬂraﬂvé’@f%phem' of a

phenol and avin absor bance . of east 0.260 at

5e" o ands SHERERpaRH! Gfagtsale Wil dhe novolfa aan el RS Stang 1 urt her
wherein the lpqurpmgrﬁﬁers er ﬁabepaobsildh;ﬂble&amta regirginptrikadontdiningdhephamol- excess

of a phenol difhidd8omtichsarEtarf re@BlidthddGasahergbs, In still a further aspect,
this invention relates to a conposition conprising: (a) fromabout 50 to

97 parts by weight of a phenolic novolac having an -ultraviol et dbsorbance -
.of less than 0.2d0 yat aBtGenaspect/tbis ihention halate8.td @0 apioxP iéki SelSejaienber

2003 9a nm f?d?aqﬂ(é)éro"ﬁp%hsé u‘ig’foﬁg%) éa%tn?ﬁ d%{ ?ﬂgélﬁﬁ?él tggdﬁarf%'}ﬂ%m and

gl yoxal havi rav nce 365 nm
and/ or at é)&gxep@xwdo e3£h 88g of ﬁ‘rﬁo pgl of %W@%ﬁpﬁﬁyﬁaﬁ' whergindhar ed by
reacting gI ymhadhenwol Hascamoltraviotet abssrbante of pifieast!0.260 atg6mesmader 0f an
acid cataly c ’ esin
for each 15q%%8t?84bpdaévédﬁm é’i‘iﬁf’gjr)'ﬁu )Jg%r)eé%?xé) V%'Q’P? gﬁr‘% dgﬁatt%i P&ggﬁéﬁ% hi s
‘invention r |
dhgpakandg &OWNW'FG'?G Relbenal grier togglygdytatingy %%%P lraiieieth
conpri ses glapsbrhdnatiofigt Rapiod.gphandss nwin arit/@ratdsadt @, 403] atcasdyrat wherelias an

ul traviol et 400
at 350 nm WRCPaVRTERd '@%ﬁe%#f%f*ea%@@k@%'ﬁﬁ@ R RS A BEHIT s
nol ar excesdh %Preéeﬁﬁ%ﬁﬁﬁn Al tqff'éa)b?resence of an acid catalyst. In yet a
further aspect, this invention relates to a nethod for manufacture

In still a another aspect, this invention relates to a composition comprising
an epoxy resin and for each 100 paris of said epoxy resin; (a) about 18 to 25
parts of a curing agent for the epoxy resin; and (b) 1 to 30 parts of a member
selected from the group consisting of a glycidylated polyphenol of a phenol and
' glyoxal wherein the polyphenol before glycidylation has an ultraviolet absorbance
of at least 0.260 at 365 nm and/or at least 0. 400 at 350 nm; a reaction pfoduct of
“about 4 to 8 parts of a glycidyl epoxy resin to each part of a pdlyphenol of a
phenol and glyoxal wherein said polyphenol prior to glycidylation‘ has an
ultraviolet absorbance of at least 0.260 at 365nm and/or at least 0.400 at 350
nm; and a polyphenol of a phenol and glyoxal having an ultraviolet absorbance of
at least 0.260 at 365 nm and/or at least 0.400 at 350 nm; and mixtures thereof;
and further wherein the polyphenol is prepared by reacting glyoxal with a molar
excess of a phenol in the presence of an acid catalyst. '

In still a further aspect, this invention relates to a composition comprising:
(a) from about 50 to 97 parts by weight of a phenolic novolac having an
ultraviolet absorbance of less than 0.260 at 365 nm and/or less than 0.400 at 350



- of an epoxy resin which conprises reacting about 4 to 8£arts of a

pol yepoxide to each part of a polyphenol which prior t33 8peiermbat 28 has an
ultraviolet . absorbance of at |east 0.260 at 365 nm and/or at |east 0.400
at 350 nm wherein the polyphenol. is prepared by reacting glyoxal.with a
nol ar excess of a phenol in the preence of an acid catalyst: In yet
~another ‘aspect, this invention relates to an epoxy resin which is a

gl yci dyl at ed pol yphenol -of a phenol and gl yoxal wherein the pol yphenol
prior to glycidylation has an ultra violet absorbance of at |east 0.260 at
365 nmand/or at |east 0.400 at 350 nm®@aand wherein the pol yphenol prior
to glycidylation contains fromabout 0%to about 6% of TPE, and further

wherein the pol ol is ared. b eactin | yoxal with nol ar excess .
of & phenol Ty AaEp At o5 PR Ste balvasna 92a PréRoCand W drl pAdndaspect
t'hi s i nventiamuliraviekeétabswbamceepfoatyeast i 260ndti 389 rirs aad/og lay ady0.408dt-350 S
pol yphenol . ' '
Syt S e RO N g A,
and/ or at  I1%&ARNEHOUHANG PressHCH Af aB AGId g estnand BirsT fRMeFEiNg shPet 19%
gl yci dyl at i gartsad aa epbky cxsirs ereaeh vilsi to 130 maritofl(@esid @5% hi gher than
Arcridine Orange Base at an excitation wavel ength of 442 nm and an
acquisition tine of 0.5 seconds when the Acridine Orange Base is used at a
concentration of 0SBl Adyrhar @speel. His inyavionaietatestos piatskbior sranyfagurene .
. pol'yphenol iof anepdxptesin whivhesvniaises yheldyathg apilgitienobnhhtprionto
tet rahydr of %ﬁmﬁﬂnf stan'uetﬁlfr%ae‘tz’st&ng?@éobyﬁngéﬁqlo..ZéOsﬂ .é%ﬂ%%ﬂd/ol?%
reacting glyoxdl Wth a nolar excess of .a phenol i'n the presence of an
aci d cat al ydgast BROBratpsormpwhereiotherprty piradl iRerepased bygeaeting alvexding is a
graph show ngthfd ehelesxesseoispphéna intheresent® ofepadidlicataysor oduct s.
Letter"A"indicates the fluo resce nee's pectra curve of EPON 1031 (CAS
No.: 7328-97-4) which is a conmercial epoxy resin of a polyphenol having -
‘less than 1 % of 1 yelea BHidgbpskefitcthis inverdiomtelatasdplametheg fopmanpfcture

f1 uor escencef bi ebbgy FRIFPWhHRHEOhRIIBES Seadling Ribales &9 warts Bf hipelyépaRidle to EPON

spect ra cur GECPARL SERERB i phiEh tdnctid AR FAS 3R diPiolbl oot cat i on
wher ei n t he abpeikRase etiatjeasit:260 at HDamand/anat idast 9408 atd6AdMN akharBiown i n

the polyphenol is prepared by reacting glyoxal with a molar excess of a phenol in
th_e preence of an acid catalyst.

In yet another aspect, this invention relates to an epoxy resin which is a
glycidylated polyphenol of a phenol and glyoxal wherein the polyphenol prior to
glycidylation has an ultra violet absorbance of at least 0.260 at 365 nm and/or at
]ea'st 0.400 at 350 nm, and wherein the polyphenol prior to glycidylation éontains

 from about 0% to about 6% of TPE, and further wherein the polyphenol is |
prepared by reacting glyoxal with a molar excess of a phenol in the présence of
an acid catalyst.

In still another aspect, this invention relates to an epoxy resin which is a
glycidylated polyphenol of a phenol and glyoxal wherein the polyphenol prior to _'
glycidylation has an ultra violet absorbance of at least 0.260 at 365 nm and/or at
least 0.400 at 350 nm, and wherein the polyphenol prior to glycidylation has a
fluorescence which is at least 25% higher than Arcridine Orange Base at an
excitation wavelength of 442 nm and an acquisition time of 0.5 seconds when the
Acridine Orange Base is used at a concentration of 0.2 mg/liter in methanol and



- Exanpl e 8 herein. Letter"C |nd|cates the fluorescence spectra of the epoxy
product of Exanple 8. It can be seen.fromFIG 1 of thegﬁﬁﬂwpﬁ@efﬁﬁﬁ3the
poly glycidyl ether of the phenol -gl yoxal condensation product of this

i nvention has unexpectedly greater fluorescence at an excitation

wavel ength 442 for an acquisition time of one second when measured within
-the range of 450 to 650 nmin conparison to the commercial product EPON
1031.as well as the poly glycidyl ether of the product of Exanple 5A.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The Phenolic Mononmer The phenolic
nononer, also referred to.sinply as a pHenol, is a phenol which can be
unsubstituted or substituted, e. ., wth aIkyI phenyl or al koxy 23

. Sept ember 2 ical no |c oners are he nmononucl ear or
bi nucl ear, Q'?Foﬂ@ E’/'g‘?'l?i)fplﬁséarqy g FRURNL0 a@? 8ﬁé°e tho or para
position av&@trabrdeafurrwrar@dndhalgwhamm ihearedyihennbia pnepared by reggiingal | y R

contai n- up GRoxBOMEh &gnrﬂérr é}&@sébpg‘pﬁen&r}ﬁttﬁ% ?Fe%éﬁ@é of &Paélﬁ C‘%E‘:ﬂ)‘fgt 8 carbon
ratonms. Such conpounds i ncl ude: phenol itsel al pha- napht hol

phenyl phenol ; cresols,;e. g.., 2-nethyl phenol and 3- nethylphenol, vari ous
xyl enols, e. g.., 2,5-dinethy|pheno| and 3, 5- dinethylphenol; and ot her

al kyl phenol's; and al koxyp@egg!: RIFaﬁO&@Ptﬂ‘PE(P‘R met hoxyphenol .
rre

M xt ures of phen e used henol i ¢ conmpound
i s unsubstitut ed ehef){nél ra‘é"“g '59&’56?“ shQwing fBPFeéF@P‘F%ﬁp%}ﬁ'@fﬁl‘taé‘OH%norrers
can be reprepexitizdd pyoduses. fettedMindicates thel flaoreSterce dpeRiry cunled c/ C

wherein R - Epcaghas) R8N PhANYY.) Bhiok i o' ogmgerc‘lauega%sﬂtgeland a koxy’

of | to 4 car onat % an’in salkyl
al koxy; vy i QO'IP‘E'?PCS!P&‘&W& Igtrethar 1 Joof Wr&enoﬂ/‘ﬂh@h is commensially ied fope
phenol i ¢ noAGT¥iusrezaanad imdhdeameasdave lengths which are shown in the graph.
EPON 1031 is sold by Sheil 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
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-glyoxal condensation product of this invention has unexpectedly
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
product of Example 5A. ' :

DETAILED DESCRIPTION OF THE INVENTION
The Phenolic Monomer
The phenolic monomer, also referred to simply as a phenol is a phenol
which can be unsubstituted or substituted, e. g., with alkyt, phenyl or alkoxy



" The dyoxal Reactant The gl yoxal reactant can be in varjous forns_such as
rel atively pure monomeric glyoxal, polymerized gl yoxal 20PeRiFiERafOM ssol ve
in water and m xtures thereof. Illustratively,' glyoxal is normally used
as a 40% solution in water. The Acid Catalyst The acid catalyst is one

whi ch can be renoved fromthe reaction m xture 23 Septenper 2003 WO
'01/02454 PCT/ US00/ 08963 11 by distilling the reaction mixture at a :

t enper at ure above about 80 C. but bel ow about 170 C and preferably bel ow
about 160 C. Illustratively, the catalyst can be oxalic acid or a

trihal oacetic acid or mixtures thereof. ® In the case of oxalic acid as
catal yst, the tenperature of the reaction mxture is raised above about

130 C such nd preferably

t he tenper ataqi % T?’Pal gg@@g@%ﬁw&g‘?@lﬂ %gggﬂéééf&%g&%ﬂ?hat the oxalic
aci d. cat al ygnon@ydé@wﬁb@%@aV\tthh/!aﬂ\@tan!@a%@ﬁpmﬁtog pagpposition avaitgble can be
used in.its fypld forms such as the pure conpound, - the dehydrate; or

‘m xtures thereof, all of which are referred to as oxalic acid herein. -
I[l'lustrative of the trihal oacetic acid catalyst there can be nentioned: 15
trichl oroacetic adiecphanglic mdnomeradl tapicallycoatainmup fd alwaus 4 2etarkoraatothsmay

need to be arna r@félr@cnﬁ %‘%bﬂﬁltéB&rbbﬁ%@érh@rslﬁdhﬂﬁﬁnﬁomrstlh&ﬁﬂé hdegef

di.stills together wt Trifluoroacet ot s nazeotroplc
mixture in AEPLA f-ﬁ@?@*ﬁﬁ?' PREFentl: e of foct-fsthihare! FRso |
L trifl Uor oacgmetbylabelmblnmranuysw!enpts esg p 2ei-dimedlylpHretol and&8-es  of

disti I1at i onmbhyPRERoMahE ol Qind" kS pALRGS sﬁé‘f?ﬁs@'rﬁéﬂhbk?t' on’so’
as to 20 re v ﬁ_\gbstant [:Q”@ tbgl chioroac acid -
is used as t%h KyRitenof. , i ‘éﬁ?ﬁé’ﬂ‘& ‘°|“s°mP°‘%“QF§éB JSEG- ARSI ”’f‘i‘o C'to

renove the mbeabljcsmommmd ianypshlystituteti ipbenal, aei,gheool itselff or med from t he'
trichloroacetic acid is neutralized. 25 The.quantity of the catalyst can
vary from about (%{egﬁegb ut 6% based on he wei gnfledg;tﬁél?o"phenol charged -

"to the reaction PheRaliGIeRpmeys edn erepres owing
: formula: OH
' ]
C/C\C R’
=
\C

wherein R' is selected from phenyl, alkyl of 1 to 4 carbon atoms and alkoxy of 1
to4 carbon atoms and y is an integer of 0 to.3.

When R'is alkyl oralkoxy, y is 1 to 3, and when R'i is phenyl y is 1 Mtxtures of
the phenollc monomers can also be used. : ‘

The Glyoxal Reactant

" The glyoxal reactant can be in various forms such as relatively pure
monomeric glyoxél, polymerized glyoxal or glyoxal dissolve in water and
mixtures thereof. Hustratively, glyoxal is normally used as a 40% solution in
water. '

The Acid Catalyst
The acid catalyst is one which can be removed from the reaction mixture



~oxalic acid is fromabout 1 %to 6% preferably about €§) ﬁbo 5% and
particul arly about 2.5%to about 4% based on the wei ght>oP PRTARBT “Etar ged
to 30 the reaction m xture. Wen.a trihal oacetic acid is used as catal yst
t he quantitgv of catalyst is preferably fromabout 1%to about 4% :?/
based on th&° Pl charged to the reaction mixture and JEHYLUPRA y about
1% to about 3% 23 Sept enber 2003 WO 01/ 02454 PCT/ US00/ 08963 12 M xtures
of the acid catal ysts can al so be used. 1fThe Reaction Conditions The ‘
pol yphenol s of this invention nmay be prepared by continuous or step- 5 w se
cont act of tbydgsltlmngﬂhe Wabtbmmimm:arateanemramretdtmveIaboot 80°Ct bat jmiesence of
the acid cata bl I for { se . feaction, a ph and the
aci - cat al BePNge CARBR bpioEeni B CrukRRRbG i eBRRE ANt o
the gl yoxal bs oxaleadedr & arilidisacetieatidrorwikiuted thergogacti on nixture is
mai nt ai ned at 'a tenperature of about 80 C'to about 100 C  The- gl yoxal
reacts with the phenol and then 10 additional glyoxal is charged to the
‘reaction n§ xtur e. Inkhe caBS of oxalit agidafs ﬁtM?etathettQmpbfm@Je dffi’hé Fe%ctraﬁtuf acture

of the phenol | yoxal condensat rom about nol es of
gl yoxal for éﬁéﬂ |r%'5%ﬂf ab aﬁgrﬁé&l“%ﬁﬂuﬁﬁ%ﬁgi’%ﬁﬁ QofGQ?thfwéhto 0. 20

mol es of gl yaisﬂtattoﬂrareagﬁafetébwmeeceﬂtpetm@ﬂé% réi@éﬁﬂ%bou%@@p @té gbglt of two
i ncrenents of a(jnéoxa are made to the reaction mxture, is preferred

that each i ndf@nento that thegralipacid gatpdyst is degompoggd &VQJF“[@IC%'EP&PG'H&sed on
. the total noles of phenol charged and particularly-about 2 equal nolar. _
‘quantities of the gl yoxal Total nole ratios of |ess than about 0.15 m)l es'
of glyoxdl® for eaPkalifcd ean bmeped indisaragiens frms spehmstee gure grenpound,

t et r aphenol S theSdiRYUrate, SPRintYes tﬂhéréoteﬁﬁ 8nivhigh la¥e A¥REdltPAs QPJhb%%Id

properties in the ranges given above for AQ quality control. Ratios of
greater thahe®but 0.22 noles of gl yoxal for each nole of phenol lead to
-longer reaction times and are likely to give product with higher '
-viscosity. 25 The al dehyde eE&w val ents or al dehxde units in the reaction
mxture are nai nmu$tfﬁét!le&>f thedgbalppegticasileatalysht QE%F%W@ @ﬁamflﬂdi ess than

about  60%:0f 4, cﬂﬁ)roéc%ttlelacﬂl aqﬂrt)‘ﬁ@orsgé&‘é"%tcﬁﬂt'ﬁlfﬂb ﬁ@ igh will
be charged tot reactron m xture for i ng t en yoxa
condensat e. Teplenisheast duringdhe reaction since a partion thereof dlstllis together with the

water. Trifluoroacetic acid forms an azeotrooic mixture in water. Therefore, when

it is desired to remove the triflicroacetic acid catalyst, it is preferred that a series

of distillations be made with the addition of water after each distillation so as to _

20 remove substantially all of the acid.

| When trichloroacetic acid is used as the catalyst, the temperature is -
- raised up to about 170° C to remove the catalyst after any hydroch[onc acidto -
be formed from the trichloroacetic acid is neutralized.
25
The quantity of the catalyst can vary from about 1% to about 6% based
on the we:ght of the phendl charged to the reaction mixture. The quantity of
oxalic acid is from about 1% to 6%, preferably about 1.5% to about 5% and
particularly about 2.5% to about 4% based on the weight of phenol charged to
30 the reaction mixture. When a trihaloacetic acid is used as catalyst, the quantity
of catalyst is preferably from about 1% to about 4% by weight based on the
phenol charged to the reaction mixture and particutarly about 1% to about 3%.

-



“than about 70% of the al dehyde equivalents to be used in the reaction are
30 present in the reaction mxture at any one time. The2tafRiPyPer 2@0% enpved
fromthe reaction mxture after at |east about 23 Septenber 2003 13 85% of
t he al dehyde equival ents of the total al dehyde equivalents to be charged
to the reacwerollizdd¢ reacted, and preferably when from abowrCTH /8963 95% of
such. al dehyde equi val ents have reacted. Then the tenperature is. generally
raised to renmove the catal yst. However, {when trichloroacetic acid is the"
catalyst, a basic material is added to the reaction m xture in an anount

suf fici ent t Kiixieeb loRtHeZacidBitalysi @HMHIS bE ugdd to be forned as a
deconposition product of such acid before distillation is effected to

renove the catalyst. Wien the basic material used to neutralize .
hydr ochl ori cTRe Réactich @ondiidial | netal oxide or hydroxide or an al kaline

eart h metal” ‘'oxi'de or hydroxide, e. g., sodi um hydroxide or calcium I
hydr oxi de about 8t% pRIYRNICNBlEATHRiB drvestion maydie prepared dyeoatiniezlisbmsteh-on t he

mol ar “equiVajRRALS j i 1 .cat al yst n an
amne is used%as_ 4 heCt %leletgwr?%?]lé@?rg?@%rgeﬁ gi%@;*f' g%ﬁ'ﬁ&?’dﬁﬁ'ﬁlﬁ SEHE ol ar
equi val ent s Heacistenialystolliuieativelyc farstepwise veactivor a pbettol @ndthengcidHCl  based
on the nol ar V. f  LILG L i ~id. used gs . catalyst. It is
pr.ef erred th%aﬁ&y Télteﬁ%g:g%@eﬁé?érrégﬁbﬁgﬂggﬁ%{mg%@ﬁ?g]r\%ﬁ erﬂﬁfﬁfe g‘éﬂ%@iﬁjch as
that of  al keflargerttoathereaatiok while thegeatiommbdlre immhintd@inéd at 4 denpératirde - -
- product. The.¢ - Ao }0ns. i teriays. for use of the product :
" the. or o O BSERENTE 18 pud1Be L el yexd) BaEls i e Bhabpladhedn hes Tor
neut r al i 9 ngadditonahglexad il drargedtoi tHe réemtionerirtutee nent i oned ami nes having a“
pKa val ue of about 5 to about 11 suc¢h as pyridine, picoline, ' ‘

benzyl di net hyl am ne, triethylam ne, and hydroxyethyl diethyl am ne. The
total tinme for t/decooidersiatafl glyokaide phemnoldf tial rdahyfdetund bithe pBeptrenol  wil |

ety Voot AReea s k8 SRt o 18 R nBR OGRS bl ©
gl yoxal i n phescpeclesgetand preférablyaiball/ste to 0Q0utbiag oflyiybkdl fétdaeRs, will be
to o5c. Gt iTOgor PRERUERElsd: WV O PL AR M RE s A He DRI R o i n
the total qubatedcfionimixture, itis preferred that each increment be from abut 0.06 to
0.11 moles of glyoxal based on the total molésof phenol charged and
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
20 more of the tetraphenols, such as TPE which is essential[y devoid of optical
' properties in the ranges given above for AOI quality control. Ratios of greater
Vthén about‘0.22 moles of glyoxal for éach mole of phenol lead to Iongér re.action
times and are likely to give product with higher viscosity. o s |

25 __ The aldehyde equivalents or aldehyde units in the reaction mixture are
maintained at less than about 70%, and preferably less than about 60% of the
total aldehyde equivalents or-aldehyde units which will be charged to the .
reaction mixture for making the phenol-glyoxal condensate. Thus, not more-
than' about 70% of the aldehyde equivalents to be used in the reaction are .
30 present in the reaction mixture at any one time.

The catalyst is removed from the reaction mixture after at least about



~glyoxal to be charged for nmaking the condensation proddgi @%%e reﬁfted
23 Sept enber. 2003 WD 01/ 02454 PCTI USCor 08963 14 Wt er ¥

continuously or intermttently by distillation, such as after the reaction
of glyoxal with a phenol “follow ng individual additions of the glyoxal,
since accunul ation of water in the reaction m xture slows the. reaction.
\Vater is formed by the condensation reaction of glyoxal with a phenol and 5
addltlonally water is generally present in the glyoxal charge, e.g., ‘
glyoxal is generally used as a 40% solution in water. The water content,
in the reaction mxture is preferably keﬁﬁ to bel ow about 8% by wei ght
based. on the phenol charged to the reaction m xture and. 10 preferably

bel ow about 44 l&?ﬁféda!ﬁé'hﬁ{é ed’ﬁ\}aqeﬁts %% th%%{b‘?? @H?@l@ggﬁl Ql{eﬁgeco brgfeaﬂ]' on

m xture. Illus 1'ons

gl yoxal are WC{@thﬁéeﬁcé@cﬁﬁV@rfeﬁ?tﬁﬂu? pieferablyivédien fremiabeub90%deer after

reaction of 95% woxadh sdehyddeyavalests hﬂb@fﬂ@éctec?'"l&feﬂrtﬁblté’mp@r@mré'lé' al gl yoxal

charge is c di-st.ill.ation of

wat e? and t ?'em@re}glg Q?qgém‘?\? grgaé%gﬁ 3 ne\;ﬁg %AEH”F Fb cf"%@d?l on of
t he nononer $hpepilyst.a bmmaﬁgladts aclcwstp th@mcﬂe&%ugtwet ineant anauintal dehyde
equi val ent's Mldikﬁ'lt%ﬂéuﬁélfze%&lHWrddh%rtc%&Wfdr@@dl%lrscéﬁdlé‘dom digfopad of

cqui val ents PO EP REETREh oxltre SFHidTe eﬁfsg@ﬁﬁﬁférﬁﬁmheqaﬁ%wthe eaction
. Wwhen the reactants and catal ysts are the sanme and the operating condi tions

are within the sgfgnERNEES matdtial uSEY B Rlltise hﬁ(@r%%ﬁl'oﬂﬂa&i% ghafugies. the -
catal yst and_t stl wat er and the

h
ant " or el padt S bydrhie of B akaing karth et et ofbiOufe ¢ b port ode.
can be used sadim hydroside moicalciun? Sydrixide aboutyB§¥xablar equinalenis afsuth om about

?e15e$ 0 8r g%g]gé Yo ded Hééé%fb@guregfaﬁ{%@hunbﬁleh%aﬁttﬁgtL&gird?oé)ébﬁe(élc bl T at a
obeetaent - ABrataheT el e kg £ therbdtis Materia  pLpkL0%tg 20% of |

di still ati ofhe awincomethr leyuivalentearedderddb timjt:hak;tlmmnfnuweduedelhtyahzmgtl nued
reaction angidihaRedionlthé h?dlén%hmcﬁ&ﬂs iof ;rfcﬂldresyx%c %&g&yd' Juetls lpaaﬁt.%

Do Rl T nd S s e ecshg] Sl o hasdhot e sroun
of phenol alkali metal or alkaline earth metals nof be lncluded in the product. The
' presence of metal ions is deleterious for use of the product in the more
demanding electronic applications. lllustrative of amines for neutralizing the
hydrochloric acid there can be mentioned amines having a pKa value of about 5
to about 11 such-as pyridine, picoline, benzyldlmethylamlne triethylamine, and
' hydroxyethyld rethylamlne ~
The total time for the condensation reaction of aldehyde with the phenol -
will typically vary from about 5 to about 15 hours and preferably about'8 to 12
hours.

The temperature of the condensation reaction of the phenol and glyoxal
in the presence of the catalyst, including distillati_ons,'wi!l be in the rang'e of from’ :" -
about 80°C to about 100°C and preferably from about 85°C to 95°C. until at
least about 85% or more of the aldehyde equivalents in the total quantity of
glyoxal to be charged for making the condensation product have reacted.



charged, are added wi th each -charge of the glyoxal. Thus after addltlon of
the 23 Septenber 2003 WD 01/ 02454 PCT/ USOO 08963 15 i ni £4 SEPtguwet 2983 of

gl yoxal , the al dehyde is reacted with the phenol for about 1 to 5 hours,
preferably 1.5 to 3 hours and then there is distilled fromabout 8%to 12%
of a first sWoelzésate fromthe reaction m xture based on, thernsioghdesof
-phenol - charged. . 5 After the first distillation, which is al so.conducted
within the tenmperature -range of about 8p,to 100 C another 0.06 to 0.11

nol es of glyoxal based on the noles of p%enol charged, are slowy added to

the reaction m Xt Water IErr%@O@d)bdntlnubbggf%r irﬁerﬁh@érﬁ@%ﬁ kﬁtatsor‘:r‘%lﬁ%b Sguant Ities

of gl yoxal du eac % I on, Heating I'oh 'mX eis
conti nued fora H@?C iory of alyoxg| witia A phpgolfolpwing mdhddual adfiitions ofibet i me t he

first distil bwbk@lns;ﬁ@érﬁemaaﬁéﬁiom%rm%@? ioflirfi uré %ﬁ)nol hd. E‘?ﬁf tarted to

renove about” r}other 4% to 12% of wat er based on t
the second diV¥Rte isdemped blt’ﬂ@%’Q@B?%W"lf§a‘§ﬂ§>rnrﬁftgﬂmat\ultfcarmhendearfdor anot her

0.5 1t0 6, wraﬁﬁiléﬁéll#v&atépls‘beh@#ém? phé<f} it e#; a}%‘i%[téh%:qg e 90 Iogtﬂllé% Lg’;' \(/)\nnt %5

commenced before the tenperature |s rarse

removal of tAENYATRHSEd as F1H8% eolgéeruinwatent 80 C to 1000 Cis used until it
Is time to raise the tenperature and renove the catal yst or unreacted
phenol . Such distillation, 20 prior to increasing the tenperature for
removal of catal ydihe waleremden e thanedelion madura is srefarablykepsti isdlown t he

control of tggo&tega;gg*q\;é@ﬁ bag-&? “%J?ﬁgﬂ%%fg%@g%“%{ror?gc@ngfrtm S?t 3925 mcheé _

" or nore of nercur errpera ure
di sti | | atlfonpieferablydeiovaabot® % based &7 theGreightedferehblchsegsd tdtag about 160

C. Wien oxal } t he ‘the tenperature is raised above 135 C
to about 170 %Cﬁ&ﬁ uhﬁreq ar | ﬁrBEf?% Ey Ve OTpES. gb%?[tofﬁé‘%@t'oﬁ PF‘}B‘P sonme of
the water isg@ N@Xﬁi\m@ﬂmﬂeﬁh&a emstiarhmidartalithsdistiliatioe oDwe@r aftér redtidrgs case
where oxalic subs all, of the water is
renoved whengl? ﬁ*éigdé atf]ggfgl %Ebrhé%bgggfﬁag’iﬁ PR aﬁ&iwa 9& §rreadeiih wat er
remai ning i nther&ybse@mﬂntwaqunnn‘mjlowedfuy@stmhmn olavatenamd tHehes sadoaljyst 1S
finally. 15 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

condensation product. '

Instead of monitoring the progress of the reaction by measuring aldehyde
20 equivalents, the time of reaction can be used f_or conducting the reaction when -
~ the reactants and catalysts are the same and the operating conditions are within
_ the same fanges e.g., mole ratios, réactiori temperatures, the catalysl aﬁd the
y quantity thereof; times for dlstlllatlon of water and the amount of distjllate. -
lllustratively, the following steps and time periods can be used when: total molar
25  ratio of glyoxal to phenol is from about 0.15 to 0.22; a 40% solution of glyoxal is
reacted with phenol itself at a temperature of 80° C to 100°C; an initial glyoxal
charge is made with subse’quent.reactiqn of the glyoxal with phenolAand intime - -
by distillation, followed by another glyoxal addition followed by continued
reaction and then distillation which is followed by continued reaction before .
30 depletion of the aldehyde equivalents to 15% or less of that charged. From
about 0.06 to 0.11 moles of the glyokal, based on the amount of phenol
charged, are added with each charge of the glyoxal. Thus, after addition of the-

8-, After



© 23 Sept enber 2003 V\D 01/ 02454 16 rermved by the distill atlon I n rermval - of
t he phenol. PCT/ USOQ 08963 After renpval of the water afiSEPPTEEr £45 _
catal yst, unreacted, (free)..phenol, is renoved fromthe reaction mxture
so as to bring the free phenol content of 5 the reaction mxture to |ess

t han about W9PU&k erably to l'ess than about 2% and part FERUAIYYPBess t han
about 1.5% by wei ght of the reaction mixture. Renoval of the unreacted '
phenol is attained by conventional meangssuch as in the renoval of
unreact ed phenol in novolac resins, e.g., flash distillation by 1.0 heating
t he react i oninifiakauandityaef glyoxel, élwaaleithMmeead:tad evittnibe phams domabolibyise 5 t he

t enperat ure 00 C about I nches’
of nercury. @aﬁ@%ﬁ?@?%?@%@&%@ﬂﬁﬁ%&e %@@Jﬁr}@ﬁ%&% %‘P%@Jaw T1;2<a’f°so be
used to r errmrfea fiistitillate fromethp reatiioh mikfurEbassd orethicl weightidf phepsival  of

phenol or ?%@&far ate step follow n§ renoval of the catalyst, the

reaction m x S heated at a tenperature of from -about 175 C to about
200 C andspr ef er abl y fromabout 180 C to about 195 C. Such heating is

conducted for a p f .about . 0.2 hour n eferably for about |
0.5 to 2 hours. t?' %r%gbsﬁiﬂ %&ﬁaﬁeﬁﬁﬁggfegwp% gieeeatirat 20 t he
time the phemebe bﬁabmtmetd moﬁerammemupﬁwlésfafgwﬁap@éeé@mb with
5% or | ess of :Q? Bt e% Plheno ca be spa (il_ﬁ | nert _gas and heat ed
to conduct '30% PBRYC aiqedo?fet wiy @dd ?ﬂg"f f?ﬁ@“’r“a'ﬁ@‘@'r%fpréfﬁfﬁ?'%l?S Cto- .
- 200 C for ath@tdxs@:hérgfeﬁ a'botl@ékﬁ@al qhéﬁﬂi@bb@bly\éﬁal@unﬁ@eb@ﬁé&dnﬂ&? H¥the - can- b_e
ment.i oned nitro arﬁ 4 25 The phenolic product 1s eventtally *

cool ed ahfl gl 5951090" igcentinuedgfor a'FQ’tB‘RfthO @@rﬁ@f@bﬂéﬁbé hogrs3 wo -
01/ 02454 17 chSE{/tﬁé]fﬁQ@ RSB ARBdistillation commenced and then a second distillation is

started fo remove about another 4% to 12% of water based on the phenol
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

15 commenced before the temperature is raised for distillation together with
removal of the catalyst.

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,
20  prior to increasing the temperature for removal of catalyst, is condljcted under
vacuum so as to assist in the controt of the temperature. The vacuum can vary
from about 15 to 25 inches or more of mercury.

The temperature for removal of the catalyst by distillation ie Iess:than
25 about 170° C, preferably less than about 160° C. When oxalic acid is the
cata[yst the temperature is raised above 135° C to about 170° C pamcularly
about 155° C to about 160° C,

All or some of the water is removed at the time the catalyst is removed. In
30 the case where oxalic acid is the catalyst, all or substantially all of the water is
removed when the catalyst is removed from the reaction mixture. Any water
remaining in the reaction mixture after elimination of the catalyst is finally .



" The Pol yphenolic Pr 6ducts Perper'ties df t he pol yphenol i r odu ts of thi
. : A s
invention are as follows: Broad Preferred 5 Property I-‘%Ci?hg‘ép%' §e2% v
400- 6001300- 390 440-5401320-370 Viscosity, . cps at 175 C 300-2500

450- 1500 Free Phenol (% 0-5 0.03-1.5 . 0 Tetraphenol ethan

(% 0-6 1-4WaNOM540r bance at 350 nm at }east 0. 408 at I,eam’r?nm?lw;ﬂl;gsh as T8
~particularly >0.5 15 UV absorbance at- 365 nm at teast 0.260 at-|east 0.275

particularly >0.30 Fluorescence: The fl.uorescence of the phenol -gl yoxal

condensates is about 70% hi gher at fl uorescence maxi num (about 532 nm

than Acridine O q@b@gﬁ using an excitation

wavel engt h &m %@r‘kﬂﬁhg%é%@%&ntlﬁ%%%b r?e 0 .5 seconds as neasured in a CM’

égoo mstrum;ntt(Spectra G oup Ltd, Inc. of Maunee, Ohio). Acridine Oange
se was used a concentr nd th

‘phenot - gl yoxal - céﬁﬂe’ﬁ% @!Cgtﬁ%&gte?cgﬁi%g?qf%gﬁély%{fhgreég{édr@teﬁfﬂgéenrﬁent |ﬁ

t et r ahydr of g agmovisdl fidra tindh esaetiory mpdul sccamtdehringtibs freerphenal @nt%[mOét y of

i gher poi yhisarion Autys RIS dhn AOSN 63 ptlranL o or LB ARMEIR Snnd

tetraphenol aaRNIHG IEBRASS AP 57 byheeifiarofthareaClibn rrmcmrec CSC/.C \

Removal of the unreacted phenol is attained by conventional means-such -
as in the removal of unreacted phenol In novdlac resins, e.g., flash distillation by -
10 heating the reaction mixt_ure at an elevated temperature under vacuum. Thus,
the temperature can be up to about 190° Cor 200°C uhder about 25 to 30
inches of mercury. Steam sparging under vacuum at such temperatures can

also be used to remove phenol in the product.

15 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.
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 portion of such heating can be conducted at
20 the time the phenol is removed under vacuum. Optionally, the polyphenol with
5% or less of unreacted phenol can be sparged with an inert gas and heated to
: conduct a portion or all of the heating in the range of about 175D Cto 200° C for
" about 0.5 to 3 hours. lllustratwe of an inert gas there canbe ment[oned mtrogen
or argon.
25
The polyphenolid product is eventually cooled and generally

comminuted, e.g., flaked.

30



¢ QC OHC~CCwerein x is an integer of 0 to 3. Wen Ris alkyl and or
al koxy x is 1-3 and the alkyl and al koxy groups have |21 3epie®ie 3at ons.
When the reactants are phenol itself and gl yoxal, the above pol yphenol is
a mxture wherein the predom nant. conpound is tetrakis (4-hydroxyphenyl)
et hane (TPEWOM08434is also referred to as 1,1, 2, 2-t et r akiET/US00/08963
(4-hydroxyphenyl) ethane. Qycidylation of the tetrakis:- (4-hydroxyphenyl).
ethane gives the tetraglycidyl ether of,tetrakis (4-hydroxyphenyl) ethane.
The term residue” or "residues"” of a phenol-glyoxal condensate refers to
t he phenol - gl yox j ive ion of a reaction product, e. g., in
reaction with an?h%ﬁypﬁgéé% P%tctqsuanti ty of residue is the anount of
phenol - gl yoxal condenBapertieaséthd polyienalic Brodesistaf diis prveatien aah as a
resin or cog&g}und. [llustratively, if 10 grans of a phenyl -gl yoxal
condensate” WSsacted with 40 grans of an epoxide, the.. phenyl-glyoxal
condensat e residue of the conpositiBroagoul d be 10 dirafesredAl so, if 20 grans
of a phenyl -gl yoxal condensate is g jdyl ated and g gl yci dyl at ed product -
IS subseq%e acted with a .phenléﬁ#é;r mal dehydegnéo}@& ac, the
phenol - gl yoxsh/Mi esi due woul d stil | 40@600/300898. #He-54p632P-3si n used in
the Iam nate conpositions of thi's invention will 23 Septenber 2003 WO
01/ 02454 PCM88856Y:08963 19 have a wei ght per epoxi de (WPE) val ue of from
about 190 t qpkQtA9E end- pr ef er abl y360-@50@bout 190 t o 360-1508e pressure:
. used .in nmaking the | am nates can_-vahy fromthe contact OSOéJ_III%SVSU_I‘e of .
appl yi ng a IFReREeBal ning to a ta B wall to the hi gh preessure, e.g.;
1,000 psigorTdippensie®arie the nmanufacture of electrical insulation sheets.
The tenperature used c,i n maki'ng the lLfflm nat es can vary gver a wi de range
such as t hayuchsafdu{%} oom t enperalfte to over 210 C "0 The use of a
sol vent in tpe shasgaaé&€aconpositions is optional. Preparation of

E?l %/ﬁipgxl deSSS%pr(q)n)'(ml di zed products of a% [égstp&hg&henol s of aﬁeg&%?%o and gl yoxal

particutarly >0.5
15 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
~ 70% higher at fluorescence maximum (about 532 nm) than Acridine Orange
20 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,
. Ir;c. of Maumee, dhio). Acridine Orange Base was used at a pqncen’grati_bn of
02 mg per liter in methanol and the phenol-glyoxal condensate at a, : 'l;
concentration of 0.05 'weight percent in tetrahydrofuran. '
25 .
The phenol-g’lyokai condensates contain a variety of compotinds,
including polyphenols such as di-, tri-, tetraphenols and hjgher pofy'pheno!s.‘

30



“invention can be prepared by at |east two different conygnti.onal tes.
One 15 route is by reaction of the phenol -gl yoxal congghggﬁgnﬁftéﬁﬁé

hal ohydrin in the presence of an alkali netal hydroxide to form glycidyl

et hers of the polyphenol. - Such epoxidized products will typically have
epoxy equival ent wei ghts of about 190 to 230 and preferably about 205 to
.225. The other route is by reacting a nmolar excess of a prefornmed

pol yfunctional epoxy with the phenol -gl yoxal 20 condensate- Such epoxi di zed
products by the other route wl| typlcal%{ have epoxy equival ent weights
of about 140 to 250 and preferably about!®160 to 230. In the first route,

t he pol yepoxide is prepared by contacting the phenol - gl yoxal condensate
with an excamst@fivelpisubh Rhaphéeididicdrbd RPrd¥eRiRINGANS forAMIx2S al kal i ., net al
hydr oxi de such as sodlunthydrOX|de or potassium'hydroxide at a tenperature
wi thin the rdange of about” 50 C to about 80 C. Optional catalysts, such as
quaternary amonium salts, may be enpl oyed. The reaction can be. carried
out ih the presence of an inert solvent, including alcohols such as o
et hanol , isopropanol, nethyl isobytyl ketone (M BK), tRgluene, ethers, and
30 m xtures thereof. Another hod for preparing ghg pol yepoxi de by the
first route is.set 23 pt@fﬁ) 003 WO 01/02 PCYLUSOO 08963 20 forth
in US. 4,518, 762 of y ql 198p to G ba Cei |Cbrp “mhich is

i ncorporated herein by ref (?lyc its enti Bri@H®H in this process, .
. the _polyphenol, preferably pj\eqol ,gl yo % #7ed product, i s .react ed
~at a. . tenperature of 40 to 1000 ot H absence of ~any cat aI yst- T

specific for the 5 formation of th chI oroh rin etheRxl nternedi ate, 'i'n the
presence of 2 to 25% by W aséd on the re/om n mxture, of a | over
al kanol or | ower al koxyal | ‘@osol vent, w thgexc epi chl or ohydri n,
based on the phenolic Rydrioxy vdlue, in t he. prefence bf 0.5 to 8% by wei ght
of water, based on theome&g onCanture and vﬁit\h ©—tQH1. 15 equi val ent s’
-of solid alkali'netal dr oX Qi/per phenol i ¢ 10 hy&if oxyl group to give the
epoxy derivative of the pol yphenol and wherein there is 0.5%to 8 % by

wei ght of water in the reaction m xture throughout the reaction period,
using a solid alkali nmetal hydroxide in the form of beads of about 1 mm

di aneter, which hydroxide is charged to the reaction m xture portionw se or

wherein x is an integer of 0 fo 3. When R is alkyl and or alkoxy x is 1-3 and the
alky! and alkoxy groups have 1 to 4 carbon atoms. When the reactants are

phenol itself and glyoxal, the above polyphenol is a mixture wherein the
predominant compound is tetrakis (4-hydroxyphenyl) ethane (TPE) which is also
referred to as 1,1,2,2-tetrakis (4-hydroxyphenyl} ethane. Glycidylation of the tetrakis
(4- hydroxyphenyl) ethane gives the tetraglycndyl ether of tetrakis (4—hydroxypheny!)
ethane

The term" residue” or "residues” of a phenol-glyoxél condensate refers to
the phenol-glyoxal derivative portion of a reaction product, e. g., in reaction with
an epoxy resin. The quantity of residue is the amount of phenol-glyoxal condensate
used in making a reaction product such as a resin or compound. lllustratively, if 10
grams of a phenyl-glyoxal condensate are reacted with 40 grams of an epoxide, the. -
phenyl-glyoxal condensate residue of theAcomposition would be 10 grams. Afse, if
20 grams of a phenyl-glyoxal condensate is glycidylated and the glycidylated. product
Is subsequently reacted with a phenol-formaldehyde novolac, the phenol-glyoxal
residue would still be 20 grams.

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



‘continuously during a gradually escal ating addition progranl th

I solating 15 the epoxy novolac resin. In the second ro Pé*?&?“ﬁ?@ﬁg?atlon_
of the epoxy resins containing the phenol-glyoxal condensates of this

i nvention, one part by weight of such condensate is reacted with 4 to 8
parts of a PBIYERERi de at about 1000 C to 20 about 150 C, uBGCHYSWORMBal yst,
e.g., potassium hydroxide, benzyl di met-hyl am ne, benzyltrlnethylannnnlum
hydr oxi de, 2-nethyl imdazole, and 2,4,fg tris(dimethylamnm nomethyl)phenol.
Typi cal catalyst |evels are about 0.1%to about 0.6% based on the reaction

mass. Typi C%@%W&Q%éi%o&@é (W\mwaﬁ@ Sfifidn abbi®t mlwnfmeow amf a phenol
and gl yoxal are thoSe o iQ{YCI d ether resins, e.qg. 25 the di gl yci dyl

et her resi n@f@fﬁrabéigﬁfﬁeﬂ?@m e ﬂenol F; resorcinol; neopentyl glycol:
cycl ohexane di met hanol ; and m xtures thereof. The poI yphenol s of this

I nvention can also be- partlal | y epoxidized without "sdcrifice inthe =
desi rabl.e opti calThpmepssure ssedip rraling thedamitateseanyvanifiomythercontaddl i 30 used

|0 the T eactd ok bagiyinh SRS ihind fo diphkaldiME e hipR PedduRll &, causti o

to about™ 4 Int ods t he above descri bed fir st
route af f orti@0(psitcr mdrg, ugeshin themandieciure of westricapmsulaier shests 2088 WO

01702454 PCHEHBS t@rﬁ%ﬁéd%&m%ﬂ[r@%ﬁe al?ﬁnsféetc%wawwe@%tﬁ?e%ﬁ{éwcﬁeas the

vari ous resins g., epoxy resins (including the
gl yci dyl at ecthqmbfﬁbbehmlog)temmraihmmlovena%1 G&cs are reéactive, curable -
~resins. 5 Unless trichioroacetic acid, is used as catalyst with nmet al .
“oxi des or hydrOX|des for neutralization of the hydrochloric" aci d, 't he
phenol - gigoxal dhedsesdtesoloénttimiie lamrate compesitions iggipemaly have a percent
by wei ght  concentration of netal ions of |ess than about: 0:005% :
for-sodium 0.003%for calcium 0.003%for iron; and 0.002 %for

pot assi um lm-eﬁbﬂxtlpnloflﬁbwepd:ﬁdea‘ this invention can be used alone to cure

;?gg?% 25?: 2; bUtEp%gc%Ez%rd%%guctt 6Pth& %Iygﬁgrqolé Or § RHBL ARy d¥at b fRisher  epoxy

invention can be prepared by at least two different conventional routes. One

15 route is by reaction of the phenol-glyoxal condensate with a halohydrin in the
presence of an alkali metal hydroxide to form giycidyl ethers of the polyphenol.
Such epoxidized products will typically have époxy equivalent weights of about
190 to 230 and preferably about 205 to 225. The other route is by reacting a
molar excess of a preformed polyfunctional epoxy with the phenol-glyoxal

20 condensate. Such epoxidized products by the other route will typically have

epoxy equivalent weights of about 140 to 250 and preferably about 160 to 230.

In the first route, the polyepOXIde is prepared by centactmg the phenoi~
glyoxal condensate with an excess of epichlorohydrin in the presence of an
25 alkali metal hydroxide such as sodium hydroxide or pqtassmm hydroxide ata
temperature within the range of about 50° C to about 80°C. Op_tional catalysts,
such as quaternary ammonium salts, may be employed. The reaction can bg
carried out in the presence of an inert solvent, including alcohols such as
ethénol, isopropanol, methyl isobuty! ketone (MIBK), toluene, ethers, and

30 mixtures thereof.

* Another method for preparing the polyepoxide by the first route is.set .

-



' agents such as a phenol I C novol ac resin haV| ng a W absorbance of less than
0.260 at 365 nmand/or |less than 0.400 at 350 nm Such &1 Réptetber 23 gent
can 15 conprise about 50%to 97% by wei ght of such curing conposition and
the phenol oxal condensate can conprise 3%to 50% by wei ght of such
curing n‘b"%&h ®45h. Preferably, - the other curing agent caRCB3BI08962 from
“about 50%to 95% by wei ght of such curing conposition and the

phenol - gl yoxal condensate can conpri se;@bout 5% to 50% by wei ght of such
curing conposition. About 15 20 to 30 parts of this type of curing

conposi ti on feamirbe. wwamwrﬂa@@ TU85!6 Clba CRRYTorpeahith idhe | am nates of
this inventi.on are convention | am nat es contai ni ng a rei nforci ng agent

such as gl ad@ePeeied hgraindy e ’ﬁ'ﬂﬁ?s'"r‘rtﬁtqm@%oﬁﬂﬁ%|'ﬁ1@'"9ahf°2§5%i§|aﬁ<y resin and -
a curing aggmiyphenol b@f@:aawhésﬁ@ﬁof%Wa%rﬁieefﬁémlci i§ A4l dighyde resin ,

except that the resin wilI”al'so contain fromabout” to 35 parts

by wei ght, ﬁ?@P@ﬁa&H?WféBoUﬂqonlco "TS‘BWQG%W@M%@WSM@ cder fhﬁe wei ght

of of "thes r asinien dTiid EMoroRdiih BIREPRY lj
m xture thereof. The epox?/rorgely n, curlﬁlgewl%ef%tmweno?ﬁéfo gfi conc]jensate
& o

or 30 resi digchassd amiiespactionanixiure, wataikgmlemiw altayalpano) and
curing agen 0 %@n# mat ri x
or m xture. :;%%Qégpﬁg%%?g%iﬂ%aﬁéﬁ2§§$dﬁ ; ﬁgggggdégﬂfzﬂggﬁem nous
matrix of t PERSERER € o Y WRgaheo et af on scacfonhwaxturepd | | - - -
. generally c |5qg¢, t ferably .

50.to. 70. pa%ag%%ﬁégx%\é?x mév&e:]rﬁs téﬂ'ﬂdaatﬂﬁ Eﬁ%' ﬁ%&gdgpgr @8%3?%0I yphenol
of a phholhydaylgroux ta gike en@;pcacu rivativei ajit palbph&@and:wbrbream tHeeast 0. 260
at 365 nm5 b b X resi,due of
sai d pol yphésﬁg?' olo &% ﬁf%fgh? er eo?ﬁ' tﬁgq)eé}%]out r?eg.'?%'@%fg% rgf"étfogbl y 15
to 30 part s pefiod Lau’ng/@aolgd alsaiomatsd bydrdxide irBthedfarh ©f béads citahoaan mrngl epoxy
curing agen e Ci ate '
pol yphenol tg r{%@g%ﬁ'ﬁ&\ﬂe dﬁﬁd%[s ct%ﬁgqé% tﬁqﬁ%geac gﬁ&?”%? %‘%%‘”{"8 8" parts of
an. epoxy reshfinudusly cmiop agradually esbalatind yedigoroprogidin, and then isolating

15 the epoxy novo_lac resin.

In the second route for preparation of the epoxy resins containing the
phenol-glyoxal condensates of this invention, one part by weight of such
condensate is reacted with 4 to 8 parts of a polyepoxide at about 100° C to

20 about 150°C using a catalyst, e.g., potassium hydroxide, benzyidirnethylamine,
S benzyitrtmethylammomum hydroxrde 2-methy! imidazole, and 2,4,6-
tns(dimethylammomethyl)phenol Typical catalyst levels are about 0. 1% to -
" about 0.6% based on the reaction mass. Typical polyepoxfdes for reactlon with
the polyphenol of a phenol and glyoxa| are those of diglycidy! ether re's-ins, e.qg.,
25  the diglycidyl ether resins of: bisphenol A; bisphenol F; resorcinol; neopentyi
glycol; cyclohexane dimethanol; and mixtures thereof. '

The polyphenols of this invention can also be partially epoxidized without
sacrifice in the desirable optical properties by reduction of the quantity of alkali

30 used in the reaction with epichlorohydrin. lliustratively, reduction of caustic to
about 40% to 70% of that in the methods of the above described first route
affords partially epoxidized derivatives.




" The preferred pol yepoxi de products of this invention wh used . in

el ectroni c applications such as |aninates for the produggﬁﬁweﬂpeb?@ﬁ%ed ,
circuit boards will typically conprise the follow ng conposition based on
100 parts of an epoxy resin, e.g., an epoxy resin such as the diglycidyl
et her of bi ¥HEAA54A: 15 (a) about 18-25 parts of a curi hgecrEs/oech as a
phenol - formal dehyde novol ac; (b) about 1 to 30 parts and preferably about
3-15 parts of a nenber sel ect ed fromthe group consisting of a

gl yci dyl ated pol yphenol of this invention, a 20 reaction product of an

epoxy resin and Bn%@é%@&ﬁéﬂ%dléﬂé§oﬁ1@ Qé'tﬂ@waﬁué’@sﬂ% of this

i nvention, and m xtures thereof; and t1ona an epoxy curing
accel er at or INVERHRY er@semfféﬁlmi dntinding doe Qiﬁddtlaadl ptgyﬁr@misb and phenare

general ly s%y&g&s ar% deurabRablipg formul ations may incl ude fillers
wher eas | am™nating formnu at T ons general ly i npregnate multiple layers of a

fiber matrix such aglass cloth with a phenolic conpatible finish. The

| aminat es; of thi ﬁnl‘eg%ﬂ%thio%'ac%?ie PR iREE %g gQ@%ﬁ{yﬁrﬁ grgéli%l :grl d{(iﬁgsn gggt im(;inﬁl

techni ques such as the use al ogena
resi n mat ri kydnoyidesifenmeutralization @ﬁth@a‘n)eidoatﬂorh:m&di izt polerfdl-gfyexaiesi st ant

o1 e S eall R R RURA0 e B A P SEE" 0008 o
01/ 02454 PCTHMiSOdra08968m2t! Ems\of fissdhart abddnd 065%rfgr baditmi 0.003%cfan be used -
LD, BT o S R LB e et o v aru
to 80% oy weight of resinous matrix material and about 20%to 60% by -~
o O % nvent ) o1 BGRB8 D D% dpl ety
cont ai ni ng- bbtaprbfejhbud%qajme abed iny esalbiragish dita o@liertéploSy rémaﬁrir@n Such
resins can ager?ts suclfzh as a p engiflc r?ovovtc r:églg htaggng a B\L}tabégrbance of féss ﬁ'l L erably
0.260 at 365 nm and/or less than 0.400 at 350 nm. Such other curing agent can
15 comprise about 50% to 97% by weight of such curing composition and the
phenol-glyoxal condensate can cbmprise 3% to 50% by weight of such curing
composition. Preferably, the other curing agent can Comprise from about 50% to
95% by weight of such curing cdmposition and the phenol-glyoxal condensate
can comprise about 5% to 50% by weight of such curing composition. About 15 .
20 1o 30 parts of this type of curing compaosition can be used tb cure 100 parts of
' epoxy resin. ' ' N
The laminates of this invention are conventionél laminates conta'i:niﬁg a
reinforcing agent such as glass cloth, and a resinous matrix comprising an
25 epoxy resin and a curing agent for the epoxy agent such as a phenol-
formaldehyde resin , except that the resinous matrix will also contain from about
1 to 35 parts by weight, preferably ab'out_ 1 to 15 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
30 residue thereof and optionally a solvent syste'm for the epoxy and curing agent, ‘
can comprise at least 40% by weight of the resinous matrix or mixture.



- about 190 to about 500. IIIustratlve of such conventlo X 5|ns

or. sinply 10 epoxy resins, there can be nentioned tho §?t8WéF9 @H@I |

et her resins, such as those having the above nmentioned WPE val ues,
prepared by contacting a  dihydroxy conpound with an excess of

epi chl or ohyWPi0%02454 t he presence of an alkali netal hydroxictasohiesse n t he
di hydroxy conpound can be: bi sphenol A; broninated bisphenol "A; bisphenol
F; resorcinol; neopentyl glycol; 15 cyglhohexanedi methanol, and the like ;
and m xtures thereof. Such resins are also referred to as being based on

or derived fromfﬁeere@tdamgwuxsﬂﬂa%mmlatésw¢.¥%enﬁoﬂc ﬁ{?rﬂ;ﬁ A. Al'so,
: eno

such conventi onal epoxy resin can ovol acs; epoxy

cresol novoSdvent will geraraly epanjaindiy waighhé 1) &Qw%ﬁuéﬁ t@§0tand preferably
| dyl | |
A Yo i o phery @w@?ﬁgﬁ?n% ’@ 'ES'H (2| atdih 130 {6 el o 4 ptavonEflol oh2) yei dyl
ethers of anhemtaecé alypmlrhm l‘hﬂeawdéawolebabﬁnrbmeﬂfg!tj&aSHQIZ@DE{HBGEmpDI ymer s
f gl | | | t t ed
oo andiB 87853 PAGh AOROHIR, &4 SRIRIAIR<IE of 48R AURRLHE e

conmpounds suc as acrylates, hacr styre t{r es of
the vari ousmommdheneofa@ ahmmyw t;sB&and Neafemblyct Sitd 30 partepfexgoiverdj ns may

"nol ude: 1| Bk ety B B, &ra R B Ou AR R KRy oL TRE bR o
_ di oxi def (;Il(smsmjale daartechet mfla)glycléx)((lﬁ’?ei\pawgeﬁal o;gi:ubarmg?? ?r izt Ela‘_ﬁtg(av\/el ght per .
ﬁggxél §CI dy%egf:é@ %ﬂgg&ggaﬁ%ghgﬁgp%yemﬁlﬁé T e poﬁpgﬁ'ﬁ?lunct i on’ vm t h'

gl yci dyhated epoxy resins and are al so useful as dlluents 30 The
conventional ep

n .ca a fla r.dant resip. such as a

hal ogenat ed epox er;ggfeﬁredep yepw%proﬁﬁ? tfg?s WSW\' %"0" Hﬁ?ﬂ'ﬁ resin.
gept enmber dZQIQ&rcWQ: Q#I&aﬂ&ﬁh RECH 4466 Bk %ﬂoﬂﬂ&tdngiﬂpnﬁte@ff cugunrh g f
- brom nat ed epo resins there. c nmenti one t rom nat e pro uct of -
he dl ol yoi SRR HERPERIN SRR ghe RIoBT corgmaionbared GRS e
26265- 08- 07g¢pady r&éia) &.gCaAMPORY rdsin subihcds mém!mﬁ@tr@@xunsbwdﬂa . can
be used |5n fl.ame retardant conpositions with other epoxy resi ns. 5

(a) about 18-25 parts of a curing agent suqh as a phenol-formaldehyde

novolac; '

{b) about1 o 30 parts and pfeferably about 3-15 parts of a member selected

from the group consisting of a glycidylated polyphenol of this invention, a

20 reaction product of an epoxy resin and a polyphenol of this invention, a
polyphenol of this invention, and mlxtures thereof and

. _(c) optionally, an epoxy curing accelerator

Epoxy resins for laminating and coating formulations are generally solvent
25 based. Coating formulations may include fillers whereas laminating
formulations generally impregnate muitiple Iayers of a fiber matrix such aglass
cloth with a phenolic compatible finish.
The laminates of this invention can be made flame retardant by
convéntional techniques such as the use of a halogenated epoxy resin as the
30 main resin matrix ingredient or a brominated or chlorinated flame resistant
additive such as chlorinated bisphenol-A, tetrachlorinatied bisphenol-A or tris
(2,3-dibromopropyi)phosphate and antimony oxide



~ Preferred, non-conventional epoxy resins of th| S |nvent|on |ncI ude;

gl yci dyl at ed pol yphenol s of a phenol . and gl yoxal wher ei4® Y¢ReH ?ry%ﬂ%”nol ,
prior to -glycidylation has an ul traviol et absorbance of at | east 0. 260 at
365 nm and/ or at Ieast 0.400 at 350 nm a glycidylated p6l ypherrol of a.
phenol and. §I8BL%5 havi ng 10 an ul travi ol et absorbance of BAT/Ve¥6hbout
0.200 at" 365 nm and/ or -l east 0.300- at- 350 nm and a reaction product of
about 4 to 8 parts of a gI yci dyl epoxy agsin to each part of a pol yphenol
of a phenol and gl yoxal having an ultraviolet absorbance of at |est 0.260

at 365 nm and/ or Cahvértidakl I8mHAEng teckbifiuesicah bekperin makinggthadareinatest ors can
be used in a quantity sufficient to fﬂcel e{ﬁ:he the cure of the epoxy '
resin. GenePéthm’esE@Eﬂ SHefaA® thewelordnsiaYaHbIse™8Ues to 0.5 parts based on

100 parts of theTREQKin&RS o tias hvBAidH willgankiall E@nﬁam &holit U0%oBQsRr ts. Such
accel erators include 2-nethylimdazol e - et h& H %} Bél i mrg ol e, am nes
such as. 2, 4 bgweight Ofﬁﬁﬁml’fﬁymm%ﬁ@f'ﬁwr)dp% 0%He © thyI ami ne,

and orgargopfpgﬁﬁa&ﬁ &&&i’ﬂ?@ﬂ&ﬂﬁs?tﬂ@@c% tri butyl phosphi ne and
tri phenyl phosphine” Reactive diTuents nmay also be present to |ower

viscosity and i nppexeresingiseiul i f&‘l‘#df‘&%’tt@ﬂl@f‘lb@sm“@@f%\aégpw BgRgt i ve
~diluents | n?le“ﬂlﬁééﬁ'&g%% A‘%Q’ﬁi@'h@?uqﬂ Eﬁéﬁil%ﬂox&f‘r@ﬁﬁue briadelondi 9! yei dyl

et her; resorci l'ycl ; hexane di net hanol di gl yci dyl
ether. A vaiSushyesins can haye %Y@U%Pﬁ ah@%\mo f‘ha@% 19:00cas prefanaRdy for t he .

* EpOXy. T es %bo['mf%oo orbcqo‘tﬁgg{)@qﬁus@rrgﬁvé‘ef ﬂ.ldhrﬂoh%’nﬂo‘ﬁaﬁéﬁﬁi?tréﬁnérBr%ﬁﬁply

pol yam doani nes am des; di cyan henol - f or mal '
novol acsto are@onrreﬁmmﬁlem gamﬁemﬁi@eecﬂ thoisg of QI“S&% @WBEESMQUW%U 02454

PCT/ US00/ 083@&.1 Zﬁay’hgwm,%'meﬁw@y enpq-?kéye ?ﬁeﬁ?e&%g‘d&gnta?ﬁﬁ?"fas a

catal yst (a era enera KP e seleclted from
tertiary orghimdcomqnwusdmhthw expess kiepichlamhyd@sin the presence of an

ixtar s ¢ nele R BRIE GRSl AR e BRI A
product s of bromimestex blsphetrimi Anblapmm'toyﬂerasprduml arespenyt @yerlt he phenol can be
sel ect ed g ' cycl%nexanedlmethanot, and the like ; and mixtures thereof. Such resins are
also referred to as being based on or derived from the dihydroxy compound
involved, e.g. bisphenol A, Also, such conventional epoxy resin can
be that of: epoxy pherioi novolacs; epoxy cresol novolacs; aromatic glycidyl
amine resins such as tri glycidyl-p-amino phenol; N, N, N' N'-tetraglycidyl-4,4-
20 diaminodiphenyl methane; glycidyl ethers of a phenolic novolac; glycidyl ethers
 ofan 0- creso[lformaldehyde novolac poly(glycidylated) copo!ymers of glycidyi
_ methacrytate wherein the comonomer includes unsaturated compounds such as
-~ acrylates, methacrylates and styrene; and mixtures of the_,varlous conventlonal
epoxy resins. Non-glycidylated epoxy resins may aiso be employed. Examples
25  of such non-glycidylated epoxy resins include: limonene dioxide (weight per
epoxy of 85); vinyl cyclohexene dioxide; divinyi benzene dioxide' 5-vinyl-2-
norbornene dioxide (weight per epoxy of 76); 1,5-heptadiene dlox1de 1,7-
octadiene dioxide. The non-glycidylated epoxy compounds are preferably used
in conjunction with glycidylated epoxy resins and are also useful as diluents.
30 |
The conventional epoxy resin can be a flame retardant epoxy resin such
as a halogenated epoxy resin, e.g., chlorinated or brominated epoxy resin,



‘itself, cresols, xylenols, resorcinol, bisphenol-A para hen%/ phenol

naphthol, and mi xtures thereof. Substituents for the. pheRBlEMbeRBAGhers
i ncl ude hydroxy,. 10 alkyl of 1 to 4 carbon atons, al koxy of 1 to 4 carbon
atons as well as phenyl. * Novol acs. and di cyanodi am des are preferred curing

agents. PartWetlmsidy preferred curing agents are the phenetrtissmsdssiehyde

novol acs and ortho-cresol- formal dehyde novol acs having a nol ecul ar wei ght
of about 300 to 5,000 and preferably aé) ut 1,000 to 5,000. Illustrative of
the al dehydes for prepar atlon of 15 the phenol novol ac curing agents there

can be ment i %ﬁ%tnéé’ﬁﬂchﬂ frated 86643 gﬁQi’r%‘?e Qﬁﬂé%&lﬁ@ﬁg&tﬁé‘d

hydr oxybenza ones reparation of the phenol -
novol ac cur|hnqn6[@&¢tISFOﬂthrCéthﬁaﬂlgb'eldmbethemfdﬂsmmoetbr&ag EPONdR 24 et ophenone,

and rnet hyl e lv

I ncl udi ng h ehrlétt %%o?%ngb%% (\t’[onnégwa 'cO g'lbsrgrqJl I]Sat r%#%&l‘fﬁ? ‘gl'ycol’
acet at es, NcaN—b@uaetihwﬂﬁmenaimrct@tcﬁhwosntrbna&mth Dmepepbmmbmsly useful when
di cyandi abm de is used as curing agent. Ketones include acetone, nethyl

et hyl ketone, diethyl ketone, and nethyl isobutyl ketone.. 25 Reinforcing

fibers or fabri c Preferree, minecariventidriabepsxy resins déthid mventidrbiaciadand. mat s;
car bon and e, fibers, . cellul osic f.ibro 0 m de .sheet s,
fibrous qua R:E"?é 4 eolyphgrials ¢ 3Pl 6P§§ °E?’d’t"here'aﬁﬁ%58':¥¥$?fwf}8rjgf %l ass
-rrflt_, and tgheidyidtien hag aﬁldlﬂrﬂaeﬁabsl@ri[ﬂr]cquﬂlat Idéa@wmd emadssmhmaandv@az, P
-calcium car honat.e, an e like. | s e. ed,to resm us ITBII’IX :
53 Gont enpercan ot seP s v el rhEDeHoI S SRtienpLand Y oxal RAVIRG o
prepar ed @t dnqmm@%s@?wrﬁe(bfabhéabﬂﬁdduw 200421365 PheaAdIbEaFlch@)BI00 -

conpri sing at ast one sheet' of e conpri sin epox resin as
i mpr egnant . Hﬁb??"gladﬁgc%"rﬂrﬁf’ tr?g Sg%t‘p%B?ﬁ%S%ﬁlé{F'dﬁ N ESRRs of

this invent lt@aacraparwaf Y p@ﬁ( RE loda:tm@n@lrmmat m@vmgfan ﬂr@u@éi ieved to be
novel materials | n %t\c,il ééqje "Ej sor anceﬁ& QN&E{S desirabl e '
“char act er | st@PEQPARGAPE BdeHhP- 260 & %dﬁa &tleagy R aver age
mol ecul ar wei ght (Ma) and nunber average
15 Epoxy curing accelerators can be used in a quantity sufficient to
accelerate the cure of the epoxy resin. Generally, such quantity is from about
0.05 to 0.5 parts based on 100 parts of the epoXxy resin and particularly about
0.1 to 0.2 parts. Such accelerators include 2-methylimidazole, 2-ethyl-4-
methylimidazole, amines such as 2,4,6-tris (dimethylaminomethyl)phenol and
20 benzyldimethylamine, and organophosphorus compounds such as
tributylphosphine and triphenylphosphine.

Reactive diluents may also be present to lower visd'osity and impyové
~ handling characteristics. Examples of reactive diluents include neopentylglycol
25 diglycidyl ether; butanediol diglycidyl ether; resorcinol diglycidyl ether; and |
cyclohexane dimethanol dlg!ymdyl ether.
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;
30 polyamides; dicyandiarnide; phenol-formaldehyde novotacs; and melamine-

formaldehyde resin.



" nol ecul ar wei ght(Nh) herein are measured usi ng gel perneation

chronat ography and phenol i c conpounds and pol ystyrene sthfgRiF@ger 28 ,
sanpl e nol-ecul ar wei ght to be neasured is prepared as follows: the sanple
is dissolved in tetrahydrofuran and the solution is run through a gel

per meati on Y& ¥ff#45fat ogr aph. Any free phenol in the sanp| SGIEKIOEded from
cal cul ation of - nol ecul ar- wei ght. The quantity of TPE in the various
reaction mixtures was det er nined by the follow ng nethod. 20 (a) The
reagents used were para-ethyl phenol, TPE, and silylation reagent. (b)

Procedure for dej\giehigheRel- rmﬁlaca%r@asécpbé Buirig Ayeditd alcatailyyn (acea@eatbr)mas
prepared as follows: into

tl
syringe: 10 |scger@6@}ty, qgn@gyﬁq m @gg)beépiergﬁq {g%rﬁr 5 %ryC%Bg@lc%Smmes SUC(i’Il agl

trimethyi chboy H&é}%ie(sTNCﬁ)-dn«?éi 13éh nﬁ}ﬁef‘&?ﬁﬁﬁlﬁs Wingk subiragne (HVDS) .
This 25 was 'ﬂﬁlt Ito st and 01r 5’4%0 10 m nut es. (c)b The TPE st andai d

sol ution i stfmf@ﬁﬁlpbﬁswqmq eargures Wgrgef. i nto vial (appropriate for
silylatign) approximately 30 ng each TPE and p- ethyl phenol. Add 1 cc
silylation reagent. Shake until dissolved (approxinatel 10 m nut es). Heat
i n | ow t enper at ulke pbenol poeelas ghing agﬁré%@relcqméﬂmqné?mgmﬁt% ofaghspol

chromat ogr a I for this
anal ysi Sgl sgﬁ;exsﬁd%@evdg kg WH%%[H%E gﬁ%%i@aﬁgegg@%&%ﬂéw@gﬁsﬂpa 23

Sept enber 268, WS, mlaaqlsmsgw@rsnléﬁw@ag nafeRietyt phengl, napet®lskilled in
»the art may, rﬁ?xEuPés' mel%%fe;ﬁs@ﬁﬁerﬁﬁm QYR ARRED R ey, Lhe

fol |l owi-ng exXa es are se s an percent ages i T
exanpl esl0 asallmabﬂ’I ’a:s4 etirbonjatares, |adkooch|0§1é<p)ﬁlcadmm FAMaras ngl as m@arght url ess”

ot herwi se s CI % Ig%ﬁm[%%@&ﬁg“ dgs'glpgp;e L ;‘ﬂg‘ﬁg‘%@g‘%gﬁaﬂ&aawl ustr at ive of

the inventi exarrp esrare conparative" to
show differ @mfeeretﬂ corningeagants e the phenol-formaldehyde novolacs and ortho-cresol-

formaldehyde novolacs having a molecular weight of about 300 to 5,000 and
preferably about 1,000 to 5,000. lilustrative of the aldehydes for preparation of

15 the phenol novolac curing agents there can be mentioned formaldehyde, .
acetaldehyde, benzaldehyde and hydroxybenzaldehyde. lilustrative of ketones
for preparation of the phenol novolac curing égents there can be mentioned
acetone, hydroxyacetophenone, and methyl ethyl ketone.

20 A wide variety of solvents may be used, including héolgenated solvents,
' ketones, alcoho!s giycol ethers, g!ycol acetates, N, N- dlmethy!formarnrde The
.Iater is part:cularly useful when dtcyandlam:de is used as cunng agent Ketones
| ‘include acetone, methyi ethyi ketone, diethyl ketone, and ;methyl ;sobqtyl ketone.

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

the like.

30 " Fillers such as quariz powdered, mica, talc, calcium carbonate and the

like may also be added to the resinous matrix.



“which are part of this invention and not necessarily as _conparisons with
the. prior art. 10 EXAMPLE 1 PREPARATI ON OF PHENOL- GLY&XREPEINISERENT ON
PRODUCT AT 90 C W TH TWO ADDI TI ONS OF GLYOXAL AND OXALI C ACI D CATALYST To
1,728 grans (g) (18.36 noles) phenol and 69.1 g oxalic acid dihydrate at 90
C there was V@034 ¥ver 30 m nutes 227 g of 40% gl yoxal in REE/BE00089657 15
nol es). The tenperature was maintained at 90 C for another 1.5 hours and
then there was vacuumdistilled 185 g ofg distillate (10.7% based on the

wei ght of phenol charged) fromthe reaction mxture at 90 C over a period
of forty m nuteshe HrhidbteSdtn b BRphsd at 3G AXnPBIaRknS of BYprbtihd endérdehyde
equi valents charged until that time had reacted and thé quantity of water
in the reactressupda iayer apPURIRG ablsast o Shes PHRIEPIESCIMRIISINGI3H §PYOKal in
water (1.57 gnhegimpRynamdded to the reaction m xture over a 25 mnute
period while the tenpérature was maintained at"90 C for 1.5 houfs-‘and then
there was vacuumdistilled 195 g of-distillate (11.3% based on.the wei ght
of phenolg charge ; uch
heat i ng appr oxXi rra@})gﬁgo sﬁgn/(%?ﬁ‘tﬁ{r]ur@ trlagﬁbﬁg gz?%oxfgh%cfrs/cbaéng%ftégfog%s Nggﬁﬂ;onrtﬁl | that
time had reastvesll wqm@zaﬂmreﬁu%mem %'fetIQﬂléVedtﬂaQQ nevel mateligleinas about
3.5% The i hYQ | yoxal
addi ti ons V\ng)i &%ofl@% hﬁqﬁpuygﬁ%gr)rbgb ﬁér gn@ép ﬁﬁghggﬁblé Bﬁar{gllztﬁhggrcr?g@p? %@b ot her
1.5 hours. Autlkecosdrrisatesati ng, 90% of the aldehyde -equivalents char ged-to

.the reaction mixture until that tine had reacted and the 30 water content

‘was about 4.5% Then the reaction mxture was distilled at at m)spherl c '
pressurel@o 160 Themeiditieserage ngdedldroveightdMygand nimbaraaerdgen m xture Wwas’

Sopt emmer - 2000eb ORI IRAR AR e OB RARITT, Y 7S 11t on

was cont i nuatiramatography enpehenelicescnfpoupds end antystyesne standards. Themer at ur e
for one hour, ; cy The
resulting pheﬁ&ﬁéhyoxaﬁ?bve% i i e rRAELICAT: ol as MABWL RS HARR 4%

ensa rod n comm nu ed
fl aked. Dur idissotved im wmymfuramanakmmwmqmmwﬁir@mrsa gal permeation
15 chromatograph. Any free phenolin the sample is excluded from calculation of

molecular weight.

The quantity of TPE in the various reaction mixtures was determined by
the foliowing method. -
20 (a) The reagents used were para-ethyl phenol, TPE, and silylation reagent.
(b) Procedure for determining TPE was as follows:
A sﬂylatlon reagent was prepared as follows: into 25 mi (m:lllhter) reaction flask,
" add by syringe: 10 cc (cubic centimeters) of pyrldlne 3 cc.of ' o _
trimethyichlorosilane (TMCS), and 10 cc of hexamethyidisitazane (HMDS) This
25 was left to stand for 5 to 10 minutes.
(c) 'The TPE standard solution is prepared as follows:
Weigh into vial (appropriate for sﬂylatlon) approximately 30 mg each TPE and p- -
ethylphenol. Add 1 cc silylation reagent. Shake uniil dissolved (apprommateiy
10 minutes). Heat in low temperature oven overnight. Inject 1 microiiter into gas
30 chromatograph. Use methyl ethyl ketone as rinses. The column used for this
analysis is Dexsil 300 which is supplied by Supelco of Beifonte, Pa.



"~ 5 reaction mixture were maintained at |ess than about 70% of the al dehyde
equival ents in the total quantity of .glyoxal to be chargtaeRiemPReAdy the
phenol - glyoxal condensation product: Properties of the phenol -gl yoxal
condensati on product are given in tables which follow. In, the tables which
fol | ow, thigv‘:&!@ fe is also referred to as EXI. 10 EXAVPLEETUSOBBHISIRATI VE)

- PREPARATI ON OF PHENO_ GLYOXAL POLYPHENOL AT 900 C WTH ONE ADDITI ON OF
GLYOXAL AND OXALI C ACI D CATALYST To 57&m (6.12 noles) phenol and 23 g
oxalic acid dihydrate at 85 Cis 15 added over a period of about one hour
151.4 g of 40% glnymdeﬂthhmhmaeekllledlrﬁne mm)mderfummmbndmé od the
t enper at ure. was,.sl ow

rai.sed t to phenol
was 0.17, i fRYEGHe Ereﬁg'f'tﬁarh 5@{1&&%@(@%%?%@@%%@ 3 f?%ﬁ) m%x% é g of
G sti 11 2t percbiaont, messamfis. ootk sideuitaro ot cpiioatir atye of 90-92

0

al dehyde eqdﬁe\@qéﬁ%ﬁsﬁé‘?@@f ?‘Pf&a}f{"@g}é?t\ggedcmen vacuum was applied over 15
m nuteées tso renove 133 g of distillate. Heating vvas continued at _ :
Bopr ot mat el v TG tyine S sl o B /G e 0t m was "t hen
appl i ed ovegxfmplekaié ees;gﬂatéﬂrae\reorﬁpﬁﬁugeub sﬂbwtdli’féralh@as frinatekagpieis 90 C was
continued for 5 25 hours and o

After such h a&lﬁn for one
our | about ish AF AT ANBaNGIRR 80K Dol deresseilurg EbTPaTHE VECRERRT o xture
- had react edglhe reaction mxture was at rmspherl cally distilled to.160. C.

" The tenperature of 160 C was held for hour The reaction nixture was
then vadum distilled to renmove the =5 Tunr eact ed phenol at 155-160 C °

ot on O O e he
reaction mi & ur Vi3 THERARP lg{o@S@ﬁgyMNﬁ%%&Aé%éﬁ%%gz C for
about 0.25 hour STthﬁzd%ﬁﬁrsl (6(18.36 bRs) Bhérie Bnd 89 SapbraTieelci?MAFIrd@
101/ 02454 29 PCT] USOY
, at 90° C there was added over 30 minutes 227 g of 40% glyoxal in water (1.57
15 moles). The temperature was maintained at 90° C for another 1.5 hours and
then there was vacuum distilled 185 g of distillate (10.7% based on the weight of
pheno! charged) from the reaction mixture at 90° C over a period of forty
minutee. After such heating, approximately 79% of the aldehyde equivalents
charged until that time had reacted and the quantity of water in the reaction
20 mixture was about 4%. Another 227 g of 40% glyoxal in water (1.57 moles) was
added to the reaetion 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
' Tof distillate (11.3% based on the weight of phenol charged) at90°C overa
period of thirty mmutes After such heating approximately 70% of the aldehyde
25 equwalents 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 t_he
30 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 phenol at



"~ discharged fromthe reactor and then comm nuted, e.g., flaked. Properties
of the polyphenol product of this exanple are given in2§§BFPt8§‘bﬁh? fol | ow
and this -exanple may be referred to as EX2. 5 EXAMPLE 3 ( COVPARATI VE)
PREPARATI ON OF PHENOL- GLYOXAL POLYPHENOL AT 102 C AND REFLUX (103-104 C

W TH ONE ADPOCHI@MSOF GLYOXAL AND OXALI C ACI D CATALYST To BCTAUS§0/pa86312

nmol es) phenol and 23 g oxalic acid dehydrate at 90 10 C theré was added
over a one hour period 151.4 g of 40% gbyoxal in water (1.04 noles) while
the tenperature was allowed to rise to reflux (103-104 C). The nole ratio
of gl yoxal 156-p@r®l Vasuutn diitilalive waeaadntiooedruptaadempsrahabdfd00tef l ux for

10 hours. Aft u refl ex oxi_mat el 9% of, .t he al dehyde .equi val ents
nad renct ecndeld A ek Ferira RS kST Snger: ol oL dfe Feakioh Rbifams 15
renoved 55. {aglesh ;c]hﬁrzi%l Tﬁéi msnn%]ipg menenglmeOMﬁhtiaiﬁmdnm was thehe '
tenperature ~wds held at_ .0r .. oné hour, and . then the regction mxture "~
was at mospFRIPMELES ecﬂ'squﬁegeguf"&g hggeac ’oﬁﬁger%gﬁlﬂ%ne%“ﬁ?ﬁ%'r\/ﬁg then held
for 'onet ﬁhoiégctl@én ﬁ?&r@-w&é%%@t&ﬁkb(ﬁt léésxh%rgeb%ugszg%eghﬁadunwdi stilled to -
renove e U OoT _unreact e en a - : n 1€ yacyum

GEott 1 st opfiaeTtn iHMegoELaaTBCH vty e dharard Faweig e mtenPEact | on

M xture wasgiy@es chifdhsafion pladutti@rogdifed 6faré bRenol-ghfdxal sordehystnequi val ent s

in the reaction m xture _ wer mai ntaj ned at [ ess than about 70% of the
al dehyde eqRfoddftene giveR i F?@?%%W@thf%&'m i ty: of glyoxal to be chafged for

: maki ng t he pangessal waikh PR i cthfplenic arbiroRBl t usExs then di scharged
fromthe reactor and comm nuted, e.g., 25 flaked. Properties of the ~~ '~

pol yphed8l product of this exanple are given in tables which follow and ~

this exanple may be ref erredEmmgﬁggo@mﬁvg ( COVPARATI VE) PREPARATI ON
OF PHENOL- GLYOXAL PCOLYPHENOL AT 102 0 AND REFLU?( é]_l._OS- 104 C% W TH ONE

ADDI TI ON OFPREPARATIANS FEHENT-RLYEXAl PR PHENOL AT R’ ESYWIFHONE and 6. 23
g 18.5% HCl (0. 2% KEbrABN BF SeRORADANIZENALMOARI) GA¥B4 WRET/ USCD/ 08963

To 576 g (6.12 moles) phenol and 23 g oxalic acid dihydrate at 85°Cis
15 added over a period of about one hour 151.4 g of 40% glyoxal in water (1.04
moles) during which period the temperature was slowly raised to 90° C. The
mole ratio of glyoxal to phenol was 0.17. Immediately thereafter, vacuum is
applied to remove 120 g of distiltate at 90-95° C over a period of 60 minutes. A
temperature of 90-92° C was maintained for 2.25 hours after which time about
20 82% of the aldehyde equivalents charged had reacted. Then vacuum was _
~ applied over 15 minutes to remove 13.3 g of disﬁllate. 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 q'ver_.e
minutes to remove 6.68 g of distillate. Heating at 90° C was continued  for 5
25 hours and one hour at 100° C. After such heating for one hour, about 94% of the
aldeh"y'de equivalents charged to the reaction mixture had reacted. The reaction
mixture was atmospherically cﬂ,étilied to 160° C. The temperature of 160° Cwas |
held for one hour. The reaction mixture was then vacuum distilled to remove the
bulk of unreacted phenol at 155-160° C and the vacuum distillation was
30 continued at 190° C until phenol in the reaction mixture was [ess 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

-



- 30 phenol) at 900 C is added over a one hour period 151 0 yoxal
in water (1.04 noles) while the temperature is aIIovvedz‘ﬁi‘ﬁ‘g’i’tie fga(fg%flux _
(103-104 O . The nolar ratio of glyoxal to phenol.was 0.17. After two
hours at.r.eflux about 93% of the al dehyde equival ents charged had
reacted. ThEO%A¥4on. 5 nixture was then vacuum distil | ed’qﬁgqﬁqo’@'ﬁ@
tenperature rising to 1100 C to renpbve aqueous HCl distillate of 116.4 g.
100 g of hot water was then added to tiee reaction nmixture and distillation
was continued at atnospheric pressure to 150C. The hydrochloric acid

cat al yst ( Hdistharged fronh theirkastds and thenwatreninbifed| &.gt,Hiaked cRropedies of #ieur e.

Then, by vag um di 180, .t he. nreac henol, .10 was
Femoved t o POVE IRl koSt i Pt S A nd b R St oY B et 1 on
m xture is ekenpldirsayhbe geeréd ad BX2r eact or and conmi nut ed, e. g.,. flaked.
Properties ‘of the pol yphenol product of this exanple are given in {he o
tables .which follow and this exanple may be referred to as EX4. 15 EXAWVPLE
‘5 (CC]\/PAI%ATI VE) PREPARATI ON. EGRANAPERGL( RE)YPHENCL AT 102 C AND :

CATALYST To 5HREPRBATIONGIR: éﬁ%ﬁr@%ﬁé@raﬁ?&qﬁ”@ﬂi Sed on 20
phenol ) of R&BE¥ pixerobsiolf oI TACOREADSOIOGNGF GRY@XALt ANDEDRALIC added over
a. one hour gélod%%_ 4 g of 40%glyoxal in water (1.04 noles). The nole

rati o of enol is 0.17. The tenperature -of the reaction:
.mxture is perm tted Td@régreezhrbrésafdh@hoKamazﬂgéxﬁ)c aiediydiatg gingg®ned. f.or

several hours and the conversion of ald nts _was, u about
96% of ti¥at CIhgregias addgdoves B Qe pREad 359 #é%\‘/a sﬁpr%n W?R%bgat al yst,’
‘cooling to GRids) me\tr@estéhrmamt&wa@llaqrbwbawnwweﬂwa(mwma@ Qatke This is
fol | oned by atnDs heric distillation hen vac unrdrs Il lation.

at about 176Molq E?"Péﬂl%’@x?lﬁe p&ﬁﬁﬂtquyo 6? TUﬁr’@éﬁ’P@&"'ﬁHfﬁfﬂPs fldiat &t act i on

‘mxture to aBoiholie, AR sUeRIuRR Errds(tmﬁterylae% 6Bty e GaivhRruted, e. g
-flaked. 30 EXAVMPLE 5A ( COMPARATI VE) The procedure of the ‘above Exanple

was fol | onehadigactes Dy ssmasaEs wapfipn rarsed to 110° C and there was
15 removed 55.5 g of distillate over a period of about 22 minutes. The temperature

was held at 110° C for one hour and then the reaction mixiure was
atmospherically distilled to 160° C. The reaction mixture was then held for one
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
20 continued at 176° C untii phenol in the reaction mixture was less than 3%.
During the 'react_ien_,_ the aldehyde equivalents.in the reaction mixture were
maintained at less than about 70% of the aldehyde equivalents in the fotal
' quantlty of glyoxal to be charged for making the condensatron product -The
reaction mixture was then discharged from the reactor and commlnuted eqg.,
25 flaked. Properties of the polyphenol product of this example are given in tables

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

EXAMPLE 4 (COMPARAT]VE)
PREPARATION OF PHENOL-GLYOXAL POLYPHENOL AT 102“.
30 AND REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND HCL

CATALYST
To 576 g (6.12 moles) phenol and 6.23 g 18.5% HCI (0.2% HClon



* WD 01/ 02454 PCTI USOO’ 08963 31 phenol sul fonic acid was reﬁéaced b 25 g
(0.22% based on phenol) of anhydrous nethanesufonic act ’BP%&% ely
97% of the al dehyde equivalents. charged had reacted prior to
neutralization of.the. catalyst.. . Essentially, equival ent properties,
mol ecul ar w0354 vi scosities, and % of . TPE 5 i s obt ai nedcTRISD@EI9s3 es of
~the phenol - gl yoxal condensation product are given in tables which follow
wherein this exanple may be referred tggas EXS5A. EXAMPLE 6 LARGE SCALE
PRODUCTI ON OF PHENCL- GLYOXAL CONDENSATI 10 PRODUCT I N THE MANNER OF

EXAVPLE 1 TFﬁeﬂP&IPé‘tho"@ m%abdeoeﬂéaﬁéhbeﬁpéﬂmu Bfofﬁézﬂ‘@ & invas prepared

i n substantiall i&t e sane nmanner Exa exce It was prepared

on large s¥afas( "i’o?f@ﬂtW'W‘?ltBﬁf%hefﬁf%ﬁlﬁc@‘%@épalsemfﬁﬂ“éd1%ﬁﬁﬂ°s of
product ang V"Pr%M@%P%ﬂé(ff%ﬂx%%ﬁﬂ%ﬂoﬁh?SIQQTcﬂﬂer'i\%irl&?rs x below 0.1

% “The 15-péfcent insol e€s were 0.04% for the pheno
product . of abﬁmt§3§’xah§bpealmde@ouwale@tsqhecﬁ@ﬁsthacésea@t@ Jdi eeoacttwnt abl es whi ch

fol I'ow wher glifre i uth%ﬁ?%ﬂg&n@?%ll@@vﬁﬁftﬁé %‘ﬁg) u?éng?ﬁgto Tj{t@ gt for

I nsol ubl es was con essenti a VI n rams) of
condensat e F@iﬂ%awesiueﬂrlml Still@t@rO§)11§f49 |t%@@bb‘nfdﬂaterwas§‘rar’n€gﬂdeldrt0ugh a

No. 42 What g, t 75 C
1o e WA BT e RIS S YRl e APl hedlltten @
PHENCL - avom @omwmonmlymmﬂsmmmmewmmﬁom @8 The - .
. phenal - gl ; ' he - '
anner SRl IBIARI0 LMD SRIRIAIOR oS UILRRERD diel 1 T
time. TH® ponaeeemovetbtol lats thanidds tefeaipingdlmtite reactioromidures Wheeresmtiomt her ©~ °

properties | ' thi |l e may be
referred 3 ut?tg%dlé?}%(r{#sﬁbﬁagé%gg ftﬁgré%s%%\tﬁ‘g%%ﬁ nﬂted e%d%@(rrg in the sane
manner as i RrofEtigsdfdhs palyphenol pﬂﬁiustepjfttbman'@dmare glven in the tables

which follow and this example may be referred to as EX4.

15 EXAMPLE 5 (COMPARATIVE)
PREPARATION.OF PHENOL-GLYOXAL POLYPHENOL AT 102° C AND
REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND
PHENOLSULFONIC ACID CATALYST
To 576 g (6.12 moles) phenol and 5.76 g {(grams) (1.5% based on
20 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
_glyoxai to phenol is 0.17. The temperature of the reactlon mixture is permltted
to rise fo reflux (103- 104° C) where it remained for several hours and the ‘
conversion of aldehyde equ;valents was up to about 96% of that charged This
25 is followed by neutralization of the catalyst, cooling to 65° C and washing with
d:stllled water to remove salt. ThIS is followed by atmospheric distillation to 160°
C and then vacuum distillation. at about 176° C to reduce the quant:ty of -
unreacted phenol in the reaction mixture to about 1%. The reaction mixture is -
eventually comminuted, e.g., flaked. -
30 '
EXAMPLE 5A (COMPARATIVE)
The procedure of the above Example 5 was foilowed but the

condensat ion




"WD 01/ 02454 PCT/ USOQ 08963 32 EXAMPLE 8 PREPARATI ON OF POLY GLYCI DYL ETHER
RESIN (EPOXY RESIN) A one liter flask was charged with: 23 Segtemfrearfy3 of 't he
flaked reaction _ . . product of Exanple 6; 200 -g of isopropyl alcohol;
and 52.5 g of water to forma 5 reaction mxture. The reaction m xture was
heated to 5W0@U0XS¢er 10 mi nutes-there was add 388.5 g of mpincsvbogeehydri n.
The reaction mixture was reheated to ‘55 C and then 30 g of a.20% sol ution
of sodi um hydroxide in water was added ile maintaining a tenperature of’
55 C. The 55C tenperature was held for ~“another 30 m nutes. Then there was

added 90 g 2% G b f J 1 L r e reaction

m xture ms%gﬁ@%@é@%&%@?ﬁ% rz_ieﬁ%g ’ﬁ%?}rﬁ%ﬁy EH.%"{;S%(?EP 8%%8"331;5 held for 30
m nut es and aAEFTOUs Arihangseiprieacd skpripxmatsly 97 Yrofdhe aldedlydeper cl ear br own
organic | ay ' | . g of dry ice.
The aqueous Tayarn it fad IRt pie 8 neobelRandfbbhe g

and then vadsaantallyt equialenteroparties malseularswdighispvistisitieshgnld PiofifRE 105 g of

dark resi pexi-di | . i oxy. resin has a -
wel ght pel SpabameBr eSStk Bl SlvoR TRy nion PG AR vt iy &

wei ght per daeywbighifolidvewhersin thiDexXamplERGY HeO@ferrad woassEXSAs  and wei ght
per epoxy equivalent (WPE) of the epoxy resin of this Exanple 8 as well as
conpari sons with other epoxy resins prepared from pol yphenols are 20 shown
bel ow i n tabl es wherein-this exanpl EXPlLEe6r eferred ' to as EX8. EXAVPLE 9

. (COVPARATI VE) m = L \ I Dc.. - °

“(SIFON € Ad B RO Rk D HEdI Ry FHER o g QAT CONAENOA N Dl oy ana
35.5 g dfo Anber| yst 1BRODIWIT INTHE MAMNER OBrEXAMPLE 1i on exchange resin =

sold by Rohm & : 1 rature of over .30 minutes, there :

was added 93 g W%&%&P@é‘@f”?ﬁ& S@EOQ Brogﬂcg%d:rg’@ﬂpﬁ‘:"?Wass Qrgg?rﬁa\}\%s chosen

since the regbstantaly ths saabahyrster ba BaMiplegpaeredp that &t vidsZp@péredonl 46, 006;

and 5;191,1 e unayai |l abl e ppeared to

‘be the c¢los agrge% %éISt?%H%PEeﬁt H’.h\',‘\%%mtpé léqeasiqypgl\ﬁggd%a:q%yggﬁrgﬁgrlogyc 0 C for
anot her 1.5 ahdwas. vasiitierstsam lsphiged a88%00C t6 heluak @dabyolbekonDVIdh.eTHes char ged
to the raactl ol nflnsbiibfs e 0Tk fok tnd BRohdIMR kel Shal ASHILT Hodid: of 89 42

this example whereas other properties are given in tables which follow wherein
this example may be referred to as EX6. The test for insolubles was conducted
by essentially dissolving 15 g (grams) of condensate in 285 mls (milliliters) of
isopropanol, filtering through a No. 42 Whatman filter paper and then drying the
20 paperin an oven at 75° C to 100° C for 30 minutes. |
| EXAMPLE7.
' LARGE SCALE PRODUCTION OF PHENOL-GLYOXAL GONIjENSAT!ON
PRODUCT IN THE MANNER OF EXAMPLE 1 |
25
‘ The phenol-glyoxal condensation product of Example 7 was prepared in
the same manner as that of E-xamplé 8, except that it was prepared at a different . -
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
30 toas EX7. The test for insolubles was performed in the same manner as in
Example 6 above. |

ed a second tine



- 23 Septenber 2003 V\D 01/ 02454 PCTI US00/ 08963 33 g of distill ate

conpl etion of the distillation 95% of the al dehyde equ@ﬁaﬁ%‘ﬁ?%‘ e@pépged to.
the reacticon m xture had reacted. Another 93 g of 40%glyoxal in. water
was added over 31 minutes while the tenperature was nmaintained at 900 . C
for 1.5 houP®N&45%r such 1.5 hours, 81 % of the al dehyde PCIJIROVEOENt s
charged 5 to the reaction mxture had reacted. Then there was vacuum
distilled 70 g of distillate at 90 C oyer a period of 30 m nutes. The
tenperature of 90 C was nmintained for another 3.0 mnutes after which
time, 91 % of the al dehyde equival gavebR®Bged to the reaction m xture had

Lat < ons s o HrPARATIRH P PEL ek CuNCREHEROREbIN (RF0RY l&ﬁfCé?'yyoxa"
0% Sodi um hydroxl 98 620 5 o et ral | ee SOl Ut b pas Charged (o a {1ask
for at m)sphe‘i}f’%% gE?“I’ g%ﬁ%bﬁ fﬁéﬁjﬁfﬁpﬁﬁg@egandoﬁ? 5 giof WAt tRdarm Aen

vacuum di st irehetbntraixfufd. The reat®sPMediBene) hedidt t0BE I Aftar A8GhinaRRs the

al dehyde e val ent s e reactjon mxture were maintained at 15 | ess
t han )altboutq% }ecwast# gﬁ%gﬁﬁép@&lﬂrwdé‘ﬁtgw Feactien fbttare Wamiahealeddp gl yoxal

to be char gegb®tandmhieh 30 g Hea. E@%)Q@:hﬁi&ﬂ'of sb’ﬁrﬁhﬂhﬁroﬂtﬂé’gﬂﬁéte\"ﬁﬁs 28de9- The

resul ting poll_éehenol was t hen comm nu Properties of the

pol yphenol legnipizining  i@neeragme 6’555°o¢1 the g\ﬁeﬁ; &mpgratuse vRgMeldomy - be _______

~referred to autef30 ﬁﬁuﬁ%ﬁbﬁtﬁ&e'ﬁ%@%@@@é@i@ﬁ%h@n ol
CONDENSATI ON PRODUCT W TH_ TWO ADDI TI ONS OF GLYOXAL ~ OXALIC A D CATALYST

AND TOTALO  AYSESXE ipmaten Thereadhar mixtare was beldak o567 Ror aERIUSAD 25 -

ADDI Tl ON_OF 1HENG 65O0REHA-Kéid Tdﬂ%oiﬂamtﬁiﬁh@h t%%érr@é%@s?é@a%tér} FOR
SECOND PORTION. To 1419 g (15 nol es) phenol and : oxal
di hydr at e atfuryesh The upper clear brown organic layer (145.6 g) was stirred with 150 g

water and 50 g of dry ice. The aqueous layer was discarded and the organic
layer washed a second time and then vacuum distilled to recover excess

15 epichlorohydrin and 105 g of dark resin of the epoxidized product of Example 6.
This epoxy resin has a weight per epoxy equivalent of 203.1 and 225.8. This
compares with a weight per epoxy equivalent of 210 for EPON 1031. Viscosities
and weight per epoxy equivalent (WPE) of the epoxy resin of this Example 8 as
well as comparisons with other epoxy resins prepared from polyphenols are

20 shown below in tables wherein this example méy be referred to as EX8.

EXAMPLE 9 (COMPARATIVE)
' ;PREPAR.ATION OF PHENOL-GLYOXAL POLYPHENOL;E._USING_AC_#DIC‘ :

(SULFONIC ACID) ION EXCHANGE RESIN -

25 To 709.3 g of phenol (7.54 maoles) and 35.5 g of Amberlyst 15 which is a
dry s;..lxlfonic acid ion exchange resin sold by Rohm & Haas Co. at a temperature
of 90° C over 30 minutes, thefe was added 93 g of 40% g[yoxai in water (0.64
moles). This fesin was chosen since thé resin used as catalyst in U.S. patenfs:
5,012,016; 5,146,006; and 5,191,128, all to 8. Li, were unavailable and this

30 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
charged to the reaction mixture had reacted. Then there was vacuum distilled 42



“there was added over 30 m nutes 240 g of 40% gl yoxal in_water (1. 65

nol es). The tenperature was nmaintained at 90 C for anoZfSEPE! eﬁaﬂ?% and
then there 30 was vacuumdistilled 148.3 g of distillate fromthe reaction
m xture at 90 C over a period of fifty m nutes whereupon about 62% of the
al dehyde equYael/eesds charged to.the reaction m xture had pemotcassbt er
such. fifty mnute period; 23 Septenber 2003 WO 01/ 02454 PCT/ USCO 08463 34
Anot her 240 g of 40% gl yoxal in water (é 655 nol es) was added to the ‘
reaction mxture over a 22 mnute peri 8 whil e the tenperature was

I nt ai ned 9 | ent
1o o e o e 5 BAUMIRET o84 e AARAESQ IR o
There was t heharged teutie deagtion| reistuse had reacted Anoier i3 oAt gBoxa inver a

period of 45, [ out 65% o
al dehyde equi’ \%Ea g}r?tg ?dgétgtro%ﬁﬁ‘hﬁi% %ﬁ@%ﬁ‘%%e}#&? “93%@8 %5%‘5 EWThe
mol ar ratio ©fforyl.Hdwoars. Mephmio'[ 5fhours, 84% oftthé alfehgtié etibigalghisatarged
addi tions s _majntain t her 5.
nour s, A Per BagfeactRA kERP RIS Thafr el Ve ned P Blient o
char ged 10 t distillate ab30°tG ovend p(&ﬂﬂdeofm@dnmetﬂst &He téfhperatthe of gotCiweiz m xture
was divi ded henol to
adj ust gl yox@?%?%eno orLﬁBﬁ]%??Q%% (%%é m‘/hlwﬁ' gg%‘tﬁ?'ﬁhe%!ﬁ‘é@% wi th added
phenol was hegtiedents cBﬁ)rgé‘d t6 tre r2abtidromixturethed esgstied 8B wblar hgticadfdehyde -
-equi val ents d t n,mxture had reac rcent water in
“the reacti on&%ﬁﬁ} ipoz{ %Q/%?q f$nfg,1 9%3@5 ?%‘H%ﬁ%(‘f’ﬂ? 1&@5??’5% WaSdted to~
160 C oven 2alowentb esti@rshdelatively clebbqudri687 g)dedadisd offhh®heMihiiebd t he: bul K
of phenol lSt | | ation 175 C, The product was
then di sch\é\tla%end'F g%m%%s 9I°§§§J)19Fﬁ H@’Pﬁ'fjﬁg Sgﬁg-‘?féief‘trﬁlfzerdeg’e{“iofin ni xt ur e
wi t hout addeslapbieargkd was flasiafoe dirhespheflc d@tmmh@\neoaodm@m:orﬁ enoved by
vacuum di stillation t 175 C. oxal nsation product -
rade i th-t nEogirsassfen e ARRAIENTS" Edodrbiis prédliSHEabR b n ¢ he
t abl es as E)Q*]a@cﬂcﬁw Mtealdabydehaiuwmé}ﬂs ini thb rédatioR mixXtur@vere maintfinéd agl yoxal to
phenol refer | D4 tabl,es as EX1 r|n the reaction, for
bot h EX1g 517e8% a@ { %‘/“ Oﬁﬁée %‘Fﬁé‘ﬁ@o@%‘@?ﬁﬁmgﬁ?éo hqlfar‘?é'tyr%eﬂl)quéh m xture
wer e mai nt ai todsk c&iard;@ﬁﬁbr hizkingathe pblypRSnddf Yiblieof prétrity das 263 g. The
resulting polyphenol was then comminuted, e.g., flaked. Properties of the
polyphenol are given in tables which follow wherein this example may be
referred to as EX9.
20
' EXAMPLE 10
APREPARATION OF PHENOL—GLYOXAL CONDENSATION PRODUCT WITH
-TWO ADDITIONS OF GLYOXAL, OXALIC ACID CATALYST AND TOTAL
GLYOXAL/PHENOL MOLE RATIO OF 0.22 FOR FIRST PORTION AND
25 ADDITION OF PHENOL TO REDUCE THE GLYOXAL/PHENOL MOLE RATIO
TO 0.17 FOR SECOND PORTION.
To 1419 g (15 moles) phenol and 56 5 g oxalic acid d:hydrate at en° C
there was added over 30 minutes 240 g of 40% glyoxal in water (1.655 moles).
The temperature was maintained at 20° C for another 1.5 hours and then there
30 was vacuum distilled 148.3 g of distillate from the reaction mixture at 90° C over
a period of fifty minutes whereupon about 62% of the aldehyde equivalents
charged to the reaction mixture had reacted after such fifty minute period.



25 equivalents in the total quantlty of gl yoxal to be charged for naklng '
the phenol - glyoxal condensation product. Properties of? %ﬁgp BbgpRehbl s are
given in tables which follow The pol yphenol of EX10.17 and t hat of
EX10. 12 were further heated at 1900 C for one hour under full vacuum
Properties BPOMR¥SE products are shown in the fol | owing PABUS84ERE ein t he
heat ed- sanpl e of EX10.17 is 30 referred to as EX10.17H and that of EX10. 22
is referred to as EX10.22H. It can be seen fromthe. tables that the
heat ed sanpl es show i nproved optical properties, P. 23 Septenber 2003 WO

01/ 02454 Pﬁﬁth&‘ﬁﬂ@ﬂl@ﬁ@(ﬂ)%glyﬁxﬁmhﬁe‘rlmmaé %bﬁﬂdéﬂ‘lﬁﬂ\i@e-r&c\f@%l-

CONDENSATI S OF GLYOXAL, GLYOXAL- P MOLE

RATI O OF ooﬁ‘i“w ﬁlv%{‘dﬂ-‘égi % CARTRETAHCANRS MaiETRipehal TERI AL

5 INh:?EI\/D\/AIEorCFS HBirs. 'PcboggSB%@ the a!ﬂéh?‘ﬂé eqdwﬁlb@t@@;hafgéd tlé?he7h r@ctl%n —

trichl'oroacet.i.c_aci se t'he enol™“char at

t here was aHH’gHrewre%?tedrﬁﬁﬁE?@%qéh@"é’eﬂ /%FSI%EE?" VacLpun '%5

wiaéI eL . dme pepRey oft distilatest-00%d malo f.oﬁqus rﬁmgfw Aftéﬂéhohsbmﬁ-nb ineddo 0}‘

al dehyde equi v ac a te uc ur ubsequent |y,

t her e’ was VQSU%#T?@?@t%@d Q{jt?‘ é;]‘geqﬁg%fequﬁf? CFTOJEP FERCIPBANAUEH i xt ur e

at 90 C ovehadfeadtedit Tse m&iéreatucﬂbsgzycuaatd mndftﬁth@to@@waﬁtwy&@aems |
and residual water _content of

reacted (converted 7 f tha

the reacti oﬁdﬁ‘\{'??% @'\3‘,\@;3 368 m@er }6@\ g?ﬂﬁ 8"@2"’93@%9‘54"@5/@"%#‘9&& (0. 64
- noles. for ahb@ntsaAft@ffs@h@hmlwlbdmauﬁ@m%fm@éldéﬁvde ;Ms&ﬁﬁ?@d 15 the
terrperaturei%\%pﬁrml nt ai ned for The t ot al e ratio of gl yqxal

to. pherdl chtg@mt@enag r%ﬂOiqd R‘F%’b?hes@@ﬁ'%'éatxt%g wasslividesbingo f
al dehyde emw@@mﬂ,tﬁawma@%arscadhaezﬁa?%ﬂ namstéan%t p%xém% §d.

Subsequently there was vacuum disti l'ate at 90 C over
25 i nut es. MY @rt’ottﬂ@1Td|T§‘?|"13‘P<§'L°F‘6ﬁm”f¢ﬂé“tﬁlaééﬂ‘38€e%Mﬂﬁd]eéﬁﬁ%at(ﬁ?m?erted was

72% of t hat f¢hpas aecrsabrédion &% ro?ﬁetﬂéaaéhmtegfuma!br&é@ma{rséﬁd @8 m xture was’
-3.5% The tenperature was nai ntai ned at for another 1.5 hours and
about 88% ofedckgn m:ﬂgw reacted. Percent water in the reaction mixture was 4.9%.

15 The reaction mixture was then heated to 160° C over 25 minutes and held at
160° C for one hour, after which the bulk of phenol was removed by vacuum
distitlation to 175° C. The product was then discharged from the flask. The
remaining one-half of reaction mixture without added phenol was heated o 160°
C as above and phenol removed by vacuum distillation to 175° C. The phenol- ‘

20 glyoxal condensation product made with the 0.22 mole ratio of glyoxal to pheno!

" is referred to in t_h'_e 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 Duri'ng' the

' reactlon for both EX10. 17 and EX10.22, the a!dehyde equwa!ents in the '
reaction mixture were mamtalned at less than about 70% of the aldehyde

25 equivalents in the total quantity of glyoxal to be charged for making the phenol-
g!yoxzil condensation product. Properties of the polyphenols are given in tables
which follow. The polyphenol Q_f EX10.17 and that of EX10.12 were further
heated at 190° C for one hour under full \Jacuum. F’rdpertie.s of these producté
are shown in the following tables wherein the heated sample of EX10.17 is

30 referred to as EX10.17H and that of EX10.22 is referred to as EX10.22H. It can
be
seen from the tables that the heated samples show improved optical properties.



equi val ents charged had reacted after such 1.5 hour perjod. One half hour
Igter .1.0 g ofgpyri di ne was added. At such time 88 pe#%gﬁﬁte@e'éf yde
equi val ents which had been charged to the reaction mxture had reacted.
The tenperature 25 was raised to 125 C over one half hour and held at this
t enper at ur ewioamAZ84 m nutes and further raised to 160 C forpchnaisobrgoéss and
.hel d at this tenperature for 23 mnutes to conpl ete deconposition of acid.
The phenol - gl yoxal condensation produc§5vvas further heated at 190 C for
one hour under full vacuumto renove unreacted phenol and prepare the
phenol - gl yoxal 30 condensati on prOdLBfa{eré is also referred to as EX11 in
the following tables. During the reaction, the al dehyde equivalents in the
reaction mi RARATIONQMPHENSY -GLYDXdd. CONDENSATIORDPRODUCE VATHehyde

Sl iR o SRR SRR R D
condensat i oW'Td?Eé@ﬂLOEMECMIO@NHMTMD B SEREPARASTCBMATERIAL
PHENOQOL - %YO@W%PM WTH TWO ADDI TI ONS OF -GLYOXAL,

GLYOXAL- PHE 0.17 W TH TRI CHLOROACETI C ACI D CATALYST
W THOUT USE OF BASI70S.2A(ESY Alolds) pREMDAL. 177 biflichidbacqticariti® 5%0f Exanpl e

added to t no e SR helaFbr b 3lered A ob hyneates adsiioneriel o 125 ¢
and r enoval nofuteh ®2dhyg af $8%;ghaxel (0184 hbles) intweatper Bheitetnparbiues wgg"rmval of - .
"Fo71%5 ¢ ped el 100 ST 90208 5 S Hifeias onthalBi bl Backiar so o
referred o aftar sunh 1.8lhloass. ButEXdlentlySthEABIES YasluhRAGTHIRR EAZIg@f OF SOVE -
PHENCL - QL YOttt e Zeish it ¥Pbo™¥ bver 26 minutes. After distiliation, the
- aldehyde equivalents reacted (converted) was 70% of that charged and residual
water content of the reaction mixture was about 3.5% Anocther 92.9 g of 40%
glyoxal (0.64 moles for a total of 1.28 moles) was added over half an hour while
15 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 héd reacted. Subsequently there
was vacuum distilled 81.6 g of distillate at 90° C over 25 minutes. After the
distillation, the aldehyde equivalents converted was 72% of that.charged and the .
20 residual water in the reaction mixture was 3.5%. The température was
~ maintained at 90° C for another 1.5 hours and about 88% of the aldehyde
eqixivalents-chargéd had reacted aftef such 1.5 hour period. One half hodr later
1.0 g of pyridine was added. At such time 88 percent of aldehyde ,equiv_al_éﬁts |
which had been charged to the reaction mixture had reacted. The température
25 was rgised to 125° C over one half hour and held at this temperature for 70
minuteé and further raised to 1!30'J C for 1‘.5 hours and held at this temperature
fof 23 minutes to complete decomposition of acid. The phenoi-glyoxal
condensation- product was further heated at 190° C for one hour under full
vacuum fo remove unreacted phenol and prepare the phenol-glyoxal
30 condensation product which is also referred to as EX11 in the following tables.
During the reaction, the aldehyde equivalents in the reaction mixture
were maintained at less than aboi_it 70% of the aldehyde equivalents in the total

-



" Phenol, TPE, W/i scosity Mwv Mh%ps(1750C) 1451/ 3310. 154. 154@0 24 /g%%*
0. 295. 10510 (465/362) (") 3-468/3512. 058. 53300* 4572/ 3874 3o5peHbsY
5A538/3761. 1310. 1891 6494/ 3530. 041. 73530 7508/ 358. 0. 042. 74670.

947513560. 1910. 422, 400 10.1748513483. 805. 5350* . 10. 17H4961357<0. 055. 791088
10. 22. 518/ 364BIABHE460400* 10. 22H528/ 366<0. 054. 83. 1700 11, #3n8epbsmeber 2003
‘WD 01/ 02454 37 PCT/ US00108963 11518/ 3630. 3 4. 852040 1265213570. 30 1. 02> '
9,000 (a) value before catal yst was rempyed. 5 * These exanpl es have a high
phenol content which depresses the viscosity. It can be seen fromthe above

Table 1 thafquﬁﬁﬂg’lbg gfoxal t@bé'&ﬂa@eﬁ%? taRi?lg tlllé"ﬁﬁéﬁ%-gﬁfoﬁﬁl%ﬂg?ngno PE even

t hough Exarrpl es used the sane catalys sane nole ratio of
react ants: Whnvent i onal cat al ysts such as HCl 10 (EX4), sulfonic acid
( EX5A and_9 gi ve very high levels of TPE and even oxalic acid when not
used with incremental additions of oxal and renoval ‘of“ distillates al'so
gave a high value of TPE (EXE)’(AMmegﬁgé@ONH’d%MBV@ 190 Cin Exanples

10. 17H angd  HReEBARETON B SiERADLLERPOXRLIGSNDRR ISR RODIRTAITI"
TWO ADDITIONS OF GLYOXAL, GLYOXAL-PHENOL MOLE RATIO OF 0.17
WITH TRICHLOROACETIC ACID CATALYST WITHOUT USE OF BASIC

_MATEREAL IN REMOVAL OF HCL.
_ The procedure of Example 11 was folloved except that: a basic matenal
10 e.g., pyridine, was not added fo the r’eact|on 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
discontinued upon heating to 175° C because the viscosity was unduly high.
This example is also referred to in the tables as EX12.
15 TABLE 1
CHARACTERIZATION OF SOME PHENOL-GLYOXAL POLYPHENOLS

EX Mol Wgt Phenol, TPE,% Viscosity

Mw/Mn % cps(175°C)

451/331 0.15 4.15 480
2 464/347 020  |510 510

| (465/362)® |

C20 |3 - |a4e8smst 2,05 8.53 _ .| 300*
4 572/387. | 3.46 1321 | o00*
5A 538/376 113 10.1 891
6 laoasss - |o.04 173 530
-z |sosmss looa  |274  |er0
25 |9 | 4751356 0.19 1042 | 2,400
10.17 485/348 3.80 5.5 350*
10.17H | 496/357 <0.05 5.79 1088
1022 | 518/364 3.88 560 | 400

10.22H | 528/366 <0.05 4.83 1700

r



‘ free TPE but decreased in free phenol content and |ncre%§g I n, Vi scosMy
15 TABLE 2 FLUORESCENCE DATA OBTAI NED OF 0. 05% SOLUTI o beipg§Op PHENOL
OR EPOXI DI-ZED POLYPHENOL | N TETRAHYDROFURAN (THF) AT ACQUI SITION TI ME OF
ONE SECOND AND AT AN EXCIF TATI ON 20 WAVELENGTH OF 442 NM 25 Exanpl e or
Product Maxi WY@#LhHbensi ty Wavel engt h Count sMaxi mum nm 11128TAB60/@&H3516532

611502538 710535532 EPON 1031* 6403528 * EPON 103]} ‘(CAS [I:b 7328-97-4) is a
ol yphenol containing tetraglycidyl ethgf 30 of tetrakis _ '
?hyé?oxyphenyl)et hane and is sold by Shell Gl Co. of Erreryw lle, CA 23
Sept enber 2 03 WO 01/{02454 38 PCI7 USU07 08963 It cam be—seenr—fr om Tabl e 2
above t hat s OB 7 wiikd are ﬂh&;&\ol RO4Xal con(J' ensat i on
products of |t{pi s |nver552%57had alf APr esce e, Whi £ o was. abqut. 70% hi gher
t han Exanpl S eparea—wa—st=ohe—boisd—tatalyst . Sim | ar

results are-shown in Tables 3 and 4 which-fol | ow. TABLE 3" FLUORESCENCE OF -

0. 05% SOLUTFONIGFb&ERRXtabERvaPn@daNOL | N THE AT EXCI TATI ON, WAVELENGTH- .

: T TI CF 1r(0 SECOND 10 Materi al Maxi mum | nt ensi ty
CF 442 N'\él AWeée amplesg\lve a'\AEgh phenol content whlch depresses the viscosity.

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 cataiyé:t
- and the same mole ratio of reactants. The conventional catalysts such as HCI -
- 10 - (EX4), sulfonic aCId (EX5A and 9 give very high levels of TPE and even oxalic
| acid when not used with incremental additions of glyoxal and removal of
distillates also gave a high value of TPE (EX3). The post heating at 190° C in
Examples 10.17H and 10.22H show no significant effect on molecular weight or
free TPE but decreased in free phenol content and increased in viscosity.
15
TABLE 2
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
20 WAVELENGTH OF 442 NM

" Example or Product Maximum Intensity . nge!ehgth ,
. Counts Maximum, nm
1 11232 526
50 __ |es18 | 532
25 |6 11502 . 538
7 | 10535 532
EPON 1031* 6403 528

- *EPON 1031 (CAS No.: 7328-97-4) is a polyphenoi containing tetraglycidyl ether
30 of tetrakis (hydroxyphenyl)ethane and is sold by Shell Oil Co. of Emeryville, CA.



- Wavel engt h Maxi num nm Counts EPON 10319640527 EX 814, S%gg E{ ﬁ@ an be
seen fromthe above Table 3 that the product of Exanpl CPIEE %P o
epoxi di zed product of Exanple 6, shows about 50% nore fl uorescence than
the commercial product EPON 1031. TABLE 4 20, FLUORESCENCE. DATA OBTAI NED
OF 0. 05% SO onL@sO- THE POLYPHENOL | N TETRAHYDROFURAN ( THdiyu#ddros9ss

ACQUI SITION TIME OF ONE SECOND AND AT AN EXCI TATI ON- WAVELENGTH OF 442 NM
WTH THE DATA OF THI S TABLE 4 BEI NG QBTAINED ON A DI FFERENT DATE FROM

THAT OF TABLES 2 AND 3. 25 Concentration _,. Mxinmum Wavel ength Exanpl ewt . %
O The I|ntensi jneanEutenNorh TasleRohb &Mﬂhﬂﬂ%l@éqoéﬁﬁé%ﬁﬁc%rﬁoo16300531
20. 050313550530 SUBSTI TUTE SHEET (RULE 26) Sept enber 2003 WO 01/ 02454

PCT/ US0010ée8g-gigoel condemsgtimnroducts xf thig msommg:ﬂeoreggemmgbmmz
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
FLUORESCENCE OF 0.05% SOLUTION OF EPOXIDIZED
- POLYPHENOL iN THF AT EXCITATION.-WAVELENGTH OF 442 NM -

AND - ACQUISITION TIME OF 1:0 SECOND
10 A
Material Maximum Intensity Wavelength Maximum, nm
Counts '
EPON 1031 | 9640 527
EX8 14,600 535
15 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
fluorescence than the commercial product EPON 1031.

TABLE 4
20. FLUORESCENCE 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
THE DATA OF THIS TABLE 4 BEING OBTAINED ON A DIFFERENT DATE
FROM THAT OF TABLES 2 AND 3.

25 || Example | Concentration .. | Maximum Wavelength || PP
| ‘wt.% Of The Intensity, Counts Maximum '
Polyphenol : nm
1 0.0500 16640 530
1 0.0500 16300 531
2 0.0503 {13850 530

SUBSTITUTE SHEET (RULE 26)



4 -0.050013960523 40. 049013850525 5A0. 0509920535 5A0. 05%5520534

2*0. 0498 . 6940540 3*0.05015130530 3*0.05015280527 5A*0 SRIFTHERY3 The
val ues for these are of the reaction m xture before renoval of catalyst.

It can be seen from Table 4 above, that Exanple 1 has a fluorescence 15
whi ch i s suwettamidsal | y hi gher than the other exanples, i ndadydisigossasanpl es 2
and '3 which used the sane catalyst in the sane nole ratio of reactants. 20
25 30 Table 5 ULTRA VI OLET (UV) ABSORBANCE DATA IN DI LUTE TETRAHYDROPURAN
(10 M311.00 M) Material At 350 nmAt 3 ri m Exanpl e 10. 5440. 300 Exanpl e

20. 4700. 258~Exampte[36—5066—270—Exampe—5A0—3670-226—ER: of Exanpl e
5A0. 2900. 168 Exanpl 4 605@350. 288 EXargsie 80. 4000. $23gExam | e][90. 2660. 134
gélg.zlllgg. §650.216 7§ [ Be W (E SHFRT (R 26) 7§ September| 2003 WO
I ! '] 0.0500 112640 - 532 |
4 . 100500 | 13960 | 523
5 {4 0.0490 | 13850 525
5A 0050 - 19920 535
5A looso - les20 . - |s30
> 00408 . |69 - 540
3* 0.0501 5130 530
10 |3 0.0501 5280 527
5A* | o0.0503 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
15 which is substantially higher than the other examples, including Examples 2 and 3
which used the same catalyst in the same mole ratio of reactants.

Table 5 _
ULTRA VIOLET (UV) ABSORBANCE DATA IN
20 , DILUTE TETRAHYDROFURAN.(10 MG/100 ML)
Material h At 350 nm At 365 nm
Example 1 0.544 0.300
Example 2 0.470 0.258
Example 3  Josoo - |ozr
25 | Example 5A - 0367 |0220
EP* of Example 5A 0.290 0.168
Example 6 0.515 0.288
Example 8 0.400 0.223
Example9 0.266 0.134
30 | EX1047 0.385 0.216

SUBSTITUTE SHEET (RULE 26)



5 *Epoxy PCT/ USO0I 08963 EX10.17HO. 4160. 224 EX10. 220. 41%2%39 EXlO

22H0. 4700. 258 EX110. 728, 0.7390.395, 0.404 EX120.4650. 337 E‘F‘@Nbefﬁom ,
10310. 2730. 161 Pure TPEO. 000.0.000 10 It can be seen fromthe above Table 5
that Exanple 1 and Exanple 11 afford the hi ghest absorbance at both 350
and 365 nm W bi/isst he oxalic ‘acid catalyzed products gavechusSifkess
absorbance as conpared to the sulfonic acid catalyzed products of Exanples’
5A and 9. All other things being equal, the greater concentrations of TPE
‘provide | ower optical properties. Also40|t shoul d be 15 noted that TPE

shows no aﬂs-orb-a-nte—un-dm—_t—ke—t-est-eew-t-l—er“ H—ean—atso-pe seen that
t he phenol {dEXtXx8TH condensat|lit#lgpr oduct s of (Exazrpl e 10 and [Exanple 11

whi ch were at 190 C flar, one hour, nanely EXIO. I/H HX10. 22H,
EX11. 17H a jaﬂog_cal proper 0.83954 conpared to the product

before sucll ghert.ang, nanel y |ipgfp 17, EXI10: 2@2 jgd EM 1. Additionally, it
can 20 be geen that The epoji dized product %xaﬂ'm-e—‘r—n%rrel y. Exanpl e 8
whi ch' was [[d#XH dyl at ed. - gay .- E&.F88ant | v (IhBaﬁ,eﬂ 48dsor bafice than the

commer cial |phaduct  EPON 1&# @ t he gl yci = ed pr oduct of Exanpl e 5A.

Al t hough t : . ceflval ues, its

Vi scosity QONd@BYy hi gh, |jmpeamrd y, over 90(15)151)5 at 175 C as shown in

Tabl e 1 abgve, ‘thus 25 unaccept abTe. 1 ES AND VEI GHT PER
EPOXY EQUI 990 a1 My VhVi_SchE SR

- 10318951395 Ep889 (100 C) 216 997 (125 Q) 172 150 C

10 It can be se'en from the above Tab!e 5 that Examble 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 éompared to the sulfonic acid
catalyzed products of Examples 5A and 9. All other things being equal, the
greater concentrations of TPE provide lower optical properties. Also, it should be

15 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,
EX11.17H and EX11 had better optical properties as compared to the product
before such heating, namely EX10.17, EX10.22, and EX11. AdditiOnain, it can

20 -be seen that the epoxidized product of Example 1, namely Example 8 which was

' g!ycidyléted . 'gaveréigniﬁcantty higher absorbance than the commercial product
EPON 1031 and the glycidylated product of Examplé 5A. Although the product of .
Example 12 showed high absorbance values, its viscosity was unduly'high, '
namely, over 9000 cps at 175° C as shown in Table 1 above, and thus

25 unaccéptable.

~ TABLE® S
VISCOSITIES AND WE[GH:t“ PER EPOXY EQUIVALENTS (WF.'E)

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

| 997 (125°C)
172 (150° C)

sUBsmUTE SHEET (RULE 26)




' SUBSTTI UTE SHEET (RULE 26) 23 Septenmber 2003 WD 01/ 02454 41 PCT/ USOO/ 08963
EPOXY of 576/ 34812210 (100 C) 1580214 Exanpl é 6(125 C) 440°fASEHECI"Ehoxy of
Exanpl €767137411580 (1000 C) 821233 5A(125 C) 142 (1500 11.C 5 TABLE 7
FLUORESCENCE OBTAI NED OF PRODUCTI ON 0. 05% SOLUTION -I N THF AT EXCl TATI ON
WAVEL ENGTHSWEI42454 NM BUT AT ACQUI SI TION TIME  OF ONE- HAL FPCIAUSAU/GPEOND. 10
.15 Count's at Maxi mum Wavel ength Product of | nt ensi Maxi-num nm EX619, 960531
EX1117, 390532 EX10.2219, 040530 EX10. 22H19, 940530 EX10. 17H20, 120530 TABLE 8
SOLUBI LI TY OF CO\IDENSATI ON PRODUCTS 20 Solubility at 50% acet one was

attenpted Wi riou n xal  condensafes. A rargefvial 7/8
i nches in rﬁti%?*g d'anet S%SCthé QA GG  Eadh of acetdhe and
solid, war amipldeVvi gor oys agi t at |p250@)d44¢1en5@bl ojed to settlfe for 10
days at ropm tenperature. {The tot al hei ght of the n xes was 1.7 I nches.
The cl ear pupernatant—laygr was Qc)u_rpd_ and.is repprfed-below ifn 25
milTimeter i EGBRY of EARpleY 41769737421 4158620021 69107 | Quer sol ubilji ty.
' 5A . | (125°C) 142 (150°
C).
5
“TABLE 7 -

FLUORESCENCE OBTAINED OF PRODUCTS IN 0.05% S-OLUTION-IN’THF”'
- AT EXCITATION WAVELENGTHS OF 442 NM BUT AT ACQUISITION TIME
OF ONE-HALF OF A SECOND.

10 Counts at Maximum Wavelength
* Product of Intensity Maximum nm
EX6 19,960 531
EX11 17,390 532
EX10.22 19,040 530
15 EX10.22H 19,940 530
EX10.17H © 20,120 530
TABLE 8
' 'SOLUBILITY OF CONDENSATION PRODUCTS N
20 ' ‘ Solubmty at 50% acetone was attempted with-the various phenol-glyoxa!

condensates. A large vial 7/8 inches in internal diameter was charged with 10 g
each of acetone and solid, warmed with vigorous agitation and then allowed to
settle for 10 days at room temperature. The total height of the mixes was 1.75
inches. The clear supematant layer was measured and is reported beiow in

25 millimeters (mm). Lower values-are mdlcatlve of lower solubility.

‘Material Clear Liguor, mm
EX1 7 32
EX2 28

30 EX4 o 8
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- Material Cear Liquor, nm EX1 32 EX2 28 30 EX4 8 SUBSJJ E H (RULE
26) 23 Septenmber 2003 WO 01/ 02454 PCTI USOQ 08963 42 5 %%%%L% (ﬁ%% ‘
EX10. 2222 EX641 EX97 EX1124 Several materials were checked for 50%
solubility in nmethyl ethyl ketone. The product of Exanples 1-3'and 11
remai ned coBIP¥P¥P4 solubl e at roor temperature after st&GA{US4YE3days.
~Product from Exanpl e 5A deposited sonme. .10 product .after standing 3 days
15 20 25 30 TABLE 9 METAL | ON CONTENTS20F POLYPHENOLS & EPON 1031

Met al EPON | onEX1IEX6EX7EX5A* 1031 Na0O. 0030. 0010. 0020. 0170. 028

Ca0. 0020. 0010. 0EXSA 0010. 001 Fe<0. 001<0. 0010. 001<0. 001<0. @31

KO. 008<0. 001<0. ?0170010.001 *This is product of EX5A on 1|7arge scal e

eqU| pnment EXAMPL

EX10.22 ' 22

v ; o | 41 L
5 EX9 | | 7
EX11 A _ 24

Several materials v\}ere‘checked for 50% solubility in methyl ethyl ketone. Thle

product of Examples 1-3'and 11 remained completely soluble at room

temperature after standing 10 days. Product from Exampie 5A depos:ted some .
10 product after standing 3 days.

TABLE 9
METAL ION CONTENTS OF POLYPHENOLS & EPON 1031
Metal EPON
lon. EX1 EX6 EX7 EX5A* 1031
15 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 <0.0041 <0.001 - <0.001 0.C01
*This is product of EX5A on large scale equipment
20 '
‘ EXAMPLE 13
' : " PREPARATION OF PREPREGS AND LAMINATES
' Prepregs and laminates were made from the following resinous matrix
formulation. ' -
25 Material Percent by weight
1. Brominated epoxy resin (EPON 1124 , ‘ 60.0.
A80 of Shell Chemical) , -
2. Phenol-glyoxal condensate (PGC) ' ' 3.0:
3. Phenol novolac curing agent 14.4
30 (Durite 8D1711 of Borden Chemical)
4. Acetone | 15.05

5. Methyl ethyi ketone 7.45



- PREPARATI ON OF PREPREGS AND LAM NATES Prepregs and | am &é r made rom'
the following resinous matrix formulation. Material Per ?pts

Brom nat ed epoxy resin (EPON 112460.0. A80 of Shell Chem cal). 3 0 2.

Phenol - gl yoxal condensat'e (PGC) 3.. Phenol novolac curing agentl14.4 (Durite
SD1711 of BYYQ¥A24Meni cal ) 15.05 4. Acetone 5. Methyl et hyPCRESt0/0853 45 23
- Septenber 2003 WO 01/ 02454 PCT/ USCO/ 08963 43 6. 2-nethyl im dazole 0.2 Two
sol utions of 2,000 cps viscosity (25 Cgyere made wherein two . different
PCC s were used The PGC s (phenol -gl yoxal condensates) were the 5

epoxi des (gleyQ2-phekiaf pRidgsdie vati ves) of Exanple 6 and Exanppe 5A as shown in
t he Exanpl es herei nabove. The epoxy of Exanple (Ex) 6 was nmade by the,
process of Exanple 8 and the epoxy of Exanple 5A was made by substantially
the same procedungo sﬁhﬂloh%fmbgrcbgb%cééig @520 GIcRé n7fd vasdraiy v Test 13A.
10Test 13A Epoxy of MM MhVi scosi t 6576/ 34812210(100 C) 214 Ex:.
5A7671374115§‘W§@d’ ?3@@5'5%"“& VGPP @hﬁﬁelrgim%mmwt@éﬁ werepthe7-8 nil s
t hi cknesss wey ﬁ%XlﬂB&é@i%d@/lﬁeB@@ﬁvat@bQ) G ERTsle BHMGE Ghfle ShVASsHIWASR (an

E-glass) wt finish
the Examples hereinabove. The epoxy of Example (Ex) 6 was made by the

process of Example 8 and the epoxy of Example 5A was made by substantially
_ the same procedure. The two materials are characterized below in Test 13A.

’ 4

10 Test 13A

Epoxy of Mw/Mn " Viscosity. cps PE
Ex. 6 . 5767348 12210 (100° C) 214
Erx. 5A 7671374 11580 (100° C) 233

15 Two-ply 11.5 inch square laminates of 7-8 mils thickness were made via a hand
dip process using 2116 style glass (an E-glass) with a BGF 643 finish. Cure
conditions were typical for meeting the National Electrical Manufacturers’
Association (NEMA) FR4 specification, namely, 1.5 minutes at 325-350° C in an
oven for the prepreg. The prepreg was then cooled to room temperature and

20 heated over 45 minutes to 350° F, and then held at this temperature for about

- 30 mlnutes before cooling to room temperature The resin content for the

Iamlnates was about 60% by weight.

The laminates weré then cut into 4 inch squares and inspécted \;vith
25 modem automatic optical inspection (AOl) equipment. In the case of ultraviolet
absorbance the foliowing equipment can be used: Hewlett-Packard's HP BV
3000 Teradyne s 5539 and Qrbitech’s VT 8000. The results of the AOI
for fluorescence are shown in Test 13B below wherein the tests were carried
out in duplicate or triplicate.
30 '



~conditions were typical for neeting the National El ectrggg Manufg urers'
" Associ ation (NEMA) FR4 specification, namely, 1.5 ninut 8% 5Pegpsr Cin
an oven for the prepreg. The prepreg was then cooled to roomtenperature
and 20 heated over 45 mnutes to 350 F, and then ‘held at this tenperature
for about &0 okt es before cooling to-roomtenperature, phrRISIESIOEE CONt ent
for the " | am nates was about 60% by weight. The |am nates were then cut '
into 4 inch squares and inspected with 25 nodern automatic optical

i nspection (AO) equipment. In the case of ultraviolet absorbance, the

fol |l ow ng equi pnent can be used: .He\MT?%g.rfE?ckard' s HP BV 3000, Teradyne's
5539 and Orbitech's VT 8000. The results of the AO for fluorescence are
shown in Test 13B bel ow wherei n t heFltiersissenger e car ri edDyramiciRangapl i cate or

triplicate. Bg é—ﬁ 2@ 003 % %22454 44 Test !i Egll US@’ 08963
Epoxy PGC i E gé Fi-'-tc Fa"noﬁ th mi ¢ Range Int g? -

Level .., .... . 5EX. 6 epoxy192 22 0 194.72. 0 EX. 5A epoxyl30.81.6 125 41 5

135.5" 1. % é%%ﬁ%l%gg a in Test 13B gféﬁr?ushow t hat thengﬁr mul ation using the .

epoxy of shows 48% hi gh orescence tharf"the fornul ation
usi ng the epoxy of Exanple 5A. Repl@®nent of the epd&x® of EX 6 by

unepoxi di ze erial, i.e., the ' | - gl yoxal condengation product of
Exanple 6 i %thﬁéq PRMY nat i ng formul {]ﬁ]oﬁ 15 in conparlggn with the
phenol - gl yoxal condensate of .exanpl #%#A with the use' of5 ST
co CRCEE : 136,58 - 1.8

10 The data in Test 13B above show that the formulation using the epoxy of

Example 6 shows 48% higher flucrescence than the formulation using the epoicy
of Example BA. '
Repiacement of the epoxy of EX. 6 by unepoxidized material, i.e., the
phenol-glyoxal condensation product of Example 6 in the laminating formulation
15 in comparison with the phenol-glyoxal condensate of example 5A with the use of
A0l as discussed above showed that the phenol-giyoxal 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
20 formulation can be partially or completely replaced by a bisphenol-A epoxy resin
~with comparable epoxy equivalent to obtarn similar resuits.
" The formulation of Example 13 is a preferred formu[ataon However the
| brommated epoxy resin can vary from about 40% to 80% by werght of the :
formulation, and such resin can be substituted with a different halogen such as
25 chlorine. Also, the epoxy resin need not be halogenated but if fire retardency is
desired, such retardency can be obtained by the addition of a conventional fire
rerérdant. The phenol-glyoxal-condensate can vary in quantity from about 1% or - -
2% to about 15% and be substituted entirely or partially with an equal quantity of
a phenol-glyoxal residue. The quantity of phenol novolac curing agent can vary
30 from about 7% to about 35% and the quantity of soivent system can vary from
about 10 to 35%, all percentages or parts being by weight.



‘ AOI as di scussed above showed t hat the phenol - gl yoxal condensate of
Exanpl e 6 increased the fluorescence over that obtai ned2wPeRfe ﬁ'h%ﬁoé 5A by
about 50%to 70% and provided clearer images to the CCD (charged couple
devi ce) canmeras of the AQ. equi pnent. The brom nated epoxy for the above 20
fornmul ati onwapginbaspartially or conpletely replaced by a bpsipi@nodesA epoxy
_resin wi'th conparabl e epoxy equivalent to obtain simlar results. The
formul ati on of Exanple 13 is a preferred formul ati on. However, the
brom nated epoxy resin can vary from about 40%to 80% by wei ght of the
formul ation, and such resin can be ?@?;tn ed with a different hal ogen
such as 25 chlorine. Al so, the epox?y( “"heed not be hal ogenated but if
fire retardeltyYORESOENCECANALYEIS INCOMRARN QN VITE! AORIINEIORANGE
addi ti on of nventional fire retardant. The phenol - gl yoxaf - condensat e
can vary i n%f‘?r)tt'i ty fromabout 1% or - 2% to about "15% and be substituted -~
eﬂti rely or pa][tinathiswxmﬁplle' , il spected weteasdliettedalsingO, pbmo?f" @iimmgglofresi due.
The quantity o enol n ac.curi,ng ,agent .can 0 fromabout 7% to
Zbout 355 il TP GR O SHeEy CRfoPLEARER fe S Rkati R fEEY The ShTamRNReL0 ¢ o
8?%022?4 22 PCT. ag%giggggggtthe bﬁlldggqg)e F}f:@b@ﬁgg;\lﬂ%ﬁ&ﬁ YSI S.| I‘?l\élp%{g\/\F/’\fA?RI SON
€,
W TH ACRI DI ﬁéstﬁ%g NI l?ﬁ Sanda Agifine Ospposiiate (Aldgs Gheritflect ed

usi ng 0. 05 @o. ofMiwhukdeO ) %Iutl&mﬁmﬁ%réﬁhréaﬁgwl@lﬁw Sligiofee

- tetrahydrofuran (THF tions were ssol vin the sel dsh:
in theyneceés"t?ln %Hﬂg%fh?mﬁ?o”ﬂ-{ ?:S'V@"t/&%m?@%{ c'i:g@'lcPBTG %}S'rfllfélf‘ﬁ Péli’ﬁgr ‘The L9

st andar d gAC wad lcﬂﬁfnﬂe’ﬂwﬁalﬁ%}'ﬁ;ﬁuﬁw@ﬁéﬂréﬁdﬁ?e oM aboo EquipflenMvbyaritge. W )-
~sol ution (Opgq%@p ar ed diluting an aliquot of @a concentrated -

sol ution of sk :tat: %Wﬁ?ﬁemr@w?%tag?'&%!ﬁﬂ@ %0 . was
confi rnmed bge@hwdahlsﬂnn&mtmﬂeqmpreﬁwtsl@t@qeemw SFIROetarehiingd 0 pr ovi de

442- nanonet %Eth%g}etsgérllcoenmtaeggwn%asur epents were taken using O
_ _ ported in Counts per second as wellas a’
percentage of the intensity of the standard at respective wavelength.
15
_ Table 14
RESULTS OF FLUORESCENCE ANALYSIS IN THE USING CM 1000
in this table, the excitation wavelength was 442 nm; acquisition time was

0.5 seconds and Concentration was 0.05 wt %.

20 | Sample ~ Filuorescence | Intensity Intensity Relative to
' . Maximum, nm | Counts/s Acridine Orange
' Base Standard, %
Acridine Orange 528 ‘ 24000 N -
Base 0.78 uM (maximurm) 23800
(0.2mg/L) In 524 24000
Methanol  |530 23800
532~ {23400
535
25 | Condensate of Ex 532 24000 100
5A
Condensate of Ex68 | 532 40600 170



second ach|S|t|on tlne Tabl e 14 presents the results of the neagégfnents
with fluorescence intensity reported in Counts per seco

percentage of the intensity of the standard at respective mavelength. 15
Tabl e 14 RESULTS OF FLUCRESCENCE ANALYSIS IN THE -USING CM 1000 In this
tabl e, the excitation wavel ength was 442 nm acqui sition tlne was 0.5
.seconds ‘and Concentration was 0.05 w-% 20 25

Sanpl eFl uor'escencel ntensitylntensity Relative to Maxi mum
nmCount s/ sAcri di ne Orange. Base Standard, Acridine Orange52824000 Base 0.78
pM mexi nun) 23800 (0. 2ngl L) in52424000 MéBhanol 53023800 53223400 535
Condensat e of Ex53224000100 5A Condensate of Ex 653240600170 a. 23

Sept enber 2Q$§\ CLAIM5 1. An epoxy resin selected fromthe group
consisting o a) a reaction product of about 4 to 8 parts of a

pol yepoxi de “'to ‘each part of a pol yphenol of a ‘phenol and-gl yoxal wherein’

the pol ypheﬁol hag @bwlrbéna\sb@cﬁd ﬁ@mﬁ@ ﬂﬁfp Mnsﬁytmg loea(é} a@eé’&i@nat 365 nm
and/or at r%ciH 9 ﬁ 3‘? Igﬁg uijeo aqm{éqréai) I hh I
gl yci dyl at etﬁ’ ¥ ghat tP p?#ge?loq PARTP YISO PP PEHRIYW %ﬂenol
prior to glpyendﬁmglmxahmeemn the pelyphsirel hah s tlicavidetafhsatbdneasif ad. 260 at
365 nm gng/ Mash. 2eolaq%%s it lélﬂafo%t a6t M4D0 WhE5E hih; bhE (PALXRAKNG (a) With
prepare y rgefyméylgt%d%o}lyphenol of a phenol and glyoxal wherein the polyphenol prior to

glycidylation has an ultraviolet absorbapce of at least 0.260 at 365 nm and/or at

least 0.400 at 350 nm; wherein the polyphenol is prepared by reacting glyoxal

with a molar excess of a.phenol in the presence of an acid catalyst.

2. The resin of claim 1 wherein the phenol of the polyphenol is phenol itself.

3. The resin of claim 2 wherein the polyphenol prior to glycidylation contains
from about 0% to about 6% of TPE.

4. The resin of claim 2 wherein the polyphenal prior to glycidylation has a
fluorescence which is at least 25% higher than Acridine Orange Base at an
excitation wavelength of of 442 nm and an acquisition time of 0.5 seconds when
the Acridine Orange Base is used at a concentration of 0.2 mg/liter in methanol -
and the polyphenol is used at a concentration of 0.05 weight percent in

' tetrahydrofuran B
'5.-  The resin of claim 1 wherein the poEyepoxidé~is a giglyéidyl eth'_er resin.
6. The resin of claim 5 wherein the diglycidyl ether resin is based on a

member selected from the group consisting of: a glycidylated bisphenol A; a
glycidylated bisphenol F; a glycidylated resorcinal; a glycidylated neopentyl
“glycol; a glycidylated cyclohexane dimethanol; and mixtures thereof.

7. The resin of claim 6 wherein the d!glymdyl ether resin is based on a.
glycidylated bisphenol A.

8. The epoxy resin of claim 1 wherein the polyepoxide is a

G .



with a nolar excess of a,phenol in the presence of an ag cat al ?é 2 The
resin of claim1 wherein the phenol of the polyphenol gﬁ@'ﬁmbe{ &1 1

The resin of claim2 wherein the polyphenol prior to glycidylation cont a| ns
from about 0% to about 6% of TPE. 4. The resin of claim2 wherein the

pol yphenol prior to glycidylation has a fluorescence which is at |east 25%
‘hi gher than Acridine Orange Base at an excitation wavel ength of of 442 nm
and an acquisition tinme of 0.5 seconds when the Acridine Orange Base is
used at a concentration of 0.2 ng/liter in nmethanol and the polyphenol is
used at a concentration of 0.05 weight p@rcent in tetrahydrofuran. . 5.

The resin of claim1 wherein the polyepoxideis a diglycidyl ether resin. 6.

The resin of S bas
menber sel ecq&%@w dﬁﬁ% C%:pgidmé?o gﬂ)ciﬁ?; %g?a%})ﬂg{ ?' %{}]\eﬂ%eecﬁ Sﬁl%gbq‘ignol A, a
gl yci dyl at edrampmaresp qnns'ﬁt!@g 9&@@91:@1!&!@, & Bedhadrylale; sirejieyendynigiuess
neopentyl ¢ghy¥eef;, a glycidyl ated cycl ohexane di net hanol; and m xtures
thereof. 7. The resin of claim®6 wherein the diglycidyl ether resinis
based on a . glycidylated bisphenol A 8. The epoxy resin of claim1l

wher ei n t he $ol yeliexernxyiresin of 2Rirsdphavingean 2008y aquipalent weighi ofydtdeasd)

copol ynmer of44gl yci dyl nethacryl ate and a nenber selected fromthe group
consisting of an acrylate, & nethacrylate,-styren.e;- and -m xtures

ther eof . 9. The epoxy resin of claim1 having an epoxy equivalent weight of.
cat. least 140, Focompositiposempasing anmposy nesinrne feneacheKiOrpatshffsaid each

100 parts ofepsgy fesin; E(QPéb’odtel%' 8 25(;§3rts.3$¥&‘&urﬂr§; édeng?brﬁﬁé %goﬂf re@.lnC‘a\PHng agent .

for the epo romthe
br oup cona 48) i 3F atsepa i ERirIciel JBRRIGI0TaYP SoRRRGIO ARGy Ried
wher ei n t he pebiphphelndla fpeinot end) blyokalywiatremnthe patyphenoll baforei giycedlylaﬁmor bance
of at |east h%s%ﬁ.%uﬁéwéréﬁamre@#ée%f aqtneéé% 60at FHBhm Anakr Gt kst g Agpction
product of %?%gb to art a}q%qéf % epox si.n to eac art of a-
“pol yphenol B roreasbi gkt bt 8119 ag G GRGAGRoR < b
- each part of a polyphenol of a phenol and glyoxal wherein said polyphenol prior

to glycidylation has an ultraviolet absorbance of at least 0.260 at 365nm and/or

at least 0.400 at 350 nm; and a polyphenol of a phenol and glyoxal having an

ultraviolet absorbance of at least 0.260 at 365 nm and/or at least 0.400 at 350

nm; and mixtures thereof, and further wherein the polyphenol is prepared by

reacting glyoxal with a molar excess of a phenol in the presence of an acid
catalyst. '

11.  -The composmon of claim 10 wherein the curing agent is a phenoi—
formaldehyde novolac resin or an ortho- cresol—formaldehyde res:n or mlxtures
" thereof.

12.  The composition of claim 10 wherein the curing agent is dicyandiamide.



~to glycidylation has an ultraviol et absorbance of at 0 365nm
and/or at least 0.400 at 350 nm and a pol yphenol of ag%i%%t#sm%%g‘%% yoxal

having an ultraviolet absorbance of at |east 0.260 at 365 nm and/or at

| east 0.400 at 350 nm ‘and m xtures thereof; and further wherein the

pol yphenol is prepared by reacting glyoxal with a nol ar, excess of a phenol

in-the presence of an acid catalyst. . 11. The conposition of claim10
wherein .the curing agent is a phenol- forml dehyde novol ac resin or an
ortho-cresol -fornal dehyde resin or mxtures thereof. . 12. The conposition

of claim 10 wherein the curing agent is48 cyandi am de. 23 Septenber 2003 48
13. The conposition of clai m 11 i ncl udi ng an epoxy CUI’I ng accelerator in a -

dured composit i orl G ERBErE" tam 1 BSRGoY thon SRR AP ESOUA ef n ¢ he
100 parts ofquan@tya@ﬁloyenté@amelaratsthtbﬂtmpftlalele;popcmaesm of “bispheriol A having

a wei ght per epoxy value of about. 190 to 10,000. 16. The cured

conposition qgf cI im15, 17. A.co sition conprising: (a) fromabout 50 to -
97 parts by Wei egpured C‘fmeﬂtﬂ'?'&"ﬁ@ema havi ng an ul traviol et absorbance
of less than 0 260 at 365 nm and/or less than 0.400 at 350 nm and (b)

P aviol ot opborte &‘“ﬁsﬁﬁ"yﬂ“"&mm&%%@'m%”@b%'ﬁ?‘ﬁé@fé’ B/ REIE 57 /0,400

ultraviolet a sor&ﬁa}[t eas
at 350 nm wHestantalyhate H8| iNaVigpSpAPIaht BYF cRaxyYRIUSPIAbPHL AP0t th a -

- nmol ar, excesd0dfC0a phenol |n the presence of.an acid - catalyst; and further

"~ conpri sing-about 100 parts of an epoxy resin for each 15 to 30 parts of
(a) and (b).. 18. The cured corrp03|t| on of claim1l7. 19. A nmethod for -
manuf act ur e 16f aﬂ_hgﬁt‘)‘k‘iﬁ pBpesitign efclaiBhd®-i ses - gl yci dyl ating a pol yphenol
whi ch prior to gl yC| dyI ation has-an ultraviolet absorbance of at |east

0. 20,2 Seyam, Ao Sl 8, P LI WPy R gpieno 1
presence of PABNQE @V@%\Ca{]eygtg an ultraviolet absorbance of less than 0.260 at 365 nm

and/or less than 0.400 at 350 nm; and (b) about 3 to 50 parts of a polyphenol of

a phenol and glyoxal having an ultraviolet absorbance of at least 0.260 at 365

nm and/or at least 0.400 at 350 nm, wherein the polyphenol is prepared by

reacting glyoxal with a molar excess of a phenol in the presence of an acid

catalyst; and further comprising. about 100 parts of an epoxy resin for each 15 to

30 parts of (a) and (b)..

18.  The cured composition of claim 17.

1 9. A method for manufacture of an epoxy resin which compnses

“ glycidylating a polyphenol which prior to glycldylatlon has:an u!tra\nolet '
absorbance of at least 0.260 at 365 nm and/or at least 0.400 at 350 nm, wherein
the polyphenol is prepared by reacting glyoxal with a molar excess of a phenol in
the presence of an acid catalyst.

20. A method for manufacture’ of an epoxy resin which'com'prises réacting
about 4 to 8 parts of a polyepoxide to each part of a polyphenol which prior to
epoxidation has an ultraviolet absorbance of at least 0.260 at 365 nm and/or at
least 0.400 at 350 nm, wherein the polyphenol is prepared by reacting glyoxal
with a molar excess of a phenol in the presence of an acid catalyst.



~ 20. A nethod for manufacture of an epoxy resin mhich-cogfrises reacting
about 4 to 8 parts of a pol yepoxide to each part of a pof yBRERDEr abith
prior to epoxidation has an ultraviolet absorbance of at |east 0.260 at
365 nmand/or at |east 0.400 at 350 nm wherein the pol yphenol is prepared
by reacting glyoxal wth a nolar excess of a phenol in the presence of an
acid catalyst. . 23 Septenber 2003 49 21. An epoxy resin which'is a :

gl yci dyl at ed pol yphenol of a phenol and gl yoxal wherein the pol yphenol
prior to glycidylation has an ultra-violet absorbance of at |[|east 0.260 at
365 nm and/ or at |east 0.400 at 350 nm 4hd wherein the pol yphenol pri or
to glycidylation contains fromabout 0%to about 6% of TPE, and further

of & phenol 21 1 Ra reauRelanes fa ek BRG BayMalBIet alhifudnite 3751

wher ei n* t oe Wesais| the polyrbeps injigh englycinwlatiore has an uged violepghbsoshangsosfiatr esin ™

Wni chhi S ? géastioolaacﬁét@sspghlxehthm@k Iﬁ@%t @.49b|%?@50@;ﬂ11, ﬁt:lmiﬁéin th@fnere}n Ehe

(6] eno L Ok ’ n as, an r V sol-Da

ot 0 20 alvBseh8 ok i, SieaY AP f85aB Mish PolBleth BERCFRAR B apfle

- pol yphenol fuither wherginthe aglyabers! iharepardd b resasten glyoxalivdth a smadar | east 25%

hi gher  t harxfesy bt PRedd HBR fRasehcalofdih fXEEAfRIysen wavel ength of 442 nm
and an acquisition time of 0.5 seconds when thé Acridine Orange Base is

used at a concentration of 0.2 ng/liter in nethanol -and the: polyphenol is. .
- used at a @ncerltheaesiornfofaird. 5vwedtbe pheceinf the polyphain) iy phendhitsethd =~
~further wherein the polyphenol is prepared by reacting glyoxal with a

T KOS 0T 2 RRAR e e S RSt paofadlsf Sndehiland o dls:
wherein the polyphenol prior to glycidylation has an ultra violet absorbance of at
least 0.260 at 365 nm and/or at least 0.400 at 350 nm, and wherein the
polyphenol prior to glycidylation has a fluarescence which is at least 25% higher
than Arcridine Orange Base at an excitation wavelength of 442 nm and an
acquisition time of 0.5 seconds when the Acridine Orange Base is used at a
concentration of 0.2 mg/liter in methanol and the polyphenol is used at a
concentration of 0.05 weight percent in tetrahydrofuran and further wherein the
polyphenol is prepared by reacting glyoxal with a molar excess of a phenol in the
presence of an acid catalyst.

24.  The resin of claim 23 wherein the phenol of the polyphenol is phenol itself.



