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A nethod for the manufacture of a fluorescent pol ypheno § BFe 35 th

hi gh UV absorbance, its subsequent epoxidation, polyphenolic products,
epoxi di zed derivatives and conpositions thereof as well as |am nates
contai ning fluorescent polyphenolic products and derivatives thereof are
di scl osed. W38 enber 2003 WO 00/ 64669 PCT/ USO0/ 08994r4ESq@RsIpOVOLACS

W TH | MPROVED OPTI CAL PROPERTI ES This application is a continuation-in-part
of my U S. Patent Application Ser. No. 09/158,584 which was filed on Sept.

22, 1998. 5 This invention relates td phenolic-glyoxal condensates,
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resin matrix containing epoxidized phenol -gi yoxal condensation products or

][ gfggg?ﬁ g?f SUChrRL Qfkhion RS Wtihugttsonr—riﬁzp%?tdosf rIn? [J.Wa%r%ct&p%gatgn the
Ser. No. 09/158,584 which was filed on Sept. 22, 1998.

5 This invention relates to phenolic-glyoxal condensates, glycidylated
derivatives thereof, compositions containing the condensates and their
glycidylated derivatives, laminates of reinforcing fibers in a resin matrix
containing epoxidized phenoi-glyoxal condensation products or residues of such
products, as well as methods for manufacture of the foregoing.
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In the methods for making the condensates of this invention, a molar
excess of 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.
15
The reaction is conducted by making continuous or at least two additions
of glyoxal to a phenol wherein the total molar ratio for all additions of glyoxal to
phenol is about 0.15 to 0.22. Water in the reaction mixture is removed
incrementally by distillation during the reaction.

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

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

30 mixture when at least about 85% of the aldehyde equivalents or aldehyde units
in the total quantity of glyoxal to be charged to the reaction mixture for making

- the condensation product have reacted. Removal of the catalyst also eliminates
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BACKGROUND AND PRIOR ART
Polyphenols, such as polyphenols prepared from the condensation of
glyoxal and a molar excess of phenol in the presence of an acid catalyst, find
utility in the same manner as other polyphenols and particularly for preparing
20 epoxidized polyphenols which can be-used for coatings and electronic
applications as well as adhesives and laminates such as in the production of

printed circuit boards.

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

without sacrifice of desirable optical properties provided by this invention.
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15 and certain catalysts for obtaining polyphenols and epoxidized derivatives
thereof having UV absorbance and/or fluorescence which is substantially higher
than phenol-glyoxat condensates prepared by other methods within the
wavelengths generally used for AOI quality control. Photoimageable materials
are used in conjunction with these condensates. High UV absorbance is
20 desirable for the manufacture of laminates used in electronic applications such
as high density multilayer printed circuit boards.

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

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

30

The prior art discloses many methods for making polyphencls and
epoxidized derivatives thereof. But the prior art does not use the combination. of
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3% , the below described method. Such measurements are generally reported in

15 percent of aldehyde equivalents reacted in comparison with the aldehyde
equivalents charged or to be charged to the reaction mixture. Thus, if
measurements of aldehyde equivalents in a mixture of the glyoxal and pheno}
charged show X aldehyde equivalents and measurements after reaction in the
reaction mixture later show aldehyde equivalents of % of X, then the aldehyde

20 -equivalents in the reaction mixture are 50% of that charged. During the
reaction, some ketone groups may also be formed which are included in
measuring of the aldehyde equivalents and are considered as part of the
aldehyde equivalents herein.

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

30 sodium hydroxide to pH of 3.5. The number of milliliters (mls) (the titre) of the
sodium hydroxide solution used to back titrate the sample to a pH of 3.5 is used
to calculate the aldehyde equivalents. The mis of sodium hydroxide solution in
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equi val ent sréamted. he sanple are then determi ned by the follow ng fornmula:
(2.9 tinmes 0.25 Ntines (ms sodiumhydroxide titre mnus the ms of the
sodi um hydroxide in titrating the blank). The value obtained by this
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of 10 phénof® grigiu, poyns P?Fes%'@l‘@ far 2 @PP% ssilutignyafthe materishinol  used
until that tiesiondissolved in tetrahydrofuran (THF) at an excitation wave length of 442

nm for an acquisition time of one second with a CM 1000 instrument when
measured within the range of about 450 to 650 nm. CM 1000 refers to Cure
Monitor 1000 which is an instrument made by Spectra Group Ltd., inc. of

20 Maumee, Ohio. Acquisition time is the exposure time at the designated
wavelength. A count is a basic unit used by a large number of light measuring
devices for data output and refers to a process of digitization of accumulated
signal. In the case of a CCD detector that is used by Spectra Group Limited,
Inc. of Maumee, Ohio and which was used for the data set forth herein, light

25 produces an electrical charge on the detector that is subsequently read out by a
digitizer. The digitizer is set to record one count for approximately every 10 units
of charge (electrons) it reads.

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

of the tables set forth later herein are relative to other polyphenols within the
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aci di ¢ cat alnydar eMeeshotpirerain the presence of an acidic catalyst which can be

removed from the reaction mixture by distillation at temperatures below about

15 170°C. A reaction temperature of about 80° C to about 100° C is used for the
reaction. Water is removed incrementally from the reaction mixture by distillation
while the aldehyde equivalents in the reaction mixture are maintained at less
than about 70 percent based on the aldehyde equivalents in the total amount of
aldehyde fo be charged to the reaction mixture in making the polyphenol. The

20 mole ratio of glyoxal charged to the reaction mixture is from about 0.15 to about
0.22 moles of glyoxal for each mole of phenol. The reaction is terminated by
distillation to remove the catalyst when at least about 85% of the aldehyde
equivalents in the total quantity of glyoxal to be charged for making the
condensation product have reacted. When trichloroacetic acid is the catalyst, a

25 basic material is added to the reaction mixture prior to removal of the catalyst to
neutralize any hydrochloric acid which may be released during removal of
catalyst. Removal of the catalyst also removes some or ali of the water in the
reaction mixture. After elimination of the catalyst: (a) free or unreacted phenol is
distilled out of the reaction mixture so that the product is free of catalyst and

30 contains less than about 5% of phenol; and (b) the reaction mixture is heated at
a temperature of from about above 175° C to about 200° C for 0.25 to 3 hours.

In another aspect, this invention is directed to a method of preparing a
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20 reaction mixture is heated under vacuum at a temperature of about 175°to 200°
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C for about 0.25 to 3 hours to produce the phenol-glyoxal condensation product,

25

30



t he condensati on product have reacted. The above tenperature of phenol
reaction with glyoxal, including the distillations, is 88SeplesnbengsoT.
After at |east about 85% of the al dehyde equival ents have reacted as

di scussed above, the 15 tenperature is raised and the reaction m xture is
distilled at a tenperature within the range of about 130 C to about 170 C
to renpve catal yst and water. Unreacted phenol renaining after renoval of
the catalyst is renoved by distillation at tenperatures above those used
for renoval of the catalyst so that the free phenol in the pol yphenol
condensate is not nore than about 5%sanpd the 20 reaction mxture is heated
under vacuum at a tenperature of about 1750 to 200 C for about 0.25 to 3
hour s t A\GsPEstNL & One FweroPt g erasent sivaelimwithers isrevided. psalgmirgte

Sept embebLmfi8ifg 7 Supeifiidsed Nsbrbs ARBSAIBE Cingrbgral&l RIGS SN redilRN iR, there

is provided, in alamnate conprising superinposed porous substrates

i Mpr egn&CEWIGNG AN CP@Y 1$6tisanther ¢uking casiept fafi the apaxe pesiii thedmpravemeat curi ng

agent f Qhidh& L&y ird | j ' i nous
_ idGorRi6Y séfasfbanoﬁmatnmxoﬁféggﬁﬁor&\g%em PIPparRESy T%g.*gﬁt 58

matri x containing fromabout 1 to 35 pa wel g rescent
pol yphertgpressentdPmhppaleisid melvrbenol nkaiiera swanekear egplegqtermitone thg clipup

consi st idfsigfingPoffd ﬂ%F&%@ﬁ'BheﬁB@@%xa%éfﬂéﬂéat&%Péi)%réﬁé&oﬂfi rrﬁ&ha&?grdi ng to

met hod (1), a fluorescent residue of a phenol -glyoxal condensate’ prepared
accor di gflucseseenhisgidue pf a phgnelrgiyaxpbeondebsale forenaied e¢aerdingtchmathod)(1l s a

met hod T4 RkERA th&@of whkk@t escent phenol - gl yoxal condensation product
from a nmonohydric phenol and gl yoxal which conprises: (a) chargimrbg Phenol
ugt

. ly .
to a redathesh(és sanethedifar pesnerbe edlupiesesnt mieRg-dyaxat eandensatigh g 15 to

0. 22 ol &bl phbRs| RAYNYRIBhie cdhrigeenol charged to the reaction
vessel to forma reaction m xture at a tenperature of about 80C to 100C in

the presence (@ alhaioing ppeng! tgo regglicsvesaekand ingpgrntaly chasgiag @l tolehal ged, of

an acid catal yst wabGto. 656 H221RABY 8flgil6M¥drtich NSRS bf M2 JHeRbUSHRdRY heat i ng
and distilling the reaction m xture a? a tenperature bel ow about™ 170C,

sai d catal yst sel dxiederstion e & Bp a wastianspixie ata tppaperatusgcgfgbout

trichloroacetic agpeC ahdeCiin tHeSroasRE I aB&itA % (8% Hese8BRNh& Welght §MOVI Ng
water fromthe reactign m xture; (c) naintaining the aldehyde units in the
reaction mxture &henlscharged, of @y,acid catalyst which can be removed from the

reaction mixture by heating and distilling the reaction mixture at a
temperature below about 170°C, said catalyst selected from the group
consisting of oxalic acid, trichloroacetic acid and triflucroacetic acid;

(b) incrementally removing water from the reaction mixture;

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

(d) distilling the reaction mixture at a temperature of less than about 170°C to
remove the acid catalyst when at least 85% of the aldehyde units in the
total quantity of glyoxal to be charged for making the condensation
product have reacted, provided that prior to such distillation, a basic
material is added to the reaction mixture in an amount sufficient to
neutralize hydrochloric acid when the catalyst is trichloroacetic acid;

(e) heating the reaction mixture at a temperature of about 175°C to 200°C for
about 0.25 hours to 3 hours after step (d) above; and

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

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



70% of the al dehyde units in the total quantity of glyoxal to be charged
for making the condensation product; (d) distilling th%’?ﬁsa tEJSﬁzﬂﬁ)?}(ture
at a tenperature of less than about 170C to renove the acid catal yst when
at | east 85% of the al dehyde units in the total quantity of glyoxal to be
charged for making the condensation product have reacted, provided that
prior to such distillation, a basic nmaterial is added to the reaction

m xture in an anount sufficient to neutralize hydrochloric acid when the
catalyst is trichloroacetic acid; (e) heating the reaction mxture at a
tenperature of about 175C to 200C fofyp about 0.25 hours to 3 hours after
step (d) aboye; and (f) renoving unreacted phenol fromthe reaction m xture
to obtain a @enone@Lydﬂ?ﬂre'Eomfen%lg‘?fWGﬁ prtRiugie daeasared nep | ddehydran about
5% by wei ght of 23qgentsgber 2003 7b  (g) phenol, wherein the al dehyde
units are neasured as al dehyde equival ents. According to anot her aspect of

the preS&frrding\iargnaier asmerkol thepPspdlelventiona tharatie Previinsh ias lamgnate

super i NpOREEkIMPEPFinpebsd perbes smﬁmaf&nmf)@gn%a With o RSB MatfBliiereither ei n
sai d resLaous matrix conprises: A Abou 0 to 80 parts by weight of an.
epoxy r SR FEYNRRHSHAEAEX GRIMBHESper epoxi de val ue of about 190 to about 10, 000

B. About 7 ta ¥boRead fo &Ypae @meigﬁt & Ao RIreABFRHvVINgS whilBt SRVPSxigSi n; the
|

i mprovenent whi CP cq%nBri ses inclu 202) in the resinous matrix from about |
to 15 parts of ‘2YeQispPedciEntto BBPYHREISI sai d pol yphenol being a menmber

sel ected froB) tAmugY @I85 EANSHBIEGBt Gtfa curiRG BGeH & O XbxyGaEHENSat e, the
resi due of a phenol - condensat e. and, m xtures of "said condensate and

| yoxal . m, 1 !
resi due, said d& 8‘é¥”ée"ﬁl”@ﬂf§r@ﬂ1p6'§?s ghdipgdn Hiedgsineys matrigfrom abpUfessel , a
monohydri c, monogues pafts PhanlordsashingolyghnblOsal® pERpIRGTS! BEREE AHasherom about
0.06 to 0.11 nol £s of ,a 40% sol ution of qléoxalp in water, the quantity of
gl yoxal based SHECIHE FEMe e rouBneaNsStinm £ g Phepel-glypal gondansaieorin®i xt ur e

and wher ei n t heegi@actf pherdl-ylybks cofidetisaid drafmRliupdsbrearf corldendat88kat 0 100C
in the presence_q [ to, 5% of gxalic acid; (b) conducting a first

distillation o{est'%‘ée’lgg' gztf’f‘ ?Pst?f%(‘?rﬁi’%fealby'sai d reaction

(a) charging, to a reaction vessel, a monohydric, mononuclear phenol having
up to 12 carbon atoms and from about 0.06 fo 0.11 moles of a 40%
solution of glyoxal in water, the quantity of glyoxal based on the moles of
phenol charged, to form a reaction mixture and wherein the reaction
mixture is at a temperature of about 80°C to 100°C in the presence of
about 3 to 5% of oxalic acid;

(b) conducting a first distillation of the reaction mixture at said reaction
temperature after about 1 to 5 hours from initial reaction of the phenol
with the glyoxal in the reaction mixture and removing about 8% to 12% by
weight of distillate, based on the quantity of phenol charged, from the
reaction mixture;

(c) charging to the reaction mixture another 0.06 to 0.11 moles of the glyoxal
based on the moles of phenol charged wherein the total quantity of
glyoxal charged to the reaction mixture is from about 0.15 to 0.22 moles
of glyoxal for each mole of the phenol charged and continuing the
reaction at the said reaction temperature for about another 1.5 to 6 hours
after the commencement of the first distillation and then conducting a
second distitlation of the reaction mixture at the said reaction temperature
to remove from about another 4% to 12% by weight of distillate based on
the quantity of phenol charged;



tenperature after about 1 to 5 hours frominitial reaction of the phenol

with the glyoxal in the reaction m xture and renoving ab 0 1290 by
wei ght of distillate, based on the quantity of phenol chgér%se%,)/t%#nrgghé(t{ e

reaction mxture; (c) charging to the reaction mxture another 0.06 to 0.11
nol es of the glyoxal based on the noles of phenol charged wherein the
total quantity of glyoxal charged to the reaction mxture is from about
0.15 to 0.22 noles of glyoxal for each nole of the phenol charged and
continuing the reaction at the said reaction tenperature for about another
1.5 to 6 hours after the comencenent _of the first distillation and then
conducting a second distillation of t K& reaction mixture at the said

reaction tenper at(dy eontin@ing e hav gedctionn e UtheaBoddiar dibtidien 1300y rasigipt of
distillate based on, the uant1t¥ of %hgnol charghed; 23 Sept enber 2003 7c
(d) continuing the FEREFHE W & 18358 S2écBhiegrldehvdegqubralents chéhe tdelt i on
tenperature until agudrtiasbi §pdradlto baectrlrgiRNitdenainy wl 8sHdenSdtidngrobiat:al

quantity of glyoxal, to be charged for making the condensation product have
reacted: (e) raisinP¥E3¢ € dperat ure above about 1301C to about 170' C and

distilling the repeisinthaiwinpeiie adbidThbaltelbie ¢ abaliigec Ghy digaihpng the
reaction mxture at_a terr.ﬁgrature of. abgﬁij'é 175' C to 2000C for about™0.25
hours to 3 hours af‘ &R Itugto £l Pyallysind (g) renoving unreacted

phenol to recove(f)ahgatiag e @hytivaarhixtod dea Ssmparaturd bmbéat 1 oP0t8i2ahRYdpot

nore than about 5%33{ gﬁrzg?Ft eg %g]enOI. Accor di ng t o agai n anot her aspect
of the present i nvefUbH22{REdO BN lesEymoya) obthecalausi@@dc onpri si ng
superi nposed por ¢yisresiohBiyr airesctedpheglatoe thooléh adphdhdr VSt JoRgbmQs, Mat ri x

conprising an epoxy_resin and.a curing.agent for the epoxy resin; the
irrprrPoverre%t whi (F:)h )éocf lﬁtg‘é'i}algﬁﬁgdw g‘é’f‘%gﬁg aﬁﬁ?trslq’ﬁ OEBWFﬁ'tﬁ?j\F/iﬁerf"r'om about 1 to

15 parts by weight, based on the weight of the epoxy and curing agent of a
Pav) g ar<sPRsh o PR ARG s sf s PRSI AenBy. B daiiidskel.of o, 400
at 350 nramindten chinpdsies cepedmpdiedhporbgs alibiteast iApfghatgbexitt hanudsirédi ne
0 2"%e ST8Sra L noM 5l bl USRS i Ay PRSI T
improvement which comprises said resinous matrix containing from about 1 to 15 parts
by weight, based on the weight of the epoxy and curing agent of a polyphenol, said
polyphenol being a fluorescent phenol-glyoxal condensate having an ultraviolet
absorbance of at least 0.260 at 365nm and/or 0.400 at 350 nm and a fluorescence which
is at least 25% higher than Acridine Orange Base, at an excifation wavelength of 442 nm
and acquisition time of 0.5 seconds when the Acridine Orange Base is used .at a
concentration of 0.2mg/liter in methano! and the phenol-glyoxal condensate is used at a

concentration of 0.05 weight percent in tetrahydrofuran.

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

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



concentration of 0.2ng/liter in nethanol and the phenol%glyoxal condensat e
is used at a concentration of 0.05 weight percent int §§W9@P6T%9Q%1 In a
further aspect, this invention is directed to a nethod for preparing epoxy
resins in the formof glycidyl ethers of the above described pol yphenol s by
epoxi di zi ng the pol yphenol with a hal ohydrin in the presence of an al kal
metal hydrwepd@ssde. g., sodi um hydroxide. In a still furtekeusesgseat, this
invention is directed to a nethod for preparing epoxy resins by reacting

t he phenol -gl yoxal condensatio ' n product with a preforned epoxy resin to
prepare epoxy resin derivatives of the ﬁhe ffol -*oxaT-- condensation
products. 23 Sept.enb 2003 Q/ 64669 PCT/USOO/08994 et ot her
aspects, this i nJEHFf%tHer PFC Hi Ve dpested i s &Olm*@paé@depasw t he

met hods of t by theimestaoits oﬂth&ridveﬁmanlaﬁuze@dxla&eélgb%oﬁmwﬁfeaéa%@ th&efehf Om I n
yet further aspects, this invention is directed to conpositions containing

5 the phenol - gl yoxal condensation products or epoxidized derlvatlves

t hereof and conpasit mﬁﬁemép@c@tﬂﬁmm%hé Bir SR FESmBOGH @H ﬁ]g'{] zed
| S ected

deri vati ves l‘bher eo Enot her aspect, this |nvent|on |s o cured

or uncured 8&“?8?1"9% %Rf@"%t'anfﬁo‘ﬂﬁ'?éﬁél eppjdized deriatiessthersoi sudh as
t hose prepar@fingisitibhs With ikt pHehos ncﬁﬁ%b%md? 'ép ﬁﬁlz § AEH Biet4 (ﬁ

phenol - f or mal dehyde novolac resin or a glycid ate or epoxi
derivative of a phenol -gl yoxal condensate mnth the novol ac resin as wel |

as |am nates of ﬂ@ﬁﬁé!ﬁéﬁésﬂﬂch 'tfk]@'frﬁleﬁﬁorf @gf rbEt%d% cat rbr Jncpt%rdsrea&lo resin.

matrix cont ai nltﬁsthe phenol - gl yoxal condensat es an reac product s
t her eof . 15 MSRAYES pEBemherolalyeRrl qqEepsaies NG IFasihdsegiregdred by awi ng is a

graph shoyi @yadmroﬁssmtﬁﬁegﬁréac&fn WiEH égHén a?&@@%@ggﬁ(@g y Letter

"A" indicates the fluorescence spectra cur
7328-97-4) vmlacglvcrl@ylate@mpwdaed@lpm@twe@s;amr@hobglmqbom}qﬂmamlwmaw ng | ess

t han 1% of r A fl.uorescence in
tho. sane e [ORORn i ol oS SRS S Rentortifg BpoR e sbliios et BOHE° S0l a by
Shel | Cheni d&ersds.a negintraatrix antanmmewendeglfdmbcmaates appeecadgtioncur ve of
t he epoxi di zp%{j‘_gﬁé)ﬂggpéof_of Exanpl e 5A of this application

is
BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 of the drawing is a graph showing fluorescence spectra of various

epoxidized products. Letter "A" indicates the fluorescence spectra curve of
EPON 1031 (CAS No.: 7328-97-4) which is a commaercial epoxy resin of a

20 polyphenol having less than 1% of free phenol which is commercially used for
AOl fluorescence in the same wave lengths which are shown in the graph. |
EPON 1031 is sold by Shell Chemical Co. Letter "B" indicates the fluorescence
spectra curve of the epoxidized product of Example 5A of this application
wherein the epoxidized product is produced by the same method as shown in

25 Example 8 herein. Letter "C" indicates the fluorescence spectra of the epoxy
product of Example 8.

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



wherein the epoxidized product is produced by the sane nethod as shown in
25 Exanple 8 herein. Letter "C' indicates the fluoresceReScRISEEF 406F t he
epoxy product of Exanple 8. It can be seen fromFIG | of the draw ng that
the poly glycidyl ether of the phenol-glyoxal condensation product of this
i nvention has unexpectedly 30 greater fluorescence at an excitation

wavel ength 442 for an acquisition tinme of one second when nmeasured w thin
the range of 450 to 650 nmin conparison to _the commercial product EPON
1031 as well as the poly glycidyl ether of the 23 Sept enber 2003 9 product

of Exanpl e 5A. DETAIL DfEES PTI ON OF THE | NVENTI ON The Phenol i c -Mononer. -
Ot §FERPFe

5 The phenolic nn‘?{Sﬂ'é , rred to sinply as a phenol, is a phenol
whi ch can be unsubstituted or substituted, e.g., with al kyl, phenyl or

al koxy .groups. Typical ph j : r or

bi nucl ear, nonohydr oxyphen%%?@%%gmﬁﬁéa%m%hyor par a

. position avai |l ablEhe PleendiioMtinegier 10 The phenolic mononer will typically
contain up to about 1 h . I : t.0 ,about 8 .carbon

atons. Such coﬁpounds%h%gﬂhggggcq%ﬁﬁg?éy?og%ﬁ%dg&%ﬁg&ﬁa&ﬁﬂqﬁ??'s apheno

pheny{phenol ;. cr eglithscarebg unsubstiteted/drubatitlitednelg-3-withraliyh pheriyeoodlikoxyar i ous

xyl enols, e.g., - di e j 10| :__and ot her

"al kyl phenol s; a?ﬁﬁtﬁ%ﬁ%&ﬁ@ﬁbﬂélﬁ%@%a@%@é@ﬂu@&@ %@%@phenol .

M xt ures of phenchérhydropprhmiolcdhich bavesatdeashope eftier orephra phsitiol awilgblepound

i s 'unsubsti tuted fgngd% i.e., phenol itself. . Preferred phenolic nononers
y the f

can be represente
R is selectetdfromphenyl, alkyl of I to 4 carbon atonms and al koxy of |

The phenolic monomer will typically contain up to about 12 carbon atoms
and preferably up to about 8 carbon atoms. Such compounds include: phenol -
itself; aipha—naphthbi; phenylphenof; ‘creséis, e.g., 2-methylphenol and 3-

. .mett.\ylphen.ol;r various xylenals, e.g., 2.5-dimethyiphenoi and 3,5- '
15 dimethylphenol; and other alky! phenols; and alkoxyphenols such as 2-methoxy-
or 5-methbxybhenol. Miktures of phenolic compounds can be used. A preferred

phenolic compound is unsubstituted phenol, i.e., phienol itself.
Preferred phenolic monomers can be represented by the following

ZH

NS

20 formula:

25 _ \c & _ |
wherein R' is séledted ffom phenyl, alkyl of 1 to 4 carbon atoms and alkoxy of 1
to 4 carbon atoms and , is an integer of 010 3. . ,
When R'is a!kyl'or alkoxy, , is 1to 3, and when R' is phenyl, yis 1. Mixtures o
the phenolic monomers can also be used.

30

'~ The Glyoxal Reactant

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

ollowing 20 fornmula: 25 ?H C fR1l'' C wherein -



to 4 carbon atons and . is an integer of 0 to 3. Wen s al kyl
alkoxy, r is 1 to 3, and when R is phenyl, , is L. M)??%Jbsgte ergﬁ(\i‘a
phenol i ¢ nononmers can al so be used. 30 The d yoxal Reactant The gl yoxal
reactant can be in various fornms such as relatively pure 23 Septenber 2003
WO 00/ 64669 PCT/ US00/ 08994 10 nononeric gl yoxal, polymerized glyoxal or

gl yoxal di g5plodsdei N Water and mxtures thereof. 11 ust;@lpgﬁoxymgl yoxal
is normally used as a 40% solution in water. 5 The Acid ysSt The acid
catal yst is one which can be renoved fromthe reaction mxture by
distilling the reaction mxture at a tadperature above about 800 C. but
bel ow about 170 C and preferably bel ow about 160 C. Illustratively, the
cat al yst camonpaesg glyioxalapolgmerized glybxmboglqekélciis&eivddm whilexhHdes thereof .

10 In the ¢ S t st, t re of the reaction
mxture is ﬁ%ﬁs’% tl‘?ég@hf C||||g5§ %%V%%C@%”%L%H"oé’?aﬂb gw spitientiBget her with
distillatiowatend preferably the tenperature is raised to about 140 C to
about 160 C so that the oxalic acid catalyst is deconposed to volatile
conponents. 15 Oxalic acid can be used in its various fornms such as the
pure conﬁou'rﬁtieActif@atdiybydrate or mxtures thereof, all of which are
referred to as amg here 20 I*}Iustratlve of the trihal oacetic

acid catalyst th Cd%ﬁatﬁ h'gr?t"ie lich can be pemevesfear the reactiomimixture
trifluoroacky dlstilhmg the réattidnunixars at h terapb@uiBubbeeshdf sbec. 'Hepbspiyshed

during the rea rtion hereof distills together wth the
water. Tri ﬁ‘tﬁ&‘?&Z@ ([:Ia(p é’é?%mﬁ’i‘f belowa QEE?)QQ dpi Wusiratively effiercalalyss can
Therefore, bhoxalicidcid 6r Aifbaloabeticdadi® BPBERS thdrbdd Uor oacetic acid catal yst,
it is prgferred that a series 25 of distillations-be nmade with the addition

of watetlafter each distillation so as to renove substantially all of the
acid. Wen tri chheicognetdroxand skid as ¢aRfyst, 3e tdifodialul Yethe rtdifiohemper ature

S
mixture is raised above about 130° C such as up to about 170° C together with
distillation and preferably the temperature is raised to about 140° C to about

160° C so that the oxalic acid catalyst is decomposed to volatile components.
15

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

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

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

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

30 be formed from the trichloroacetic acid is neutralized.

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



raised up to about 170 C to renove the catalyst after a drochl or| c acid
to 30 be formed fromthe trichloroacetic acid is neutra?‘%é@ nt|ty
of the catalyst can vary from about 1%to about 6% based 23 Septerrber 2003
WO 00/ 64669 PCT/ US00/ 08994 11 on the wei ght of the phenol charged to the
reaction m xture. The quantity of oxalic acid is fromabout 1 %to 6%
pref erabl y vabgitassd- 5% t 0 about 5% and particularly abou},c,? uSotok about 4%
based on the wei ght of phenol charged to the reaction mXxture.

trihal oacetic acid is used as catalyst, the quantity 5 of catalyst |s
preferably fromabout 1 %to about 4% byl wei ght based on the phenol
charged to the reaction m xture and particularly about 1 %to about 3%

M xt ures of anrbeaight ofthel ghanel dhaiged tathk eeadiod mithes. RéeejuaatityGendi t i ons 10

The.pol yphengkf SGRRIFRATHANAEME Lhlrehbyt ity | NP Lon agy b pr epar ed

by continuous or Step-w se Xcess
t he phenol mrttqw;arlyr@guh%é°/oio about 4% tniasedtoalt&stuelght blustigrt thryd td or

b PR N SETENE EIRT R I S

and then an i1nitiral 1 ncrénen
whi | e t heb r ehcatalyst isPrefierdbly foinsaboat h¥ab mBou4% dy WG baked en @fe about 80 C

to about 10 T acts with the.phepol a t hen addi ti onal

gl yoxal is %ng%’eégs{%e%tégﬁ(gl:eggﬁ?" Bitte,grgnarti 'H'?él}rﬁﬂoélpg%épiaé%w(ﬁl yoxal to
phenol in t Mixtoeasudfdioe acid catalydtecahalsobe udBd.gl yoxal condensation products
I's fromabout 0.15 to 0.22 noles of glyoxal for each nole of phenol charged
and preferably about 0.16 to 0.20 noles of glyoxal for each nole of phenol
charged. Wh@he&Rdantiah Cohditises | ncrenents of glyoxal are nade to the

reactio mxture it 's referred that each increment be fromabut 0.06 to
0.11 rmlqé)s of gly B?(BPYBI&%E)EG &l‘?"gﬂ?aﬁ'% Rrodygisy of s ipyamien resabeied and 25

particul arl )areiiamﬂ by carttimabusret ﬁépﬂﬂé’é\&dﬁté&%f e _Erﬂ?&cag{ugg)é%% Q:Fc"é gﬁleﬁol

rati os of about 0. 15 yoxa
charged gi V8F§’ﬁd1th§"8'f'" 'PFep‘Eeéf’P%F’pa?e)th%I%'d @?R“Yﬁtdﬁusfmvﬂ%’i-l f§h5ﬁ9§W@§sent ially

devoi d of orﬁacﬁedr am@waﬁa&mm Y gpérgeshagjema aarEQ&sr TG tl‘ﬁfq afual i ty
control . RatLo 1‘8 @% t han about 22 nol es of yoxal for each nole
B ngrerien)

of phenol | M the-glyexabis %‘@rﬁ‘?%sthﬁr{ﬂa(ﬁﬁrewh'IE(@PVG@QSIOQ| ve product
wi t h hi gher mitt@eds nidintained at a temperature of about 80° C to about 100° C. The

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

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

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

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

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

The aldehyde equivalents or aldehyde units in the reaction mixture are



The al dehyde equi val ents or al dehyde units in the reactjon mxture are 23
Sept enbery2003qV\D 00/ 64669 PGT/ US00/ 08994 12 mai nt ai ned®hPePERLE] 2 about
70% and preferably | ess than about 60% of the total al dehyde equival ents
or al dehyde units which will be charged to the reaction m xture for naking
t he phenol - gl yoxal condensate. Thus, not nore than about 70% of the

al dehyde eq¥PV&p46t s to be used in the reaction are 5 pr &Eanis0089the
reaction m xture at any one time. The catalyst is renoved fromthe reaction
m xture after at |east about 85% of th? al dehyde equi val ents of the total
al dehyde equi valents to be charged to fe reactor have reacted, and

preferably 900 0 0 ch al de e uivalents have
react ed. Th\e\ﬁ‘%phg'hgeng@rgg OEPT%én@r' pref:rg@yé%sat A 2ReRhAY Y 16k thent al yst.
However, whetotalraidsilyde eqmealentsamlawehgde Uhies wisitRWibhe c]@ar@@@t&th@at erial is
added to the Pl a sufficient_to neutralize any
hydr ochl ori ¢ Jggﬁ(ﬁ% {ng)g%rg ﬁgagg?@’ed‘ggﬂ%@ dgnsals oHfiks: NBtMetEch aci d
before di stlihbatabont'i'&"/o@ﬁtﬁn«ileehyﬁe erqewaremsttbeaeq;ﬁeahume rehetioffg@ the basic
mat eri al edto rochloric Emldls an alkali netal oxide or

tr
hydr oxi de orprgﬁerét 'Q&Pq W@cé WeELAMHRRYETEr hydroxi de, e.g., sodium

hydr oxi de or caIC|un1hydrOX|de about 80% nol ar equi val ents of such base
e U|valents of the trichloroacetic acid used

are added based | ar
20 as catal yst. &%@Fiﬂ@t‘ﬁ g §dﬁn§>guthgsre@<p;pn5'ggq%e AHeratileast ahpelut 10% t o

20% of the mrmetrrmbwehwweq@beﬂéﬁtg ofihR t8Rdiskehid &G iV f.'t&ﬂem xture for
neutralizing,k HC ed on the nolar equivalents of tri oroacetic acid

used as cat afAged tF’tt ¢ Leadiprdaue reasted sand W@f%ﬁ%’vwhﬁﬂtf@m abow®04mtaani ne so
that metab igB% obsGdh aaeﬁyaeteﬁgfva@km&ve reB&tal. ﬁ'ierPt'hE%ﬁm Sra‘ﬁ?rét(ljsh metal s not
e

be included in the pr oduct resence of netal s 'S | eterious
for use of t9fOeHH 'Mdﬁ‘é?d Ihramave i eatabréhmeﬁgr whéattmmroamiplammzsl ons.

Il Tustrati VQh@f:aﬁast‘%Sbis‘iH mﬂﬂﬁbf@aﬁae@% %Q@eaﬁ%ﬂ rf?&t‘db% Lﬂtzfri%?lbgnt here can be

nment i oned am nes hawgﬁ Ka val ue of about such as
pyridi ne, pi%étGien top @‘F@?ﬁ%hwrﬁﬁ’?'ﬁ@ a¢id tebé jormedras, a dexbmposition

hydr oxyet hy|;ﬂb@|§éﬂbl‘ §‘urEH‘é‘md gé\‘op@ﬁsﬁl%rhaﬁ it ffBtd o rERRVE AFEASRHLY on reaction
of al dehi/de wi th the phenol
When the basic material used to neutralize hydrochloric acid is an alkali
metal oxide or hydroxide or an alkaline earth metal oxide or hydroxide, e.g.,
sodium hydroxide or calcium hydroxide about 80% molar equivalents of such
base are added based on the molar equivalents of the trichloroacetic acid used
20 as catalyst. When an amine is used as the basic material, about 10% to 20% of
the amine molar equivalents are added to the reaction mixture for neutralizing
HCl based on the molar equivalents of frichlorcacetic acid used as catalyst. It is
preferred that the basic material be an amine so that metal ions such as that of
alkali metai or alkaline earth metals not be included in the product. The
25 presence of metal ions is deleterious for use of the product in the more
demanding electronic applications. llustrative of amines for neutralizing the
hydrochioric acid there can be mentioned amines having a pKa value of about 5
to about 11 such as pyridine, picoline, benzyldimetylamine, triethylamine, and
hydroxyethyldiethylamine.
30 _
The total time for the condensation reaction of aldehyde with the phenol
will typically vary from about 5 to about 15 hours and preferably about 8 to 12



will typically vary fromabout 5 to about 15 hours and 5) gfera%‘% about 8
to 12 23 Septenber 2003 WO 00/ 64669 ' PCT/ US00/ 08994 13 hgepem
tenperature of the condensation reaction of the phenol and glyoxal in the
presence of the catalyst, including distillations, will be in the range of
fromb5 about 80 C to about 100 C and preferably fromabout 8 Cto 95 C
until at M&x&¥64gBout 85% or nore of the al dehyde equi vaPenusooiossss he t ot al
guantity of glyoxal to be charged for maki ng the condensation product have
reacted. Water is renoved continuously or intermttently by distillation,
such as 10 after the reaction of gl yox]aﬂ‘ wi th phenol follow ng individual
addi tions of, the glyoxal, since accunulation of water in the reaction
m xture sl OV\% W%e reaction. Water is forned by the condensation reaction
of glyoxal with phenol and additionally water is generally present in the
gl yoxal charge, . | yoxal enerally used as a 40% solution in
wat er. 15 The Waﬁ_ té@ﬁ:ﬁéﬁffeiqﬁﬂ'{%gg}dgggqqogr{eﬂq:tggn&f@q ghenabpad glypyalkept to
bel ow aboutin 8% piesentcabithbastyse mdltﬁtﬁn%Bi%ﬂlﬁtroﬁé‘ i BE irf f?:etrﬁﬁ?é §fFdrh ON
ased on the weight o henol

m xture apd r |y, bel bout 6%

char ged td ﬁ@ %@%@?‘? %W@f@ﬁl& é‘“dlﬂrﬁﬁﬁtﬂhm’%b@uwwéﬁgfmﬁé-mt'bafg 2 to 4,
addi tions ofieddi@abdlt 88% @F for@ bfthetddeHyde (cBivhRAf! ih Mk {&aihuéﬁtng‘b
distillation, of ter aft% reacti on of glyoxal with the excess phenol.

Pref er abl y, S¥P@hiotheshagasahios makingtge cpadengationproduct havedeagteduent reacti on
foll owed by distillation of water and then a second glyoxal charge is nmade
foll owed by reaction of the nononers prior to reacting at |east about 85%
of the total al d¥Vgtgeisdgimoved epntinupestyer intarmittantly bwdratf@atmesm aondensati on
product . 1 ¢ nSdfRAtheleabBH SiYhydxal Wllﬂ?plﬁ)é:mfcﬁlﬁﬁl lnﬁigﬁuéleﬁ]‘glﬁ B oPheTEASUT i Ng

al dehyde equivalents, the tine reaction or conductlng t he
reacti on mh@*yoxﬁhé'ﬂc@%ﬂﬁﬁtﬂét'%ﬁf ‘G%t?&l";ﬁb@ seagtion Midutsasiowsithe rebetiooper at i ng
condi tions aggeMid BiRedBy I eaction

t enper at ures, tehe cat 21 yss!ttjﬂ:!a’i%cg@i Sét%ﬂgglél?t'o‘ﬁ cﬂighonQI “ﬁﬂ{@ nBFariyJ

di still ati oradgitionallyswatenis qaﬁ@raﬁmmﬂenbm the Qtynkﬂll@lherge ld.g.uglyoxdiiisvel y, the

fol |l ow ng Stg%ﬂéra"ﬁ?ﬁséd OE aR@eh O8lausiAR ifet'sed when: total nolar 23 Septenber
2003
15

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

25 condensation product.

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

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

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



WO 00/ 64669 PCr/ US00/ 08994 14 ratio of glyoxal to phenol is from about 0.15
to 0.22; a 40% solution of glyoxal is reacted with phe@ﬁ)ﬁeﬁ’tﬁg‘é’ﬁ’f 2603 a
tenperature of 80 Cto 100 C, an initial glyoxal <charge is nmade with
subsequent reaction of the glyoxal with phenol and in tine by
distillation, followed by another glyoxal addition followed by continued 5
reacti on afP ¢¥de9di stillation which is foll owed by contipouedooesmat i on
before depletion of the al dehyde equivalents to 15% or |ess of that
charged. From about 0.06 to 0.11 noles of the glyoxal, based on the anount
of phenol charged, are added with eaci‘f”charge of the gI yoxal . Thus, after

the phenol 1810 gballotd & ol defn Abot o B Bra.ppy & AB8F Sabibonelar@ne t hen
there is di geadtbddithmhenaliselt aBa/ctémpéra%re of 8@P¢td $60°0E; Sénl ahh@t@ é¥pm the
reaction m X ure bas(ﬁe tLé ? rqIgenol charged. After the first
distillati onc g g ‘ﬁ'ﬂ%ﬂ" GA H‘?I&’%%FW fhe Q'V@‘a('lé’ ehaneland ip fimge of
about 80 to bwﬁstmamtfamea wﬁamh@rg:;tomh@&nm fdlbXEd BY cBARRLON the 15
nmol es of phenol,. char qgﬁ%ﬁ{j@@tﬁﬁ é‘b'added to the reaction m xture.

Preferably, BA%e8 and § fliowgd hytqontimuecreaghigrbeforaiur i ng each

addi ti on.  He®piefign oofheté]@eﬁyea@quwazem%wm bﬁ[e@@BHh‘%\%‘@ﬁ’a Irqg 4. Fget her 1 to 6,
preferably the tine the first distifFlation commenced

and then a ?@E%@Ogt‘%ﬁﬂﬂlfﬁ?‘%ﬁfﬁh@ ghyaxal pased en thendrpeuntisb pheadlot her 4%t o
12%of vat elonbapadaciadded vihaah RArRNGTSS dyofdil fud Bgessﬁzﬁg% giglillation,

the reaction s permtted to continue for ~anot preferably 1

to 4 hours ftRhavAatY ofglyeyal the aklehyde s repetad mth the @hemcf@cauwt dite 5t he
t enper aty e hb&rsr prey&dblyor.s & thbﬂsaéddQHeﬁ %gé rcéedlst n EW%V ) 15026
useg T ine to

catal yst. The tenperature of.

rai se the Pé?qﬁé“rtﬂ nﬁ@eém F‘@rfﬁ@‘ét!qﬂhélxti&@ bhgert Omhamelshmfe;ﬂhephkanol . Such

di stillatiognargagi Or to increasing the tenperature for renoval of catalyst,
I s conduct ed under vacuum so as to assist in the control of the

t enperat ure. The Aftgf theniiretdistiligtign, whiehnis atirsuconticted within thettemperaturer e of

Tose than Lo rEFRE 89 ) R € aridhinRo 0,17 Tt bl bameaiobinet c "aci
is the 23 ng!%&mquhegg@arged are s!owly added to the reaction mixture. Preferably,
there is charged about equal quantities of glyoxal during each addition. Heating
of the reaction mixture is continued for another 1 to 6, preferably 1.5 to 5 hours
from the time the first distillation commenced and then a second distillation is
| started to remove about another 4% to 12% of water based on the phenol
20 charged. After the second distillation, the reaction is permitted to continue for
another 0.5 to 6, preferably 1 to 4 hours from the time the second distillation
commenced before the temperature is raised for distillation together with
removal of the catalyst.

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

30

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



WO 00/ 64669 PCT/ USO0/ 08994 15 catal yst, the terrperature%'%g rai %Fd $ ove 135
C to about 170 C, particularly about 155 C to about 1660°€Pte 899 one of
the water is renoved at the tine the catalyst is renoved. In 5 the case
where oxalic acid is the catalyst, all or substantially all of the water is
renoved when the catalyst is renoved fromthe reaction m xture. Any water
remai ni ng WO dl@6G%eacti on m xture after elimnation of treTasbmisyat s
finally renoved by the distillation in renoval of the phenol. 10 After
renoval of the water and all of the catal yst, unreacted (free) phenol is
renmoved fromthe reaction m xture so as %0 bring the free phenol content of
the reaction_mxture .to |less than r ef 0 | ess, than about
2% and par t éﬁh’%r%t?r@g%faﬁf{ﬁﬂﬁ ?jé%yg’ ?6 hﬁgaﬁt'@%‘f Iy on

m xture. 15 dieabvss’ ©fo st ys0tect ed phenol is attai ned by conventi onal
means such as in the renoval of unreacted phenol in novolac resins, e.g.,
flash distillation by heating the reaction mxture at an el evated

tenperature Undem\ll\b’tl@bnlmof'fﬂihmaterisf‘l@n{cﬂr@&%t aiettrrﬁe mdaﬁysms fenajeauin 190 C
or 200 C under abou i nches of nerc t eam spar gi ng_under

vacuum at> sJBf cassy ?'&tcﬂ‘ta gagg,:,s P cataltinll ‘Efssé'BStPBt'?'b{rﬁﬂxﬁé thhWalsris n t he

product . Congmioted ivhién the Ehtél?@ﬂy?ém@\fem%e Rlacfich MpdGRaAHySyaEEP
following renmoval of the ca st, the reaction mxture is"heated at a

t enper at ur e "BMARIRgHN t%%&?ﬁ"“‘i‘?ﬂ""@-"?@%@ﬂ'ﬂ""‘?@@" of thecrafivstds tnaly from about

180 C to abQéinol&Pbirthedistifidtibn Mehioldl dffth&gﬂé’ﬁ&t ed for a period of about
0.25 to 3 hours and preferably for about 5to 2 hours. Al or a portion

of such heating can be conducted at the tine the phenol is renoved under

vacuum @t onal ke Bl vkl ot AULEASA, SrAERAELN b ¥ O

| ess of unreacted phenol can pl aced in an ert at nos re an heat ed
to conduct 4 pBmeVesh r@m@reaﬁlorﬂ RxtHesssq agyta bfmgﬁbeﬁgemﬁg@l aghteibolit 175 C

to 200 C forthé‘%nor@nﬁd&r% 13 (EQUR&En abbiitydh r;i%f Yﬁolﬁol ratbouf”%d?Daeriher €

there can be nentioned nitrogen or argon. ter suc ep at about
175 C to 20@agicaiadly fesgiban sbowfi. Fp%éxyomelgmatfme reagtier mnxtmxture to | ess 23
Sept enber 2003 WD 00/ 64669 PCT/ US00/ 08994 16 than 5% the reaction m xture

is also referred to as the phenol - gl yoxal
15 Removal of the unreacted phenol is attained by conventional means such

as in the removal of unreacted phenol in novolac resins, e.g., flash distiliation by
heating the reaction mixture at an elevated temperature under vacuum. Thus,
the temperature can be up to about 190° C or 200° C under about 25 to 30
inches of mercury. Steam sparging under vacuum at such temperatures can

20 also be used to remove phenol in the product.

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

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

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



condensati on product. The phenol - gl yoxal condensation prgiguct is eventually

cooled and 5 generally conm nuted, e.g. The Phenol - Gyy

erlegigendt i on

Products Properties of the phenol -glyoxal condensation products are as
10 Property Broad Preferred Range Range Mw Wh 400- 600/ 300- 390
440- 540/ 320-370 Viscosity, cps at 175 C 300-2500 450-1500 15 Free Phenol
(%9 0-5 0. O®odbabyssolet raphenol et hane such as TPE (% O0-6 E3(84%59Mﬁ/ﬁ\gﬁabsorbance
at 350 nmat |east 0.400 at |least 0.450 20 particularly >0.
absorbance at 365 nmat |east 0.260 at |east 0.275 particularly >0.30
Fl uorescence: The fluorescence of the phénol gl yoxal condensates is about
25 70% hi gher at fl uorescence nmaxi num (about 532 nm) than Acridine O ange
Base (Al dri cthaoHEhi baIrpaciionmgixiare isalsaq wféred neascthe pheholafiyoké? nm
acqui sition c&ﬁ{g;,égfior?%édaaconds as nmeasured in a CM 1000 i nstrunent

ta, C.

foll ows:

(Spectra G oup

of Maunmee, Chio). Acridine Orange Base was used

at a concentration of 02 ng per liter in nmethanol and the phenol - gl yoxal

condensate at a ) i . i aht percent i et rahydr of ur an.
The phenol - gl yoxzﬂ‘%‘ona_eAE[X?%%%BB@%&?%@?E p}é%dﬁggﬁsr?% "6‘3[& (é??r}e%?"d conpounds,

i ncl udi ng Spopenerathotemmintteche.aljflaketiri -, and tetraphenols. 23 Sept enber
2003 17 Illustratively, such tetraphenols can be represented by the

f or mul a:

10

15

20

25

30

5 HO Cl1
The Phenol-Glyoxal Condensation Products

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

Broad Preferred
Property Range Range
Mw/Mn 400-600/300-380 440-540/320-370
Viscosity,
cps at 175°C 300-2500 450-1500
Free Phenol (%) 0-5 0.03-1.5
Tetraphenol ethane
such as TPE {%) 0-6 1-4
UV absorbance at
350 nm at least 0.400 at least 0.450
particularly >0.5
UV absorbance at
365 nm at least 0.260 at least 0.275
particularly >0.30

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

The phenol-glyoxal condensation products contain a variety of

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



C C/ CCH-CH 100G\ QO RXCC HO CcCCCGCOH .15 V\:hgl’ﬁ‘l

integer of 0 to 3. When Ris alkyl and or alkoxy X is 123 aﬂampﬁ{eﬂ O&SI kyI

and al koxy groups have 1 to 4 carbon atons. When the reactants are phenol

itself and gl yoxal, the above pol yphenol is tetrakis(4

hydr oxyphenyl ) et hane (TPE) which is also referred to as 1, 1, 2,

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

t et r aki s(4- hydr oxyphenyl ) et hane gi ves 20 thle7 tetragl ycidyl ether of

- tetraki s(4-hydroxyphenyl)ethane. By residue or residues of a phenol -gl yoxal
condensati on .pr i t unt of phenol - gl yoxal condensate used

in making a reaglﬂ#%{]atlgélggﬁ%{& te"%fnﬁngisgna resin or conmpound. Illustratively,

if 10 grans of a phenyl gl yoxal 2 5 condensate are reacted with 40 granms of

an epoxi de, the phi ‘H@rﬂﬁﬁée resi due of the conposition would

be 10 granms. Al soO, ed%/ Egé gr ans ﬂ? enyl - gl yoxal condensate is

-~ glycidyl ated and the glycidy @;td/p duct IS subsegulent] d&ted with a,
phenol - f or mal dehyde ol. Pirenol - gl yoxal ¢F€sidue uld still be 20 -

grams. -Generally the phendl -glyoxall residue is 30 expressd}d as_an-anount.

The epoxy resin used | n tke Iamﬁg conposi ti on§ th| sCinvdion will 23

Sept enber . 2003 WO 00/ 64669 0/98994 18 ha ht per epoxide
(WPE) val ue of from about 190 to 10, 0Q0 and preferabl y from about 190 to

500. The pressure used in nmaking the I'am nates/ can vary fromthe contact 5
pressure of applying a |l am nated |i ni ncho_a:Hiank wal |l to the high

pressure, g 1,000 psi or re din th manufacture of_ el ectri cal
insul ati on shRets. The te ed in mak ng/P }Lam‘ﬁat%s can vary
~over a wide.range sug)-as®that of Cabout roomtecrper aturé(,:to over 210 C
| " Ho—& & ¢ C-OH

15 wherein , is an integer of 0to 3. When R is alkyl and or alkoxy , is 1-3 and the
alkyl and alkoxy groups have 1 to 4 carbon atoms. When the reactants are
phenol itself and glyoxal, the above polyphenol is ietrakié(4—‘
hydroxyphenyl)ethane (TPE) which is Valso referred to as 1,' 1.2, .2-tetrakis(4-
hydroxyphenyljethane. Epoxidation of the tetrakis(4-hydroxyphenyl)ethane gives

20 the tetraglycidyl ether of tetrakis(4-hydroxyphenyl)ethane.

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

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

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

30 expressed as an-amount.

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



10 The use of a solvent in the | am nate conpositions is tional .
Preparation of Pol yepoxi des Epoxi di zed products of the Bﬁgﬁeieﬂga%%
condensates can be prepared 15 by at least two different conventi onal
routes. One route is by reaction of the phenol-glyoxal condensate with a
hal ohydrin in the presence of an alkali netal hydroxide to form glycidyl
et hers of tweopedssphenol . Such epoxi di zed products w | Horaiso@dsbdy have
epoxy equi val ents of about 190 to 230 and preferably about 205 to 225. The
other route is by reacting a nolar excess of a prefornmed 20 pol yfuncti onal
epoxy with the phenol - gl yoxal condensaté® Such epoxidized products by the

other route wll typically haye equi val ents of about 140 to 250 and
pref erably aﬁ%maf‘é&r&!?eﬁ%@xd%wﬁﬁgf %/qlﬁ‘%Pfff‘?mtaéPuﬂﬁp 9o10,Kbandie i s
prepared by prsférablyifftan bbsutPimen® 50025 gl yoxal condensation product with an
excess of epichlorohydrin in the presence of an al kali netal hydroxi de such

as sodi um hydr oxi de or potassium hydroxide at a tenperature within the

range of about 5073 presalteluisedth iakiRG theRMindtas Bl 34 fror il bchfadiuat er nary

amoni um sal ts, may enpl olyeql. The“reaction can carried out in the
presence 6f BifSPWEraf 2pBlviRg A laminated ining taa taskovall todbshigh pBesserdana| |

i sopropanol , 1 web el of ek t ; 1 Xtures

t hereof . 23 Sept teibrrb%r 20bgy%mg%?g%@%@%?b%%#ﬁ%&fﬁ%ggiﬁg?%gﬁ% hod f or

preparing t hEMRArFERYsesHn makingtheilaninatesinas vasy ewr a wide réangensudhs ,

4,518, 762 of iRy ablout JSER tdrfp 'p_@e@e&‘%\zz@x . Which is incorporated herein
' ' ly,

by reference inits entirety. Brie iInthis process, the polyphenol,
preferably the phenol -gl yoxal purified product, is reacted at a 5

t enper at ype of 4 e]tﬁ%O j . ; | vst ecific for
th(rarp for ?rgti on og%t(:"thlseé o iorsgﬁ?lﬂgplll%@?ﬁ@ﬁ?%‘?@?é@%ﬁ'g,%bﬁ%')(&ﬁhesgr e!selnce of 2

to. 25% by weight, based on the reaction m xture, of a | ower al kanol or

| ower al koxy, Wi th excess epichiorohydrin, based on the
phenolic hydﬁgégfﬂ\?igpgg%&%iﬁgﬁﬁeés presence of 0.5 to 8% by wei ght of water,

based on the reaction mxture, 10 and with 0.9 to 1.15 equivalents of solid
Ser et [y o " nEHAESRORIATG b8 onBhd ko R B B B g o
wat er i n1§heoyratdeast dwo different eonventiogdlautitet N@ne et isBY reaction of the

phenol-glyoxal condensate with a halohydrin in the presence of an alkali metal

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

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

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

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

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



period, using a solid alkali netal hydroxide in the for f beads_of about
1 mm dianeter, which hydroxide is charged to the react£%§ Q@E?%xm
portionwi se or 15 continuously during a gradually escal ating addition
program and then isolating the epoxy novolac resin. In the second route
for preparation of the epoxy resins containing the phenol-glyoxal
condensat i WO §¥ed@act s of this invention, one part by wei gbtausdied®ssuch
condensation product is reacted with 4 to 8 parts of a pol yepoxi de at about
1000 C to about 150 C using a catalyst, e.g., potassium hydroxide,

benzyl di net hyl ani ne, benzyltr|nethylanﬂﬁhlun1hydrOX|de 2-net hyl inidazol e,

and 2,4,6-tris(dinme henol . Typical catalyst |evels are
about 0.1%to a@@ﬂ% "% %%jg éBre\éﬁz' dhe palyeperideRsthe frstsputelis el yepoxi des

for 25 reactfommnrwtsimtﬁmmemhaygiquabt&gméemaa%b%?p Ritpghigt are those of
di gl yci dyl et her resins of. bisphenol

i
A bi sphenol‘“qﬂmorﬁ@}%ﬁ"'ﬁ(ﬂy rgﬁﬁ’é‘?ﬂ?@d’t‘ iIs %@ﬂy?B'OIB“Qf‘yc'F‘cSWéPéﬁf@sﬁlvl thet hanol ; and
m xtures t hgiogphendi hprer&rsmkhegbb'amblys%l%ﬂﬁ@d bl%ﬂuﬁtr Rdustiad %? athis

i nvention can al s? S M @BOXI di zed Wi thout sacrifice in the
desi r abl & op¢eg ‘HF‘(?E)& 0b§:' gaprpenrent! anycatplwh spegifiofor iekal i used in
t he reaCthﬁor\Métthﬁltmmé:@h%/ friéihenhfe'nﬁéﬂrbﬁzt 'iﬁ’ﬁ@bresf&@lé%‘i‘b(wﬂ% ustic to
about 40%to 70%of that in the methods of 23 Septerrber 003 WO 00/ 64669
PCT/ US00/ 083698 based oiths seardiop midtte. of a dawerallkanober lewasalkexyelkanply

epoxi di zed dgsbivanti \wﬁﬁexdé&k%@&:htorrd;r%hﬁr%atdn%é%enél& Hﬁﬁg?/avﬁl afal yst

with metal ion oxides or é xi dés for neutralization o ydrochlorlc
aci d, the phemBiesgRgRYA-S ko érkl@ﬁ%‘ﬂh'ierwaé‘PFoBﬁ%&f%owfhet'ﬁﬁ@,thﬂﬁve(htr&on will

t | 1y h t fol
ypi cal 145 hape vﬁthﬂ?%@ﬁlw@quweam%fs%ﬁ&'gﬁah h%&él%d@xgé‘jfueg RSk OF ! ess

t han about: 0.005% for sodium O. or iron; and
0.002 % f or hydioxylaraw forgiee Breaanony getjitive o&thmhec&pagl am!rwlwemsm@rem one to

cure epoxy fi€gkbisto 49, Wﬁvelﬁﬁ%ﬁrﬁeﬁ&' i tﬁ@?éécﬁér‘?nﬁﬁ@% thidugh Hm'tﬂé‘['éa‘zzﬂow th
ot her epoxy resin curi n(gl gents. | am nates o th| nvention are
convent i onalPeriggiysigex s @rﬁ“éﬁ"rmﬁfg* hydf@éﬂﬁhfftih@lfwg'l eifeaads nfiehouts! mmass cl ot h,
and a 1 esi NeisndiBl, WiikcrAYARSid Bnafied 1B B eaBiid mBiite pofidlvigh goent for the
epoxy agent such as a pheno orrra dehyde resin , except at the-

resi noust e CANMNURUELY dyring a@@?ﬂ%“h eﬁ‘?&iﬂﬂnﬂlﬁﬂﬁﬂtmﬂ program, and then isolating

the epoxy novolac resin.

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

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

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

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

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

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



| to 35 parts by weight, preferably about 1 to 15 parts arti rliy
about 2 to 10 parts by weight, based on the wei ght of %?g "F@E%ﬂ%ﬁ
matri x, of a phenol - glyoxal condensate, residue or mxture thereof. The
epoxy resin, curing agent, phenol-glyoxal condensate or residue thereof
and optionally a solvent systemfor 20 - the epoxy and curing agent, wl|
general |y oorywese at | east 75% of the resinous nmatriXx eerAketiowdog. The
resinous matrix of the lam nates of this invention containing a solvent
will generally contain, by weight, fromabout 40 to 80 and preferably 50 25
to 70 parts of an epoxy resin; about | 400 15 parts and preferably about 2
to 10 parts of a phenol Iyoxal condensate, residue or m xture thereof .
about 10 to thsab Wﬁﬁc@h%‘?ﬁfﬁl smer)aiffardsvaﬁlaﬁy ep@didizedsdgrivativesand about 7 to
35 parts of a conventional epoxy curing agent. 30 The preferred

pol yepoxi de products of this invention when used in electronic

appl i cati ons sucknless tighioigacssictasid is eep ro datelysbwittomealiion exides o ui t

boards wi | | M %glfg i _g on 100 parts
of an 23 Septe 20r0 %a?ff;’GEf’gngﬂ}dﬁ%wc&%O%ﬁgpg@E@%e @ygr esin, e.g.,
an epoxy &e@ﬂdmhoaﬁquétscnfgmlymveytlorewﬂiévplcﬁllylhaspIaqmmtben&by(m@lgrabout 18- 25
parts of a & r v (b) about
0 part o GpetRRRO nE il e ot GBOSR M Coaih GpBge o
gl yci dyl at edalsiend.003% dorron; end 8092t% dor potassium., a reaction product of an
epoxy resin and a phenol - gl yoxal condensation product, a phenol - gl yoxal
condensati on product and m xtures thereof; and (c) optionally, an epoxy
curing accel er at dhe phenahglyoxaleanidagsates carmbe nsed algne hrlcuresdpiory rdsinsmul at i ons
are gen | | %ﬁ% t] | hcl fillers
V\hereasﬁ(gmb)rélg'%lrr\égﬁ&%? gqxsgggr?é:gﬁ%}rfa ?W’tﬁpr edngggy from C'%ﬁ% | ayers of a
fiber matrixgentsh a glass cloth with a phenolic conpati bI e finish. 15 The
| am nates of thi f rd n canvent i onal
t echni ques such igé H@H%ﬂgQ%f 'nﬁtho% gaﬁgtcé%’r%%ﬁé) r@@' aonfgﬂ'é'

reinforcing agent such as glass cloth and a resinous matrix comprising an

epoxy resin and a curing agent for the epoxy agent such as a phenol-
15 formaldehyde resin , except that the resinous matrix will also contain from about
1 to 35 parts by weight, preferably about 1 to 15 parts and particularly about 2 to
10 parts by weight, based on the weight of of the resinous matrix, of a phenol-
glyoxal condensate, residue or mixture thereof. The epoxy resin, curing agent,
phenol-glyoxal condensate or residue thereof and optionally a solvent system for
20 - the epoxy and curing agent, will generally comprise at least 75% of the resinous

matrix or mixture.

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

30 The preferred polyepoxide products of this invention when used in
electronic applications such as laminates for the production of printed circuit
boards will typically comprise the following composition based on 100 parts of an



main resin matrix ingredient or a brom nated or chl origftgd flame_resistant
addi ti ve such as chlorinated bi sphenol -A, tetrachl ori nat? gePBIEphe - A or
tris 20 (2,3-d ibronopropyl)phosphate and anti nony oxi de Conventi onal

| am nating techni ques can be used in nmaking the lam nates of his invention
such as the wet or dry-lay-up techniques. 25 The |am nates of this

i nventi on Wddeosggeheral |y contain about 40%to 80% by wepghtisifosdwesi nous
matrix material and about 20%to 60% by wei ght of reinforcing nmateri al
such as glass cloth. Epoxy resins useful in this invention are generally

t hose derived from 30 bi sphenol - A and % oni nat ed bi sphenol A with wei ght
per epoxy (WPE) values of about 190 to about 2,000. O her epoxy resins.
whi ch may b&PREEFSYp&S- ?’F%Pﬁxytrﬁ%'"ﬁi‘gib%mﬁd'ﬂlyF'ngiBve&’%’@mk%oxy phenol
novol acs; epoxy cresol novol acs; 23 Septenber 2003 WO 00/ 64669

PCT/ US00/ 8994 22 aromatic glycidyl am ne resins such as tri

gl yci dyl - p- 4@ noag'i’n’étr%rgs Rert\f a\PuriQo-agept sugh 352 aheod-farmakdelydenod i phenyl
met hane. Epgweyolgenol novol acs include epoxy resins derived from

phenol -g%ox&l condensates by reaction with epichlorohydrin, in the
presence df B kapbow31i0pariEnha membersrelagied fromtheigeup, copsisiiag of an product s
of an epoxy dﬁﬁy&té&ﬁh@dﬂ@@ﬁ?&l'cﬁh&%ioﬁgﬂﬂ:ﬁi&ﬁ%tr'eg?tié?f QeHGetof afhe
conventional "‘epoxy_resin making up the 100 parts of the conposition is
preferably &W%%'W%%?BB@HOI'@S@W' qoBdpRsaligapreducs, sphenpbalyosal epoxy resin,
€.g., chloricBaddmbafbn Br#tic 8hg thiRRMhERSF ing! | | ust rative of such

brom nated epoxy resins there can be nentioned the brom nated product of
the di gl yci och 10ptiangdy. agrensy sHaRmbAcseleratoy. | EPON 1124 (CAS No. :
26265-08;7) of Shell Chem cal Co. This brom nated epoxy resin can be used
in flame retardant conpositions with epoxy resins such as those of

gl yci dyl et hers Bpo¥ igEBgdonleminging rad coglingcforyulationsare geneeally solvent
o-cresol/fo e candl | i fia i nol A,

di gi yci dyl E’E‘ﬁ%?s_@&*ﬁﬁia?éﬁ’é‘ﬁ%'P"WH?‘ﬁ‘?'ﬁ’%%“3%?*‘ Shpreaslaminalig " i nol . 15

di gl yci dyl &rAaiations greeglininpregnate srulitnie liygrs i aiffer enatex suaif a glass

cycl ohexanegidﬁ&nﬁgcﬂheﬂg&égrﬁﬁé{fbpesﬁrﬁggreof. Epoxy curing accelerators can
be used in a quantity sufficient to accelerate the cure of the epoxy
resin. Gdnerally, such quantity is fromabout 20 0.05 to 0.5 parts based on

100 parts of therRPRYinAiES bt Fvaioh! G h%d@ R9ME retardant by
conventionat techniques such as the use of a halogenated epoxy resin as the
main resin matrix ingredient or a brominated or chlorinated flame resistant
additive such as chiorinated bisphenol-A, tetrachlorinatied bisphenol-A or tris

20 (2,3-dibromopropylphosphate and antimony oxide

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

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

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




0.1 to 0.2 parts. Such accel erators include 2-nethylimdazol e, 2-ethyl-4-
met hyl i mi dazol e, anines such as 2,4, 6-tris (di nethyl am fORBPRPPEPEEHI and
benzyl di met hyl am ne, and or ganophosphorus conpounds such as

tri butyl phosphi ne and tri phenyi phosphi ne. 25 Reactive diluents nmay al so be
present to | ower viscosity and inprove handling characteristics. Exanples

of reacti veyslpdad@ot s i ncl ude neopentyl gl ycol diglycidyl Pﬁ{.}{l}g(;ﬂ;mg%yt anedi ol
di gl ycidyl ether; resorcinol diglycidyl ether; and cycl ohexane di nmet hanol

di gl ycidyl ether. 30 A variety of curing agents well known in the art can
be used for the epoxy resin. They incl2dde but are not limted to aromatic
am nes, pol yam doam nes; 23 Septenber 2003 WO 00164669 PCT/ US00/ 48994 23
pol yani des; a@astiaalyeidy amingrasms sucb asdii glybigylep-amiral prosiol; NN, NN ne-

f or mal dehydegif L) eRizRf sed curin nts a
cat al yst (acceﬁ%yrcam_tyglr{\h _ng 'S thne@?gr%@%%;é%oﬁ ?'gﬁglsrff’é’ﬁ[aﬁ@%@ﬁ%ct ed from
tertiary orgaexcreamsdiesveditromaenol-giydoal condimzates by rdhctisn with
- di net hyl be LG ' .ch as i ph I sphi ne .and
it ar oe.  hePenproyRin e HRRBHL SRRl 35 raoh YUY o SR Cre iR
product s Sof resedio produdtsyiftn droxyredsirehydia phbesiejlyoxaheorpleasstongnBdlg. sel ect ed
from phenol i f s I .. TES I nql, . bi sphenol - A, paraphenyl
phenol , napgbﬁgﬁbvegﬁlghgsnébg%?esll &'%gi"gé‘ﬁ)_tﬁ%ﬂhéfj?ﬁﬁ%&? ‘%&pqsﬁ'é’"ﬁ%noner s
i ncl ude hydptsfgrablyladiamefetardant dpoxyaesiosuett aste haligenated@poky tedirt car bon
atons as well l.ac nd dicyanodi am des, are preferred curing
agents. Partiu zladr? ;g/‘@gr%f%@ﬁ‘&?ecf?ﬁa%fﬁ%‘"aé‘&ﬁ‘( 'VﬁrcgsFﬁ%gmﬁﬁtﬁgfornal dehyde
novol acs anedpowtrrsing tese lcah be medrdiehyd ¢the hroriiA6S pRAVENSS the aRfyReyl ar wei ght
of 1,00Q.to0 : ' vari f ngs be used, including
haol gengtO edeggf)g@?\‘?@:‘ewoggt%ﬁeﬁ %’T‘?&%‘gféxgaf%’%%ét% ,Of@hﬂlol acet at es,
N, N-di met h@hémioahGbdEhis Bhemibtedatpery resirpedt lbéluééﬂﬂnlxﬂag@if&&rd%len vl
di cyandi am LS. .AS_curing agent. Ketones jnc e acetone, nethy
et hyl ket ong&%{%e'mﬁmﬁ'e?po%@,re%'ﬁ%l%qﬁ/'ﬁo?%B Q{Vﬂdyk%tlg‘%rﬁ f apgherplit ci ng
fibers or fabwilacs ghfcidyeitiers of aigo-tidselBrmalabhyte ghatk, fdidipdidy aftkrs

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

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

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

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

30 .

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

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



mats; carbon and graphite fibers, cellul osic paper, fibrous polyam de
sheets, 25 fibrous quartz sheets, woven fibrous gl ass c@fbgﬁﬁ’tg RRoTER
fibrous glass mat, and the like. Fillers such as quartz powdered, nica,
talc, calciumcarbonate and the 1like may al so be added to the resinous
matrix. 30 The | am nate can be prepared at roomtenperature or by heating
under presaumsd@d| ayer conprising at | east one sheet of ppresmwegegonpri sing
~an epoxy 23 Septenber 2003 WO 00/ 64669 PCT/ USO0/ 08994 24 resin as

i npregnant. The wei ght average nol ecul %r wei ght (Mwv) and nunber average

nmol ecul ar wei ght (Mn) herein are neasur ¢ usi ng gel perneation 5

chr omat ogr a . enol i.c_conpoun an ol,ystyrene standards. The
sanmpl e nol eg’gngrﬁ‘qﬂ%ﬁ)g'r?pa'f%a’%’%g@@?l??‘g%ffﬂagd%%%&Pé‘&la%& g MIBINe: he sanpl e
i s dissol véarmaidehyte adsielr of ur an and the solution is run through a gel

perneation chromatograph. Any free phenol in the sanple is excluded from
cal cul ation of nolecular weight. 10 The quantity of TPE in the various

r eagt ion mxtur eWhmiexsphéabmdvbmd aba'uzé&ﬁﬁ taigoadents sestand: (a(:ge}lefaw) r gagent s
used were para-et enol , TPE, and, si ation reagent. (b) Procedure
for det e(resm' Fﬁ?\ed‘ef‘%& ?Kﬁé]o\ﬁ:l 05 Mgy be ?CI@%‘JWW|f%ﬁ'ﬁafrpr9@agémé%@cbra§par ed as
fol l ows: i nteaalidfinidazonsst Ni ﬂi-tiMéthle@:ﬁyia@fﬂnéﬂélﬁ%hos?ﬁﬁﬁe@%uéﬁ’éé nge: 10 cc
(cubic cent%{ ters?1 of "F%é‘{gfﬂln , 3.cc of trinmethylchlorosilane (TMCS), and
10 cc of he g‘ﬁ'&[‘ﬂ? Ry @”%‘ﬁﬁ’ff‘) ereqihis. was left to stand for 5 to 10
m nutes. (c) The TPE standard solution is prepared as follows: 20 Wi gh
into vial (appropriate for silylation) approxinmtely 30 each TPE and p-
et hyl phenol . Add e a‘_ee%‘i' rovales g‘ﬂf"}gé.ﬂfé'fi& Sreondgnsaton |Pf<aﬁtgg°o¢fxpé@hol _
(appr oxilat @ity forkihldgHyde @mkreifrieRs phahol 84 b BRRERY YFdth PH&R}I fy&r ni ght. I nject
1 mcroliter m{o as . chronat Use net hyl ethyl ketone as rinses.

ogr aph. y
The col uim GE€88'st e'iq{?’é'es%{ﬁﬂPlygisgﬁ?'ldﬂePﬁqph%ﬂ RRgnel narhtBelp @ded by
Supel co of RektiireaitRerebR. Substituents for the monomers include hydroxy, alkyl of 1 to 4

carbon atoms, alkoxy of 1 to 4 carbon atoms as well as phenyl. Novolacs and
dicyanodiamides are preferred curing agents. Particularly preferred curing

15 agents are the phenoi-formaldehyde novolacs and ortho-cresol-formaldehyde
novolacs having a molecular weight of 1,000 to 5,000.

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

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

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

Fillers such as quartz powdered, mica, taic, caicium carbonate and the
like' may also be added to the resinous matrix.
30
The laminate can be prepared at room temperature or by heating under
pressure a layer comprising at least one sheet of prepreg comprising an epoxy




25 In order that those skilled in the art may nore full nder st a he
i nvention presented herein, the follow ng exanples are égtéepgqngq?rgﬁp;s parts
and percentages in the exanples, as well as elsewhere in this application
are by weight, unless otherw se specifically stated. 30 The foll ow ng
exanples are illustrative of the invention. Sone of the exanples are

desi gnat ed 0 arative" to show differences from exa s 23 Sept enber
2003 WO 00/%?8%’8&?&/ US00/ 08994 25 whi ch are part of thi ?‘%Tﬁwmm and not
necessarily as conparisons with the prior art. EXAMPLE | 5 PREPARATI ON OF
PHENOL- GLYOXAL CONDENSATI ON PRODUCT AT 20 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
oxal i ¢ aci d 'esmasrigpeegnant.o0 C. there was added over 30 minutes 227 g of
40% gl yoxal in water (1.57 10 noles). The tenperature was nai ntai ned at 90
C for another 1.5 hours and then there was vacuumdistilled 185 g of
distillate (10. 7dhasightavetdge melegilar wéighpiveriaindonmitgs dvefagem t he reaction

m xture at i inutes. After such heating,

appr oxi nat eﬁﬁ"'%‘%ﬁ’egﬂgﬁ'?? ﬁéelrﬁ%ae'fegé%%%ﬁ%}ﬁ'gg 9ehRamEaticthti | that tine had
reacted ahd dhfemafegraphyandipheaolér cimpdunds red polyetyréite sthidatde TR about 4%
Feact on m xente BRI e PoeREiouicy R proferes Elawehe srepias

mai nt ai ned alissolyed i tatrahy8rofiran andtise sdletior BedetHGSgH RGN BrMkalidd | ed 195 ¢
of distillat % ba n t.he i,ght of phenaol charged) at 90 C over a
period of tﬁﬁ[@ ﬁééogﬁ és%?',&%ee?hegﬁpﬁ tﬁ%ﬁ?ﬁ"ﬂﬁ ’%Bﬁ?’%@ﬁ%‘?fﬁlcﬁ?‘#@iﬁﬁpfthe

al dehyde 20 rege¢ular vesight. charged until that tine had reacted and the water
cont ent the reaction mxture was about 3.5% The nolar ratio of glyoxal

to phenol for the total of both glyoxal additions was 0.17. The
tenperature of 9Uh&€quarstity pETREd thxdvdrioUs adtibe midufeshey deterflibéd pypuch

heati ng, 909 de equivalents charged to the reaction m xture
until that @%I{%‘g@gﬁggg%d and the 25 water content was about 4.5% Then

the reacti ofe)m xThe esagastsdisedividre pabd-ethyl phenol, TPE, and silylation reagent.
(b) Procedure for determining TPE was as follows:

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

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

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

25

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

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

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



at nospheric pressure to 160 C and held at 160 C for one hg E‘ghe reaction
m xture was then vacuumdistilled to remove the bul k of?d 8 Eﬁz%nol at
155-160 C. Vacuumdistillation was continued up to a tenperature of 190 C.
and held at that tenperature for one hour until. phenol in the reaction

m xture 30 was | ess than 1% The resulting phenol - gl yoxal condensation
product wasvddeasmesocomm nuted, e.g., flaked. During the rpagitsdpnsdohe

al dehyde equivalents in the reaction mxture were nmaintained at | ess than
about 70% of the al dehyde 23 Septenber 2003 WO 00/ 64669 PCT/ US00/ 08994 26
equivalents in the total quantity of gldpoxal to be charged for making the
phenol - gl yo>}]al condensation product. Properties of the phenol -gl yoxal
condensat i o ‘Eﬂ%’&tﬁﬁ” ofthis dnvgstion And aet nesessarihas epmpavisons withdhe atibes whi ch
follow, thignexanple is also referred to as EX1. 5 EXAMPLE 2 ( COVPARATI VE)
PREPARATI ON OF PHENOL- GLYOXAL POLYPHENOL AT 90 C WTH ONE ADDI TI ON OF
GLYOXAL AND OXALI C ACI D CATALYST 10 To 576 g (6.12 noles) phenol and 23 g

oxalic acid di hydrate at 85 Cis a period of about one hour
151.4 g of 40%g oxal in water 104 N) during which period the
t enper at ut e RS 'QNrQFEJE@NQJ— @(I_;Y@XAH@O %%&HQWBOW@BA&?IQOP o phenol

bas 017, | Gredial TWGRDRAHIONS OraSvaKhE ANPRIATC {EpRERYAYEP 0 O

distillate at 90-95 C over a period of 60 m nutes- ure of
90-92 C was maintained for 2.25 hours after which time about 82% of the

al deyde, eaul va) 25l A EHRG/ QY. AGLE hnoNBPand 65 1 YRS acBR flg Ve 15

m nutes to renove . I nue 0Cto
910 C for 12b80Yethere vwswﬂeﬂ owerl3Omirtes 227y pb@o%male imaatéry(1885% of
o] L9 LI The (ehge aRla Nt f ARGl R8 o YOEHLT MRGLAIES BRI over  © 20

m nutes to renove I nued for 5
hours and oﬁ'@ﬂﬁbﬁﬁe was U distilledr 85ugoof dmaaner(gor?% basesl drotie, weiglttudf 94% of

the 21 dehy dReRguhupleapamaiarantiol fuklis JOBSLIRR: Mdis g  cacted. The

reaction xture at nospherica |IIe tenperature
of 160 C waBWnutes.d\ftessuehbezting: apﬁfmymm;cF9%mfrtﬁle<aldehydmeqm-lmienmacuum

distilled tE’h%rgQ@YlﬁtﬂttH& tifeh2d b ey éfﬁrtﬁ%hs%f? BPRGler # tnhIRadRR C and the

vacuum di st
15  mixture was about 4%. Another 227 g of 40% glyoxal in water (1.57 moles) was

added to the reaction mixture over a 25 minute period while the temperature
was maintained at 80° C for 1.5 hours and then there was vacuum distilled 195 g
of distiilate (11.3% based on the weight of phenol charged) at 90° C over a
period of thirty minutes. After such heating approximately 70% of the aldehyde
20 equivalents charged until that time had reacted and the water content of the
reaction mixture was about 3.5%. The molar ratio of glyoxal to phenol for the
total of both glyoxal additions was 0.17. The temperature of 90° C was
maintained for another 1.5 hours. After such heating, 90% of the aldehyde
equivalents charged to the reaction mixture until that time had reacted and the
25 water content was about 4.5%. Then the reaction mixture was distilled at
atmospheric pressure to 160° C and held at 160° C for one hour. The reaction
mixture was then vacuum distilled to remove the bulk of unreacted phenof at
155-160° C. Vacuum distillation was continued up to a temperature of 190° C
and held at that temperature for one hour until phenol in the reaction mixture
30 was less than 1%. The resulting phenol-glyoxal condensation product was then
comminuted, e.g., flaked. During the reactioﬁ the aidehyde equivalents in the
reaction mixture were maintained at less than about 70% of the aldehyde




continued at 1900 C until phenol in the reaction m'xturf ga @an 1%
During the vacuumdistillation the reaction mixture was>h t@ﬁ‘ 'EZ
tenperature of about 175 Cto 192 C for about 0.25 hours. The reaction

m xture is then discharged fromthe reactor and then conm nuted, e.g.,

fl aked. Properties of the 30 pol yphehol product of this exanple are given
I n tabl es wiootis#E®l | ow and this exanple may be referredpcanadodssd. 23
Sept ember 2003 WO 00/ 64669 PCT/ US00/ 08994 27 EXAVPLE 3 ( COVPARATI VE)
PREPARATI ON OF PHENOL- GLYOXAL POLYPHENOL AT 102 C AND REFLUX (103-104 C©
W TH ONE ADDI TI ON OF GLYOXAL AND OXAL| G2® ACI D CATALYST 5 To 576 g (6.12

nol es) phenol a 0 c acid di hydrate at 90 C there was added over
a one hour p&M' @gelﬁgpgtb 3 13t quassityefyabsoxal o e\/ﬁtaéﬁed(fffﬁ’@k'"ﬂﬁh%§§‘eﬂ?h le the

tenperature ﬂ@@(aﬁbbrﬁd@daﬁ& ;ﬁﬂoaﬁctt Prdpeftiedof Q@&é%g@xalzeﬁdeﬂ&'n@n ratio of
was

gl yoxal to he reaction m xture was held at reflux 10 for
10 hours. Afri"'Q ”%‘l?éﬁgwgﬂl‘m?blfﬁﬁ?m%’? fellow) y 899% of the al dehyde equival ents

had react ed. Inthe tabrsEneRiah WiBwWs &RRADIE A 566 rdierrdd £ 4 BRY. there was
removed 55.5 g of distillate over a period of about 22 m nutes. The

temperatufe was held at 110 C for one hour and then the reaction mixture

was atnospherically di stl I I engmpL@()z @)OMWW@WE) on m xture was then held
for one 15 hour at 160 he reaction xture was then vacuumdistilled to

renove the MRFERABATIRN é?fc? QENQEQH(O&%M@QUI%UE@%T PR CWVITILGNE
distillation was thfoDITGORIOPeRYHAILARDOKRALID A@ft?@ﬁﬁ'AL?Sﬁ‘he reaction

m xture was | ess than 3% During the reaction, the al dehyde equivalents in
the reaction mxture were nmaintained at |ess than about 70% of the

al dehyde; gqui val qutsyel d)( thﬂemb@s?bh@r%lgi’lé'ﬁh'gtdxa% aglhwlratggtﬁ parged for

maki ng t he condensatlon pr oduct react on m xt | schar ged
fromthe redddsd oxaga eeried el absut oae Qour 15140 ofl 40%r glyexal inogatef (1tcm=;

R T iy T L T
mole ratlo of giyoxal to phenol was 0.17. Immediately thereafter, vacuum is
applied to remove 120 g of distillate at 90-95° C over a period of 60 minutes. A

15 temperature of 90-92° C was maintained for 2.25 hours after which time about
82% of the aldehyde equivalents charged had reacted. Then vacuum was
applied over 15 minutes to remove 13.3 g of distillate. Heating was continued at
90° C to 91° C for 1.25 hours. After the 1.25 hour period approximately 88% of
aldehyde equivalents charged had reacted. Vacuum was then applied over 6

20 minutes to remove 6.68 g of distillate. Heating at 90° C was continued for 5
hours and one hour at 100° C. After such heating for one hour, about 94% of the
aldehyde equivalents charged to the reaction mixture had reacted. The reaction
mixture was atmosphericélly distilled to 160° C. The temperature of 160° C was
held for one hour. The reaction mixture was then vacuum distilled to remove the

25  bulk of unreacted phenol at 155-160° C and the vacuum distillation was
continued at 190° C unfil phenot in the reaction mixture was less than 1%.
During the vacuum distillation the reaction mixture was heated at a temperature
of about 175° C to 192° C for about 0.25 hours. The reaction mixture is then
dis¢harged from the reactor and then comminuted, e.g., flaked. Properties of the

30 polyphenol product of this example are given in tables which foliow and this
example may be referred to as EX2.



PREPARATI ON OF PHENOL- GLYOXAL POLYPHENOL AT 102 AND L % 3- 104 O
W TH ONE ADDI TI ON OF GLYOXAL AND HCL CATALYST 30 To 5 R n es)
phenol and 6.23 g 18.5% HCl (0.2% HCI on phenol) at 90 Cis added over a
-one hour period 151.4 g of 40%glyoxal in water (1.04 noles) while the
tenperature is allowed to rise to reflux (103-104 23 Septenber 2003 WO

00/ 64669 FGld hinkds08994 28 C). The nolar ratio of glyoxalpLRcRAghq!l was
0.17. After two hours at reflux about 93% of the al dehyd’e equl valent s
charged had reacted. The reaction mxture was then vacuumdistilled with
the tenperature rising to 110 Cto remve aqueous HCl distillate of 116.4
g. 100 g of hot water was then added to 5 the reaction m xture and
distillation was continued atEXAMPLEIR(CCMPABSSIVE) to 150 C. The

hydrochloric a of t he

reaction m xt u?ﬁ%lwo\‘i%% géltovcﬁl*glr Fyd%ﬂ%g&é@iﬁzhg‘gﬂbeact ed

phenol was REﬁﬁw}émQ&a‘lﬂ)@ﬁ WHGh ONB ABDEITONQF IGLYDAL AT OXALIGE xt ure. The

reaction mpggé Aﬁ'ﬁL?%fn di scharged fromthe reactor and conm nuted, e.g.,
10 0

fl aked. tles t he pol yphenol product of this exanple are given
in the tables mhlch follow and this exanple may be referred to as EX4.

EXAMPLE 5 ( COVPARAT] TLON OF PH HENOL, AT 102 C
AND 15 REFLUX (103- 1@1525%)@52 T%’Aﬂﬁ"?lz%% é—'l %@igﬂﬁ}ﬁ drate -IBSULFC]\II C
ACl D EATA:.;(S]’th‘ExGn)e ?as r:{gdédi o&é’rfa«raheem)urngmahsamb bt 468% @%o&éﬁﬁ:gtéﬂ(‘! )2 bgzeg
on pheno 501 ol sul foni ¢ _aci catal yst dhere is adde
over a one rﬁ?)iﬁ? 'En’ ﬁﬁ ﬁrg&erg e ¥as 49 W@I")}B{'ﬁ? t‘? F?ﬂ\%t( %4 I[FB?es). The
mol e ratio o’hoIéQaigi gfcg(ysdxatmmfmomasﬂew ga%zﬁkgghmﬁr% r vk Preff attrBgux Safcti on
m Xt ure er te 0O ri 0Ore UX - ere it_renmmi ne or
sever al in(gurg‘r éOlfrﬁeA éf%ﬁud‘r"f’pé’fo’%ﬂ‘ﬂ 7o o th &RLalests o about
96%; of that teldacaeted. Thesempaaﬁmé bu@wderbnaumubﬁab‘? eaindaneefwddhe cat ﬁl yst,
cooling to 6 This is

SCag distill water to renpve salt
fol | oned by " T SOt iRt cler B pioe pEEb8 22 mintieen dpeaERRRLIe |
distillati Oﬂv&tha@euﬂ(ﬁ’tﬁf&ohé hbeeatectheR ehdl HaaRtibr bhifire wal eact ed phenol in
the reaction m xture %q H JIG/?)" Th;?_ reaction mxture is
atmosphencal y dIS le he reaction mixture was then held for one
15 hour at 160° C. The reaction mixture was then vacuum distilled to remove the
bulk of unreacted phenol at 155-160° C and the vacuum distillation was then
continued at 176° C until phenol in the reaction mixture was less than 3%.
During the reaction, the aldehyde equivalents in the reaction mixture were
maintained at less than about 70% of the aldehyde equivalents in the total
20 quantity of glyoxal to be charged for making the condensation product. The
reaction mixture was then discharged from the reactor and comminuted, e.g.,
flaked. Properties of the polyphenol product of this example are given in tables

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

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

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



eventually comm nuted, e.g., flaked. EXAMPLE 5A ( COMPARATLVE) 30 The
procedure of the above Exanple 5 was foll owed but the %:hgﬁ E'l?:’Pf%Qﬁ% aci d
was replaced by 1.25 g (0.22% based on phenol) of anhydrous net hanesufonic
acid. Approximately 97% of the al dehyde 23 Septenber 2003 WD 00/ 64669

PCT/ USO0/ 08994 29 equi val ents charged had reacted prior to neutralization
of the cat avQ9e/64669Essenti al |y, equival ent properties, nolmauisasossel ght s,
viscosities, and %of TPE is obtained. Properties of the phenol-glyoxal
condensati on product are given in tabl es whi ch follow wherein this exanple
may be referred to as EX5A. 5 EXAMPLE 6 2§ ARGE SCALE PRODUCTI ON OF

PHENOL- G_LYQ IN TH NNER G: EXANPLE 1 The
phenol - gl yoﬁ% ﬁ?%lg%?%)q%’fo*g?éﬁpw %IE pedsataalyy, 10
subst anti al Iqbduh%%anf&heraldabydeaéqtﬁikﬂémb ehérg@dmﬂtreééﬂ@d Tfﬁe réastigy’ epared on

| arge scal e equi pnent. whi ch ca e several hundred ds of product
andgvvas vac dﬂﬂﬁggé"é‘&@%}’%"h&sﬁg‘d "t‘ﬁl thetemmperatyse &istvo "‘bé L %o\r/]\p %1% The

percent i nso’etﬂmlveaquews ACDdistilfaes oﬁ%&beﬂgbg%fm{ﬁbte?%%ﬁé%dd&a roduct
of this x aé:\é(\'/neres othcg gpertles are ven in tables which follow
wherein 1 SHSTEURING distiletian wag coptinue @tquf'éﬂe?fsﬁfe fonsol ubl es

was conduct etso"by e'ﬁsh;aanoahlbucdbu&%@ta\lvslﬁméﬁnsgcd au%.ﬁ!@) with we4RAT#e 1N 285
ms(mlllllt , filtering through a No. 42 Wat nan

ers) of ro
filter paper¢as ”t’ﬂ'éwrﬁ‘aﬁfeﬁ‘ggi’H%CU%B@F'['@“H"&!E’ t@\?@ﬁ dhe mgregoled pigmot for 30

m nutes. 20 v$ARidved to 1eARGRNSOALEMR h%a@oﬁﬁﬁh@e P’ @%@h
CONDENSATI ON . PRODUCT | N THE MANNER OF 1 The phenol oxal

condensat i orf? mﬁépe'ﬂ)#"“%ﬁﬁﬂ from W&é%?teweb@mrﬁmut e@nﬂ,ﬂkﬁdnner as that
of Exanple Gropx6epbs maniowphemaqar@&&%fﬁﬁ% éFan?plé’ bid QG&% thdtalibd'®- The

percent insol ubl in the product were 0.0 wher eas ot her properties are
gi ven in tabf ?‘Eﬁ"f’éh‘PW’%ﬁ@r'B?hb?Fﬁ@”@Slm EXfray be referred to as
EX7. The test for insolubles was performed in the same nanner as in

EXAMPLE 5 (COMPARATIVE)
PREPARATION OF PHENOL-GLYOXAL POLYPHENOL AT 102° C AND
15 REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND
PHENOLSULFONIC ACID CATALYST
To 576 g (6.12 moles) phenol and 6.76 g (grams) (1.5% based on
phenol) of 65% phenolsulfonic acid at 90° C as catalyst there is added over a
one hour period 151.4 g of 40% glyoxal in water (1.04 moles). The mole ratio of
20 glyoxal to phenol is 0.17. The temperature of the reaction mixture is permitted
to rise to reflux {103-104° C) where it remained for several hours and the
conversion of aldehyde equivalents was up to about 96% of that charged. This
is followed by neutralization of the catalyst, cooling to 65° C and washing with
distilled water to remove salt. This is followed by atmospheric distillation to 160°
25 C and then vacuum distillation at about 176° C to reduce the quantity of
unreacted phenol in the reaction mixture to about 1%. The reaction mixture is
eventually comminuted, e.g., flaked.

EXAMPLE 5A (COMPARATIVE)
30 The procedure of the above Example 5 was followed but the
phenolsulfonic acid was replaced by 1.25 g {0.22% based on phenol) of
anhydrous methanesufonic acid. Approximately 97% of the aildehyde



Exanpl e 6 above. 30 EXAVPLE 8 PREPARATI ON OF POLY GLYCI DYL ETHER RESI N
(EPOXY RESIN) A one liter flask was charged with: 75 g €gPSREOSF 200%

fl aked reaction 23 Septenber 2003 WO 00/ 64669 PCTI USOQ' 08994 30 product of
Exanpl e 6; 200 g of isopropyl alcohol; and 52.5 g of water to forma
reaction m xture,. The reaction m xture was heated to 550 C. After 10

m nutes tRes fudsgd add 388.5 g of epichlorohydrin. The r%%qm&g)w,‘xture was
reheated to 55 C and then 30 g of a 20% sol uti on of sodi GOy droxi de in
wat er was added 5 while nmaintaining a tenperature of 55 C. The 55 C
tenperature was held for another 30 mawtes- Then there was added 90 g of
20% sol ution of sodium hydroxide in water. The reaction m xture was held
at 55 C for cguiyelests ¢haged harbraasted: piod b @ dradizateindoffties cAQlysi. nut es and t hen

(1456 0) "vs S RAFEG Aot prip 8RS mol By BTG i ek SFHRE adveous
| ayer was diisebinined. Brapetties Qﬁtlyapin&nol blgyeal conddresation pmaﬂal’élgﬁé}n&gd Lhen
vacuum di st i chi orohydrin .and g o ark resin
of the epox:tgéidi »ghf& @L\t%fﬁé?l%ﬁk@%ﬁxgn@le Mgy bg %%5'3?9 t?é‘§| s a wei ght per
epoxy equi val ent of 203.1 and 225.8. This conpares with a weight per epoxy
equi val ent of 210 for EPON 1031. VERSME? 15 and wei ght per epoxy

0

equi val ent (WPE) of the epoxy resin Exanple 8 as well as
conpar i sons WARGE $GALE RRODUETION OF RHENGL-GL voXpo! YDRBENSATAOR Shown

bel in tabl wh i j | f to as EX8. EXAMPLE 9
(eCOVPOWA:R’RTI ?/E) ezo PEE?%RW&S\T @%Mﬁ&%&kﬁ%@%m USI NG ACI DI C

( SULFONI C ACI D) [TON pﬁ)éﬁblﬁ@l&ﬁ(aREﬁid&ni@hdﬂ&oau@ A Examprod wégpﬁﬁpa'ﬂ@i ms) and
35.5 A his a oni c i on exchange resin
sol d quﬂoh%téé%i'yég aépgg'a["é'%%‘? gf‘%’PB"”ﬂse’@PPb ab%&?érpf%fﬁql Hgt es, there
was added 9Brge séald@%ughmkwfuchrmami'(ﬁz’ucé%eﬁdral R dRed poJrkusSofr é&i\ﬁfgsoggosen

th ta n

ShicS, 102 153Uk Raty R b biihed i 1o BELANS e Bk . Spacy oot o
be the cl ospeltcehnnsmlulﬂeswmo Olhfefotﬁmﬁ@bﬂ%@om%oﬁ@éd%bﬁbﬁ‘ﬁﬁbdu@{tofgo C for

8% of the al dehyde equi val ents
another 1. 5thhsog>5asmpféfw ereas &ner propertl es%nre given in tables¥vh

ich follow wherein

15 this example may be referred to as EX6. The test for insolubles was conducted
by essentially dissolving 15 g (grams) of condensate in 285 mis {milliliters) of
isopropanol, filtering through a No. 42 Whatman filter paper and then drying the

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

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

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



30 charged to the reaction m xture had reacted. Then th s.va
distilled 42 g of distillate. On conpletion of the di s?#SFégm rg@égnof t he

al dehyde equi valents charged to the reaction m xture had reacted. Another
93 g of 40% gl yoxal in 23 Septenber 2003 WD 00/ 64669 PCT/ US00/ 08994 31

wat er was added over 31 minutes while the tenperature was nmai ntained at 90
C for 1.5 heoogessdf ter such 1.5 hours, 81 % of the al deh n%%)ds%%l ents
charged to the reaction mxture had reacted. Then there was vacuum
distilled 70 g of distillate at 90 C over a period of 30 m nutes. The
tenperature of 90 C was 5 mai ntai ned fad30 another 30 m nutes after which
time, 91 % of the al dehyde equivalents charged to the reaction m xture had
react ed. Theraduchef Exampledt; 20§ igyafsisdpropyl pleehall ahdr52t5he of watdr toforimai h

gl yoxal addifi&izs r&.ﬁgregg%ﬂﬁggéﬁms h%h%%é;@o tﬁE ﬁﬁnﬁrﬁ' relatively

clear liquor (687 g) decanted of neutra th 2.6 g of
50% sodi um Hieresvasdrdd 05 g of epichloreydrin cthesrantioromixklrewss: rehestgddot 0 a

flask for atgEpephey hSt ' he reactio m xture was then
vacuum di st iﬁﬁ'ed t_oﬂ].%r%%b? (?flod %%@g&%ﬂéﬁg?&u'ﬂ}yﬁﬁod‘@%’@ wler s g leq e
al dehyde ®quyhiigineginigining 2 fkemperattré oS5 Gt Thee5506 emipairatusd was hald fof ess t han

about 70% of | i total, quantity of glyoxal to
be.char ged FaPTierBOIARKES. 3y KR ENS Aolelsh o1 gBi Sofcm et omshirs. " The 15
resul ting pdiydrsixisiedh water. The reactiommidttiedyasheld at 55%6 a6k arfBtiReou es of the
ol yphenol | 0| i.ch foll wherein this exanpl e may be
et orred to et e R B iuisRand b ERtiRieRelo eaaeataion
CONDENSATI| OftRRODUGT upipetdleal WibwiiDBIGBnONSY <R 143.8 QX Mas sE¥éd WihAGblg CATALYST

AND T R E-RATLO OF Q.22 FOR.FI RST PORTI ON AND ADDI TI ON
oF PHENgLf’ TW%AM” Mer WAS| G?%S‘a@‘.aff’ BeRTARNOND
PORTI ON. 25 layer vasedya céSondtings ang tresmotacaosh digilled & mealéce@essl di hydrate at
90 C there r I Nut es. 24 of .40% gl yoxal_ in water (1.655
nol es) . The‘a}é@glr(r)pi felgaéiﬂ ﬂ%}égdg‘g%ﬁ&}%ﬁwﬁt‘gw IPet 85%8Fh%fréxfm§"‘?1§ur s and
then there Thspoay msin lasa welight péd8pdkygquivaliing bf 2031 enli2eBa hig eact i on
mxture at A0mba¥lith a weight per epoxy equivalent of 210 for EPON 1031. Viscosities
15 and weight per epoxy equivalent (WPE) of the epoxy resin of this Example 8 as
well as comparisons with other epoxy resins prepared from polyphenols are
shown below in tables wherein this example may be referred to as EX8.

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

To 709.3 g of phenol (7.54 moles) and 35.5 g of Amberlyst 15 which is a
dry sulfonic acid ion exchange resin sold by Rohm & Haas Co. at a temperature
25 of 90° C over 30 minutes, there was added 93 g of 40% glyoxal in water (0.64
moles). This resin was chosen since the resin used as catalyst in U.S. patents:
5,012,016, 5,146,006; and 5,191,128, all to S. Li, were unavailable and this
resin appeared to be the closest to such resin. The temperature was maintained
at 90° C for another 1.5 hours. After such time 88% of the aldehyde equivalents
30 charged to the reaction mixture had reacted. Then there was vacuum distilled 42
g of distiilate. On completion of the distillation 95% of the aldehyde equivalents
charged to the reaction mixture had reacted. Another 93 g of 40% glyoxal in




.30 a period of fifty m nutes whereupon about 62% of th | dehyde
equi valoents charged to the reaction m xture had react eg:" §FP*€F"X7§[|§(PP%| fty
m nute period. Another 240 g of 40% gl yoxal in water (1.655 noles) was
added to the reaction 23 Septenber 2003 WD 00/ 64669 PCT/ US00/ 08994 32

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

C for 1. Syoadsssse About 58% of the al dehyde equi val ents Eﬁk 9 t he
reaction mxture had reacted after this 1.5 hour peri od. &%ﬂsg\r?vas t he

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

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

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

The t f § r.5 hour After, such 5
hoﬁr ;e)gP .efagbggﬁl?’ héjgjop/% g?ﬂ@%‘éé@?? lﬁjl Esg%éc{a‘igfvtﬁ?% C{ég' %ﬁg‘d?é%emﬁé’h?m?dr eaction
m xt ur e hadtaibgaeagtionThixture had rmd dhemihere naswasuuh digtited l?obﬁ)flol t wo. I To
hal f (7 ust eno nol e
Phtio o 0 Jgtfle HRa0T0G #ddidh & sl The heken RS GRS ot 00
for 2.5 Rourginiplaee fpsanotey3ominhies afideiiide tiegy oYW ehihe aRleayged to the
reaction m xtiSefadnk GHS‘Ehe .P%fEﬁ Wi@?i‘&dfﬁagf%g %g,gtgga"%,orﬁt”re Vas

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

T ack: e Sldbted to3ehibrdvelbfigely oiehl o H15) Bl i Sidmasbheno! | vas

heated to 1®®H d&wnthlﬁﬁg of 6AY%pdeeiinmh hydnmuedﬁbag\tﬂ@éﬁﬁ?lﬁbatgblzdgaﬁ' Fn tot 175

C. Th t e nole ratio

of ; 50)@?1?“?530 ﬁgé(%a%ggg%é%gpé%@eﬁﬁg ﬁi?qt'ﬁg%?iﬁweé e eretiow 2 wher eas

t hat made winbdureivesthé? vaoluen dnsﬁlladaodfrsi’gCyox@hoW@pmﬁinqjuﬂn? theferred to in
for. both EX10. 17 and EX1 0. 22,

t he tabl tion
thg a?deﬁf/ ege@%&aﬁ%ﬁ% %%Vg?eql ?IJS%“CWPQFUWHFW?'@ 'ﬁﬁ'i“?ﬁ"%ﬁdn%td at | ess
t han about gg9thah aboat 'am%eiiyh:haa!deWaievaiﬁmm@tsiﬂth@ﬁ:t&ﬂ?@'ntnﬁ}gﬂ i %«)ﬂ of
I | t condensati on
grggﬁgt grtgg)gr{h%e%e&jfpiﬁ?&"ﬂﬁh?gﬂ&ﬂﬁ?@ % ldgﬂ% é‘%‘%ﬁwﬁ‘%gﬁég TH®i ch fol I ow
The pol y@hensmitmg pEKpBeidl veasctheh gbmafindtéd, (. 4.2 s Propdrinay of theat ed at 190 C
r, full vac ies of these products are shown in

o6 Tor1 ooiondRb! i dendf titiks L ERFbnainastio s cxsbpioymay be

referred to as EX9.

EXAMPLE 10
20 PREPARATION OF PHENOL-GLYOXAL CONDENSATION PRODUCT WITH
TWO ADDITIONS OF GLYOXAL, OXALIC ACID CATALYST AND TOTAL
: GLYOXAIJPHENOL MOLE RATIO OF 0.22 FOR FIRST PORTION AND
ADDITION OF PHENOL TO REDUCE THE GLYOXAL/PHENOL MOLE RATIO
TO 0.17 FOR SECOND PORTION.
25
To 1418 g (15 moles) phenol and 56.5 g oxalic acid dihydrate at 90° C
there was added over 30 minutes 240 g of 40% glyoxal in water (1.655 moles).
The temperature was maintained at 90° C for another 1.5 hours and then there
was vacuum distilled 148.3 g of distillate from the reaction mixture at 80° C over
.30 aperiod of fifty minutes whereupon about 62% of the aldehyde equivalents
charged to the reaction mixture had reacted after such fifty minute period.
Another 240 g of 40% glyoxal in water (1.655 moles) was added to the reaction




referred to as EX10.17H and that of EX10.22 is referred as EX10,22H. It
can 30 be seen fromthe tables that the heated sanples %?S]gﬁPtPfﬁPPb Qe
optical properties. 23 Septenber 2003 WO 00/ 64669 PCT/ US0O0/ 08994 33

Exanpl e 11 PREPARATI ON OF PHENOL- GLYOXAL CONDENSATI ON PRODUCT WTH TWO
ADDI TI ONS OF GLYOXAL, GLYOXAL-PHENOL MOLE RATIO OF 0.17 WTH .

TRI CHLOROAGKD bifsabde! D CATALYST AND USE OF BASI C MATERI AL o | N REMVAL OF
HCL. To 709.3 g (7.54 noles) phenol and 17.7 g trichloroacetic acid (2.5%
based on the wei ght of phenol charged) at 90 C there was added over 27
mnutes 92.9 g of 40% glyoxal (0.64 mol¥s) in water. The tenperature was 10
mai ntained for 1.5 hours and about 58% of al dehyde equival ents had reacted
after such IMBiURgver a 2 miude patiod/ whilchthedempsrat@ewss asitdihdest KRR g of

e e R Ly e R,
char ged and mixtireibad geanéﬂdeaﬂatcﬂﬁs arit hmég p’eﬁ?d.r‘ﬂﬂ? iwgs tlﬁ&trg'faﬁu?n%\&gtg@angrtesf aloa/os
e over RSt R AP CHd S B8 hRlE Mt s ¢
hours. The tp@[ia'!i aholte89% of th(?caidajiygeegmvalentsmrgaddetmthé (F:éas;:i@pé gmta{é@t \r/]vgs 0.17.
Pt on s 1ERSARea L i LRI LR LB L AR el e 0.
g of distil |agdifions wes 022 Tbe tdtbperatune 3590% tngfs mﬂgtfﬁggdgﬁ%méthéeﬁs (r)g,si fj Bgl _
vaterin ¢ nooul ARG folBl iR 3008 8k ot PEaiRRAE Ghuialeets harerti ned at
90 C for ande therreactiorhoixtuse aaﬁ reldmu. H@mﬁrﬁ%‘ﬂi@’gﬁ%ﬂﬂ’aﬁgﬂ‘ﬁaﬁ?@? s1 0 g
gp a:)ngid | nce]I t‘xv((g'?%a@%e%j.’# @45595@”&51%“569334 Eg’ﬁ PhARSISP agiugbslyenalishendal ent s 25
whi ch had bewse cdiiartg@di . Fhe heactieaatiktare Witk hided Hiashol ﬁgghtggtedlarigtofﬂégp?gft %e
e = 9 e e eh Bk B2 e e bt s e
t enper at ur eredotion Afixinierhddaeatted cCReREAIRatE LA RStibe hirlirawhsl 4. othe
phenol - 91 YOfb re2BARMRE A B Teeled B160b 6 N 2D Snciss Ghd haw ot | O "
15 160° C for one hour, after which the bulk of phenol was removed by vacuum
distillation to 175° C. The product was then discharged from the flask. The
remaining one-half of reaction mixture without added phenol was heated to 160°
C as above and phenol removed by vacuum distillation to 175° C. The phenol-
glyoxal condensation product made with the 0.22 mole ratio of glyoxal to phenoi
20 s referred to in the tables as EX10.22 whereas that made with the 0.17 mole
ratio of glyoxal to phenol is referred to in the tables as EX10.17 During the
reaction, for both EX10.17 and EX10.22, the aldehyde equivalents in the
reaction mixture were maintained at less than about 70% of the aldehyde
equivalents in the total quantity of glyoxal to be charged for making the phenol-
25 glyoxal condensation product. Properties of the polyphenols are given in tables
which follow. The polyphenol of EX10.17 and that of EX10.12 were further
heated at 190° C for one hour under full vacuum. Properties of these products
are shown in the following tables wherein the heated sample of EX10.17 is
referred to as EX10.17H and that of EX10.22 is referred to as EX1 0.22H. It can
30 be seen from the tables that the heated samples show improved optical
properties.




30 vacuum to renove unreacted phenol and prepare the ph | - gl yoxal
condensati on product which is also referred to as EX1 I§$§9P%@%F6$@%M ng
tablles. During the reaction, the al dehyde equivalents in the reaction

m xture 23 Septenber 2003 WO 00/ 64669 PCT/ US00/ 08994 34 5 10 were

mai nt ai ned at | ess than about 70% of the al dehyde equivalents in the total

quantity ofwgbyamse@l to be charged for naking the phenol - gl-¥R%a0s994
condensati on product. EXAMPLE 12 ( COVWPARATI VE) PREPARATI ON OF

PHENCL- GLYOXAL CONDENSATI ON PRODUCT W-TH TWO ADDI TI ONS OF GLYOXAL,
GLYOXAL- PHENOL MOLE RATIO OF 0.17 W TH3TRI CHLOROACETI C ACI D CATALYST

W THOUT USE OF BASIC MATERI AL I N REMOVAL OF HCL. The procedure of Exanple
11 was foll owed except that: a basi Examplerifal, e.g., pyridine, was not

dded to theprEHEARABONDE 1Qr I Q-S| I 125 C
gnder enoval ﬁo t he @g)t al ysﬁl{l"eg?% %Eé%hgm%@nﬁégil%rﬁ ?ﬁ@@éf ‘&e val of
phenol was TY¥O @D KME HMGLYOXAMI SLYQAL-BHEANOLIRMOLESRATIO O8&d1Tipon

heating to WTHTRRFAYSHEOR b S eRS| \@%gu I ' | le is
al so ref erreof to in the taEFg‘s/(tas@ﬂggféiA L@qé %ﬁ%ﬁ@%ﬁ SOVE
PHENOL - GISYOIMREMPYALIENHEL20 . 25 EXVal Wjt Phenol, TPE, %/i scosity

MV Mh%eps(1750C) 145113310. 154. 15- 480 24641347 0.295. 10510

To 709.3 g (7.54 moles) phenol and 17.7 g trichloroacetic acid (2.5%

based on the weight of phenol charged) at 90° C there was added over 27
minutes 92.9 g of 40% glyoxal (0.64 moles) in water. The temperature was

10 maintained for 1.5 hours and about 58% of aldehyde equivalénts had reacted
after such 1.5 hours. Subsequently, there was vacuum distilled 62.2 g of
distillate from the reaction mixture at 90° C over 26 minutes. After distillation, the
aldehyde equivalents reacted (converted) was 70% of that charged and residual
water content of the reaction mixture was about 3.5% Another 92.9 g of 40%

15 glyoxal (0.64 moles for a total of 1.28 moles) was added over haif an hour while
the temperature was maintained for 1.5 hours. The total mole ratio of glyoxal to
phenol in this example was 0.17. After such heating about 62% of aldehyde
equivalents charged to the reaction mixture had reacted. Subsequently there
was vacuum distilled 81.6 g of distillate at 90° C over 25 minutes. After the

20 distillation, the aldehyde equivalents converted was 72% of that charged and the
residual water in the reaction mixture was 3.5%. The temperature was
maintained at 90° C for another 1.5 hours and about 88% of the aldehyde
equivalents charged had reacted after such 1.5 hour period. One half hour later
1.0 g of pyridine was added. At such time 88 percent of aldehyde equivalents

25 which had been charged to the reaction mixture had reacted. The temperature
was raised to 125° C over one half hour and held at this temperature for 70
minutes and further raised to 160° C for 1.5 hours and held at this temperature
for 23 minutes to complete decomposition of acid. The phenol-glyoxai
condensation product was further heated at 190° C for one hour under full

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

During the reaction, the aldehyde equivalents in the reaction mixture




4651362 0) 3468/ 3512. 058. 53300* 457213873. 4613. 21900* 52;%8137?%.% 0.1891
6494/ 3530. 041. 73530 750813580. 042. 74670 9475/ 3560. 1910. ?W@B‘ 3 t ember
2003 WO 00/ 64669 PCT/ US00/ 08994 35 5 10 10. 17485/ 3483. 805. 5350*

10. 17H4961357<0. 055. 791088 10. 22518/ 3643. 885. 60400*

10. 22H528/ 366<0. 054. 831700 11518/ 3630. 34. 852040 12552/ 3570. 301. 02> 9, 000
(a) val ue bedosaseat-al yst was renoved. * These exanpl es M sﬁ(mﬂc.ﬂh phenol
content which depresses the viscosity. It can be seen fromthe above Tabl e
1 that Exanples 1, 6 and 7 gave the |owest percentage of TPE even though
Exanpl es 1-3 used the sane catalyst amdd the sane nole ratio of reactants.
The conventional catal ysts such as HC (EX4), sulfonic acid (EX5A and 9
gi ve very hW§m W'ge‘%ﬁt lesEthandbout RO BHxadithe altiBhyds equivedents of thesedl Wi th

I ncrenment al qagichid b NaY’ qroval. of istillates al.so gave a
hi gh val ue of ThE ?@%) ) t%ée/%%é?@ﬁbgé‘ﬁl rllga/ g}e 9?560@'?’??‘3' E&%ﬁe?ﬁ\s@@mo. 17H and
10. 22H showPilust- gni fi cant effect on nol ecul ar weight or free TPE but
decreased in free phenol content and increased in viscosity. TABLE 2 20

FLUORESCENCE DATA OBTAI NED OF 0. 05% SOLUTI ON OF THE POLYPHENOL OR
EPOXI DI ZED POLYPHENOL | N TETEAMMBREFAIRAOMPARATIVE) ACQUI SI TION TI ME OF ONE

SECOND AND AReANRRTION O PNENBIEL FEKAL ContsEnSNrioN ProDUCT WiTH
TWO ADDITIONS OF GLYOXAL, GLYOXAL-PHENOL MOLE RATIO OF 0.17
WITH TRICHLOROACETIC ACID CATALYST WITHOUT USE OF BASIC
MATERIAL IN REMOVAL OF HCL.
10

The procedure of Example 11 was followed except that: a basic material,
€.g., pyridine, was not added to the reaction mixture prior to raising the
temperature to 125° C and removal of the catalyst; and the final temperature
after removal of phenol was 175° C. Processing of this example was

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

TABLE 1
CHARACTERIZATION OF SOME PHENOL-GLYOXAL POLYPHENOLS
20
EX Mol Wgt Phenol, TPE,% | Viscosity
Mw/Mn % cps(175°C)
451/331 0.15 4.15 480
2 464/347 0.29 5.10 510
( (465/362)®
r3— | 468/351 2.05 8.53 300*
25 | 4 572/387 3.46 13.21 900"
BA 538/376 1.13 -1 10.1 891
494/353 0.04 1.73 530
508/358 0.04 2.74 670
475/356 .19 10.42 2,400




25 30 Exanpl e or Product Maxi num I ntensity Wavel ength Cogg saxi nmu nm
111232526 5A6516532 611502538 710535532 EPON 1031*64035 ?Bteg@ﬁfgh%r 2003
WO 00/ 64669 PCT/ US00/ 08994 36 *EPON 1031 (CAS No.: 7328-97-4) is a

pol yphenol containing tetraglycidyl ether of tetrakis

(hydroxyphenyl )ethane and is sold by She]] G| Co. of Eneryville, CA It
can be seenwdumewsebabl e 2 above that Exanples 1, 6 and 7 W‘?&%“S
phenol - gl yoxal condensation products of this invention had a ? uor escence
whi ch was about 70% hi gher than Exanpl e 5A which was prepared with

sul fonic acid catalyst. Simlar resultd® are shown in Tables 3 and 4 which
foll ow TABLE-3-10 FI UCRESCENCE OF 0. 05% SQ.UTI ON OF EPOXI DI ZED POLYPHENCL

IN THE AT E QIOTﬁTI C]\l YauEANGTH O 442 NV §§1\IE f\C I TION T ME OF 1.0

SECOND 15 terTat ve{ T mtensity—WaveHpigH—Mpdrom—am-gpunt s EPON
10319640527 HR.H1, 6QCHBES7t can [®.0een [ 609 t hg Hypgve Tabl g 3 that the

P bout 5006 mid0 23 L A Bl o A re L f BB0 L Lt et PN 1031 38 30
10.22H 528/366 <0.05 4.83 1700
5 11 518/363 0.3 4.85 2040
12 552/357 0.30 1.02 > 9.000

@ value before catalyst was removed.
* These examples have a high phenol content which depresses the viscosity.
10
It can be seen from the above Table 1 that Examples 1, 6 and 7 gave the
lowest percentage of TPE even though Examples 1-3 used the same catalyst
and the same mole ratio of reactants. The conventional catalysts such as HCi
(EX4), sulfonic acid (EX5A and 9 give very high levels of TPE and even oxalic
15 acid when not used with incremental additions of glyoxal and removat of
distillates also gave a high value of TPE (EX3). The post heating at 190° C in
Exampies 10.17H and 10.22H show no significant effect on molecular weight or
free TPE but decreased in free phenol content and increased in viscosity.
TABLE 2
20 FLUORESCENCE DATA OBTAINED OF 0.05% SOLUTION OF THE
POLYPHENOL OR EPOXIDIZED POLYPHENOL IN TETRAHYDROFURAN
(THF) AT ACQUISITION TIME OF ONE SECOND AND AT AN EXCITATION
WAVELENGTH OF 442 NM

25 Example or Product Maximum Intensity Wavelength
Counts Maximum, nm

1 11232 . 526 |
5A_ 6516 | 532
6 11502 538
7 10535 532
30 | EPON 1031 6403 528




23 Septenber 2003 WO 00/ 64669 37 PCT/ USOQ 08994 TABLE %%DATA
OBTAI NED OF 0. 05% SOLUTI ON OF THE POLYPHENCL | N TETRA K ) AT
ACQUI SI TION TIME OF ONE SECOND AND AT AN EXCI TATI ON WAVELENGTH OF 442 NM
WTH 5 THE DATA OF TH S TABLE 4 BEI NG OBTAI NED ON A DI FFERENT DATE FROM
THAT OF TABLES 2 AND 3. 10 15 20 Exanpl eConcentration wt. % Maxi num

I ntensi ty, wobsslheangt h O The Pol yphenol Count sMaxi mum nm 30:/0&29458540530
10. 050016300531 20. 050313550530 20. 050313510529 30. 050012860536

30. 050012640532 40. 050013960523 40. 049013850525 5A0. 0509920535

5A0. 0509620530 2*0. 04986940540 3*0. 05036130530 3*0. 05015280527

5A*0. 05035010530 * The values for these are of the reaction m xture before

removal of cataNyidB! (EAShM: FR8¥%A) Isrcrrivriisne! aonddining tetraglicidgketiet e 1 has
a fluorescegagiraid® (%ﬁ%ph&yﬁﬁﬁﬁh@%ﬁ% K By RN Gih&Y c}f@n&@\hﬁé &ranpl es,

I ncl udi ng Exanpl es

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

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

15 EPON 1031 | 9640 527

1 EX8 14,600 535

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

25

30



3 which used the sane catalyst in the same nole ratio of_ reactants. 30 23
Sept enber 2003 WO 00/ 64669 38 Table 5 ULTRA VI OLET (LJ\/)%%%P@%R@%A_TA IN
Dl LUTE TETRAHYDROFURAN (10 M& 100 ML) 5 10 15 20 PCTI USOQ' 08994 Materi al At
350 nmAt 365 nm Exanpl e 10. 5440. 300 Exanpl e 20. 4700. 258 Exanpl e 30. 5000. 270
Exanpl e 5A0. 3670. 220 EP* of Exam | e 5A0.2900. 168 Exanpl e 60.5150. 288

Exanpl e 80.w6@#d@3 Exanpl e 90. 2660. 134 EX10. 170, 3850. 216y cponon,
EX10. 17HO. 4160. 224 EX10. 220. 4180. 239 EX10. 22H0. 4700. 258 E’ﬂl@."ﬁ“ﬂ?ﬂ

0. 7390. 395, 0.404 EXI 20.4650.317 EPON 10310.2730. 161 Pure TPEO. 0000. 000
Epoxy It can be seen fromthe above Table 5 that Exanple 1 and Exanple 11
afford the highest absorbance at both 350 and 365 nm Al of the oxalic
acid catalyzed products gave hi gher TAB&rdance as conpared to the sul fonic

aci d 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
5 THE DATA OF THIS TABLE 4 BEING OBTAINED ON A DIFFERENT DATE
FROM THAT OF TABLES 2 AND 3.

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

* The values for these are of the reaction mixture before removal of catalyst.
it can be seen from Table 4 above, that Example 1 has a fluorescence
25 which is substantially higher than the other exampies, including Examples 2 and
3 which used the same catalyst in the same mole ratio of reactants.

30




25 catal yzed products of Exanples 5A and 9. Al other things, bein ual ,
the greater concentrations of TPE provide | ower optical %ng}&ﬁe 003,

it should be noted that TPE shows no absorbance under the test conditions.
It can also be seen that the phenol -glyoxal condensation products of

Exanpl e 10 and Exanple 11 which were heated at 190 C for one hour, nanely
EX10. 17H, ®6lddsdetd, 30 EX11.17H and EX1 | had better opt b@ﬂbsdﬂfﬁb??”'es as
conpared to the product before such heating, nanmely EX10.17 Ig X10. 22, and
EX11. Additionally, it can 23 Septenber 2003 WO 00/ 64669 39 PCT/ US00/ 08994
be seen that the epoxidized product of3&xanple 1, nanely Exanple 8, gave
significantly higher absorbance than_the commercial product EPON 1031.

Al though the product of Exanple 12 sitelled hi gh absorbance val ues, its
viscosity was unduly higghraith C as shown in Table
1 5 above, and thus ur%g"lc‘:rce tabIEyer UQQBIEBES%)'Q@/I gCOS@é-IrégﬁAND VEEI GHT PER EPOXY
EQU VALENTS (WPE) 10 1@|%F£TEER&WNQR@@&BANM/O M,Q@WMLEPON

1031895/ 395f > ' FFTT(CL2S O L2 To0—CLiON o 56340t 220 =4 100
O 214 Exanp MatkmB0 (125 C) 440] ABBSEHnmEpoxy of Exa t6667’h€7411580 (1040
C) 233 5A82 l %%.25 C) 142 150 C TABLE .7 FLUORESCENCE ©BTAI NED OF PRODUCTSHI N
0. 05% S am AT_EXCLTEPAY \wavEl ENGTHS OB 243000V BUT AT
ACQUI SI TI ON Ek&(ﬁple(ﬂ: C]\IE- HALF CFgA78ECOND. 0.258
Example 3 0.500 0.270
Example 5A 0.367 0.220
EP* of Example 5A 0.290 0.168
10 Example 6 0.515 0.288
Example 8 0.400 0.223
Example 8 0.266 0.134
EX10.17 10385 0.216
EX10.17H 0.416 0.224
15 EX10.22 0.418 0.239
EX10.22H 0.470 0.258
EX11 0.728, 0.739 0.395, 0.404
EX12 0.465 0.317
EPON 1031 0.273 0.161
20 Pure TPE 0.000 0.000
* Epoxy

it can be seen from the above Table & that Example 1 and Example 11
afford the highest absorbance at both 350 and 365 nm. All of the oxalic acid
. catalyzed products gave higher absorbance as compared to the sulfonic acid
25 catalyzed products of Examples 5A and 9. All other things being equal, the
greater concentrations of TPE provide lower opticat properties. Also, it should be
noted that TPE shows no absorbance under the test conditions. it can also be
seen that the phenol-glyoxal condensation products of Example 10 and Example
11 which were heated at 190° C for one hour, namely EX10.17H, EX10.22H,
30 EX11.17H and EX11 had better optical properties as compared to the product
before such heating, namely EX10.17, EX10.22, and EX11. Additionally, it can



20 Counts at Maxi num Wavel ength Product of Intensity m 19, 960
531 EX11 17,390 532 EX10.22 19, 040 530 25 EX1022H 19@%‘%‘?,@%% 17H

20,120 530 TABLE 8 SOLUBI LI TY OF CONDENSATI ON PRODUCTS 23 Sept enmber 2003
WO 00164669 PCT/ US00/ 08994 40 Solubility at 50% acetone was attenpted with
t he vari ous phenol - gl yoxal condensates. A large vial 7/8 inches in
internal di angs s charged with 10 g each of acetone and solid, warned
with vi gorous ag| t‘w?l on and then allowed to settle for FETYSPLEt room
tenperature. The total height of the m xes was 1.75 5 inches. The cl ear
supernatant |ayer was neasured and is rgported belowin mllineters (mm.
Lower values are indicative of lower solubility. 10 15 Material d ear

Li quor, nm Exagseenihaidhernexidisetargduek oOExemiple EXEMNQPP2arip6 819607 EX1124
Several mat ers[fwﬁcamyﬁ.gﬁé}egﬂse.%aﬁégthémﬁé&'rﬂdﬂéﬁma n%rf,&%ct%m L hyl ket one.

The product gn&m -3 and 11 renml ne Sofith e at room 20
tenper at ure affAuIB thepipdiist of Exapele 12sbawed Highohseskanpt walBgs, deposi t ed sone
product af t ervisdosinghvagudutlenigh, namely, over 9000 cps at 175° C as shown in Table 1

5 above, and thus unacceptable.

TABLE 6
VISCOSITIES AND WEIGHT PER EPOXY EQUIVALENTS (WPE)

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

997 (125°C)
172 (150°C)

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

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

142 (150°C)

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

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

SOLUBILITY OF CONDENSATION PRODUCTS



25 TABLE 9 METAL | ON CONTENTS OF PCOLYPHENOLS & EPON 103£3 g/BttaI P%%

| ONEX1EX6EX7EX5A* 1031 Na0. 0030. 0010. 0020. 0170. 028 eptember

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

KO. 008<0. 001<0. 001<0. 0010. 001 30 *This is product of EX5A on |arge scale

equi pnent EXAMPLE 13 23 Septenber 2003 WO 00/ 64669 PCT/ US00/ 08994 41 5 10

PREPARATI ONWORIEREPREGS AND LAM NATES Prepregs and | anm naberusswnssgrade from

the follow ng resinous matrix formnulation. Mterial Percent by weight 1.

Brom nat ed epoxy resin (EPON 112460.0 0 of Shell Chemical) 3.0 2.

Phenol - gl yoxal condensate (PGC) 3. Phent! novol ac curi ng agent14.4 (Durite

SD1711 of Borden ' o3 4. Aceton ..Met hyl ethyl ketone7.45 6.

2-met hyl i mi dazolsgg.ﬁ’mgos%%ﬁgggﬁya&a%pﬁg?ﬁswg%ﬁ \Za&ggg epalgiyoxaler e nade

wher ei n t wo condensiatér Atargdal 3/8vinctesus edernamamb@r&;a{smargamﬁ{wwgl

ggggr:agiséeggﬁﬁgeégﬁﬁg BR% 'sgl?cf v&a%%gqul%lv?gto(?gusdaegri{a\t/iglt'n Ia\rllg?t)lenogiloﬁ')é%rgg e 6 and
settle for 10 days at room temperature. The total height of the mixes was 1.75

5 inches. The clear supernatant layer was measured and is reported below in
millimeters (mm). Lower values are indicative of lower solubility.

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

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

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

TABLE 9
METAL ION CONTENTS OF POLYPHENOLS & EPON 1031
Metal EPON
25 lon EX1 EX8 EX7 EX5A* 1031
Na 0.003 0.001 0.002 0.017 0.028
Ca 0.002 0.001 0.001 <0.001 0.001
Fe <0.001 <0.001 0.001 <0.001 <0.001
K 0.008 <0.001 <0.001 <0.001 0.001

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

EXAMPLE 13




t he Exanpl es herei nabove. The epoxy of Exanple (Ex) 6 de.b e
process of Exanple 8 and the epoxy of Exanple 5A was n:gisgaeg\s’ﬁg?@}?ial |y

the sane procedure. The two naterials are characterized bel ow in Test 13A
20 Test 13A Epoxy of MM MhVi scosity, cpsWPE Ex. 6576/34812210(100- C)214
Ex. 5A767/37411580(1000 C) 233 25 Two-ply 11.5 inch square | am nates of 7-8
mls thi ckn@@00dé6@ nade via a hand dip process using 21e6rakgkossgl ass (an
E-glass) with a BGF 643 finish. Cure conditions were typical for neeting
the National Electrical Manufacturers'  Association (NEVMA) FR4
specification, nanely, 1.5 mnutes at 325-350 Cin an 30 oven for the

T5 M nites To 350 . an R AR TONOG P r EeD I TARATES about 0
m nut es -bef ore coBiepragstandrlaminatenperanadefromiiie fsiBiMngieBinens nfdix t he 23
Sept enber ZOP&“Y}Q“?R/ 64669 PCT/ USO0/ 08994 42 | am nates was about 60% by
wei ght. The [Famnates were then cut into 4 inch squares and inspected with
nodern autonatic Materiahl inspection (AQ) equi prent. | Perdemit BR%Right

ul traviol et rbance. the.f | equi pnment can be used:

Hew ett- P ckzr ??é'%mg%p%é?f'"@éwyﬂg“s 5539 and O bitefR:% VT 8000. The
resul ts of tA80AOBhell Chemicaf)r escence are shown in Test 13B bel ow wherein

the tests were_carried ut in dupLicate or triplicate. Test 13B 10Epoxy
PGC in For w?afﬁSﬂ%ﬂW@&@d@@s%Réﬁﬁs Range I ntensityNoi s&Oevel EX. 6

epoxy192. 22. 8. PhéndhRolhbEdringAgenoxy130. 81. 6 14.4
{Durite SD1711 of Borden Chemical)
10 4. Acetone 156.05
5. Methyl ethyl ketone ‘ 7.45
6. 2-methyl imidazole 0.2

Two solutions of 2,000 cps viscosity (25° C) were made wherein two
15 different PGC's were used. The PGC’s (phenol-glyoxal condensates) were the
epoxides (glycidylated derivatives) of Example 6 and Example 5A as shown in
the Examples hereinabove. The epoxy of Example (Ex) 6 was made by the
process of Example 8 and the epoxy of Example 5A was rhade by substantially
the same procedure. The two materials are characterized below in Test 13A.

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

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

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



125.41.5 135.51.8 The data in Test 13B above show t hat fornul ation
using the epoxy of Exanple 6 shows 48% hi gher fl uoresc%ﬂ%gptteﬁg}ér%@so
formul ati on using the epoxy 20 of Exanple 5A. Repl acenent of the epoxy of
EX. 6 by unepoxidized nmaterial, i.e., the phenol-glyoxal condensation
product of Exanple 6 in the lamnating fornmulation in conparison with the
phenol - gl yoxad eoeedensat e of exanple 5A with the use of @Qf.mg@mgtljﬁcussed
above showed that the phenol -gl yoxal condensate of 25 Exanple I'ncr eased
the fluorescence over that obtained with Exanple 5A by about 50%to 70%
and provided clearer images to the CCD fzharged coupl e device) caneras of
the AQ equi ‘pment. The brom nat ed epoxy for the above fornulation can be
partial |y orlagingieewes abrelBQ6 byl wejghd. bi sphenol - A epoxy resin with '
conpar abl e epoxy equivalent to obtain simlar results. 30 The fornul ation
of Exanple 13 is a preferred fornul ati on. However, the brom nated epoxy
resin can vary friove laminatesi@ese theBoot ibto Mimichystiuarks he indpettad it on, and

2003 v 00/ c1bag pdptelhEdtihekBn oD Ratibinds, RERE 285 Hevekthoca not

be hal ogehAat airsanhancef thiei following equipment ¢ balasid: edwlsttiPAck=8'aHFEBYY can be

obt ai ned by 4 nt i, l,.fLre retardant. The

phenol - gl yoxéa ¢§%%le"§r§§?e5%§8%”§§f§ﬁ?ﬁi‘ Sgﬂgrqpb{]y froﬁi‘%‘f‘?@ﬂ Sﬁf%@d?‘m 2%t o
about 15% anfdr Heorsstxsicetant shiovemin Tedt y13B bglowtwterdin tivé tektsAerede@tieguant i ty
of 5 a pheno| - L. resi.due. The quantity of phenol novol ac curing agent
can var;F/) 'frét’)unt?'lz'i gﬁ?a%/gﬁgﬁgﬁ%t 35% and the quantity of solvent system can
vary from about 10 to 35% all percerdsagss or parts being by weight.

Exanpl e i 10 FLUORESCENCE ANALYSI S H; COVPARI SON W TH_ACRI DI NE ORANGE
BASE In this exanple, all spectra wElMOSEN€Rt ed usi ngDWABICKEANGE, sol ut i ons
of the sanEmsxviRGGE jreEbmadatapi ¢ gr gdenditgt r ahydr of ur anngigblEbveiThe sol utions
were prepared by dissolving the solids 1n the necessary anount of THE to
give the 15 desired concentration- The standard Acridi ne Orange Base

(Al drich Chdrx.dhaépoxy 192.2 2.0
194.7 ' 20

15 EX. 5A epoxy 130.8 16

125.4 1.5

135.5 1.8

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

Example 6 shows 48% higher fluorescence than the formulation using the epoxy
20 of Example 5A.

Replacement of the epoxy of EX. 6 by unepoxidized material, i.e., the
phenol-glyoxal condensation product of Example 6 in the laminating formulation
in comparison with the phenol-glyoxal condensate of example 5A with the use of
AOI as discussed above showed that the phenol-glyoxal condensate of

25 Example 6 increased the fluorescence over that obtained with Example 5A by
about 50% to 70% and provided clearer images to the CCD (charged couple
device) cameras of the AOI equipment. The brominated epoxy for the above
formulation can be partially or completely replaced by a bisphenol-A epoxy resin
with comparable epoxy equivalent to obtain similar results.

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

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



Co. , MIlwaukee, W.) solution (0.78 NM was prepared b Llutin _
aliquot of a concentrated solution of the dye in net ha%%g?pwggamt I on

of the standard was confirned by absorption spectroscopy. CM 1000
equi pnent was set to provide 442-nanoneter excitation and neasurenents
were taken using 0.5 second 20 acquisition time. Table 14 presents the

.results of weooasurenents with fluorescence intensity pgpRkiofgeeyn Counts
per second as well as a percentage of the intensity of the standard at
respective wavel ength. 25 30 23 Septenber 2003 WO 00/ 64669 PCT/ USO0/ 08994
44 5 10 15 20 Table 14 RESULTS. OF FLUCKESCENCE ANALYSI S IN THE USI NG CM
1000 In this table, the excitation wavel ength was 442 nm acquisition tine
was 0.5 secmg"earﬂis‘@é%SH‘?’WdﬁﬁiBmeﬂdyobbegame%ted but if fire retardency is

Sanpl eFl i ' ' NVBX] .
Count s/ S e aeAEhABRHdope LEEDe ot e N A Bovestionth s pase
0. 78 pM maxi #iAatsbhe phemglypxalcepdeansats caneary im quAR DR BEOMELAR 23AR0 535
Condensat e ofg, k¥ aBS@ 290N be SubSANEE BAkifNPdr dattidiy Iath i Squal qaantity of

5 a phenol-glyoxal residue. The quantity of phenol novolac curing agent can vary

- from about 7% to about 35% and the quantity of solvent system can vary from
about 10 to 35%, all percentages or parts being by weight.

Example 14
10 FLUORESCENCE ANALYSIS IN COMPARISON WITH ACRIDINE ORANGE
BASE '

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

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

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

25

30



23 Septenber 2003 45 Clains 1. Alamnate conprising su i nposed
substrates inpregnated with a %géﬁﬁggﬁ

and a curing agent for the epoxy resin,;

~contains from about |
sai d pol yphenol

fl uorescent

met hod (1) and m xtures
a fluorescent phenol

and gl yoxal

increnental |y charging a tota

resi due of a phenol -

- gl yoxal
whi ch conpri ses:

each nole of thegdigr
meueatatamaaUueof
to 6% based on tllhﬁllmb@:ﬁh&)éxcnphmnwhvelmgtb&&s 42 ran; guibitoattivhe/ whs Whi ch

can be re”DW?ésEE
reacti on m xture
fromthe group
trifl uoroacetre——actd

t her eof ;

gl yoxal
and net hod (1)

resinous matrix conpri si

gr ous

sin

wherein said resinous matri x

to 35 parts by weight of a fluorescent
bei ng a nenber selected fromthe group consisting of a
fl uorescent wahwmades gl yoxal condensate prepared according bgg
condensat e prepare

IS

pol yphenol ,

dondedde (1), 2
ccordlng to
a nmet hod for preparing

condensat i o4 product from a nonohydric phenol

(a) chargi ng phenol

of

eereht nl | \I

o1 ARkt Tt bk

consrstlng of oxalic acid,

trichlor

s QI’Y'I'\\II nn W

to a reacti on vessel
abbalile 8415 to 0. 22 nol es of gl yoxal

REBCel e ARARGSIS Ty RTINS

oacetic acid and

and
f or

rma reaction

W00%  about 1%

heatlng and distilling the
WhBut 170C, said catal yst sel ected

ter framithe reaction

\”}

I oTTreT

m xture; (c) Sagmeai ning t he Elhmrehgeimeurllmtenslty the rpedbiPRef3tivé W e [at | ess
t han about |70% of the aldehﬁﬂﬁﬁunlts i N e tgtal ggantlt of glyoxal to
be charged flor making the g et pr QHES/S ¢ He NS QERRYEN t s |bei ng
nmeasured as| al dehyde equivglents; (d) dqistilli ng tr@ageeasgdnggrd"n%( re at a
t emperat ure %F I'€SS_ T han abqul__r70C to(renove—the—acie—catalyst en at
| east 85% of ACAANEYBAJRIe uri%8 in the [R4PAP quantfity of glyoxal t¢ be
charged for makengw@hﬂwcondeqﬁgghqnnprodggg ohave rleact ed, provided|that
prior to su¢h g atlon basi ¢ mat rla? added to the reaction
mixture in AR t su |C|éﬁ¥ to neut QFQ@é hydrochloric acid wheén the
cat al ystid s| MdtisdHopr oaceti c |agpd; (e) h gggﬂg the rleaction mxture at a
tenperature|of about 175C tg¢ 200C for out 0.25 Hours to 3 hours ffter
step (d) abpve; and (f) rempwBRg unreaci@d4@henol flrom the reaction|nixture
to obtain ajphenol - 535
Condensate of Ex 532 24000 100
B5A
Condensate of Ex6 | 532 40600 170
15
20

25




| yoxal condensation product containing | ess than about_5% by wei ght of
ghgnol. 23 Sept enber 2003 46 2. The | ani nate of cIain15ZﬁSWW8W@Ph§@%%
curing agent is a phenol -formal dehyde novolac resin and the quantity of
said fluorescent polyphenol is fromabout 1 to 15 parts. 3. The | am nate of
claim6 2 wherein the fluorescent pol yphenol is a phenol -gl yoxal
condensate. 4. A lam nate having inproved fluorescence, said | am nate
prepared froma conposition conprisingban epoxy resin and for each 100
parts of said epoxy resin: (a) about 18 to 25 parts of a phenol -
f ormal dehyde novol ac resin; and about3.,.&to0 10 parts of a nenber selected
fromthe group consisting of, (i) a phenol -gl yoxal condensate prepared
according to nmethod (1); (ii) a glycidylated phenol -gl yoxal condensate

pr epar ed Accorgl e KEhBAbng (sHharibbidd PoFFRCLURRARLTHEERlieAR & o 8
parts of a glycidyl epoxy resin for eac part of the pro et pr epar ed
accor di ngesiooysanaioy comprisiagan aPoyUeeis andarassing agent fofthe apokyasinswhereing by

wei ght and ”Etslaf?preéﬂw))ué FhafixX EIRASk f:0h 4HoEP#t 28 d%;%'d%%&ﬁlﬁed?ta fluorescent

phenol - gl yoxal condensation product froma non rrrc phenol” and gl yoxal
‘whi ch copehpiesol, ¢aj) relypberg! dieing pheawben selacted fem dite Yerpetonsisting of a

I ncr ementgl,) cﬁg%h%.gﬁ%lfoé(hp&&ldgﬂ%age q?ﬁbﬁre&) atorifigGo e ing?)f o b d8al for

each nole of t arge e reaction-vesse orma reaction
m xt ure &esigue ehpehaeelgdostl candarsatgpGpard gonrding thagiassineod ahixtabgsut 1%
to 6% basgdo9,d he weight of phenol charged, of an acid catal yst which
can be renoved fromthe reaction mixture by heating and distilling the
reaction ni xt tmeshed (4 is pempibedtfor erepatinga {hepscaratienskgivoxeh candessatiosl ect ed

firom t he J@iePrro by B AorBKald Gyakh dnichicbipligsacet i ¢ acid and
trifluoroacetic acid;, 1ncrenentally renovi n? water fromthe reaction .
m xt ure; mai nf@ ni $aONG rRilcdehiprereastions vesset pad nseamerdallyriherdinga detal efss

than about 70% of 4hBe GASIRNY I midiid & Jiybxhier batAhoRUARMd %ern‘af cr%lr%{&i(g)' to
be charged for making the condensation product, the al dehyde units being
measur ed as the reaction vessel fo form a reaction mixiure at a temperature of about

80°C to 100°C in the presence of about 1% to 6%, based on the weight of
phenol charged, of an acid catalyst which can be removed from the
reaction mixture by bheating and distilling the reaction mixture at a
femperature below about 170°C, said catalyst selected from the group
consisting of oxalic acid, trichloroacetic acid and trifluoroacetic acid;

(b) incrementally removing water from the reaction mixture;

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

(d) distilling the reaction mixture at a temperature of less than about 170°C to
remove the acid catalyst when at least 85% of the aldehyde units in the
total quantity of glyoxal to be charged for making the condensation product
have reacted, provided that prior to such distillation, a basic material is
added to the reaction mixture in an amount sufficient to neutralize
hydrochloric acid when the catalyst is trichloroacetic acid;

(e) heating the reaction mixture at a temperature of about 175°C to 200°C for
about 0.25 hours to 3 hours after step (d) above; and

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



al dehyde equivalents; distilling the reaction mxture a e ure of
| ess ¥han gbout 170C to renpve the acid catal yst when %%g? g@eé %of the
al dehyde units in the total quantity of glyoxal to be charged for naking

t he condensation product have reacted, provided that prior to such
distillation, a basic material is 23 Septenber 2003 47 added to the
reaction mxture in an anount sufficient to neutralize hydrochloric acid
when the catalyst is trichloroacetic adfd; (k) heating the reaction mxture
at a tenperature of about 175C to 200C for about 0.25 hours to 3 hours

after step (d)Th%bI%Hﬁiat@Qﬁl cﬁélm)srﬁm&er}g 6 Sgetneno héﬁo@mr}?n'aﬁieh&fegtlon

m xture to obtain a phenol - oxal condensation product containin

t han aboutoVe/ss BRFiRT W?%F?”t't]dﬁ‘\é?ﬂj@ ﬂugesq%peiu@worléﬁﬁom@uéﬂ tefapaits. 6.
The | am nate of claim9-5 having a resin content of about 40%to 80% by
weight. 7. A cured |amnate of claimof claim40 6 which has been

consol i dated Uh§drMMgkt of elai Priewheretn the fluprescerniohvahenp! 43 airheaolglyamhi m 40
6 wher ei ohfiéhsaiy ed | ami nate contains fromabout 50%to 70% by wei ght of
resin. 9. A porous substrate inpregnated with about A 40 to 80 parts by
wei ght of a brom nated epoxy resin; B. about 7 to 35 parts by weight of a

phenol - f of nal dehyAmaROVRNAG: ifprodd® Wuckedc@ndd Qﬁﬂt@nWaté‘VebﬁpéreQ; BmNiPNly

fluorescent material select ed romthe group consistin :
phenol - gIcPBRaFtieERMBRASIGAThRRBY FeHN 20¢ & GrAly 10Q Parks ofGaid eDoxy [ain:t he resi due

of a phenol - 9|(é{)0Xa'ab@@tnmetﬂ%t;%r@r&@%‘h@ﬁola%ﬁﬁéiﬁé‘r@de‘ho{?@é@%n(3?1&5 ab&itd (¢)

m xtures of said condensate and resid D. about” 10 to 35 parts by weight
of a solvent systeni? fBPaiHel %F’@H‘lbﬁéﬁﬂﬁd%ff%ﬂ the gegug C&ﬂ%StﬂQé?f»novol ac; and E.

an accel erat orj)f or acwehalgglpcbel é&ﬁ'eﬁséfe&éﬂa?ed é{%%i‘cﬁﬂ\d‘lorﬁ?étﬁ&ﬂm(ﬂ) is a nethod
for preparing.,a fluorescent phenol-glyoxal condensation product froma

monohydri ¢ phé&Hol é’n@l‘yﬂpﬂ%tﬁalpf\ﬁﬁ%ﬂy@@hﬁ?”%@ate prepared according to method
(1)

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

mixtures thereof, all of said parts being by weight and

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

product from a monohydric phenol and glyoxal which comprises:

(9) charging phenol to a reaction vessel and incrementally charging a total of
about 0.15 to 0.22 moles of glyoxal for each mole of the phenot charged to
the reaction vessel to form a reaction mixture at a temperature of about
80°C to 100°C in the presence of about 1% to 6%, based on the weight of
pheno! charged, of an acid catalyst which can be removed from the
reaction mixture by heating and distilling the reaction mixture at a
temperature below about 170°C, said catalyst selected from the group
consisting of oxalic acid, trichloroacetic acid and triffuoroacetic acid;

(h) incrementally removing water from the reaction mixture;

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

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



(a) charging phenol to a reaction vessel and increnental]y chargi a total
of about 0.15 to 0.22 noles of glyoxal for each nole 0?3%{:’??89&?@?388 %harged
to the reaction vessel to forma reaction mxture at a tenperature of
about 23 Septenber 2003 48 80C to 100C in the presence of about 1 %to 6%
based on the wei ght of phenol charged, of an acid catal yst which can be
renmoved fromthe reaction mxture by heating and distilling the reaction

m xture at a tenperature bel ow about #70C, said catal yst selected fromthe
group consisting of oxalic acid, trichloroacetic acid and trifluoroacetic

acid; (b) incrementgiy foe'ﬁ'{é"r@@ctWﬁt ﬁﬁxtﬂ;reom e afRakt 'sef?imghf(tt&'rﬁeutrgﬁ%

mai nt ai ni ng the al dehyde unit he reaction mxure at less than

70% of the al dehydé\YdFﬂCh@”FﬁClﬂW@eﬂd‘ﬂ%lpataW%mﬁ trichioggacglicyanidil to be charged
for making theg Coriﬁla%ﬂﬁg?‘me%a&foﬂ%ﬁfure (afi)a téjr’nﬁérh urd B}gaté]cnﬁ 17 offi g LT €
at a terrperature of | ess renove the aci ca al yst when

at | east 85% of th@bﬁpb‘éH‘}B@Ufﬁﬁ@ﬁ‘@OP'ﬁ QfﬂﬁéStePé@)@boq@:aaﬂdl ty of glyoxal to be
charged for ngjghng réM%vnﬁ&%%é%@d‘ SHEerBl ReHGhe rE&¥iBn élﬁ?tgFee E\fﬁvé fdndihat

prior to such distillation, a basic material Is ere ction

m xture in an ampurdyoxak ¢anepesatiop produst centaiping Ipsadinen iboxt ﬁ%al@y weightaf t he
catal yst is tl’lCh|CH’gﬁ§|etIC acid; (e) heating the reaction mxture at a
tenperature of about 175C to 200C for about 0.25 hours to 3 hours after
step (d) above; and (f) removing unreacted phenol fromthe reaction mxture

to obtaim a pherQuredibnma® ofcigiesati on product containing less than about
5% by wei ght of phenol; wherein the al dehyde units are neasured as

al dehyde equi val ents; (i) t he phenol is a nononucl ear nonohydroxy phenol

havi ng f6om 6 The larkRaAst R L PRBing 4 iosint ARt RbRAER 40% Q%84 t\gﬁbﬁ%{i n a

gquantity of about 3%to 5% (iii) the total nunber of iIncrene gl yoxal
additions is fromabout 2 to 4 (iv) water is distilled fromthe reaction

m xture 70l | ow aiged AR &IdIRIof RAA W%kh%scﬁeeg|dbﬂ§@idateﬁlrlﬂlcfey}1e£pe

al dehyde units are maintained at |ess than about 60% of
and pressure.

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

9. A porous substrate impregnated with about
A. 40 to 80 parts by weight of a brominated epoxy resin;
B. about 7 to 35 parts by weight of a phenol-formaldehyde novolac;
C. about 1 fo 15 parts by weight of a highly fluorescent material selected from the
group consisting of:
(a) a phenol-glyoxal condeﬁsate prepared according to method (2);
(b) the residue of a phenol-glyoxal condensate prepared according to method (2);
and
(c) mixtures of said condensate and residue;
D. about 10 to 35 parts by weight of a solvent system for the brominated epoxy
resin and the novolac; and
E. an accelerator for curing the resin mixture; wherein
method (2) is a method for preparing a fluorescent phenol-glyoxal condensation
product from a monohydric phenol and glyoxal which comprises:
(a) charging phenol to a reaction vessel and incrementally charging a totat of
about 0.15 to 0.22 moles of glyoxal for each mole of the phenol charged to _

the reaction vessel to form a reaction mixture at a temperature of about



al dehyde equivalents in the total quantity of gl yoxal g %e ﬁg
maki ng the condensati on product. 10. A process for prep Y 03

i npregnated substrates for us in preparing electrical Ianlnates whi ch
process conprises inpregnating said substrates with an inpregnating
conposition conprising: 23 Septenber 2003 49 A An epoxy resin having a

wei ght per epoxi de val ue of fromabout 190 to 10,000; B. A curing agent
for the epoxy resin; C. A solvent systdfh for conponents A and B; D. Heating
the resulting inpregnated substrate to B stage resin and renoving the

sol vent system wheipi iy 1h%: TRE BRABKLIGK SURIN bl O, Bk UiSRe oy apout 1

to 15 parts by weight o e | npr gnatlng conposi
fromthe group consﬂf@ﬂﬂfnghaiged (@) an | agint watadyst Vpihe‘n@langtbf;/(mmbveﬂ)rft@enmm on

product prepared aggg&@},_”ﬂai}tﬁ’re tﬁ@ﬂmézgnd ((ﬁgtlliﬁ\ fltl‘aborrggéigﬂt ﬁﬁ:’& %E) Of a

phenol gl yoxal condensation pro ct preépare and
(c) mixtures of saitempergbire st abﬁ'ﬂeﬂ?@fp saigh eatalyat nﬂetted f(@) the grouret hod

for preparing a fluyg §§@§;ﬁx é’?Q @léﬁ%@écetlg99?%)'35%%%%&'%99%&5 froma

nmonohydri c phenol an rises ernol to a
reaction vessdp) anmqrﬁ@ﬁ@tﬁ’é&h@mquﬂgmerg‘rmtw neaetipn mikturgibout 0. 15 to 0. 22

mol es of gl yoxa fQﬁaﬁ@ﬁ%gnmbealﬁ’éhyﬁ@%nﬂ@%%e Feté‘?;ﬁ&?gr}{@% attt?&:s{g@%ﬁzdbg%o C i

vessel to forma reaction m xture at a tenperature
the presence of abd@fe abihe @ldsiyde uritsdndhe tate avahiititof glyoxaitie helchetgsdded, of

an acid catal yst W abh£RE BRydrRaRIERbi@M the reaction mixture by heating

and distilli n? the reaction mxture at a tenperature bel ow about 170C,
sai d catal yst (Qkl e¢isiiling thfaartorgimbtipe at ortsnperatiye of loss dharcalzait d70°C to

Lriehloroaceli o achlngadiy b UaLRACRHLS REIL oEh)of AETATRINAI il 1PTRYI N0

water fromthe reaction m xture; mai nt al ni ng e units I n the
reaction mixure at tQ’té'sCﬁ’aPHtarPfﬁb’@ml to bewhaued fier fa@'d@i?@@oudmssailbrmptddect ot al

quantity of glyoxalhal® r&ft&d)3e%8kd Mat prior to such distillation, a basic material is
added to the reaction mixture in an amount sufficient to neutralize
hydrochloric acid when the catalyst is trichloroacetic acid:
(e) heating the reaction mixture at a temperature of about 175°C to 200°C for
~ about 0.25 hours to 3 hours after step (d) above; and
(f) removing unreacted phenol from the reaction mixture to obtain a phenol-
glyoxal condensation product containing less than about 5% by weight of
" phenol; wherein
the aldehyde units are measured as aldehyde equivalents;
(i) the phenol is a mononuclear monohydroxy phenol having from 6 to
12 carbon atoms;
(ii) the catalyst is oxalic acid in a quantity of about 3% to 5%:
(iii) the total number of incremental glyoxal additions is from about 2 to
4
(iv)  water is distilled from the reaction mixture following reaction after
each addition of glyoxal; and
(v) the aldehyde units are maintained at less than about 60% of the
aldehyde equivalents in the total quantity of giyoxal to be charged
for niaking the condensation product.

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

composition comprising:




maki ng the condensation product; (d) distilling the reagti.on m xt at a
tenpe?ature of less than about 170C to renove the acidﬁég?nggprah@% at

| east 85% of the al dehyde units in the total quantity of glyoxal to be
charged for meking the condensation product have reacted, provided that
prior to such distillation, a basic material is added to the reaction

m xture in an anount sufficient to neutralize hydrochloric acid when the
catalyst is trichloroacetic acid; 23 Séptenber 2003 50 (e) heating the
reaction mxture at a tenperature of about 175C to 200C for about 0.25
hours to 3 houyisaalhsky r%%i%ma(zﬁg aa\pagm;pe@egmfﬁa Vi M ablit83616 90 BBGNO!
fromthe reaction m xture to obtain”a phenhol- glyoxal condensation product
cont ai ni ng | eds AEANG AR fBIhHOPARYIrG$D: of phenol ; wherein the al dehyde
units are nmeasgir R&oRenedydRRYAL cEABbNEkEALRgf1) (i1) (iii) the phenol is a
mononucl ear nonohydr oxy “phenol having from6 to 12 carbon atons; the

catal yst is oxal Heating the resulfingumptaongtedrsubgitie teBostagesggintand rempwng taber

of incremental giy@akyagditions is fromabout 2 to 4 (iv) water is
distilled fromthe reaction mxture followi ng reaction after each addition
of gl yoxadther@Rd (v) the al dehyde units are maintained at |ess than about
60% of the al } S t Nl e
charged for gﬂﬁ?ﬁgg ﬁﬂﬁggﬁg§%§§?¢gﬁmgggéﬁ%?%b%¥a %ﬁgygg%%gss 0 té%ﬁfﬁ]lo
wher ei n tHBregpating Goayositing 8 memesr grlecksd fraap e dieur/eansistiag of:f r om about 190
to about 500. 3 1 y i e and
eating Ml L] H e e S oY PRIEEE PP AL

| ani nate conpri sMEHCddderi nposed porous substrates inpregnated with a

resi nous matrig) MRORIsBeRBtEidiBSHMNAUSHAIBI IglyoxSI0BFHdeR8Stion product prepared

according to method {(2); and

(c) mixtures of said fluorescent material;
wherein
method (2) is a method for preparing a fluorescent phenol-glyoxal
condensation product from a monochydric phenol and glyoxal which comprises:

(a) charging phenol to a reaction vessel and incrementally charging a total of
about 0.15 to 0.22 moles of glyoxai for each mole of the phenol charged to
the reaction vessel to fofm a reaction mixture at a temperature of about
80°C to 100°C in the presence of about 1% to 6%, based on the weight of
phenol charged, of an acid catalyst which can be removed from the
reaction mixture by heating and distilling the reaction mixture at a
temperature below about 170°C, said catalyst selected from the group
consisting of oxalic acid, trichloroacetic acid and trifluoroacetic acid;

(b) incrementally removing water from the reaction mixture;

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

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

hydrochloric acid when the catalyst is trichloroacetic acid;



A. About 40 to 80 parts by weight of an epoxy resin havipng a weight per
epoxi de val ue of about 190 to about 10,000 B. About 7 ?%%ﬁB“ﬁ§¥¥§O

wei ght of a curing agent for the epoxy resin; the inprovenent which
conprises including in the resinous matrix fromabout I to 15 parts of a
fl uorescent pol yphenol said pol yphenol being a nmenber selected fromthe
group consisting of a phenol-glyoxal condensate, the residue of a
phenol - gl yoxal condensate and m xturess0f said condensate and residue,
sai d condensate prepared by: (a) charging, to a reaction vessel, a

006 1o 0. 11 el s Tefito EGESLRRIANE ol R shfiadray RE P AL 17T By Toou!
water, the quantityboft G2ybaus thasedrsaiter bep e aovefandohenol charged, to
forma reacti ?ﬂ m 4&Mg\§?§{ﬁgre‘%g%é%ﬂén5ﬂ€o%Qﬁg b 2on %B&tgg%got b@taﬁga g%%ergﬁl-

t enper at ure of "about int resence of

oxal i c acid; (b) c@hyeltsongdersatin Prodict conthiningdasthantaboub ¥t boweighkolir e at

~ said reaction teng%ﬁ&%ﬁergﬁ]ter about 1 to 5 hours frominitial reaction
of the phenol with' the glyoxal in the reaction m xture and renovi ng about

8% to 12% by wei glthe afleftlidstunits atcemepgisedias aldehydegauivalanis; of phenol
charged, fromthe  feactd ] . j Nyl l xture
anot her 0. 06 o 0. 11 moltePfiof s Fonbiilged ooy phéhl [ha Pt K
charged wherein the totdRcgthentdteys;of gl yoxal charged to the reaction

m xture is from abti)| t 01@@&@%&&%@@ i,qgé@g%{ﬁgg} ab(ggg%e@q;j%;rml e of the

phenol charged and continuin reaction sal reaction

tenmperature for abdiix affettetal number of ipcigmental atypua! addidions isnfram ebowt toof t he
first distillation and yhen conducting a second distillation of the
reaction mxture at the said reaction tenperature to renove from about
another 4% to 12% bY) weingtar ipfdistilled frpmathe neaclion wirture dolioyinen raactioroiftghenol

charged; (d) continui ngehheaddid oryycabit hg t he second distillation at the
reaction tenperature until at |east 85% of the al dehyde equival ents of the

total quantity of (gl yoi aldghysde whigr yedneaiptaineaikatnlgss Hancefrmié $9%: pbihe

product have reacted; gaidehyde equivalents in the total quantity of glyoxal to be charged

for making the condensation product.

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

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

impregnated subsirates of claim 10.

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

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




e) raising the tenperature above about 130C to about 1 and distilling
ghé reactign m xture to elimnate the catal yst; (f) heagggép?ﬁgmfgég%ion
m xture at a tenperature of about 175C to 200C for about 0.25 hours to 3
hours after renoval of the catalyst; and (g) renoving unreacted phenol to
recover a phenol -gl yoxal condensation product containing not nore than
about 5% of unreacted phenol. 14. The | am nate of claim 13 wherein the
epoxy resin has a wei ght per epoxide value of about 190 to about 500. 15.
The | am nate of claim 13 wherein the curing agent is a phenol -fornal dehyde

novol ac resin, the goQ3ibAK§IyERAIH ¥vabQN iRl nﬁg%@lﬂﬁaﬁ%%%h%rﬁfh@rryagg fhe

nononucl ear phenol for préparing the condensate s p 1'tsel
Sept enber 2003 52 FHenplncharged Wafasme 8nfeariim giduise andpwaereinptheo caaction

substrates inpr egnaﬁ&@ré'\ké Bt @Wenﬁ@%r@dofr&?ﬂuf‘%ﬂﬁ'?@tmbab GP Y Pﬁésggceﬁ'af epoxy

resin and a curing agent for the epoxy resin e i mprovenen
conprises said residReUs3 ip%iokoxa¥amsidhi ng from about 1 to 15 parts by

wei ght, based onghhend@itiadt a Orst G%tlfﬁﬂi@ﬁ%@% %Edt:ﬂﬁ Cg(ﬁgé & sgiqPRla¢RGENO!

said pol yphenol being a fluorescent phenol fg oxa ensate having an
ul traviol et absor BeReraBye gften ahpst 1do Sdoues free Biilial seattion obtheqmeacl W80 nm

and a fl uorescencetw@lgg@xall P 1?154”23&% fndr8 SR Ferh iy é‘ﬁéut%%etooi%pg@/ Base,

at an excitation wavel engil nm and acqui sition time of onds
when the Acridine pligtilates based) ogt thg quasiibvent paendadrehefged, Fiegy the er i n
met hanol and the ph@g&bng{mgpéal condensate is used at a concentration of
0.05 wei ght percent in tetra hydrofu ran. 17. The cured |anminate of claim
16 wherein the r&cheginonatthe keqcﬁﬁ'l‘ ibedreganatihes Q4 tor @dhimolasof theeglyaxekd

| ani nate of claim bﬁsé!hh@rﬁ Bie'mbIRE of BR&HMP HSarBd ovhérewmwéﬁﬁq@arﬁ.w o At

quantity of a hal O%ﬁgrateg to teheor)égctiroﬁsrrl1 ntutreo lsrﬂ?orr]n el:r) tt Oe15 t%r?) .‘91? meole o f i [

ret ar dant . g ix abou s of glyoxa
for each mole of the phenol charged and continuing the reaction at the said
reaction temperature for about another 1.5 to 6 hours after the
commencement of the first distillation and then conducting a second
distillation of the reaction mixture at the said reaction temperature to
remove from about another 4% to 12% by weight of distillate based on the
guantity of phenol charged; _

(d) continuing the reaction after the second distillation at the reaction
temperature uniil at least 85% of the aldehyde equivalents of the total
quantity of glyoxal to be charged for making the condensation product have
reacted;

(e) raising the temperature above about 130°C to about 170°C and distilling
the reaction mixture to eliminate the catalyst:

(f) heating the reaction mixture at a temperature of about 175°C to 200°C for
about 0.25 hours to 3 hours after removal of the catalyst; and

(g) removing unreacted phenol to recover a phenol-glyoxal condensation

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

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

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

phenol for preparing the condensate is phenol itself.
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16. In a laminate comprising superimposed porous substrates impregnated with an
uncured resinous matrix comprising an epoxy resin and a curing agent for the epoxy resin;
the improvement which comprises said resinous matrix containing from about 1 to 15
parts by weight, based on the weight of the epoxy and curing agent of a polyphenoil, said
polyphenol being a fluorescent phenol-glyoxal condensate having an ultraviolet
absorbance of at least 0.260 at 365nm and/or 0.400 at 350 nm and a fluorescence which
is at least 25% higher than Acridine Orange Base, at an excitation wavelength of 442 nm
and acquisition time of 0.5 seconds when the Acridine Orange Base is used at a
concentration of 0.2mg/liter in methanol and the phenol-glyoxal condensate is used at a
concentration of 0.05 weight percent in tetrahydrofuran.

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

retardant.

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

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






