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PROPERTI ES This application is a continuation-in-part Pigmogs ent
Application Ser. No. 09/158,584 which was filed on Sept. 22,1998 and ny U.
S. Patent Application Ser. No. 09/298, 153 which was. filed on Apri
23,1999. This invention relates to epoxidized products of phenol -gl yoxal
condensat es wherein the condensates, prior to epoxidation, have an
ultraviolet (UV) absorbance of at |east 0.260 at 365 nanoneters (nm
and/or at least 0.400 at 350 nanoneters. This invention also relates to
the manufacture and use of such epoxidi2ed products as well as
conpositions containing the, epoxidized products. In the nethods for

maki ng t he conden henol is.
reacted with gl yoéﬁb‘iz?g;q E?‘?%e\kglr S@evﬁpl\gg W'@B\&P%ﬁ@gﬂ@ﬁﬁg an acid
cat al yst whi'ch can be renoved from PROPRBEESN i xture by distillation at -
a tenperature below that of about 170C. The reaction.is conducted by making
.continuous or at least two additions of glyoxal to a phenol wherein the
total nolar ratio for all additions of glyoxal to phenol is about 0.15 to
0.22. Water in tHédis application is x tontmuation-grpard df mydd.éetatant Aprdigation
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nol ecul e cont ai,ns two al dehyde
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: use of such epoxidized products as well as compositions containing the

epoxidized products.

In the methods for making the condensates of this invention, a molar
excess of a phenol is reacted with glyoxal at'a temperature of about 80°%C to
100°C using an acid catalyst which can be removed from the reaction mixture
by distillation at a temperature below that of about 170°C.

The reaction is conducted by making continuous or at least twe additions
of glyoxal to a phenol wherein the total molar ratio for all additions of glyoxal to
phenol is about 0.15 to 0.22. Water in the reaction mlxture is removed '

' mcrementally by drstrllatron durrng the reaction. '

Less than about 70% of the total glyoxal to be reacted with the phenol is
added to the reaction mixture at any one time. Also, less than about 70% of the
total aldehyde units to be supplied to the reaction mixture together with any
ketone units formed in the reédction are present in the reaction mixture at any
one time. Each glyoxal molecule contains two aidehyde units. A way for
measuring the aldehyde units together with any ketone units formed is by
determining aldehyde equivalents, as later defined. The aldehyde equivalents in
the reaction mixture are maintained at less than about 70% of the aldehyde



~equivalents in the total quantity of glyoxal to be charged to the reaction
m xture for making the condensation, product. The cat al Peptemberd&Y from
the reaction mxture when at | east about 85% of the al dehyde. equival ents
or aldehyde units in the total quantity of glyoxal to be charged to the
reacti on m ¥XQ#d245r neking 5 the condensati on product havECT/E30008963
Renoval of the catalyst also elinmnates <all or a portion of the water in
the reaction mxture. After about 85% of -the said aldehyde equivalents
have reacted and prior to renoval of the catalyst, in those cases where
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15 Laminates of an epoxidized phenol-glyoxal condensate are prepared by
the use of conventional methods and ingredients but with the use of the phenol-
glyoxal condensate or reaction products thefe‘of such as epoxidized, 'e.g.,
glycidylated, derivatives as part of the resinous matrix in which fibers are
embedded.
20
| BACKGROUND AND PRIOR ART

Polyphenols, such as polyphenols prepared from the cbnden_sé_tidri of
glyoxal and a molar excess of phenol in the presence of an acid catalyst, find
25  utility in the same manner as other polyphenols and particularly for preparing
epoxidized polyphenols which can be used for coatings and electronic
applications as well as adhesives and laminates such as in the production of
printed cirduit hoards.

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



et hane which is al so referred to as TPE Al t hough the reaction products of
the phenol -glyoxal reaction are nixtures, individual p%??ﬁﬁé P52QQ%kch as
TPE as wel|l as, other components thereof can be crystallized out of
solution by conventional = techni ques. Thus, the level of tetraphenol

et hanes, su®®@@9245PE in the 5 pol yphenols, can be greatl|y rOIHISO®08IGD
essentrally zero by nethods well known in the art without sacrifice of "
desirabl e optical properties provided bysthis invention. Illustratively, -
use of solvents such as al cohol - arorratrc hydrocarbon m xtures and wat er
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conpositions of this invention are particularly useful when automatic
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wavelengths of from about 350 to 365 nm.

20 Applicant has found a set of process conditions together with monomers
and certain catalysts for obtaining polyphenols and epoxidized deriya_t_ives
‘ thereof héving UV absorbance and/or f!uorescence which is substaniially higher
E than phenol-glyoxal condensates prepared by other methods within the |
wavelengths generally used for AOI quality control. Photoimageable materials
25 are used in conjunction with these condensates. High UV absorbance is
desirable for the manufacture of laminates used in electronic applications such
as high density multilayer printed circuit boards.

Advantages of this invention include: (a) preparation of an essentially
30 metal ion-free polyphenol which can later be epoxidized wherein the polyphenol
is prepared without recourse to catalyst filtration or neutralization and water
washing steps wherein recovery of phenol is simplified and the reactor yield is



" (b) preparation of polyphenols as mell ‘as the epOX|d|ze erivatiyves

t hereof which exhibit inproved optical properties, 93%?1’? Reef g8 escence
and/ or UV absorbance in the wavel engths used for AC] and (c) preparation
of polyphenols 5 with increased solubility in organic solvents. The high
f 1 uor escencwoanok4bi gh UV absorbance properties of the epecrdisaemogr oduct s
-as well as conpositions. -containing the epoxidized products is.due to the
hi gh fl uorescence and high W absorbancg of the pol yphenol of a phenol and
gl yoxal of this invention. 10 The prior art discloses many, nethods for
maki ng pol yp I | di rLMa f t or art
does not usep‘?%%ségﬁgﬁwgﬁggﬁés%ﬁ&%ﬂgr?é?éyslt &@ébggﬁa&edﬁﬁ i Hé?algcgrﬁ cat al yst-
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condensat e containps | ess than 5% unr ea re s than
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. and shall refer to aldehyde and any ket one, unlts whi ch may be forned 4n__ o

"the reaction mixture or in .the glyoxal ‘charged or to be charged when -

measur ed ,py 25 thﬁwé)ﬁﬂl&varﬁ%&éééserﬂaﬁ?wabds&’ramamgwygnem|§ apgie generally-
reported in percent of al dehyde equrval ents reacted in co rison with the

al dehyde eqePeddized @e”‘@ﬁé‘?’*’g@@r‘éﬂf 't the PHAF Y doepnetisethe comBnalen Plr e.

Thus, if ﬁﬁ%ﬁ‘rﬁ?é‘tréa&ﬂ‘on%ﬁ@*ﬂbﬁﬁ'@ o @ittt GRAlch dpplicaritugéaifee obfaidihg gl yoxal
and phenol arged show X de equival ents and nmeasurenents after
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measuri ng of the al dehyde equival ents and are considered as part of the

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



- al dehyde equi val ents herein. -The nmethod for determ ning_ aldehyde

equi valents is by taking 1.0 gramof 5 reaction mi xt ured ﬁﬁ?fe%‘g?ﬁ%‘?% It
with 50 m- of nethanol. The pHis then adjusted to 3.5 with dilute sodium
hydr oxi de. There is then added, to the pH adjusted sanple, 25 m of 10%
hydr oxyl am we tnpasochl ori de with stirring. The sanple is, pettvrsogeossor 10
‘mnutes and then the sanple is back titrated with 0.25 Normal (N) sodium
hydroxi de to pH of 3.5. The nunber of mJdliliters (ms) (the titre) of the
10 sodi um hydroxi de solution used to back Citrate the sanple to a pH of 3.5
Is used to t ' ' L um hydr oxi de
solution in ls:lt@ Eﬁ”{@ﬁjéﬁ??d%ﬁﬁ%@%@ﬂ%‘éﬁé g‘g‘% ?%%ST%e?}a?’ F: %E-ll oc??ﬂém th sodium -
hydr oxi de f cgldehysle qasivatents henein. hydr oxyl ami ne hydrochl ori de reagents used
inthe test and this is referred to as the ms blank. 15 The al dehyde

equi val ents for the sanple are then determ ned by the folilowng formula: =

(2.9 tinmes 0.25 Nheimethod fiordeterdiining ridehyde deuivalents isbpdakind 8.0 gras aff t he
sodi'um hydroxi,de. Jj &:titrating. . obt.ai ned by this
formul a i g t'ﬁggﬁcﬁoﬁbxy%&ﬂpga %@@P@é%@&l oém?ei\r}%rﬁ‘cgﬁfge Bgt‘%ﬁ?&f}%@st‘?%e above
20 net hod antd IHwithidilutesodiinohydreidegr dhersf is dreruadat, éltheqet abjystedf r ee
m xt ure of I ' he. wej ratio of .glypxal to phenol
used unti | t%ai’t;i! l?’i zr?casﬂg?]g{ q{’ﬁ@?brio#glaweqla@?ﬁt]ﬁwiqa%w@? atérr“ﬁg'o YUPRERR the _
per cent al dediiyd feqll siduded and theadhé edmpRSs batiefisatet vdihvd. 28 Nordbc@bed, the. .
- fluorescence nepasurenents herein.are as th X1 mum count er.second. for
~a 0.05% sol sy E'V grpn@eﬁ%{)gqu%%&?f%\e '&E‘é@qriogmqﬁiﬁg%@édm%ﬁtfét ?fafﬁ?dr ofuran =
(THF) at 13n mdmhim aydimniggawmibﬁmlgédiltmﬁacﬂéﬁrat@méﬁm;g@ t@ﬁ&iﬂ 6ﬁ3;1.s@u§ddne '?f_ h
one secon ith a i nstrunent ’ n npeasured within t range o
Sbout 450 dOSHISTIAR (ORALSNIS ERaTaeHS. ik w30 g BYeroub SHER e an
i nstrument rmdeirbys Sfjested by Gorupting! 18 titrdting withlsodiih Wpgroxidaifer thAcqui si tion
time is the ex osulre tinme a} t.he siﬁga ed wavel eggt . A cor;{;t_i_s a basic
uni t used bynEPRRlAnd R IasTing hyfipcilgnds faasgntsiisedds thrdsst i w0
01/ 02454 6 referred to as the mis blank. '
. r _
The aldehyde equivalents for the sample are then determined by the
following formula: (2.9 times 0.25 N times (mls sodium hydroxide titre minus the
mis of the sodium hydroxide in ﬁtrating the blank}). The value obtained by this
formula is then compared to the aldehyde equivalents obtained-by the above
20 method and formula based on one gram of an unheated, catalyst free mixture of
' phenol and glyoxal in the weight ratio of glyoxal to phenol used until that time or
' ‘the time in questioh in order to determine the percent aldehyde equivaien_ts :
reacted. B '

25 . Unless otherwise indicated, the fluorescence measurements herein are
as the maximum counts per second for a 0.05% solution of the material in
question dissolved in tetrahydrofuran (THF) at an excitation wave length of 442 - -
nm for an acquisition time of one second with a CM 1000 instrument when -
measured within the range of about 450 to 650 nm. CM 1000 refers to Cure

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



PCTI USOQ 98963 devi ces for data out put' and refers to aO%é) cess .of

digitization of accumulated signal. In the case of a PEIHBB?OQ%at s
used by Spectra G oup Li m'ted, I nc. of Maumee, OChio and which was. used
for the data set forth., ‘herein, ..light produces an electrical charge on

t he det ect owWOtOKAZ454 S subsequently read out by a 5 di gItIZQ’CTfU'EMG!ﬂBBmgItIZGI’
1S set. to record one count for approximtely every 10 units of .charge

(el ectrons)” reads. The fl uorescence asurenents are on a conparative
basi s anong- the various materials such as in each of the tables set forth

herei n and nglyas fol Gar@RRghutaha PUZREIsS, pilRUSs of AGHsdsR GSEENGEINE Ues of

pol yphenol s vmt I n any on es set a er ere| n are

rel ative to ¥ghdr Iiptieygsase LGP detactertibat is gaed buBipectra Growphipiieds ons
cannot be mage Yfhh,hOe éﬁg%nﬂrwrg&?ﬁés uQé’& Vq?'?ﬁé‘&ét% ée?fd?fhbr}?éreihu égﬁsvi 15 The

UV -absorbance val ues ar'e o repar ed 'ng the
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i nvent i on i softthaegd @dedirons) itretalded f or preparing a pol yphenolic product
which is |ater epoxidized. The pol yphenolic product is prepared by
increnentally contacting and reacting glyoxal with a nolar excess of 25 a
phenol in the pr e‘ﬁmwfdl.mr@éceaue amaduentatisikesén slcomipacziine basis amorgahér om t he -

-reaction mxture b tillation a u el ow about .170 C. "A.
“reaction teW&M3 § %f SUgbEs ! W% qfiﬁé;ﬁagﬁs %%’% ey NYES he

(r]I eact : Fn.l_oV\aatﬁqllfts nurrmrszh €Thdsn dfeemtmaésedlehye valoss bﬂ@oly;ﬁmﬁotmdm xhyibge by-
istillation i t he ui va tsmt e ction ure are’
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equi val ents &agmé &ﬂ:ié mbomﬁamﬁnsaj‘anabmmeth he sahey gasth&o the reaction
m xture in ‘5&9 |i1 fg?,t}'lélg@g[é The nole ratio of glyoxal charged to the
reaction m xPRAYRIGNES 4 0. 15 to about 0.22 noles of 23 Sept enber
2003 WO 01102454 PCT/ USOQ 08963 7 gl yoxal for each nole of phenol. The

reaction is termpated by distillation to .
15 The UV absorbance values are obtained from samples prepared by

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

20 SUMMARY OF THE INVENTION

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

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

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

temperature of about 80° C te about 100° C is used for the reaction. Water is

removed incrementally from the reaction mixture by distillation while the

aldehyde equivalents in the reaction mixture are maintained at less than about
30 70 percent based on the aldehyde equivalents in the total amount of aldehyde to
| be charged to the reaction mixture ih making the polyphenol. The mole ratio of

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



" renove the catal yst when at least about 85% of the al dg@t/g‘ |v Ients in -
the total quantity of glyoxal to be charged for makin ion
product have. reacted. Wien trichloroacetic acid is the cat aI yst a basic
material is added to 5 the reaction mxture prior to renoval of the.

cat al yst toWeetig4sti ze any hydrochloric acid which may bePCEUSS98€3 duri ng
~renoval of catalyst. Renoval of the catalyst al'so renoves sone or all of
the water i'n the reaction mxture. Aftery elimnation of-the catalyst: (a)
free or unreacted phenol is distilled out of the reaction mxture so that

the product ?ﬁ]oian@@r lonAbialor Bheddld TREREALRA Fe?ﬁuﬁal?é&'%a%uﬁé}%tt&% of

phenol ; and (b) the reaction mxture is erature of fro
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‘whichis |ater epoxidize conpri ses: reacti ng
phenol , and ERs6tRd. Yo mghlgrom;ehma@@ l&)meaiaiﬂ?%f,s@ba&cwat@ﬁal@ﬁ qahdmilto in water
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based on the char ged reactl n mxture a
first time hxﬂm@lﬂmara@uuhucha%y benﬂeasﬁd m:rmremw aifcatalysib®ernovaliod 5

pasea on phonel ottt efikgbaga YRl oFine bty KB SR B Ak ar e | <

from about OelIBtnatborDontBe watadyst: f(e} fremohunneatted phbnplhedmhl;lecbmuttof g ng t he

: f the f G
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time to fnécomsout&Hdoat pfﬁéml @niiZp) ihe rdaction| rhiatuee iscnshtedat 4 tampgatueof eact i on”

or 25 gt yoator it aflefie P Al B AR EbRD L ocuct have Y

reacted. The above tenperature of phenol reaction with glyoxal, including
the distillation 30. C 100 Af t | east ,about 85%of t he '
- al dehyde equi val 3Hta§'oﬂ1§v35p?é EPéB"e&é"’B.'Ss@[Fscz% oa%g\‘?g"’dt#é’r?%@@at ure is
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R e AR RN TR R MY
di still ati oninavateeinmire ptasense ababotit Rho5es o@@lit atid] @euvaks odflybag cat al yst
S e A B hob R B PP YRSl PRYET 5 Rt i ARS8 o
vacuum at a to remove about 8% to 12% of distiilate after about 1 to 5 hours of reaction time;
- charging another 0.06 to 0.11 moles of glyoxal based on phenol charged so that
20  the total quantity of glyoxal charged is from about 0.15 to 0.22 moles for each
' mole. of pheno! continumg the react:on for about another 110 5 hours frorn the
time the first distillation was commenced and distilling the reactson mlxture a
- second time to recover about 6% to 12% of distillate; and contlnulng the reaction
until at least about 85% of the al-dehyde equivalents in the total quantify of
25 glyoxal to be charged for making the condensation product have reacted. The
above temperature of phenol reaction with glyoxal, including the distillations, is
8b° C to 100° C. After at least about 85_% of the aldehyde equivalents have
reacted as discussed above, the temperature is raised and the reaction mixture
is distilied at a temperature within the range of about 130° C to about 170°C to
30 remove catalyst and water. Unreacted phenol remaining after removal of the
catalyst is removed by distillation at {emperatures above those used for removal
of the catalyst so-that the free phenol in the polyphenol condensate is not more



- - tenperature of about 175 to 200 C for about 0.25 to urs h éﬁ}%puce
the polyphenol of this invention. In a further aspect @em Fetftd%on is

directed to a method for preparing epoxy resins in the forn}of gl yci dyl

ethers of the above described pol yphenols by epoxidizing the polyphenol

wi th a hal ohydrin in the presence of an alkali netal hydroxide, e. g.,

sodi.um hydroxi de. |n another aspect, this invention relates to glycidylated

pol yphenols of a phenol and gl yoxal wherein the glycidylated pol yphenol

has an ultraviolet absorbance of at |east about 0.200 at 365 nm and/or at

| east about 0.300 at 350 nm In another a%pect,. this invention relates to

epoxi di zed pol yphenols prepared froma ponphenoI of a phenol and gl yoxal

wherein the oI h [ior epgxi dati an _ul travi ol et
Mheor bance. SN A5AER apfYidfeachSh RRANR Hefba ditier $adirh 550 Lt 350 nm
In a still - fempératurababout 174 to 200ve feri aheut 8.28i toSchaus toproduee thed f or R

preparing @BRpKehSIT MHs Mehf@et i ng a pol yphenol of this invention with a
“preformed epoxy resin to prepare epoxy resin derivatives of the

pol yphenol . In yet further aspects, this invention is directed
to, conposi tions toaffaitmrragpect) thip oiveptiemis| direotedelp aximetioefodpiepang ves

thereof and Fefg%%;rts'.ﬁtee i f%fl%?r!%yl eRNFO8t ine. 08\ RSERARN ApIRARN ) 26

derivatives thereo nventi on novel

gl yci dyl at e§PP¥Idiig h@l%?B’PB?”%'dH Eatoevﬂ%mmf&eaﬁes‘%ﬂ%ﬂé@mﬁt‘@ 'B%fé‘gr bance - .
. of at | east hpthowideQe2@0sadium3Bairoddanmet ers (nn) and/or at |east 0.300 nm at
350 nm In still another aspect this invention is directed to conpositi ons_'

23 Septerrber 2003 9 conpri si nﬂ cured or uncured reaction &roducts of the
novel , - pol yphenoi%a%‘ﬂﬂi‘ﬁr%‘%}?eq bisdnysndiga relatesyio gixpidvigied PPyRheris of Aat i on,

or r eact i onphend! and giywablvhefein thal gledisgetedpodiphenoelsasamaltavigletci dyl at ed or
epoxi di zed ﬁédr\é&féé’ &t Hltedst Oa?&%ﬁf‘@.bog ly 3%8l, anHﬁSPéﬂ&&et‘%Bht b %%P 4p48

resin as we am nat es rernforcing fibers or rrcs o sucgflbers
-in a resin RABrix containing the phenol - glyoxal condensates and reaction
products thereof. In yet another aspect, this invention relates to an epoxy
resin sel ected In ancther aspect, this invention relates to epoxidized polyphenols
prepared from a polyphenol of a phenol and glyoxal wherein the polyphenol, prior
to epoxidation, has an ultraviolet absorbance of at least 0.260 at 365 nm and/or

at least 0.400 at 350 nm.

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

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

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

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

in still another aspect, this invention is directed to compositions



“fromthe group consisting of:- (a) a reaction product of hﬁ‘ t & parts
of a polyepoxide to each part of a pol yphenol of a phe %§1§8 3] ‘
wherein the polyphenol has an ultraviolet absorbance of at | east 0. 260 at
365 nm and/or at . least 0.400 at 350 nm and (b)m xtures of (a) with a

gl yci dyl at ed pol yphenol of a phenol and gl yoxal wherein the pol yphenol
prior to glycidylation has an ultraviolet <absorbance of at |east 0.260 at
365 nm and/or at |east 0.400 at 350 nm wherein the polyphenol is prepared
by reacting glyoxal with a nolar excess of a phenol in the presence of an
acid catalyst. In still a another aspect? this invention relates to a
conposition conprising an epoxy resin and for each 100 parts of said epoxy"
resin; (a) about 18 t arts of .a curin e resin; and
(by 1 to 3o Gty bty BRlred Bacsacpiohiits BRER Bl ol Stes o

gl yci dyl at edhpsg prapared by glyaidglaonl epoxitiatigh yerraactignewish aphieeobol yphenol

before gl yc'ﬂﬁhéﬁéﬁ’fﬂé‘ﬁ@vo@% i Gh yaaylamf%ﬁnzéafdatvah@@&ao 260 at
365 nm and/ or ast IIpr(? duct  of about 4 to

8 parts of ambq 139 ralecﬁgganaaé%wﬁﬁﬁ 688\9{%5%3&" 8? GSIIFPINARS ofof a  phenol
and gl yoxal rehdoreing fibersiopiabrighehslchdibecs intaoragin/miattin aintainingdse phenol-

ul traviol et AbsQ) Eérﬁtfé?‘]sﬁfesaénd' r%ﬁéﬁorppr%ﬁgct%tthgrﬁé m and/ or at |east 0.400 at
350 nm and a pol yphenol of a phenol and gl yoxal having an ultraviol et

absor bance of  at |east -0.260.at 365 nm and/for ‘at |east 0.400 at 350 -nm-
-and ni xtures therlegkt anather dspechehis wivention relhiespo ly@peny resis spieejedr ed by

‘reacting gl yfFB?ﬁlthé/‘grtoiﬁP%oHQ% ﬁleif&)eas ﬁaa@floﬁpﬁﬂﬁlﬁ%f é%urt hgo R ﬁfsgg%t gf aa_h

acid catal yst nvention r
conposi ti on &9&%&9% ertg each gl @ okef 3 phanp Baf olyony! whergither a
phenol i ¢ novallyphehaliiargaraoitraviolat absalbahcabfalr lbaste260 al FaEnimbmma/dr.a260 at

260 ! el Rod A il o%.gt@mo?@ RRDB SR Abna of ) a0

3 to 50 partp}ﬁ enol
-ultravi ol et 88k %¥°ﬁ whierein 4hg P@'YEW 3128 t@%y%%f %‘i’ﬂﬂ s an ult@yiefeto: 400
at 350 nm abserbaince ofiat keakyhRehat 365 npr ambsest byst 0e400 At RS0 HONRrei t h a

mol ar excesgyq Ogglygggﬁtﬂr@breg&e%d@;ﬂ%a%ﬁ@ﬁ&o%l\ﬁ g‘ﬁ"loﬁiarh&tf%%@f%{}ﬂ&gol fyrt her

conpri sing a eac parts of
(a) and (b) .th%Rresence o a'F aeidiratal )é%‘pect this invention relates to a method
for manufacture of an epoxy resin which conprises glycidylating a
pol yphenol - whi ch |pihpl h8ther aspect, this invention relates to a composition comprising
an epoxy resin and for each 100 paris of said epoxy resin; (a) about 18 to 25
parts of a curing agent for the epoxy resin; and (b) 1 to 30 parts of a member
selected from the group consisting of a glycidylated polyphenol of a phenol and
' glyoxal wherein the polyphenol before glycidylation has an ultraviolet absorbance
of at least 0.260 at 365 nm and/or at least 0. 400 at 350 nm; a reaction ptoduct of
“about 4 to 8 parts of a glycidyl epoxy resin to each part of a pdlyphenol of a
phenol and glyoxal wherein said polyphenol prior to glycidylation‘ has an
ultraviolet absorbance of at least 0.260 at 365nm and/or at least 0.400 at 350
nm; and a polyphenol of a phenol and glyoxal having an ultraviolet absorbance of
at least 0.260 at 365 nm and/or at least 0.400 at 350 nm; and mixtures thereof;
and further wherein the polyphenol is prepared by reacting glyoxal with a molar

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

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



' egC|dyIat|on has an ul traviol et absorbance of at |east 0.260 at 365 nm
and/or at |east 0.400 at 350 nm wherein the pol yphenot3 S&PiSMbEaPERP by
reacting glyoxal wth a nolar excess of a phenol in the presence of an
acid catalyst. In yet a further aspect, this invention relates to a nethod
for manufacture of an epoxy resin which conprises reactjng about 4 to 8
parts of a polyepoxide to each part of a polyphenol which prior to

epoxi dation has an ultraviolet . absorbance of at |east 0.260 at 365 nm
and/or at |east 0.400 at 350 nm wherein the polyphenol is prepared by
reacting glyoxal with a nolar excess of 9 phenol in the preence of an acid
catalyst: In yet anot her aspect this'invention relates to an epoxy resin

which is a yC| henol and rein the
ol yphenor geand ) ke Pl A0 PERot A bolaReid Phaphengt o rRARENgs ot
l'east "0.260 mulﬂa‘ﬁohhabmdbamcaaof atlleast 0. ZﬁMﬂ(BG@tnrﬁﬁﬁdtmmat hoadt W60 @at-A50 he

pol yphenol gy %hér@m%é‘bbﬂrbhéﬁél%‘ Eﬁegﬁrn?d By redctif %35{) ﬂ‘/%\hﬁ’olérb%lsg% of

ctif
"TPE," and fur e re reacti ng oxal
W Ch a ol a0 GRNEEST NG PIFSSABS OF AN ERG SARkEnaal biihes ROmBANg FRKV0 I

still anot hgaraspeatepokirresin forerichdd to&0aiets dfdapand@)xy resin whi ch is a
gl yci dyl at ed pol yphenol of a phenol "and gl yoxal wherein the polyphenol

prior to glycidylation has an ultra_ violet absorbance of at |east 0.260 at
365 nm and/ or at 'NFHhafuther@graet. tipinkantionrelaipeiocn matiped o5 Manwea@urepr i or

. to-glyci dyl af aarepbag resin ivhishresgrizee ghitidyiating m;bo!y;ﬂ@iol whithiprighes t han.
Arcri dine OARgs diiihed'arlragibfch bl BRnRYRLIG0NL D S0 A% At

acqui si tion ange I's used at a
concentrat i (’ﬁﬁsép 49022k f"fﬂeWh?Fﬁ"ﬁrﬂl%@ﬂth'Sﬁewﬁﬂ&yﬁéﬁdﬂmywlt he
pol yphenol ivdthusedlatexsesooicephem! iPtheqireSeride ofinditid pgtasent in
tetrahydrofuran and further wherein the polyphenol is prepared’ by reactlng
glyoxal with a nolar excess of a phenol in the presence of an acid
. catal yst. BRI EF bERER frihenasrectHiisDrentioe relates to amethod far epanttpciwea gr aph
i howi ngAf! UQF 86 ePBREresiewhich cdmpiRes %@ctmgm&um 8 pﬁﬁ@@ﬂﬁ?@lyefgglge(ta S

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

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

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

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



"~ AO fluorescence in the same wave Iengths whi ch are shown in the graph.
EPON 1031 is sold by Shell Chenical Co. Letter"B"ind|ca¥%§e@ﬁ@bﬁfagﬁgscence
spectra curve of the epoxidized product of Exanple 5A of this application
wherein the epoxidized product is .produced by the sane nethod as shown in
Exanpl e 8 herein. Letter"C'indicates the fluorescence spectra of the epoxy
-product of Exanple 8. It can be seen fromFIG 1 of the drawi ng-that the
pol y egC|dyI et her of the phenol - gl yoxal condensation product of this

i nvention has unexpectedly greater fluorescence at an excitation

wavel ength 442 for an acquisition time 8 one second when neasured within
the range of 450 to 650 nmin conparison to the commercial product EPON

. 1031 as wel | i er r.Qduct Exanpl e 5A

DETA LeD DEQFOPP T e Fra terprRetonel GHENSIE PRSI The phenol i c.
nmononer, al $¥fratyticafure and ferthel whereirathghpelpihenpkis preparad by reddticly can be
unsubsti t ut ggo%l \ﬁmpﬁtnhé!b'rt%es@ofg pheHbttrH i dsenB1BYA alitl catdigety 23

‘Sept'enber 2003 10 groups. Typical phenolic nononers are the nononucl ear or
bi nucl ear, nonohydr oxyphenol s whi ch have at | east one ortho or para
position available for bonding. The phenolic nonomer will typically

contain up to about 12 carlg(pﬂ Pttﬂf@éRlFaﬂ@l\P?Ff ElqlngAwm(E?thout 8 carbon

atons. Such conp cl henol  1ise
phenyl phenaol ; %33 i @1 ﬁawwgdﬁﬁrﬂf?%éh%W'"&ﬁHO SCRREH YR Varigus i ous
. Xylenols,. eepgxndl,zedpﬁedﬂcmsﬂ_leﬁélﬂhénmbamadhéﬂﬁeredcer&tem;iepham:urve @ind ot her

al kyl phenok@omﬁsﬁ ERUKERSIESOPUT nfth i re;gtrﬁméae.a@ggéyf%mmphenol

M xt ures of phenolic co can nol 1 c conpound’
i's unsubst i PG‘(YBBe'Eﬂ{é’ﬁM!”S lgss than 1p%éﬂc§'leelﬂh§é‘P¥W iohd$ EQFF‘BE?ffHﬂ'é)hHﬁqdc Chonomer s
can be repr asuifitokshgnddia the shoe wave [Engii lvehiclOhteGhoWwnRnythe graph. ¢/ C

EPON 1031 is sold by Sheil Chemical Co. Letter"B"indicates the fluorescence
spectra curve of the epoxidized product of Example 5A of this application
wherein the epoxidized product is produced by the same method as shown in
Example 8 herein. Letter"C"indicates the fluorescence spectra of the epoxy
product of Example 8.

It can be seen from FIG. 1 of the drawing that the poly glycidyl ether of
the phenol-glyoxal condensation product of this invention has unexpectedly
greater fluorescence at an excitation wavelength 442 for an acquisition time of -

~ one second when measured within the range of 450 to 650 nm in comparison to
the commercial product EPON 1031 as well as the poly glycidyl ether of the
product of Example 5A. ' :

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



"wherein R is selected from phenyl, al kyl of 1 to 4 car bon at ons and al koxy
of | to 4 carbon atonms and y is an integer of 0 to. 3.2%RereRbef 0 kyl or
al koxy, yis 1 to 3, and when R is phenyl, y is 1. Mxtures of the

phenol i ¢ nonomers can al so be used. The d yoxal Reactant The gl yoxal
reactant can be in various fornms such as relatively pure nononeric

gl yoxal ,” pol ynerized gl yoxal or glyoxal dissolve-in water and mi xtures
thereof. Illustratively,' glyoxal is normally used as a 40% solution in
water. The Acid Catal yst The acid catalyst is one which can be renoved from
the reaction mxture 23 Septenber 2003 W8 01/ 02454 PCT/ US00/ 08963 11 by
distilling the reaction m xture at a tenperature above about 80 C. but

bel ow about | | I tively, the

cat al yst ca’ &'595 qyg{&g %%oﬁE@?&%n?eﬁ%%ﬁ% g%c@% é%)cé{%f °5rb ?’r es thereof. 5
I'n the case reenAwareyphencls ahichahave altleast paesihor Porg eoatlom Redilédlection
m xture.is rgts@llimove about 130 C such as up to about 170 C together with
‘distillation and preferably the tenperature is raised to about 140 C to :
about 160 C so that the oxalic acid.catalyst is deconposed to volatile
conponents. 10 Oxldle pheaslicl manemss wik tygidatly costairaup tauabdur 2asharhatamst he

Pt orr o Lo ad préffalp e abBt PLamibii ik, St @i °”""‘d‘3t"?f'”%*%"p¢“?2?*{ ¢ ac d
ot el ver t ndbarclinaanihe: BREG Phanal eI, B0 P tiiitenahand 3¢ |
. trifluoroacenétbylpbémtl; Taridus wylevatse i g., 3d-dimedlyylplastl 'aDd Be5- repl eni shed

3;[ lepg tT ??f lrdﬁﬁgggmeﬁbmsﬁd %tﬂé?raildypﬁrrn]éﬂ;ﬂé %fgoéikoséybhgﬁ?}é gqaﬁn heh- M’bfh'&x;tf he
Therefore, \%g %P éh l Mé’gu"teﬁ q?gﬁﬁ@é Q?é'I‘) ﬁ?%?@&d@@mﬁﬁ?f&r@gt al yst,
it is prefephedolichaimpoisetis emsulodtituted phiehalt i. enpheaochiteddf. Wi t h t he addi tion

of water after each di stiIIation so as. to 20 renove substantially all of
t he aci d. V\hentr caC|d|s used as the

oro
ey el maB e s o b6 reprPReTBE b ﬂ'ﬁﬁﬁ!@w@st after any

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

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

The Glyoxal Reactant

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

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



" be formed fromthe trichloroacetic acid is neutralized. The, qu trty of
the catal yst. can vary from about 1%to about 6% based %ﬁg FH@"\R%%RP of the
phenol charged to the reaction mxture. The quantity of oxalic acid is
fromabout 1 %to 6% preferably about 1.5%to about 5% and articularly
about 2.5% P8 Y¥3# 4% based on the weight of phenol char g"éﬁmﬁ)ﬁ? 83963 he
-reaction mxture. Wien a trihaloacetic acid is used as catal yst; the
quantity of catalyst is preferably fromiabout 1% to about 4% by wei ght
based on the phenol charged to the reaction m xture and particularly about
1%t o about BYydishBinGdims mmbiion ﬁﬁ)@&e@a&éfr@é@ére%b’v@%ﬁbﬂm biPbeibuet ur es

pol yphenol s BPORHD" Erenp Eistenkpele Sl dPacEo Pl de bBRe 8 5 wise

contact of tbeoghuma@dr om&ﬂmaomtraacﬁmmstufésthb@olbhenol in the presence of
the acid catalyst. 1llustratively, for stéepw se reaction,” a phénol- and the

acid. catalyst are charged to a reactor and then an-initial increnent of
‘the 'glyoxa) is changedsd of blic aercsoatamst] mettbmpém@rbla%én@ﬁcuw i's

eact o i th THEUISRROPo RO Rt 1008 aHER BRAP (o Apea)/ XS BRRTGERo t he
reaction m XEiléf|mtroﬁ%drﬂre&amﬁiﬂe&eﬂfpe%m@ﬁé|ra|§él:l mlt 140 ¢ e apBipuf act ure
of the phenoléggﬁcyoxa condensates is from about 15 to 0.22 nol es of

gl yoxal for i Bapthe CB‘HB%B‘F‘"@HEW@&&? %WéP@F%ml9t'lﬁl§8G1P009‘1fé to 0:.20 -
. moles of glyoxal for each 15 nole of phenol charged. \Wen a total of two
‘increnents of glyoxal are nmade to the reaction mxture, it is preferred '
that eachO ncr eneRkaliseadid ean e usedingts vasious formsiisich asdhe gHipRAMPAERded on

the total mk@d:ﬁydr@fé%Phrﬁﬁ%&%&e@i”QH opﬁﬁr‘%;h%% ?éféﬁfe@ﬁpé’é oxalBeR ol ar

guantities of the glyoxal. Total nole ratios of [ess than about 0.15 noles
of glyoxal fbeedhch nol e of phenol charged give 20 nore of the
-tetraphenol s, such as TPE which is essentially devoid of optical

- properties in the ran gmen above for AO quality control. Ratios of
greater than aboljust 12’@0 edghalpagaticacid catalystdhele Ganl ke Beniienasol | ead t o

I onger r el%Ct bRBiordAdBhE a@ﬂdar@rtﬁﬂudrBQééf[cta%[cg' MRIBFRARLEEL 2l ey hEEED be

vi scosity
replenished during the reaction since a partion thereof distills together with the

water. Trifluoroacetic acid forms an azeotropic mixture in water. Therefore, when
it is desired to remove the triflicroacetic acid catalyst, it is preferred that a series
of distillations be made with the addition of water after each distillation so as to

20 remove substantially all of the acid.

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

-



25 The al dehyde equival ents or al dehyde units in the reaction mixture are
mai ntai ned at |ess than about 70% and preferably |ess ThasPiambat 2@bs of
the total al dehyde equival ents or-al dehyde units which will be charged to
the reaction m xture for making the phenol -gl yoxal condensate. Thus, not
nore than WMoouw0240% of t he al dehyde equi val ents to be usedTwson/bss6y eacti on
are - 30 present in the reaction mxture at ‘any one tinme. The catalyst is '
renoved fromthe reaction mixture after 3t |east about 23 Septenber 2003 13
85% of the al dehyde equivalents of the total al dehyde equivalents to be
charged to thmtiire8ek e A5y BataRA&! @ aléh e BEEF €r abl y when from about 90%
to.- 95% of such al dehyde equival ents have reacted. Then the tenperature is
generally raised to renove the catal yst. However, when trichloroacetic acid
is the cat arySReadtidiPCbiditiHseri al is added to the reaction mxture in an

amount: sufficient to neutralize any hydrochloric acid to be formed as a "

deconpositi on prUdtRAYRIEENSIsA thisinveptien maydiereparat ibyrcontined fsamtstep-t o
renove the ¢ I X1 j.al ralize

hydr ochl or i cﬁﬁfi"?ﬁ?&s‘?‘ ﬁ‘"n*ﬁ%gb???mﬁn%%ﬁfﬁ‘%‘*&%é%?ﬁﬁ%ﬁ"%ﬁﬁ%% PIERENGA i ne
earth netal Wbgriagid eptalistdHliosirativelye for gtepwism déantiohya pbenal @ndithe akidi um
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ani ne- i s useehasged toe theareactonwhile thel reactimunidi0eds madddined at 4 kenmparanee mol-ar -
. equivalents ar g?dc neagt i-on. mi xt ar..neutralizing HC based :
on t he nol ar&ea;%l?lﬁga en?‘ga% t1r0|6c§l J?\%ar@'é%agrcegg{s "HE@B’%'?”E@E’E&PE?. It is = -~
pref er r etlOt hedditidnal glysxal isnettaegedhlo the reactianminmegtus® t hat netal ions such as’
that of alkali nmetal or alkaline earth netals not be included in the

product. The presence of netal ions is deleterious for use of the product
in the more dendindimgaetatiotof glyoraldpphégaltin thesmandifactate et the@hehotani nes for

neutralizin r ric acid re n_be ntioned am nes having a
) e o SN 85 Bl SIS o2 B B BRI
benzyl di net Ipheani cterged ard hieferablyaboanal 16 iy Or20xyeleS vl giyetdYorasicRe. The
total ti faor t condensati on,.reaction.of al dehyde th the phenol wll
t ypi cal | ggva'ﬁéllefor}ﬁﬁe%@&ﬁ?rg?dt o\ﬂgﬁ&ﬁto% Oﬁg‘{ﬂ 'EC'EHF—X@? ‘é%}’%ﬁ PedB8eR 1B to 12
hour s. 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
particularly about 2 equal molar quantities of the glyoxal. Total mole ratios of
less than about 0.15 moles of glyoxal for each mole of phenol charged give
20 more of the tetraphenols, such as TPE which is essentially devoid of optical
' properties in the ranges given above for AOI quality control. Ratios of greater
Vthén about 0.22 moles of glyoxal for each mole of phenol lead to longer reaction
times and are likely to give product with higher viscosity. ' '

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

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



" The tenperature of the condensation reaction of the phe aI in
t he prggence.of the catal yst, including distillations, #f%?& g %ﬁﬁ% range
of from about 80C to about 100C and preferably from about 85C to 95C.
until at |east about 85%or nore .of the al dehyde equivalents in the total
gquantity of glyoxal to be charged for making the condensati on product have
.reacted. . 23 Septenber 2003 WD 01/02454 PCTI USCor 08963 14 Water is renoved
continuously or intermttently by distillation, such as after the reaction
of glyoxal with a phenol follow ng indivjdual additions of the glyoxal,
since accunulation of water in the reacti®n nmixture slows the reaction.
Water is fornmed by the condensation reaction of glyoxal with a phenol and 5

ol yoxal s “SRCFInd SadARE QUNEIGHEREHe b BRERNY PAAVaRNE R " Ot ot

in‘the r eact‘i?@i’ﬂe?ﬁ bort ﬁ?éeacéordﬂ%@erﬁaﬁhesi peppreferably| wien EpB@boghR®p taei ght
based. on te5%besath @!Hemmﬂeqmvalamsmeagtmmednmrtﬁemﬁperamr@r§ferabl y

b | b h h
ol o abou 54,0 gt B S B e B A
gl yoxal ar e thagatalyst ebasiematerist imaddagtte the reaction stiktureini amambuntat er af t er

reaction of suficientdd nsiirdlizER@yanansohidiRen to ¥ Rivealisi dé’dbn‘tﬁl:!s'itloﬁ' gl yoxal
charge is reacti tillation of

wat er - and ?ﬁ%ﬁd"ﬁé@gé%ﬁﬂg“lé%ﬁf? uer%'h%tf{’é‘r@@ﬁggteﬂgaéemf}‘l’? gée‘&?t%%f Streaction of

. the nmonomers prior to reacting at |east about 85%of the total al dehyde“ _ 7-:
equi val ents to b%ﬁéﬁ%é@és@ﬁiﬁ&é}ﬁl tb&d t&ﬁ&lﬁ%%@hy%cﬁlbﬂé'éﬁ?d és hn%ﬁmd of

moni toring t e reaction rin

equi val en?s c%'\tﬁgm{l&%gr @¥£P>é'98t°ifaﬂ a@%“ﬁgaﬁgéﬁ&?g‘?x'%%ﬂw?% eﬁhéJ reaction
when the resodam bydmuide ar ahigiing hytmxidesaboah80%dokah equipaleatsi afguclondi t i ons
2;?61}’\';;{" gnc?b?é a@%dé@ﬁ%%{ orgtrtg,»omoﬁ%aulbélfehgsof tﬁ@l lo?&aée%@%%fcﬁ&égdeg i dt Pﬁe
rount of " arsearatla e Aamie s ubod o B baie el topt 1fkdoc0keober | ods
can be used ththaming mipkr eqoivalentareraatded tofthaytepotian nixughfenokutraizingom about
0.15 to 0. 2¥+cﬁ)a@@8{%aqham5} &{unﬁawﬁé@r rlcﬁldr@é&&.e%clg ﬁééd%emél it ﬁ%f at a
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alkali metal or alkaline earth metals not be included in the product. The
presence of metal ions is deleterious for use of the product in the more
demanding electronic applications. lllustrative of amines for neutralizing the
hydrochloric acid there can be mentioned amines having a pKa value of about 5
to about 11 such-as pyridine, picoline, benzyldlmethylamlne triethylamine, and

' hydroxyethyld rethylamlne ~

The total time for the condensation reaction of aldehyde with the phenol -

will typically vary from about 5 to about 15 hours and preferably about'8 to 12
hours.

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



by distillation, followed by -anot her glyoxal addition foll owed by continued
reaction and then distillation which is fol owed by cont?RERigmbeaddion
before 30 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 anmount
of phenol dtasigreés are added with each charge of the gl yorermwsibwesss after
~addi tion of the 23 Septenber 2003 WO 01/02454 PCT/ USOQ/ 08963 15.initi al
quantity of glyoxal, the aldehyde is reaf%ed wi th the phenol for about 1 to
5 hours, preferably 1.5 to 3 hours and then there is distilled from about

8% to 12% of a fivateridiremolédbentinueliil Be| | ' n the
vve(l) ght of0 pheﬁol charr&eé. .5 After thlglaﬁr{téé}tﬁﬁ%%rg’t}l%ﬁ%tlméﬁorp%zﬂ%g gi s also
conduct ed wi PRERhIEHE2EGRRSdyaxabwith apheneifoliaying inslividual aaditionsnbiheer 0. 06

to.0.11 nol eglyekalgkiex abeiRgatorBr WA irfml??é?cgiim%'&@?% ﬁﬁuéftgég%ﬁ{aﬁ sl owly

added to the reactiion m xture. Preferably ere i arge

quantities oVVERYBIaIMed,py Hip condrneation: reaetion e giyoxg! with efphehel arglact i on
mxture i $ caplitioha vister 8yehBedly brdnf; ' 56 50 qRoQuLs - from
The. 11 me the TUHONAN, ddbr BABhoR %3@#@5‘&“2?@%@#’%&%&-éw%&eﬁ| lation is
started to r@RBYBIaHRIE aaAdOkesoldtion ip vistes of water based on the phenol
charged. After the second distillation, the reaction is permtted to
continue for another 0.5 to 6, preferably 1 to 4 hours fromthe tinme the
second di still ati divematecrantersdu thegkection mixture ippreftrably kept focbeded for - .
Ldistillationgg " ' h t. The tepperature of 80
"C'to 1000 C iasgﬁ?g)&q%sﬁr‘{‘%’%'qmibtag‘?d;w?ﬂn%&{'%%r'-gri’%gg@k%ﬁ‘etrsﬂ%@%%%eéﬁa”r"erm\'/é"'

t he cat allyst Pisferahlydwdove abputditobasSlhiom ti weighl aftphenol Garged @rthe o | ncr easi ng

t he tenperat Ly : val ;0 r?}zp t,..Ls_conduycted ynder ‘acuum so as

to assist in taﬁé&gé‘ril%trﬁgo of ”@%té&?% é’?% W’g.re'ﬁ%%vtgc%ﬁ'ﬁa@ﬁﬂs 9&‘?’9 from

anut 15I to Qlﬁioxaigarﬁémade tgﬂ'r&alf%btimrenrrﬁthm.wifﬁlrztgsﬂnaﬂ@eb?gmgaﬁ@rr re?eﬁm%‘?ﬂ Ff

t he catal yst [ | .about , preferably | ess

than about - 1888 Wiliche Bt ohBabCPRrtERY. o8 fuifl ot haris, Baredamin | s

rai sed abovethe38ibeaquend beadtion T@lo@edyrdistilalicar biwataband thbd% Sadopdabout 160

a 15 glyoxal charge is made followed by reaction of the monomers prior to reacting at
least about 85% of the total aldehyde equivalents to be used for making the

condensation product.

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

< equal



" Al or some of the water is renoved at the tinme the catal i rermved In
30 the case where oxalic acid is the catalyst, all or s%fbé?%fﬁ'f“ g1 #9P3a1 1 of
the water is renoved when the catalyst is renmoved fromthe reaction

m xture. Any water rendining in the reaction mxture after elimnation of

t he catal ysVO0¥0¥5na| | y. 23 Septermber 2003 WD 01/ 02454 16PFEXSVE*HEy t he
distillation in renmpval of the phenol: PCT/USOO 08963 After renoval of the
water and all of the catal yst, unreacteds(free) phenol, is renoved from
the reaction mxture so as to bring the free phenol content of 5 the

reacti on mi xiniiabquantityesflydxah thé aldehpdé ispeadted aliththé phémssi Sortdhait akeBt 2%

Removhl of R ien Rélie bnd el ke S e B Fun e A ch Tas

in the renpvafa first d-amm&em tpheaaxmonrrnmmrv@ba@ad@sthmamengmgaf,phéh@:sh
distillation, 0 heating the reaction m xturé at "an €l'evat'ed t enperature
under vacuum ,” the tenperature can be up to about 190 C or 2000 C
under abofit 25 to 30 inches of nercury. Steam sparging under vacuum at’

such tenperatures used, t epove hen he product. 15

Concurrently wit hAﬁ%fﬂfﬂsiréé’fS?@ IWh&ﬁ?1 %?Elé H?tﬁ &*tbt%lbeftwpwqu

renoval of tdaegeafabcytﬁta(}tbheo? emmwam qeq hﬁ)lé’tﬁ@‘t »al basddesP@eat ur e of

from about 17 f lgogt 200 C ef& |y fromabout 180 C to about
S0 Rgen dﬁ

195 C. Such™R BW(?HC?'?QS "8?“5’6‘0’!]&"“@9 Ayefesalyhours and- .
- preferably thefe @b,ﬁtﬁgeﬁ éfaoh@ec%.:dl@%ﬁht:eé'df g@'bxél d@zﬂﬁg le88n afidifidie m&aﬁﬁﬂ?' ng can

be conducted a 0 the ne the @'f enol i s renp under vacuum Op |onaIIy
u

t he pol ybﬂen?flt}'WQWt'oﬁ%"HPrq ls sentipuagforaneter bF%@rd?"e"@éﬁb|Y)é Sdpdr edrswi th ‘an”
inert gas anfbrie fiflete fi @Pﬂﬂﬂﬁtloﬁ cBﬁfnﬁérRi@d%rnd%én Qfse&&?‘d éﬂﬁﬁfa'tl&g id N the

range of about 175 C to 200 C for hour s ustrative of an

inert gas th¥d 'ée%?rfeﬁ@vﬁé@@%mhﬁ”l%é@é?\%.erwaé?fg*éﬁ‘ﬁed%l tva eheadly phenol i ¢
Pr oduct is %?éé@'AﬂeﬁH@%&%rﬁ@stﬁ@ﬁ@ﬁ,%é YeacGORTH gtk 18-cBntindd Aked. 30

another 0.5 to 6, preferably 1 to 4 hours from the time the second distitlation
15 commenced before the temperature is raised for distillation together with
removal of the catalyst.

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

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

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



23 Septenber 2003 WO 01/ 02454 17 PCT/ CIS00108963 The Po henol.i ¢
Properties of the pol yphenolic products of this mvenu%ﬁgﬁ? tgmagT ?@og%ts
Broad Preferred 5 Property Range Range Mw Mh 400-6001300- 390
440-5401320-370 Viscosity, . cps.at 175 C 300- 2500 450- 1500 Free Phenol
(%9 0-5 0.0%010142453. 0 Tetraphenol ethane such as TPE (%) H:-TaUshe/@s963JV

- absorbance at 350 nmat |east 0.400 at |east 0.450 particularly >0.5 15 W
absorbance at 365 nmat |east 0.260 at .l.east 0.275 particularly >0.30 '
Fl uorescence: The fluorescence of the phenol - gl yoxal condensates is about

10 e B bl SR e AU Ao G P A dne arange 20

ng an excltation vvavel ength of 442 nm
acquisition time of 0.5 seconds as neasured in a Cl\/l 1000 i nstrunent

(Spectra Goup L [ nc i fHEig(‘ﬁ'

‘at a concentratléﬂérorﬁmoﬁa g@%npgﬂ Oﬂhe é%th[g d the Eﬁ@ﬁ% ;I %)e(gl

ggn'?ﬁnsahe ﬂ% r@novedlflwrﬁeh‘é rmtlmnmﬁu@ basei bying tperfneemhennl captemd®fdr of ur an.
e pheno yoxa at t ai, '

ool Udi h pahs Ao wEiEo ss then SBRS%. el o/ R vERTFHEA% and

pol yphenol s pagRuiddy ﬁ@%ﬂﬁﬁi’ﬂélﬁoﬁ%@% by weight of the reactlon mixture.

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

also be used to remove phenol in the product.

15 Concurrently with removal of phenol or as a separate step following
removal of the catalyst, the reaction mixture is heated at a temperature of from
about 175° C to about 200° C and preferably from about 180° C to about 195° C.
Such heating is conducted for a period of about 0.25 to 3 hours and preferably

" for about 0.5 to 2 hours. All or a portion of such heating can be conducted at

20 the time the phenol is removed under vacuum. Optionally, the polyphenol with

5% or less of unreacted phenol can be sparged with an inert gas and heated to

: conduct a portion or all of the heating in the range of about 175D Cto 200° C for

" about 0.5 to 3 hours. lllustratwe of an inert gas there canbe ment[oned mtrogen -
or argon.

25

The polyphenolid product is eventually cooled and generally

comminuted, e.g., flaked.

30



18 Illustratively, such tetraphenols can be represented by the formul a:
OH- C/'C CSCUC\ ¢ OC OHC ~C Cwherein x is an i mtegehtedpeni® 3.
When R is al kyl and or alkoxy x i.s 1-3 and the al kyl and al koxy groups
have | to 4 carbon atons. Wen the reactants are phenol itself and
gl yoxal , t hWHB#¥S4pol yphenol is a m xture wherein the prrETarS0NoRe63.
conpound is tetrakis (4-hydroxyphenyl) ethane (TPE) which is also referred’
to as 1,1,2, 2-tetrakis (4-hydroxyphenyl,), ethane. dycidylation of the '
tetrakis (4-hydroxyphenyl). ethane gives the tetraglycidyl ether of
tetrakis (4-hydr - e The term residue"” or "residues" of a
phenol - gl yoxal cgﬁ%g@@ﬁég?lgf E@ﬂtﬁgs t he phenol -gl yoxal derivative portion -
of a reaction productPropertigs of the pagtenohc podkcisrdf dyejaveptien are 8he quantity
of residue is, the anmount of phenol -gl yoxal condensate wused in naking a
reaction "pr'é‘gl?(‘f‘fs"su'ch as a resin or conpound. Illustratively, if 10 grans
of a phenyl - gl yoxal condensate are Bemxted with 40 Rjet@edof an epoxi de,
t he. ‘phenylﬁrglg/r?xal condensat e resj H of the comgil on would be 10

grans. Al%o, 0 grans of a phenyf=gtyoxal cond e is glycidyl ated
and the gl yqipWm@t ed product s suds@§0eis0DBO0ecaddd4AAR-HO0
phenol - f or mal dehyde novol ac, the phenol -glyoxal residue would still be 20

grans. The &#s8MWesin used in the |am nate conpositions of this invention
will 23 Septgghen78063 WO 01/ 02454 BOTLRES00/ 08963 19 -hab6-t50@ei ght - per - -

. epoxi.de (WPE) val ue of from about 1BOEhtO 10,000 and prefeggbly from about
190 to 500. Frae RheE’ditle used in makithg the | am nates can vary.fromthe
contact pypresaphendietaiy ying a lamnated lining to a tank wall to the

hi gh pressure, e.gl; L, 000 psi or 50 e, used in the m‘il%gf acture of
electrical isshiastifF(%heets. The Pdhmperature used in'Making the |am nates

can vary ovelyapébianéagge such as :

350 nm at least 0.400 at least 0.450
particutarly >0.5
15 UV absorbance at _
365 nm at least 0.260 at least 0.275
' particularly >0.30

Fluorescence: The fluorescence of the phenol-glyoxal condensates is about
~ 70% higher at fluorescence maximum (about 532 nm) than Acridine Orange
20 Base (Aldrich Chemical) using an excitation wavelength of 442 nm, acquisition
| time of 0.5 seconds as measured in a CM 1000 instrument (Spectra group Lid,
. Ir;c. of Maumee, dhio). Acridine Orange Base was used at a pqncen’grati_bn of
02 mg per liter in methanol and the phenol-glyoxal condensate at a, -:_":;
concentration of 0.05 'weight percent in tetrahydrofuran.
25 .
The phenol-g’lyokai condensates contain a variety of compotinds,
including polyphenols such as di-, tri-, tetraphenols and hjgher pofy'pheno!s.‘

30



“that of about roomtenperature to over 210 C. 10 The us f .a sol t in
the | ami nate conpositions is optional. Preparation of ﬁgigﬂﬁﬁ%ﬁﬁééﬁ’ '
Epoxi di zed products of the pol yphenols of a phenol and glyoxal of this
i nvention can be prepared by at |east two different conventional routes.
One 15 route is by reaction of the phenol-glyoxal condensate with a

~hal ohydrin in the presence of an alkali netal hydroxide to formglycidyl

ethers of the pol yphenol. Such epoxidized products will typically have
epoxy equi val ent wei ghts of about 190 tg 230 and preferably about 205 to
225. The other route is by reacting a ar excess of a preforned

pol yfuncti onal epoxy with the phenol-glyoxal 20 condensate- Such epoxidi zed
products by iilsragidhesubRidi@phéddis sarPbe Rlpkaschiiey thERRHhURAUI val ent wei ght s
of about 140 to 250 and prePerany about 160 t0°230. In the first route,
the pol yepoxi'de is prepared by contacting the phenol - glyoxal condensate
wi th an. excess of epichlorohydrin in the presence of -an 25 al kali netal
‘hydroxi de such as sodi um hydroxi de or potassium hydroxide at a tenperature -
within the range of about 50 C t®,about 80 C. OptionalR,catalysts, such as
guat ernary ammoni um salts, ngy fe enpl oyed. The %@% on can be  carried
K)

out in the presence ofoﬁn_d';h/er gol vent, inclu ohol s such as

et hanol , isopropanol, nethyl isoputyl ketone BK), foluene, ethers, and
30 mi xtures thereof. Ahotw od for preparigg theCpebpepoxidé by:the . .
. first route is set 23 Septenf 2@63_ WO 01£02452%@€TI USOO 08963 20 forth
in U S. 4,518,762 of May 21, 1985 to™Hba @igy Corp. whichis =~ 7~ 7~

i ncorporated herein by reference in/its entiNety. Bri&ly, in this process,
t he pol yphenol, preferably ppenol - gl yoxak pur€{yed product, is reacted

at a. . tenperature of 4@¢1o 1490 C, in the ahsenc€~@f any catal yst
specific for the 5 forRattion of Hhe chlorohydrifh ethel internediate, in the
presence of 2 to 25% @H’@ght Cbased on the r%qcti Rture, of a | ower:

-al kanol “or | ower al koxyal kand}” cosol vent, w th ex€ess epi chl orohydrin,
based on the phenolic hydroxy value, in the presence of 0.5 to 8% by wei ght
of water, based on the reaction mxture, and with 0.9 to 1.15 equivalents
of solid alkali netal hydroxi de per phenolic '

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

phenol itself and glyoxal, the above polyphenol is a mixture wherein the
predominant compound is tetrakis (4-hydroxyphenyl) ethane (TPE) which is also
referred to as 1,1,2,2-tetrakis (4-hydroxyphenyl} ethane. Glycidylation of the tetrakis
(4-hyd.roxyphenylr).'ethane gives the tetraglycidyl ether of tetrakis (4-hydroxyphenyt)
ethane. ' ' ‘

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

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



"10 hydroxyl group to give the epoxy derivative of the pqly enol and
wherein there is 0.5%to 8 % by weight of water in the%Pé%@ﬁmﬁ?W%Q%ure

t hroughout the reaction period, using a solid alkali netal hydroxide in
the form of beads of about -1 nmm dianeter, which hydroxide is charged to
the reacti oM 4Fe porti onwi se or contlnuously duri ng , aPGHHN0ARI6Y
escalatlng addition program and then isolating 15 the epoxy novol ac
resin. In the second route for preparatjon of the epoxy resins containing
t he phenol - gl yoxal condensates of this invention, one part by weight of

such condengak @ wé mg?&te%x;%t(w% AN dTardns aBbuta SAbYIBUDG il at about
1000 C to 20 about _gL using a catalyst, e.g., potassium hydroxide,

benzyl di net Wyefgrathefromabest 197 itaBCAy | armoni um hydr oxi de, 2- met hyl

i mdazol e, and 2,4,6- tris(dinethylam nonethyl)phenol. Typical cat al yst

| evel s are about ‘0. 1% to.about 0.6% based on the reaction nmass. Typi cal

pol yepoxi des for Theasessore wpachin roaidng ieylaminates ean vansierbih eéfﬂﬂ‘t@tyoxal are

those of gig %Bf%}ﬂlﬁﬁg Gaghiatedrihg to%PtdhR éﬁ'telwechagw préddifs, g gsins of

bi sphenol resor ci no neopen cycl ohexane

di et hanol ; *amo w)qrm@s. usegrinthe man@fapmr@ph@yﬂﬂt@:abmsumlgn sheatat Tl can
al so be par t Lk tical
properties %I%ble%uﬁ@%lﬁgo ﬁﬁl}(}ﬁg tHQ'i’a{nl'u{n él%%fdaﬁlvéf} 6®§%hﬁggg§¢%@%e a(régactl on
wi t h epi chl dhatofdbiont rooh twlpmturﬁeﬂowveréwcﬁl on of caustic to about 40%to
~70% of that in the nethods of the above, described first route affords
‘partially epoxidized derivatives. 23 September 2003 WO 01/ 02454 "

PCT/ USOOI ©8963 2Thenisess at halverdrin thet lamitdite aompogtions igioplionalhe vari ous -
resins of this invention, e.g., epoxy resins (including the glycidylated
pol yphenol s) and phenol novol acs are reactive, curable resins... 5 Unless
t ri chl or oaceprepamtion o'f E'olyepdxzm catalyst with metal ion oxides or

condensates of ¢ RS RrReBRpdCpt hePeRPHERAS Pl oAb difePORRg; (0 VX!
concentrati Qﬁv@ftiomalbel pwesareﬂ blyast feashiavo different ctm\@ﬁﬁ%aﬂ mutss;di)mﬂn 0 003%
For 15 route is by reaction of the phenol-glyoxal condensate with a halohydrin in the

presence of an alkali metal hydroxide to form giycidyl ethers of the polyphenol.

Such epoxidized products will typically have époxy equivalent weights of about

190 to 230 and preferably about 205 to 225. The other route is by reacting a

molar excess of a preformed polyfunctional epoxy with the phenol-glyoxal

20 condensate. Such epoxidized products by the other route will typically have
| epoxy equivalent weights of about 140 to 250 and preferably about 16_0 to 230.

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

30 mixtures thereof.

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

-



“calcium 0.003%for iron; and 0. 002 %for potassi um 10 The poI yphenol s of
this invention can be used al one to cure epoxy resins BubepeEwer MY they
are used in conbination with other epoxy resin curing agents such as a
phenol i ¢ noyol ac resin having a UV absorbance of less than 0.260 at 365 nm
and/ or | ess {hH24§4400 at 350 nm Such other curing agent %%U&’Blﬂ@éimrl se
“about 50%to 97% by wei ght of such curing conposition and the .

phenol - gl yoxal condensate can conprise 3doto 50% by wei ght of such curing
conposition. Preferably, the other curing agent can conprise from about 50%

to 95% by veitlyht US. 4818762061 MGy 20MUB5 thiGiBa nﬁréﬁhs gl yoxal
condensate .can co |se abou%? 5%to 50% by wei such curing
conposi tion. n%B‘Eﬁ”t herginiky reteranga ig ’@fe"@Fﬁ’% B&‘Eﬂ:‘/ (ﬂﬂ’tﬁupﬁoﬁgs%@iiﬁ)om tion can -

be used to qwlyphéﬁ& B%Tér&bl?fthe Fﬁéﬁ@f glimhrburifea drédnc?%?éad?é éthsf i nvention

are conventional lamn ai ni ng rei nforci n[g gent 's
Y#

cloth, and d4TBSH Wﬁs‘)fﬁﬁﬂq WQ:&rﬂiH"@lﬂkfeaﬁﬁ obamnentalyplespiesifigieor thecur i ng
agent forst h@m‘i‘di%)bf@iﬁ@&i!o%ﬁ?@nﬁéth@r Flklf‘rﬁfé'dlafté qh ’ﬂ‘i’%ﬂl‘%@&q@e 6@?%5% %?cept

that the resinous matrix will also contain
wei ght, pr eM&EigEI basasn the reactipy mixiure, afy lmegﬁkanqj@swemlhdwalkamlght of

of the resingy t pm.‘lm} ﬂ.%eﬁ% r.. mxture
t hereof. The e%ggﬁ ﬁv‘etPsfFﬁégSgu I ng gheﬂnygéﬁéeno - yoxaﬁ cg&@g\)ﬂ %'Br

resi due theﬁ%ﬂ"eéﬁﬂc%gw 5ﬁ@BB’ybsawg@ht/@fnvateyéla§aﬁborthe moapmnyxtamd Cur i ng -
. agent, Can I X or -

m xture. %{Heé t@t1 136%%\)@%8‘% gﬁ’sﬂiﬁ %@/%Bﬁ%@%@é aglu%e rlé5| nous =
mat ri x olfOtrlivafdlcwhgfamemmetha epaxy vierivative of dime polypingnch and elheesit thare | -~~~
generally c b Y/ ef er ny 50 to
70 parts of q%?\%(e/n %OXQABEW%{% §‘&gat80{5'ﬁ H%‘[?%%&'%g%ga ﬁ'g?l?g} rﬁfﬁ@%& of a
phenol and @Ieygdcalstrkmarsnl'gi aihafumeta&hym'baideabﬁ@rfoanwébeﬁdeaobf dbmast Nfim260 at
365 nm 5 an di zed residue of said -
ol yphenol - aethetBh ridFhydio e s et BT TeAPaf BRI Adebiatly 1 o 30
parts of a sohfiremusly during a gradually escalating addition program, and then isolating

15 the epoxy novo_lac resin.

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

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

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

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

affords partially epoxidized derivatives.

as ' glass =




~and about 7 to 35 parts of a convent i onal epoxy curing he |
epoxi di zed residue can be that of a. glycidylated pol ypﬁgﬁﬁpt‘gﬂ'&e{ﬁ?@

i nvention-or that of the reaction of 4 to 8 parts of an. epoxy resift for
each part of the polyphenol: 10 The preferred polyepoxide products of this
i nvention w1924 in el ectronic applications such as | artTes0essskor t he

production of printed circuit boards wll typlcally conprise the follow ng
conposi tion based on 100 parts of an oxy resin, e.g., an epoxy resin
such as the diglycidyl ether of bisphenol A 15 (a) about 18-25 parts of a

curing agent sucOn@sshebsighidicatss BfRKiSe, HBVaHAT rdshk Ayt 1 o 30

parts and preferably about 3-15 part romthe group
consi sting &wveatien. cg- dw@wwp@Klp@hélns|the)giyclﬁvlgtadrnﬁzimhemls) an@pheraict i on

product of ﬁBvrﬂQ&B‘é(re Skive@Bstabieh Egmghenol of this invention, a polyphenol
of ‘this invention, and mxtures thereof; and (c) optionally, an epoxy.

curing accel erator. ‘Epoxy resins for |lamnating and coating fornmul ati ons
are generally so tnclude fillers
wher eas Isgm nat i EM%?%PH?}& {?@%‘rﬁ]g 'ac;gﬁg?%%{l‘gs E%%‘r% ﬁgllt] @%!F?’?(Bf‘@e? 8E/er s of a
fiber matri iay@oxideaf@rmyahzatnon Imf metfhydaoqﬂfmmcﬂdtd; dmrpb&ridﬂg@oka[ni sh. The
| am nates o VY ant . conventi onal
t echni ques éﬁ'&: r%a %éhog?lhégﬁoﬁﬁ% ﬁ@l@%%%&%&é&i@ |‘%e'%t the 30 nain
resin matri xcomcmgmatiomuf metal inisrof fessdbadaboutc®005Yfat ectifinhat®08%sfost-ant - :
- additive su Q gtrachl orinatied bisphenol -A or
tris (2,3- gjé\ﬁ@mcg’rp{/ 3rﬁﬁgsgﬁiﬁgﬁgr&if%ﬁ&?ﬁ%§nom de 23 Septenber 2003 WO
01/ 02454 0PCT/ US00108963 23 Conventional - | am natl ng techni ques can be wused’
in making the Ia.g1 nat es nventi on %uch the wet or dry-lay-up

I

t echni ques The 3'@’3'%9%]5 {’]#HF'E' AR °87 PiUSEd BIANE 19 ICHTe BRMYAFINSbout  40%
to 80% by Wweipeferably tiesi arewsedt Gormbiration with oftiel epbytesaP8anry 60% by

wei ght Of agents such as a phenoiic novolac resin having a UV absorbance of less than
0.260 at 365 nm and/or less than 0.400 at 350 nm. Such other curing agent can
15 comprise about 50% to 97% by weight of such curing composition and the
phenol-glyoxal condensate can cbmprise 3% to 50% by weight of such curing
composition. Preferably, the other curing agent can Comprise from about 50% to
95% by weight of such curing cdmposition and the phenol-glyoxal condensate
can comprise about 5% to 50% by weight of such curing composition. About 15 .
20 1o 30 parts of this type of curing compaosition can be used tb cure 100 parts of
' epoxy resin. ' ' o
The laminates of this invention are conventionél laminates conta'i:niﬁg a
reinforcing agent such as glass cloth, and a resinous matrix comprising an
25 epoxy resin and a curing agent for the epoxy agent such as a phenol-
formaldehyde resin , except that the resinous matrix will also contain from about
1 to 35 parts by weight, preferably ab'out_ 1 to 15 parts by weight, based on the
weight of of the resinous matrix, of a phenol-glyoxal condensate, residue or
mixture thereof. The epoxy resin, curing agent, phenol-glyoxal condensate or
30 residue thereof and optionally a solvent syste'm for the epoxy and curing agent, ‘
can comprise at least 40% by weight of the resinous matrix or mixture.



"5 reinforcing material such as glass cloth. Epoxy resin seful thls

i nvention can be conventional epoxy resins, i.e., thos%3 #E’)ﬁ:’ eE‘Bﬁ‘E%{i’Orﬁ ng-t he
hi gh UV phenol - gl yoxal residue of this invention. Such resins can have WPE
val ues of about 190 to about.10,.Q000 and preferably about 190 to about
500. |11 ust WaQus6f such conventional epoxy resins,' or. KEIIVS0y0886 epoxy
resins, there can be nentioned those of diglycidyl ether resihns, such as
t hose havi ng the above mentioned WPE valhues, prepared by contacting a
di hydr oxy conpound with an excess of epichlorohydrin in the presence of an

al kal i net al hyd’!‘f@(ﬂééﬁio%%eﬁhf‘ofth@!é’rhl?%fgsodﬂhlgﬂmé%&%ﬁﬁtglnlﬂg yblsphenol A

brom nat ed bi sphenol A; bisphenol F;, resorcinol; neopenty col; 15
cycl ohexanestlventndhgenerafycantaing b)k‘@elghhrﬁij) frpmahcwdrﬂﬁreﬁa@md pPeferabiyesi ns are

ol o el "B o B AN gASEASAT AR 18 A A ichifoups coPound

i'nvol ved, conventlonal resin can
t hat of: epolxeﬁqbaeﬁalyomimwmﬁn tdtmwyletammmmﬂamst 2606wt 365 ghyCi dyI

amne resin
N, N -tet% r a%ﬁ"?/’g‘f Iéészttou'ocp%%ﬁ | -am no 9(,0‘?%]5%"}%% ﬁg%‘of Qalpf(ﬂiy(?f/]fenglt%ers of a
phenol i ¢ nombxtare; thgbsbftl(aﬂylab@uhé@ o 95 aad pcsfenabsmﬂfoommdlrmamm:aolvmml ac;
poly(glycid %{) h ere t he
conmononer i %nlécftaggétﬁﬁogg é?ﬁ% 8’:18{6-8 %Uh'g%l e@ﬁgﬁaﬂ@’d’%ﬁ'@ll ﬂ%g Wg'tzﬁgcryl at es
and- st yr eneresiiue cainttethasofaf glytidylatedipplyphenolvafthis inehtiepoxthat efthas. - - .
~ Non-glycidy in al d.. Exanples.. 25 of such '
non-gl yci dy'll %%@?df' gp@@s P%i? ﬂﬁaﬁ%?ﬂdégml}?%%rﬁg t;??@g b\%'%}ht per epoxy -
of 85); 19i nyl cycl ohexene di oxi de; d|V|nyI benzene di oxi de; 5-vinyl-2-. ’

nor bor nerie di oxi X 76): 5- he i ene di oxi de; 1 7
oct adi ene di oxi dﬂ’ érmﬁer%gi @V%?’E‘fﬂ érf’g t@ﬁgw @Hﬁﬁ%ﬁh‘g& eLP¥FYDef erabl y used
i N conj unct ¢lectronid bpgicmmmyéwh@i iammajtesrmtmpraadct&rneaf@nﬁwduﬁreﬁwl as
-di l uents. 38 TQ ﬁonvenlw onal 3& ¥"r esi n can ?h 8 @t arda t epoxy -
resin such PRRISWALYBIGRIYR0PISFIRS T9owing, C%"Fb"s’“c’é‘ GPH PRt 8fti nat ed
-epoxy resi nepcky r&6inl €gheh epBRy rédd SidHRMbé dfdidIPONPBPBI8pRdnd Ik ust rati ve
of suchlts)rom'..nat ed epoxy resins there can be nentioned the

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

novolac; '

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

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

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

. _(c) optionally, an epoxy curing accelerator

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



"~ brom nat ed product of the diglycidyl ‘et her of bi sphenol A. e.qg,, EPON 1124

(.CAS No.:. 26265-08-07),of Shell Chenical Co. Such bro?rﬁ‘%%ﬁ%'g bgs resins
. can be used in fl ame retardant conpositions wth other epoxy resins.

5 Preferred, non-conventional epoxy resins of this invention include:

gl yci dyl at e&'op‘B{ #Phenol s of a phenol and gl yoxal wherein tHE/EIHPRENO

prior to glycidylation has an ultraviol et absorbance of at |east 0.260 at

365 nmand/or at |east-0.400 at 350 nms3 a gl ycidyl ated pol yphenol of a

phenol and gl yoxal having 10 an ultraviol et absorbance of at |east about

0.200 at 365 nm @Bﬁl\&aﬂloﬁél |hmzn@t&@ﬂnqu.@b cah®erused anchakingethe laminatesoduct  of

about 4 to 8 parts of a | epo reS| to each part of a pol yphenol
of a phenol % @'@Y%S?%\IS” H-g?/\gﬂtcﬁ'c{(ry &Fh"'aﬁg%rbance of at |est 0.260

at 365 nm and/ or Tpé |drﬁiﬁ§1bs%fﬂﬂ£hrﬁbmaﬁ-pwmr@enééuﬁa@m[rcaﬂdmgowmewﬁsat ors can

be used in‘a quantlty sufficient to  accel era t he e "of. epoxy
resin. GeneP¥MajghtofiEapinpugnatrx et ef'?@?ﬁ %@56(}%}%5@1%[0?5 based on

100 parts of B Meke ﬁa@%béhﬁé‘ |aB& elotie Ul arI y about 0.1 to 0.2 parts. Such -
accel er at orsretmr?g?l % i mgdazol e, 2-ethyl-4- nethylimdazol e, am nes

such as 2, 4, 6- trE§0¥)diQ$ElSH5$EBtHThf6l’FéﬂV§HtPBW@ﬁ&e CORYERPNEEERPYIPHBEhy | ani ne,

-and organoph S ﬁ@' d ¥hiIrBSA0E bPisRdenti
triphenyl phogpm eact I Ve d| nt phér{ IJIQ% pr esent lto er(]):/?gr

~ viscosity aifdichiesioyean haVﬂjWFPﬁch'dh%ﬁchQQQUt§9@&%ab®¥é9ﬂ0@saﬂ§’fpfﬁﬁe&%‘?wve .
»diluents ingpuge W@Sﬁq‘%‘. g@(? Wﬁ%‘traﬁ@e g %Jdﬁ%oﬂ%ntﬁinﬁ?épox?%ﬁﬁ@CHr%'imﬁ\y9| ycidyl

et her; resorC|no et her; | ohexane di met hanol di gl yci dyl
et her. AtWarepexyresﬁnscthermgaraQQM@tmeqi thqsgmdlgﬂvctd%e@ef resiys: puch@ed for the

epoxy resi thos ﬂéwhg?ﬂré‘%\}gﬁerﬁ@eﬂoﬁvﬁé %l%é‘sd pP r@tdoﬁtmgﬁs

pol yam doam S I cyandi am eno formal de
novol acs; ammqumomd it amvgn@es piasmmlomme'pméh@@resme@ Of/@ 01/ 02454

CETalor oo e b AR e BRI 7,
tertiary ordgaomninated bissheswtA; bisphenol F; resorcinol; neopentyl giycol;
15 cyclohexanedimethanol, and the like ; and mixtures thereof. Such resins are
also referred to as being based on or derived from the dihydroxy compound
involved, e.g. bisphenol A, Also, such conventional epoxy resin can
be that of: epoxy pherioi novolacs; epoxy cresol novolacs; aromatic glycidyl
amine resins such as tri glycidyl-p-amino phenol; N, N, N' N'-tetraglycidyl-4,4-
20 diaminodiphenyl methane; glycidyl ethers of a phenolic novolac; glycidyl ethers
 ofan 0- creso[lformaldehyde novolac poly(glycidylated) copo!ymers of glycidyi
_ methacrytate wherein the comonomer includes unsaturated compounds such as
-~ acrylates, methacrylates and styrene; and mixtures of the_,varlous conventlonal
epoxy resins. Non-glycidylated epoxy resins may aiso be employed. Examples
25  of such non-glycidylated epoxy resins include: limonene dioxide (weight per
epoxy of 85); vinyl cyclohexene dioxide; divinyi benzene dioxide' 5-vinyl-2-
norbornene dioxide (weight per epoxy of 76); 1,5-heptadiene dlox1de 1,7-
octadiene dioxide. The non-glycidylated epoxy compounds are preferably used
in conjunction with glycidylated epoxy resins and are also useful as diluents.
30 |
The conventional epoxy resin can be a flame retardant epoxy resin such
as a halogenated epoxy resin, e.g., chlorinated or brominated epoxy resin,



“2-al kyl i m dazol es; N N -di rret hyl benzyl am ne; and phosphi nes such as

tri phenyl phosphi ne and mi xtures thereof. The phenol nov8$§69@mqeﬁ§0%ents
are condensation products of a phenol wth an al dehyde or ketone wherein
t he phenol can be selected from phenol itself, cresols, xylenols,

resorci nol , W e&hésdol - A, paraphenyl. phenol, naphthol, anpcrusdonssss
thereof. Substituents for the. phenolic nononers include hydroxy,. 10 alkyl
of 1 to 4 carbon atons, al koxy of 1 to 4,carbon atons as well as phenyl.
Novol acs and di cyanodi am des are prefertfed curing agents. Particularly

preferred c I nd
ort ho- cresollﬂlmsﬂg tn‘?@ﬁ%@h éﬁgrr?oﬁ\%gefoogﬁ&ﬁ reélﬂéﬂ?érgﬁﬁﬂgg n‘i‘é}ﬁﬁhgﬁﬁhé‘of about 300 -
to 5,000 and)rorpmtamabﬂyctecﬁcﬂm diglyo@gl etbespf(m{phenbl Ass. gaﬁP\ﬂN 024 he
al dehydes f rgpa | n here can

pe. mont [ onedCPorET a8 8 SLShIHRARE cO Bl int R g ol I
hydroxybenzabdéiewiaed im I‘Ihm:strehtdar&compbelttomsamthbtherppe)galreamlson of. the phenol
novol ac curing agents there can be nentioned acetone, hydroxyacet ophenone,
and nethyl ethyl ketone. 20 A wide variety of solvents may be used,

i ncl udi ng haol geﬁ'aefedesmoneusumentldrml epmey regins efitHisinvghtiroihclati&ter s, gl ycol

acet at es, | for ter, i usef ul when
di cyandi ami é’év ch/\qgeiaglgghecrﬁ:ﬁe %ﬁa Bﬁgﬁﬁ an?@ﬁ(gﬁglgmhqr 'E'Itél%l JXB@?@@"’OW& hyl

fe_t Byl ket ohglljyctﬁyﬁtlb?l|hab%tn?.ﬂﬁav:aétbmtﬁuﬁcelc$|@bl§h¥ﬂ(l)KB(D eg:;s nﬁEarﬂgcbrra‘tOF ci-ng. -
fibers or rics rei.nforcin rs.inc a ers mats;
“carbon and 3‘? ﬁr‘qtog i 3%@ YﬁﬁY*ﬁ‘?S Slypheno c?lag?’ﬁﬂ gl Badpgets,
fibrous marahzuwmwabm&mefdfbf RUSt AHAR 9. 200 1365 WAMBNEDBr A IBaQUE3E) ass
-mat, and ﬁgllke illers such_ a l(}tbtgrtz %aewdered mca, talc,

cal ci um car 6’(5 Y 8Ma 38 ﬁi@acquoﬁ'&‘iﬁ of pbg Pl BWEiIdYI oy fRSPrat r i x.
23 Sept enbeko aQ%pa}@oﬁé/p@%ﬁénd?GTé%@%mWy@él Haeinh i nigdBolean be

prepared at room tenperature or eat i under ess e a | ayer
-conpri sing &osprbgaee eﬁeﬁeﬂ&e%ﬁ%ﬂ'ﬁw 9&’6 %ag Qrg&éﬁt resin as
I npregnant. 5 Conpositions containing the phenol gl yoxal condensat es of

this invention ] . .
15 Epoxy curing accelerators can be used in a quantity sufficient to

accelerate the cure of the epoxy resin. Generally, such quantity is from about
0.05 to 0.5 parts based on 100 parts of the epoxy resin and particularly about
0.1 to 0.2 parts. Such accelerators include 2-methylimidazole, 2-ethyl-4-
methylimidazole, amines such as 2,4,6-tris (dimethylaminomethyl)phenol and

20 benzyldimethylamine, and organophosphorus compounds such as
tributylphosphine and triphenylphosphine.

Reactive diluents may also be present to lower visd'osity and impyove
~ handling characteristics. Examples of reactive diluents include neopentylglycol
25 diglycidyl ether; butanediol diglycidyl ether; resorcinol diglycidyl ether; and |
cyclohexane dimethanol dlg!ymdyl ether.
A variety of curing agents well known in the art can be used for the epoxy
resin. They include but are not limited to aromatic amines, polyamidoamines;
30 polyamides; dicyandiarnide; phenol-formaldehyde novotacs; and melamine-

formaldehyde resin.



~as well as epOX|d|zed products t hereof, are believed to be novel nmaterials
in view of the high U absorbance and ot her desirabl e €haekiemées 2303cs
inparted by such condensates. 10 The wei ght average nol ecul ar wei ght (NMD
and nunber average nol ecul ar wei ght (M) herein are neasured using gel

per meat i on “@HF@%ﬁfography and phenolic conmpounds and po) YRETJIS8p{8963
~standards. The . sanple nolecul ar weight to be neasured is prepared as
follows: the sanple is dissolved in tetsrahydrofuran and the solution is
run through a gel permeation 15 chromatograph. Any free phenol in the

sanpl e is excl udgghehrphensiidivalazh e usdd a@ﬁumg@mtﬂ\@cg{ﬁystﬁ&emonl ty of
TPE in the various reaction njxtures s(gfeterm ned éﬁ“c he foll vm ng

met hod. 20 {s9eneralyempjeyrdanismay heselesiadirapigiian aghic aippes s
silylation pegashiidazold?) NPNQGWﬁyﬂbér?zyléﬂﬁhéféﬁdb gﬁiﬁeswahas follows: A

silylation-reagent was prepared into 25 m “(mrlliiTiter)
reaction fl é(ﬂ?henylﬁhﬁsﬂwnes@ﬂd ﬁlﬁ@é‘fei@%féo(cubl c centineters) of pyridine, 3
cd. of © trd net hyichlorosilane (TMCS), and 10 cc of hexanethyl di sil azane

( HVDS) . is 25 was left to stand for 5 to 10 mnutes. (c) The TPE
standard sol ut i ofh¢ phend parelac awrinarganis are GYIdgRSAIANPIodYts obaphepsli at e for

S11y ati on) WARRLONUSGEIO BRaERIRRER TEPNAN clin oESBRLERGY préfld 1 o

si.l yl ati on reagen unt 1l ssol v ppr oxi mat el y m nut es). Heat
in | ow t enpéself, wresots; aylensles resgitino, lnigpbenoltA, rﬁafamqrwbphﬁnﬁl dapathogo - - :

oot oo gy By SMIEAERE I O ERS Ss
Sept enbero 203! M0l @14 6454 aRREHABoD! mg@arbcm Apasrastwelt ag piyl skilled in.

the art ey Rl Ubl YiORRsSRAA i Frod PUEBIIRRS PARCLIBRY ol 1. the

followi ng e ercentages in the
exanpl es, agprafelred asrir) sgadiear the pheng!- famlﬁdmdlemovalaes lpprd ortho-cresol-

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

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

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

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

the like.

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

like may also be added to the resinous matrix.



“wei ght, unl ess ot herW| se spe01 fically stated 5 The foI | owm ng exanpl es are
illustrative.of the invention. Sone of the exanples ar 83 §§§? HBO '
"conparative" to show differences from exanples which are part of this

i nvention and not necessarily as conparisons with the. prior art. 10
EXAVPLE 1 PREPAFPAISON OF PHENOL- GLYOXAL CONDENSATI ON PRODUBTI/RS0088963 C W TH
TWO ADDI TI ONS OF ‘GLYOXAL AND OXALI C ACI D CATALYST To 1,728 grans (g)

(18. 36 nol es) phenol and 69.1 g oxalic g¢id dihydrate at 90 C there was
added over 30 minutes 227 g of 40% glyoxal in water (1.57 15 noles). The

tenperature was 'Tﬁéﬁﬁrﬁ.ha@dca%tbe‘?&e Fe@ratmhh&hgéra%rawrb? HaAfing LhGsH there
was vacuumdistilled 18 of distillate (10.7% based on_ the wei ght of

phenol char QEeBSUe 6ﬂﬁﬂehé°méﬁ%ﬂg BHeﬁFt)@'l?rFé"e&E obweerqs/@m%nsw ADEPHY forty
mnutes. Af tggin 34GhpRBARANY, approxi mately 79% of the al dehyde equival ents

charged until 't hat FIITE had reacted and the quantity of water in'the o
reaction 20 m xture was about 4% Another 227 g of 40% gl yoxal in water

(1.57 ‘noles) msCoﬁgﬁ%ﬁhoﬁQcmsm 898n@9%§%fc%ns§ﬁ]o%fml§ﬁﬁ€ntﬁﬁﬁ iod

whlletheterrperatu was rralnt urs and t t here
was vacuum dissvell aseepoxttizegl products meirwfaa@ Religveldcre Beved materalss ght of

phenol char ged) s"\tn:p

heat i ng apprOX| rra e?]%h%&‘ég%or%ﬁg@%%g@ﬁthgr dgg}e{et%é/u?@% g%tﬁghc ha gggagﬁti | that
ti me had reattledondrhsaies. wat er content of the- Treaction m xture vias about
»3.5%. The nolar ratio of gl yoxal to phenol f.or the total of both glyoxal

“addi tions was 0.17. The tenperature of 90 ' C was. nmintained for another =~ -~
1.5 hoursQ After Thasteigidavenage nﬁﬂ%mrwmehﬁmw@mun&ﬁmavataﬁﬂts charged to -

the reactio 30 wat er cont ent
was about 4%&Wﬁe'§ﬁ@nb)e%%tg%o%bﬁ§(¥ur e wasé ggléﬁ? 'qlieg at nospheric
pressure t o chégnographinehd paendisEotirogndsasd nglx'styrerlﬁesta@@arﬁs.oﬁhe m xture was
e wacur S bR B St 1 P oRBEE safe |
dissolved in tetrahydrofuran and the solution is run through a gel permeation

15 chromatograph. Any free phenolin the sample is excluded from calculation of

molecular weight.

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



~ 155-160 C. Vacuumdistillation was continued up to a tenperature of 190 C
and held at that tenperature for one hour until phenol #hSeriempesgiddon

m xture was less than 1% The resulting phenol -gl yoxal condensation
product was_then comm nuted, e.g.,. flaked. During the. reaction. the

al dehyde eqWiQM%its in the 5 reaction nmixture were mai ntBEHERVEE6} s
‘than about 70% of the al dehyde equivalents in the total quantity of glyoxal
to be charged for making the phenol - glaymoxal condensati on product: ‘
Properties of the phenol -gl yoxal condensation product are given in tables
whi ch foll ow. | nin drider thabthese skilledirf thel anvmayheredulymuderstandfhen, }ref erred

to as EXI. 10 EXAMPLE 2 ARATI.VE) . PREP - L

oL YPHENOL JEVeGH0 prenpAtet RIS AR M P ATRIRL Ss EN BAS B CATAL VST
To 576 g (6péRehiges)n tHeen@mpin] a2 vall aveltéwhaeiindthii dyylicatien ate 185 C is .15
added over"‘é"?ﬁi@ﬁé of F\tbout onegho& 1514 g of 40% gl'yoxal in water (1.04°
mol es) duri MG THESSSNNISe,PClieAlY $PH% was slowly raised to 90 C. The
nol e ratiso of glyoxal to phenol was 0.17, imediately thereafter, vacuumis -
applied to renove, 1 _of distillate at 90- C over eri of 60
mnutes. A terrpi?%%qﬁlf:’g“r@fe’@ﬁl@%s @eﬁﬁl@%ﬁ&ﬁf)ﬁ%ﬁé@vq@pn%cﬁge gg}es af ter
which time ahawpbled@rdteighateh asaboapxdtivetoishalvaliferestss: fgad eamiplesact ed.
Then vacuum was [ ' es to ¢ distill ate.

applied over .15 m nu enove 13. 3. Of
oat i ng. was WA REE s SHEBIPHARLNG! SeensaRIbgs EomBagsons Wil e Bk hour o
- After. the 1545 hour period approximately-. —al dehyde equival ents charged
"~ had reacted. Vacuum was then appli edm;? mnutes to renove 6.68 g of
distillat®. Heating at 90 C was conF'J d&dr 5 25 hours and one hour “at
100 C. Aft erprepRRATIONTGF PHENDEGINOXARBONDIENSATDION PRGTWET Y IROQ°

equi val ents charged to the reaction m xt cte The_r I on

m xture was Gt HH@MIHRDW%WSIQ%@LFQW@ é’?@-'?ﬁ@%&ﬁﬁgﬁ 160 C
was held for ongqhoris grih@ d(@?ﬁl@té%ol@s%bhlérﬂ)t‘éﬁé69116@10%@.@:@66 dthgdratd ed to -
-renmove the bul k of unreacted phengl at 15%;2160 vacuu

distillati ot REsC theedrnaddedPvar 39 gunwenrey @ qf AT voR I GSEELLST on
mxture yas hass tiatehBerdiie s mBRitaiasaENe0tiGior khathepn. 5t itirs @agt i on
hm xture was heated \%t AL %t 185 Ofof %ggﬁgte %175’7‘% baded o the Irv%lrgh?gfom 0.25
ours. The rteerthermwas xagHun distiledbip5 9
pheno! charged) from the reaction mixture at 90° C over a period of forty
minuteé. After such heating, approximately 79% of the aldehyde equivalents
charged until that time had reacted and the quantity of water in the reaction
20 mixture was about 4%. Another 227 g of 40% glyoxal in water (1.57 moles) was
added to the rea{:tion mixture over a 25 minqte period while the temperature
was maintained at 90° C for 1.5 hours and then there was vacuum disfilled 195 g
' Tof‘disti[late (11.3% based on the weight of phenol chargeg) at90°C overa
period of thirty mi'nutesl After such heating approximately 70% of the aldehyde
25 equivalents charged until that time had reacted and the water content of the
reacﬁbn mixture was about 3.5%. The molar ratio of glyoxal to phenol for the
total of both glyoxal additions was 0.17. The temperature of 90° C was
maintained for another 1.5 hours. After such heating, 90% of the aldehyde -
equivalents charged to the reaction mixture until that time had reacted and t_he
30 water content was about 4.5%. Then the reaction mixture was distilled at
atmospheric pressure to 160° C and held at 160° C for one hour. The reaction

mixture was then vacuum distilled to remove the bulk of unreacted phenol at



- 23 Septenber 2003 WO 01/02454 29 PCTI USOQ' 08963 di schar fromthe reactor'
and then comminuted, e.g., flaked. Properties of the p%? BrEMEET H®tuct of
this exanple are given in tables which follow and this exanple nay be
referred to as EX2. 5 EXAVPLE 3 ( COVPARATI VE) PREPARATI ON OF PHENOL- GLYOXAL
POLYPHENOL XPMB¥5€ AND REFLUX (103-104 C) W TH ONE ADDI TIRGW/WE00/RI960OXAL AND
OXALI C 'ACI D CATALYST To 576 g (6.12. nol es) phenol and 23 g oxalic acid
dehydrate at 90 10 C there was added gger a one hour period 151.4 g of 40%
glyoxal in water (1.04 noles) while the tenperature was allowed to rise to
reflux (103159460°)C. W&cuumtlstnnaattohoms‘ccgitiytmupltmamémpedatwnesnfﬂgcn% The

reacti on m xt | d at or 10 hours. ter.such . .refl ex

Lo o mat cate Bl hal Frhodtaut For Gt oDk il plHA T LS TR crser at ur e
was t_heg r?wa§®s§unzakﬂﬂ/ocrﬁ@ﬁbguhmgq)mel-glﬁommm sEﬁol’lﬁg@dOf:t \da§the]!1| ate over
‘a period of "about nut e e tenperature was hel d.at or one '
oo e ©refmei . ER: Ditine RTBSCEIhE e NR SRR I B Lo Seo C
Thet reacki onetaglm mtmréa@eéé Iﬂ:mmbmgd a‘twssqnm aﬂtmﬁnﬂoa@ oﬁﬁ@ didehlae { eact Ih on |
m Xt ure was vacu m al ve e unr eac e pneno
o5 1 etulvaentn i Paealahiantdl of dydRniask SHitaed b radling fHsdahener 106 G
unti | phenOﬂ;Iyd»&aI thRddrRatén PRAULY Prégeridsof the phéhskyhaial cdadrehgauont he

reacti on. ge al dehyde e |vaI enhﬁ in the reaction m xture were
mai nt ai ned BOIHEAE GY&R iy S"Y’@‘%‘ Iophe al dehyde -equival ents in‘the total -

. quantity of inghy eatids WRich 9ol 1ES BxampleNB kisbdefehed ¢@BgESat i on product .. The
reaction m xture was then di scharged fromthe reactor and comm nuted, e. g

25 flakéd. Properties of the pol yphenol product of this exanple are given °

in tables which foll ow and EWI@@WQC@W&ME?“ erred to as EX3. EXAWPLE
4 ( COVPARATI VE& PREPARATI ON OF PHENOL- GLYOXAL PC]_YPHEN(]tr AT 102 30 AND
REFLUX ( 103PREFASANPRPOREENS-HLEP? . BRARRRENRPALGY” C WITH ONE

ADDITION OF GLYOXAL AND OXALIC ACID CATALYST
To 576 g (6.12 moles) phenol and 23 g oxalic acid dihydrate at 85°Cis
15 added over a period of about one hour 151.4 g of 40% glyoxal in water (1.04
moles) during which period the temperature was slowly raised to 90° C. The
mole ratio of glyoxal to phenol was 0.17. Immediately thereafter, vacuum is
applied to remove 120 g of distiltate at 90-95° C over a period of 60 minutes. A
temperature of 90-92° C was maintained for 2.25 hours after which time about
20 82% of the aldehyde equivalents charged had reacted. Then vacuum was _
~ applied over 15 minutes to remove 13.3 g of disﬁllate. Heating was continued at
90° C to 91° C for 1.25 hours. After the 1.25 hour period approximatély_SS% of
' aldehyde equivalents charged had reacted. Vacuum was then applied over.6
minutes to remove 6.68 g of distillate. Heating at 90° C was continued for 5
25 hours and one hour at 100° C. After such heating for one hour, about 94% of the
aldeh"y'de equivalents charged to the reaction mixture had reacted. The reaction
mixture was atmospherically cﬂ,étilied to 160° C. The temperature of 160° Cwas |
held for one hour. The reaction mixture was then vacuum distilled to remove the
bulk of unreacted phenol at 155-160° C and the vacuum distillation was
30 continued at 190° C until phenol in the reaction mixture was [ess than 1%.
During the vacuum distillation the reaction mixture was heated at a temperature
of about 175° C to 192° C for about 0.25 hours. The reaction mixture is then



" CATALYST To 576 g (6.12 nol es) phenol and 6.23 g 18. 5% HC| % "
Sept enber 2003 WO 01/ 02454 PCT/ USOO 08963 30 phenol ) at%é@ét@q% g@?ed 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 C). The nolar ratio of
gl yoxal to PWRMG5has 0.17. After two hours at.r.eflux aFSHUSIBODEK he
.al dehyde equi val ents charged had reacted.  The reaction. 5 mi xture was then
vacuumdi stilled with the tenperature rissing to 1100 C to renpbve aqueous
HCl distillate of 116.4 g. 100 g of hot water was then added to the
reaction m discharged o theirbactor amd thes coominoiedde gt, fﬂkems-hhﬁeitmpfﬂrmure to

150C. The hydrochl r|c a catal yst _(HCI) i 0-di. s t.h water
frorh the  PaNGE,PirBEbEnS Hdmie ofe A iaS: Mol apd 180, the
unr eact ed; pkmnplbrﬂéyb\zasefeﬁéﬂ)tceab EX2) ess than-4% renmaining in the reaction
m xture. The reaction mxture is then discharged fromthe teactor- and L
comm nuted, e.g., flaked. Properties of the pol yphenol product . of this
exanple are given in the tablEXAMRDEGHCOMPARATIME)t hi s exanpl e may be’

iR G Rkl O Pl AT 4 PR 0 e

ADDI TI ON' OFREFYOXAH 08ND4° EHENTPHIONEAD I TASN D ICSTAOKRL ANDSIRADIQ 6. 12 nol es)
phenol and gcﬁcgﬁé% ) (1.5% based on 20 phenol) of 65% phenoi sul fonic

acid at 90 - there is added over a  one -hour period 151.4 g of

. 40% gl yoxal .in water Kdafeﬂ%(@hzmoiesli%eﬁaﬂ@wrmgax@n‘c acil amy@rbtd@tmenol is
"0.17. The ter{Berature '

e reaction mixture eto
refl ux (Po3Citoaredyas eé’ q\{erpé?%q%@p]eg%d élé‘\'rérga?f‘ﬁ)(iﬂug@"éﬁdn i”ﬁEe Q:(ggiverSLOn '
-of al dehydenpfus) wlaémﬁétéﬁﬁferamré RadMeived 84ied totﬂéﬁt..x pfmtmaﬂ C)The 25 is
fol | oned by neutrallzatlon of the catalyst, cooli nd hi ng
with disti m%’ﬁ”&tc&giypﬁalrt@m%"@%ﬁsto il elrgaqtigm W-:’EF ‘H?s Q?ﬁ(% %@"
distillati Ofortm HeffPs., @f@a@lu&mmm%ywﬂrﬁﬁtétylddo@bf Me. aldﬁr@ae@huma@n@ to reduce

-the quantit unreacted phenol 'In the reaction mxture to about 1% The

reaction m %ﬁ@l reagled. Eelemparatirewasdhanaged do 610 ¢ PR dhpre was

15 removed 55.5 g of distillate over a period of about 22 minutes. The temperature
was held at 110° C for one hour and then the reaction mixture was
atmospherically distilled to 160° C. The reaction mixture was then held for one
hour at 160° C. The reaction mixture was then vacuum distilled to remove the
bulk of unreacted phenol at 155-160° C and the vacuum distillation was then

20 continued at 176° C untii phenol in the reaction mixture was less than 3%.
During the 'react_idn_,_ the aldehyde equivalents.in the reaction mixture were
maintained at less than about 70% of the aldehyde equivalents in the fotal

' quantlty of glyoxal to be charged for making the condensatlon product -The
reaction mixture was then discharged from the reactor and commlnuted eqg.,

25 flaked. Properties of the polyphenol product of this example are given in tables

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

EXAMPLE 4 (COMPARAT]VE)
PREPARATION OF PHENOL-GLYOXAL POLYPHENOL AT 102"
30 AND REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND HCL '
CATALYST '
To 576 g (6.12 moles) phenol and 6.23 g 18.5% HCI (0.2% HClon



~ 30 EXAMPLE 5A ( COVPARATI VE) The procedure of the above anpl e, 5 was
fol l owed but. the 23 Septenber 2003 WD 01/ 02454 PCTI uso@%%g%‘smﬁfm%
phenol sul fonic acid was replaced by 1.25 g (0.22% based on phenol) of
anhydrous net hanesufonic acid. Approxinmately 97%of the al dehyde

equi val ent sWai&@24§¢d had reacted prior to neutralization afctrdssc/esasal yst.
“Essentially, equi val ent properties, nolecular wei ghts, viscosities, and %
of TPE 5 is obtained. Properties of t heggphenol - gl yoxal condensati on product
are given in tabl es which foll ow whereln this exarrple may be referred to

as EXSA. &w&%a'é@é&%vé’mb@b%d% @@%@WPENSAT' ON
10 PRODUCT N THE MANNER OF EXAMPLE 1 The phenol oxal ondensati on

product of Eﬁ@éﬁfﬁl‘@‘*én%%)Vﬂ?l@ﬁhﬁéﬁnpfﬁat‘gﬁlﬁs@delr§ett%éef%&déo$lﬂﬁﬁer as
Exanpl e 1 exgenie Ak rdflo S REPEHE (Rfafilas bATINTRE Bhé nBAIRPERA i ch can

produce sever al hund re poun S

190 C to reabed %ﬂ"{eﬁf)thewéqlemde eguwelentﬁeclmq;bwérﬁact%Jhameeﬁlmre 0. 04%
for ‘the phepplinl W MenGaR Rﬂp‘ﬂ‘?‘%’ ﬁatu?é‘héin PPdoe; Yfrer eas ot her

properties are given in ta e erelin s exanpl e may be
referred toreoe@uepye H@ﬁ!stﬁlaie qf A4614ubl 13%0 g\eéhem@tecwealthemya@@slemt ially

"sopropang) % RpPEITyrR and ARRATH oo Copiimel ' pirfosphierit pRIsSlreto, o,
drying the. 260 p‘épeThQ fwdawchbrvmm cgiglyst (tl‘lfJIILIS@:O@-‘pttﬂed aontmwataresam EEAI\/PLE 7.

A SR T Ay RS DAL S o 1

was prepdr ewasiemoyes todees thanréh remaitingtin tfe eaatiny mixdyreeXnemactibmt it was
B epar o0 o mibelsl ik e s S R ark BB RLRS, L, (pRT oduct wer e
ot Rer propertie

0. 01 % whereas are given 1n ow wherein
t hi s exanpl Eropeytidscofrthé polypbienol product of this example are given in the tables

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

15 EXAMPLE 5 (COMPARATIVE)
PREPARATION.OF PHENOL-GLYOXAL POLYPHENOL AT 102° C AND
REFLUX (103-104° C) WITH ONE ADDITION OF GLYOXAL AND
PHENOLSULFONIC ACID CATALYST
To 576 g (6.12 moles) phenol and 5.76 g {(grams) (1.5% based on
20 phenol) of 65% phenolsulfonic acid at 90° C as catalyst there is added over a
 one hour period 151.4 g of 40% glyoxal in water (1.04 moles). The mole ratio of
_glyoxai to phenol is 0.17. The temperature of the reactlon mixture is permltted
to rise fo reflux (103- 104° C) where it remained for several hours and the ‘
conversion of aldehyde equ;valents was up to about 96% of that charged This
25 is followed by neutralization of the catalyst, cooling to 65° C and washing with
d:stllled water to remove salt. ThIS is followed by atmospheric distillation to 160°
C and then vacuum distillation. at about 176° C to reduce the quant:ty of -
unreacted phenol in the reaction mixture to about 1%. The reaction mixture is -
eventually comminuted, e.g., flaked. -
30 '
EXAMPLE 5A (COMPARATIVE)
The procedure of the above Example 5 was foilowed but the

roduct © and was vacuum'steam Sparged at =~




"30 to as EX7. The test for insolubles was perforned in the sane manner as
in Exanple 6 above. 23 Septenber 2003 WO 01/ 02454 PCTEBSectods6208>
EXAMPLE 8 PREPARATI ON OF POLY GLYCI DYL ETHER RESI N (EPOXY RESIN) A one
liter flask was charged with: 75 g (grams) of the flaked reaction _ . .
product of WCeNeR4546;, 200 g of isopropyl al cohol; and 52, Sparnodoomeser t
forma 5 reaction mixture. The reaction mixture was heated to 55 C. After
10 minutes there was add 388.5 g of epigpl orohydrin. The reaction mxture
was reheated to- 55 C and then 30 g of a.20% sol ution of sodi um hydroxi de

in water wa bl [ e t he 55C
terrperatuye%?ggglﬁgllf%ﬁ@géle “é%o@h%?%gg%@rﬁﬁ gﬂ;ﬁé@hdgﬁ‘ég %fgrpz]%@ggogdded 90 g of
20% sol ut i or@nBydreggmaihameswianioaciderpriovimately 9T¥Heofithaaldebiydeni xt ure was hel d

at 55 C for aRbiehts dfitbed nAP Rl i o FedPlliziibflof ik Afgginutes and then
transferred t'o a Separatory unnel’. The upper clear Br8vh or gani c-'I ayer

(145. 6 g) wdesssntially eenuivalentsopejtiesimaleculardvaighty, décasities| ard %ToRTRE UEOUS

| ayer was: di; I i I econd tine and then
vacuum dfsst ilﬁsﬁgté%? g' Irae gbteér% ée?}lgégEE&i%'g%?%ihq\ggﬁgﬁ%api@ﬁ%qf()%gﬁe%f" dar k
resin of thdakigpwhishAelbvpwbdrein thisf exduaple aythe refdred masdEX5Aesi n. has a

wei ght per epoxy equivalent of 203.1 and 225.8. This conpares with a

wei ght per epoxy equival ent of 210 for EPON 1031. Viscosities and weight
per epoxy equival ent (WPE) of -t he epdMRlESEn- of thi s Exanple 8 as well as

i e | yphenql s 20 shown

el 1t apl FARGE SChI ERRODLETION OF BORARS 1 IDOT ¢OREINSA I Ve e ot
(Ca VPARAIIQ VE) . PREPARRDDONTORN PHEM@%NTEKM?OAEWWFEEEQ IUSI §654AC| Dll _C ) d
SULFONI C ACI D) | X RESIN 25.To , 0 no ) es) and-

Lo 5 o bf Arber 1 yE ATsTGRp e GondersAo il e kit Bvas maiad i o, a

sol d by RohmsuBstkhially@e sameandrerpes Example dEx&ipt har\tawasdfrepamdiads, there

in water (0.64 nol esi.n was chosen

e e G U R Sy o PRk ol o 340
and was vacuum steam sparged at 180° C to reduce phenol below 0.1%. The
15 percent insolubles were 0.04% for the phenol-glyoxal condensation product of
this example whereas other properties are given in tables which follow wherein
this example may be referred to as EX6. The test for insolubles was conducted
by essentially dissolving 15 g (grams) of condensate in 285 mls (milliliters) of
isopropanol, filtering through a No. 42 Whatman filter paper and then drying the
20 paperin an oven at 75° C to 100° C for 30 minutes. |
| EXAMPLE7.
LARGE SCALE PRODUCTION OF PHENOL-GLYOXAL GONIjENSAT!ON
PRODUCT IN THE MANNER OF EXAMPLE 1 |
25
‘ The phenol-glyoxal condensation product of Example 7 was prepared in
the same manner as that of E-xamplé 8, except that it was prepared at a different . -
time. The percent insolubles in the product were 0.01% whereas other
properties are given in tables which follow wherein this example may be referred
30 toas EX7. The test for insolubles was performed in the same manner as in
Example 6 above. |



' 5,012, 016; 5, 146, 006 and 5, 191 128, all to S. Li, mere unavai | abl e _and
this 30 resin appeared to be the closest to such resin. ﬁﬁ%p?@ﬁﬁ%g%Fhre was
mai ntained at 90 C for another 1.5 hours. After such tine 88% of the

al dehyde equival ents charged to the reaction mixture had reacted. Then
there was vROMR4#stilled 42 23 Septenber 2003 WO 01/ 028A4SeX#896500/ 08963
-33:g of distillate. On conpletion of the distillation 95% of the al dehyde
eqU|vaIents charged to the reaction mxture had reacted. Another 93 g of
40% gl yoxal in. water was added over 31 mnutes while the tenperature was
mai ntai ned at 900 C for 1.5 hours. AxamMPEB@h 1.5 hours, 81 % of the

There was vacudiRBPerATaN GorpLyrel BEu ETHER RESHY BRA2P RESRTou of 30
A Lot i Ch L re L S ot w8 (nathe) of *Bﬁﬁﬁkiﬁfﬁa%“?%;” feaction
%xture had qrgrgec‘[tggéxqrﬁg I‘é)gﬁp gr%t‘? "B‘Fyiéﬂ‘?b?gla"tdos%ﬁ@rﬁ Artoferar dot al  of
‘bolt ht gl YFsﬁalreaﬂdjntmi&ﬂﬁe.VY&ibgr%a&ﬂon ﬁaa@bwgés W@sfef f d tdo]5?5°fdt I@wd Oérﬁitnﬁ%'fs"f_l ! ef agd
relative Cl ear I C 0 an neutrall ze 0 0
with 2.8 é dkefﬁd’%%%ﬁf %ﬁéﬁgcﬂf%ﬁifg@ gl reastien At vaS [aheaisd toas
charged to &5 kpaid fheh 3at 2@%'§bltﬂbﬁtdf%b@ihhﬂﬁydrék|&@91 watef Was bBA&d | On

m-xture was then vacuumdistilled to 17 Jenove phenol . During the

Creaction, t Yehilg BRIRPING & deT0BSTEHITS of ﬁ5tﬁeﬂ?%§%t¢ trmperaiuie wasdeld #ai nt ained

. at 15 | ess tdamardothinde¥ Theh MorahiRiRIRA YE@RIsBl i LR Eodiaha quantity
of glyoxal to be charag%yfor maki ng the pol yphenol Yield of product was

263 g. THe hydeaxde iRy Bﬁé@ﬁﬂt'ommﬁé‘ﬁaﬂiﬁ%%@@eg foearg)therfhcaked : '
Properties qfeatémo aBe oy RRERAl f@frsta rﬁln‘(x?é?s Al ﬂqahlt.%ﬁsféfﬂ@efao E%‘eg\‘%&ﬂ_@er ein this

exanple may b referred to as

PHENOL - G_Yomnedzoﬁmﬁaemn mrﬂw@m@pm@ﬁverﬁv\ﬁﬁﬁmmmse@hwumL OXALI C

ACID CATALYSNRATEN ot a5 BNl I AR nd e ST

layer washed a second time and then vacuum distilled to recover excess

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

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

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

(SULFONIC ACID) ION EXCHANGE RESIN -

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

30 resin appeared to be the closest to such resin. The temperature was maintained
at 90° C for another 1.5 hours. After such time 88% of the aldehyde equivalents
charged to the reaction mixture had reacted. Then there was vacuum distilled 42



- 25 ADDI TI ON OF PHENC]_ TO REDUCE THE GLYOXAL/ PHENOL MOLE_RATI O TO Q 17 FOR
SECOND PORTI ON. To 1419 g (15 noles) phenol ‘and 56.5 g @x&ePtermper 4003

di hydrate at 90C there was added over 30 minutes 240 g of 40% gl yoxal in
water (1.655 noles). The tenperature was mai ntained at 90 C for anot her
1.5 hours aibeimesst here 30 was vacuum di still ed 148. 3 g obcriusdoiokdedt € from
the reaction mxture at 90 C over a period of fifty m nutes whereupon
about 62% of the al dehyde equi val ents %Qarged to the reaction m xture had
reacted after such fifty minute period; °>°23 Sept ember 2003 WO 01/ 02454

PCT/ USOQ' 0846 3¢ 3kl Bf Eo%é%tlgn of th%oc?@glhﬁt% @{S%’ dt tﬁ?%@r ngﬁ}% gélf yale Di§S) was

added to the“reaction re over a m nute per
t enper at ure olwgmtmmaurﬁe@oatmmmr@ad oeacted Anotives 93Aboflt0% Styosdl ih he

Thi's s houer SRsRAERR0E st Rl SR Pl Gl R g RS S T
distillate a€ f@01 & houes. P@epwcbﬁf:cﬁbu% 8fttnoftths aldehyde equivhledfts ahargsde
R P S e AL R T p L ST,
all the gl yostistillateati®a’ @ avensaperds 30Fhimuteanitbe &Empaaufre ?ﬂQGRNaSvaﬁHI nt ai ned
o var ent s TR T <O 28 HiRuEs BRET pRER B, 2% bl byl The e
r eact i on .m xequialewts chénged éal theeacioromixiiore dad risadtéd (Wm@barwﬁ) gfdded 214 g- .
of phenol RS AT P DRAR) ool iR Bl MBS, so0s
of the auqehglu:_weeiqu Iseﬁbewﬁdsretalnaélg eldat mqadwesw g)aagdaﬁ%pﬁrem?@gu(l: ?emﬁéilrﬁég?ﬁ ﬁ gdwas'
then heat ed P85 BB b 9E80Th Aouleh BHioKide d S 0 ot goesalian sslioour - af tor
whi ch the bulvks ofiarpbe twh flasisfor atmosptheliy distitatiomto diet C| Taé rexetibe 175 C. The
Peaction" m xPUideaEk YactuznaBhlte 12 e teBavs Bramy Befihgnove and
phenol  r enovredction, mumahyﬂaéqdldaﬁﬁnt@m the rdddliol miXtufe WBRkinAnad xoxal _
bt o v AT TN S SR L
to be charged for making the polyphenol. Yield of product was 263 g. The
resulting polyphenol was then comminuted, é.g‘., flaked. Properties of the
polyphenol are given in tables which follow wherein this example may be
referred to as EX9.
20
' EXAMPLE 10
APREPARATION OF PHENOL—GLYOXAL CONDENSAT!ON PRODUCT WITH
" TWO ADDITIONS OF GLYOXAL, OXALIC ACID CATALYST AND TOTAL
GLYOXAL/PHENOL MOLE RATIO OF 0.22 FOR FIRST PORTION AND
25 ADDITION OF PHENOL TO REDUCE THE GLYOXAL/PHENOL MOLE RATIO
TO 0.17 FOR SECOND PORTION.
To 1419 g (15 moles) phenol and 56 5 g oxalic acid d:hydrate at en° C
there was added over 30 minutes 240 g of 40% glyoxal in water (1.655 moles).
The temperature was maintained at 20° C for another 1.5 hours and then there
30 was vacuum distilled 148.3 g of distillate from the reaction mixture at 90° C over
a period of fifty minutes whereupon about 62% of the aldehyde equivalents
charged to the reaction mixture had reacted after such fifty minute period.



"ratio of glyoxal to phenol is referred to in the tables ag EXlng 17 During
the reaction, for both EX10.17 and EXI 0.22, the al dehy@eSBRGMPEI 6% in
the reaction mxture were maintained at |ess than about 70% of the al dehyde
25 equivalents in the total quantity of glyoxal to be. charged for making
the phenol -WQ%8%5t condensation. product. Properties of 1 HETAEMMAEN0l s are
given in tables "which follow The polyphenol of EX10.17 and that of '
EX10. 12 were further heated at 1900 C fzy one hour under full vacuum
Properties of these products are shown in the follow ng tables wherein the
heat ed sanplAnotifer B40@. df #0% glyOxaiéd emterd(1t865as0kX Wad atded e theabadionEX10. 22

is referred _ta as 2H 1t _ca e.seen fromthe. tables that the
heat ed sanpr'%e”gtu&%‘%'gija%we BB‘E'?CQ‘QPP%P‘&S‘SWFB@E"GFW&%@& F%%Q&S f(t’;)OS WO
CONDENSAT] O PRODUCT. W TH Ve A T RS, Ch (L VOA NEA Brer NOLE
RATI O OF 0. Wm%grﬁaﬂﬁg%\ggﬁﬁg RT3 AL T VRIS SERE e TABTIS v T ERI AL

? !-Nh:?EI\/G\/Atzgm dild isﬂlategglt%(g cgo\ge?.aﬁﬂir}l?alcﬁa)s rﬁitﬂ.afégl. Aﬂéﬂs&feﬁiﬂé rainuéle5 t-90 c
ri chl oroaceti.c, aci on e i 0 enol charged) a

there was afgued 86%&%‘»%oﬁ@\ﬁlﬁ?@ygg_eguaa%4%%r%¢c£@%gp regrtion ”H%{U&) in
water. The hedpesciédir EhavirmlaraiidbaipeadI fophehobfdrens fota e afBruglyS&io of |
al.dehyde equi,val ent's Baﬁ é’ﬁagéed 1 afh?é"émh 1.5 hours. Subsequently,
there was végé'ﬁ?ﬁ’%ﬁ"?? 4% "B 2EDPgaBITe of PRt & wasBaintaiiRg e arethgE P on ni xture
. at 190, C ovehod®. Aitaréh. 5 Abdrgterid Sbbld 81% ORthd A@chy@ledfindfRsithatgbent s- .
react ed (0 rted% was % of that charged and residual water content of

conv . .70 g I daua AL !
the reactd off iieXEartoNBXIES Haf raaated. ahbrmiie reactipngmisturg wors divigeskiato (0. 64
mol es for awy@trl or_féhélf(?@ﬂﬁ?k)@%)adﬂ@a 29depst eI tBaddﬁus@plyBQé{fph\éﬂbl' e 15 the
tenperature was nmaintained Tor 1.5 hours. The total nol'e ratio of glyoxal
to phenol - MPY FAtE ta PalfpiTBeaactionmixturg with agded Phenaliwes hasérst ate®dof

al dehyde eeyivahgiiswHEhaiR08d%R of (e d18a%deluilialdis Sndigél ILmet ed.
- Subsequent I¥ there was vacuumdistilled 81.6 g of distillate at 90 C over
25 ni nut es. Tegctigp middre had reacted. Percent water in the Teaction mixture was 4.9%.

15 The reaction mixture was then heated to 160° C over 25 minutes and held at

160° C for one hour, after which the bulk of phenol was removed by vacuum
distitlation to 175° C. The product was then discharged from the flask. The
remaining one-half of reaction mixture without added phenol was heated o 160°
C as above and phenol removed by vacuum distillation to 175° C. The phenol- ‘
20 glyoxal condensation product made with the 0.22 mole ratio of glyoxal to pheno!
" is referred to in t_h'_e tables as EX10.22 whereas that made with the 0.17 mole
ratio of glyoxal to phenol is referred to in the tables as EX10.17 Duri'ng' the
“reaction, for both EX10.17 and EX10.22, the aldehyde equivalents in the
reaction mixture were rﬁaintained at less than about 70% of the aldeﬁyde
25 equivalents in the total quantity of glyoxal to be charged for making the phenol-
g!yoxzil condensation product. Properties of the polyphenols are given in tables
which follow. The polyphenol Q_f EX10.17 and that of EX10.12 were further
heated at 190° C for one hour under full \Jacuum. F’rdpertie.s of these producté
are shown in the following tables wherein the heated sample of EX10.17 is
30 referred to as EX10.17H and that of EX10.22 is referred to as EX10.22H. It can
be
seen from the tables that the heated samples show improved optical properties.



distillation, the al dehyde equival ents converted was 7243 gf th arged
and the. 20 residual water in the reaction mixture was gptem 8" _
tenperature was nmintained at 90 C for another 1.5 hours and about 88% of
t he al dehyde equival ents charged had reacted after such 1.5 hour peri od.
One hal f howodiatess .1.0 g of pyridine was added. At suchciiugeo&8sioer cent
.of -al dehyde equi val ents - whi ch had been charged to the reaction.m xture had
reacted. The tenperature 25 was raised % 125 C over one half hour and held
at this tenperature for 70 mnutes and Turther raised to 160 C for 1.5
hours and held at this tenperature éx% ;ﬂ?é I nutes to conplete
deconposition of acid. The phenol condensati on product was further
heated at 1RREPABATIN Qﬁ)BﬁENIQieGLYONAL CANDENSATIOMPBRODLIC BRHAT B phenol

d o I
o erron 't o W Aerond 8 K e aRRL RO ML KN EA OF 0377 e
al dehyde eqiWVUidi ERi@*LQROﬁ@EBGd’tGIBrCM&DﬁS'EAm USERORBASIEMATERSRS t han

about - 70% ofjy %?m@ qU| valents in the total r. 23 Septenber 2003 WO
01/ 02454 PCT/U gquantity of glyoxal to be charged for making

t he phenol - gl yoxdb T@Grﬁj@ﬁs& n’mies)phedmlcand E@Wﬁcﬂﬁidraaééﬂa‘dﬁfmm%lf) S
GLYOXAL, OV CILERREENCP B I GRe) & 70 (IS MaT RIS MERTC D
CATALYST W TiHiauies 9365 OB 809%I|gf/oxuUER mbles NnRENENAThdterfidratufd@adr ocedur e of
- Euamle 1L oMok SUP T SRAERRInd DRl sboOhte R Sl it okl ot o 0%
125 C and relftex/alcmf 5thioarsc sBusgquientintherdwwas vaelurh emmﬁcaszuz@ ofaf ter renoval
heating 1o DRI o fedeRibnfutise ot b0 G LRt MM iey er MRBRals o | <
al so ref err alifehgdé rquibalehizbbacted tcor¥dded) WusTARL bf {ha@bﬂﬁﬁgd’ BRli4édied OF SOVE
' PHENCL- G—Y%“‘rer gﬁéﬂt—lo% reaction mixture was about 3.5% Another 92.9 g of 40%
glyoxal (0.64 moles for a total of 1.28 moles) was added over half an hour while
15 the temperature was maintained for 1.5 hours. The total mole ratio of glyoxal to
phenol in this example was 0.17. After such heating about 62% of aldehyde
equivalents charged to the reaction mixture héd reacted. Subsequently there
was vacuum distilled 81.6 g of distillate at 90° C over 25 minutes. After the
distillation, the aldehyde equivalents converted was 72% of that.charged and the .
20 residual water in the reaction mixture was 3. 5% The température was
' maintained at 80° C for another 1.5 hours and about 88% of the aldehyde
equwalents 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 equuvaler’lts |
which had been charged to the reaction mixture had reacted. The temperature
25 was rglsed to 125° C over one half hour and held at this temperature for 70
minuteé and further raised to 1!30'J C for 1‘.5 hours and held at this temperature
fof 23 minutes to complete decomposition of acid. The phenoi-glyoxal
condensation- product was further heated at 190° C for one hour under full
vacuum fo remove unreacted phenol and prepare the phenol-glyoxal
30 condensation product which is also referred to as EX11 in the following tables.
During the reaction, the aldehyde equivalents in the reaction mixture
were maintained at less than aboi_it 70% of the aldehyde equivalents in the total

-



© 20 25 EXMbl Wyt Phenol, TPE, %/ scosity I\Nv/l\/h%:ps(l?SOC)zéLéM{ % 0, {%54 15480
2464/ 347 0.295. 10510 (465/362) (") 3-468/3512.058. 53300* eptem

4572/ 387. 3. 4613. 21900* 5A538/3761. 1310. 1891 6494/ 3530. 041. 73530

7508/ 358. 0. 042. 74670 947513560. 1910. 422, 400 10. 1748513483. 805..5350*

10. 17HA961390W/00468. 791088 10.22. 518/ 3643. 885. 60400* . PCT/US00/08963

-10. 22H528/ 366<0. 054. 83. 1700 11, 23 Septenber 2003 WO 01/ 02454 37

PCT/ US00108963 11518/ 3630. 3 4. 852040 1265213570. 30 1. 02> 9,000 (a) val ue
before catal yst was renoved. 5 * These exanpl es have a hi gh phenol content

whi ch depr e%ﬁ@ﬁtlt&!'ﬁ#gl{xbﬁ&% bk ¥hatdedF8FmaRin ‘i‘ﬁé‘pﬁér@?‘gﬁ@&al%%@n Japhe 1 that

Exanples 1, 6 7 gave the |owest perc nt age even ough Exanpl es
1- 3 used thé’r%%?é catalyst and the sane nole ratio of reactants: The
conventional catalysts such as HCl 10 (EX4) , suI foni c _a_cj d ( E_)_(__§_A_‘and 9 g_i_r\r/{e_ _

very high level's of TPE and even .oxalic
_ EXAMPLE 12 (COMPARATIVE)

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

_ The procedure of Example 11 was folloved except that: a basic matenal
10 e.g., pyridine, was not added fo the r’eact|on mixture prior to raising the
| temperature to 125° C and removal of the catalyst; and the final temperature
after removal of phenol was 175° C. Processing of this example was
discontinued upon heating to 175° C because the viscosity was unduly high.
This example is also referred to in the tables as EX12.
15 TABLE 1
CHARACTERIZATION OF SOME PHENOL-GLYOXAL POLYPHENOLS

EX Mol Wgt Phenol, TPE,% Viscosity

Mw/Mn % cps(175°C)

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

' (465/362)® '

20 |3 | 46851 2.05 8.53 .| 300"
4 572/387. | 3.46 1321 | 900
5A 538/376 113 10.1 891
6 laoasss - |o.04 173 530
-z |sosmss looa  |274  |er0
25 |9 | 4751356 0.19 1042 | 2,400
10.17 485/348 3.80 5.5 350*
10.17H | 496/357 <0.05 5.79 1088
1022 | 518/364 3.88 560 | 400

10.22H | 528/366 <0.05 4.83 1700

r



~aci d when.not used with increnental addltlons of gl yoxal nd renoval_ of '
distillates also gave a high value of TPE (EX3). The po%?tgl PRIGTPRFUS 190 C
in Exanples 10.17H and 10.22H show no significant effect on nolecular

wei ght or free TPE but decreased in free phenol content and increased in
viscosity. WOONBBEE 2 FLUORESCENCE DATA OBTAI NED OF 0. 05 %PEDILISw/ @850 THE
_POLYPHENOL OR EPOXI DI ZED POLYPHENQOL | N TETRAHYDROFURAN ~ ( THF) - AT

ACQUI SI TTON TI ME OF ONE- SECOND AND AT AN EXCI TATI ON 20 WAVELENGTH OF 442
NM 25 Exanpl e or Product Maxi num I ntensity Wavel engt h Count sMaxi mum nm
111232526 5 6516532 11502538 710535532 EPON 10311 8403528—F 1031 (CAS
No.: 7328-9%U a L8R8 nal  ddhdai ni ng 4 2040yl ethdr 30 of
tetrakls (h ' 0Co. cf Emeryville,
CA. 23 Sep = SEBL02 2 e seen from
Tabl e 2 above ‘that Exarrpl es 1, 6 and 7 whrch are phenol-gl'yoxal"

condensatloﬁ’\mlmibetb&a cdtalyi Was Reledon had a {1 uor escence whi ch Wasd |

~about - 70‘V er than | e 5A whi ch was prepared with sul fonic aci

cat al yst PEF et‘%ﬂé’ﬁgxgng?@ highoaenah cqnisroshigh daeressemithetvisoositow. TABLE 3

FLUO?ESCENCE CF 0.05% SO_UTI ON OF EPOXI DI ZED POLYPHENOL I N THE AT
ON, WAV 42 NM ‘

EXCITATI Ellfcarcl;ge seen from the above Tabie 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 -
- 10 - (EX4), sulfonic aCId (EX5A and 9 give very high levels of TPE and even oxalic
| acid when not used with incremental additions of glyoxal and removal of
distillates also gave a high value of TPE (EX3). The post heating at 190° C in
Examples 10.17H and 10.22H show no significant effect on molecular weight or
free TPE but decreased in free phenol content and increased in viscosity.
15
TABLE 2
FLUORESCENCE DATA OBTAINED OF 0.05% SOLUTION OF THE
POLYPHENOL OR EPOXIDIZED POLYPHENOL IN TETRAHYDROFURAN
(THF) AT ACQUISITION TIME OF ONE SECOND AND AT AN EXCITATION
20 WAVELENGTH OF 442 NM

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

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



- AND ACQUISITION TIME OF 1rO0 SECOND 10 Materi al Maxi mum Ié}}bg Si ength '
Maxi rum nm.Counts EPON 10319640527 EX 814, 600535 15 It FP'EE rom

t he above Table 3 that the product of Exanple 8, nanely the epOXI di zed
product of Exanple 6, shows about 50% nore fl.uorescence than the

commer ci al Prood@esss EPON 1031. ' TABLE 4 20, FLUORESCENCE. DAYA/G¥80/6d9biED OF
0. 05% SOLUTI ON OF THE POLYPHENOL | N TETRAHYDROFURAN. ( THF) AT ACQUI SI TI ON
TIME OF ONE SECOND AND AT AN EXCI TATIZ@N WAVELENGTH OF 442 NMWTH THE
DATA OF THI' S TABLE 4 BEI NG OBTAI NED ON A DI FFERENT DATE FROM THAT OF
TABLES 2 AND 3t 2 HePSiehiHdrATiaBIR 2 aboVdkafERANALE HeBGhA 7ENRIR M . % OF The
| ntensity, CountsMaxi num Pol henol nm 10. 050016640530 10. 050016300531 '
20. 050313 FhepckoipuRttardgnsaligrrodrelsmof fis inventioihads drokseentaovhieh 02454

PCT/ U50019§a%§§b9%[9.75%1t99herth_an Example 5A which was prepared with sulfonic acid
catalyst. Similar results are shown in Tables 3 and 4 which follow.

TABLE 3
FLUORESCENCE OF 0.05% SOLUTION OF EPOXIDIZED
- POLYPHENOL iN THF AT EXCITATION.-WAVELENGTH OF 442 NM -

AND - ACQUISITION TIME OF 1:0 SECOND
10 A
Material Maximum Intensity Wavelength Maximum, nm
Counts '
EPON 1031 | 9640 527
EX8 14,600 535
15 It can be seen from the above Table 3 that the product of Example 8,

namely the epoxidized product of Example 6, shows about 50% more
fluorescence than the commercial product EPON 1031.

TABLE 4
20. FLUORESCENCE DATA OBTAINED OF 0. 05% SOLUTION OF THE -
POLYPHENOL IN TETRAHYDROFURAN (THF) AT ACQUISITION TIME OF
| ONE SECOND AND AT AN EXCITATION WAVELENGTH OF 442 NM WITH
THE DATA OF THIS TABLE 4 BEING OBTAINED ON A DIFFERENT DATE
FROM THAT OF TABLES 2 AND 3.

25 || Example | Concentration .. | Maximum Wavelength
| ‘wt.% Of The Inten'sity, Counts Méximum
Polyphenol : nm
1 0.0500 16640 530
1 0.0500 16300 531
2 10,0503 {13850 530

SUBSTITUTE SHEET (RULE 26)



© 20. 050313510529 30. 050012860536 -30. 050012640532 4 - 0. 8%

40. 049013850525 5A0. 0509920535 5A0. 0509620534. . .
3*0. 05015130530 3*0.05015280527 5A*O0. 05035010530 * The val ues for these are
It can be seen from

Tabl e 4 abowe,sipdfasd Exanple 1 has a fluorescence 15 whi ch scngelodoanti al |y

of the reaction m xture before renoval

hi gher t'han the ot her exanples,

of catal yst.

2*0.

1396 523
ePigyREEAP3

I ncl udi ng- Exanples 2 and 3 'which used the

20 25 30 Table 5 ULTRA®

arpl-e—20--4700. 258 Exanpl e

Exanpl e
365. 0. 216

sanme catalyst in the sane nole ratio o 3[ react ants.
VI OLET (UV) ABSORBANCE DATA IN DI LUTE 9I'ETRAHYDRO°URAN (10 M&11. 00 M)
Mat er i al Ar—350—+mAt—T365— H-Ean 6—30—5440—300—F
30. 5000. 272 Exanpl e |FA05@H70. 220 ER* 3 QEXanpl e 5/ (5,2@900 168
60. 5150. 288 Exanpl e |80, 4000. 223 Exam ] e 90.2660. T4 EXT0. I/0
5 iiBs m (B 3HEET (Y860 12860 536
s Jo.0s00 | 12640 5s2
4 -1:0.0500 13960 523
5 {4 0.0480 13850 525
5A 0.050 8920 535
5A 0.050 9620 530
2> 0.0498 6940 - 540
3* 0.0501 5130 530
10 |13 0.0501 5280 527
5A* 0.0503 5010 530

* The values for these are of the reaction mixture before removal of catalyst.

15

It can be seen from Table 4 above, that Example 1 has a fluorescence

which used the same catalyst in the same mole ratio of reactants.

Table 5

ULTRA VIOLET (UV) ABSORBANCE DATA IN

20 DILUTE TETRAHYDROFURAN.(10 MG/100 ML)
Material h At 350 nm At 365 nm
Example 1 0.544 0.300
Example 2 0.470 0.258
Example 3 0.500 - 0.270

25 | Example 5A - 0.367 0.220
EP* of Example 5A 0.290 0.168
Example 6 0.515 0.288
Example 8 0.400 0.223
Example 9 0.266 0.134

30 | EX10.17 0.385 0.216

SUBSTITUTE SHEET (RULE 26)

which is substantially higher than the other examples, including Examples 2 and 3



23 Septenber 2003 WO 01/ 02454 40 5 *Epoxy PCT/ US0OI 08962}9§>< ﬁ?HO 4160 224
EX10. 220. 4180. 239 EX10; 22H0. 4700. 258 EX110. 728, 0. 7390 eptgmpgy2003 ,
EX120. 4650. 317 EPON 10310. 2730. 161 Pure TPEO.000.0.000 10 It can be seen
fromthe above Table 5 that Exanple 1 and Exanple 11 afford the highest
absor bance avo bik2is4350 and 365 nm All of the oxalic acid pedtgdowi®s
products gave hi gher absorbance as conpared to the sul fonic aci-d catalyzed"
products of Exanples 5A-and 9. All other things being equal, the greater
‘concentrations of TPE provi de Iovver opt4i0cal properties. Also, it should be
15 not ed t lfat—FPE—shows—ro—gbsorbance—urder—the—+est—eordi-ti ons. It can

al so be sddeXtthtZHt he phenqlG.416§oxal condengapion product g of Exanple 10
and Exanpl &Mw&jeat d at 190 Cior_one hour, ngnely EX10.17H,
EX10. 22H, (IESAMH: | Q418 petter nnf.QRBQnrnnprrlps as conpared to

the productl EXorf.epe such heatg ygn nanely E)<1@2 o, EX10.22, |land EM-1.
Addi tional §y, Tt Ccan 20 be geen thatthe € of Exanple 1,
nanmel y Exa 1 lich was [d.728 R.Fa®ed, - o895 §@O08i cant lfy hi gher -

absor bance|t the conmer ci oduct EP 1 and the dl ycidyl ated

pr oduct njgf ‘ He—SA—AHHRY ;ﬂgié){ re—pF cduc%% showed hi gh
absor bance | \EPONSIO3t S Vi SCO0P.238 was undul y dikgh, nanely, jover 9000 cps at
175 C as shown Tabl e 1 alhove,  and ThuS 225 unacceptable. | TABLE 6

VI SCOSI TI E Pip Ty : _&95&0 EQUI VAL ENTID-080F) o Ma.[_e_llll al Mi MhVi scosi -
., cpsWPE *Epoxy . ‘ - \

10 It can be s"e'en from the above Table 5 that Examble 1 and Example 11
afford the highest absorbance at both 350 and 365 nm. All of the oxalic acid
catalyzed products gave higher absorbance as éompared to the sulfonic acid
catalyzed products of Examples 5A and 9. All other things being equal, the
greater concentrations of TPE provide lower optical properties. Also, it should be

15 noted that TPE shows no absorbance under the test conditions. It can also-be
seen that the phenol-glyoxal condensation products of Example 10 and Example
11 which were heated at 190° C for one hour, namely EX10.17H, EX10.22H,
EX11.17H and EX11 had better optical properties as compared to the product
before such heating, namely EX10.17, EX10.22, and EX11. AdditiOnain, it can

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

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

25 unaccéptable.

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

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

| 997 (125°C)
172 (150° C)

sUBsmUTE SHEET (RULE 26)




" EP ON 1031895139514880 (100 C)216 997 (125 C 172 150 C SUBSTTI UTE SHEET
(RULE 26) 23 Septenmber 2003 WO 01/ 02454 41 PCT/ US00/ 08993

of 576/ 34812210 (100 C) 1580214 Exanple 6(125 C) 440 (1500 C) Epoxy of
Exanpl 767137411580 (1000 C) 821233 5A(125 C) 142 (1500 11.C 5 TABLE 7
FLUORESCENCROHIMSAED OF PROOUCTS' | N 0. 05% SOLUTI ON - | N THFCT/USPI/BS26) TATI ON
-WAVELENGTHS OF 442 NM BUT AT ACQUI SITION TIME OF ONE-HALF OF A  SECOND. 10
15 Counts at Maxi mum Wavel engt h Produgt of | nt ensi Maxi num nm EX619, 960531
EX1117, 390532 EX10. 2219, 040530 EX10. 22H19, 940530 EX10.17H20, 120530 TABLE 8

SOL DENSATI Ol 2 7%
att gﬁ:o'lt_:agY\]}Mg: ﬁl’l 0ouSs %E%C 3?—?89(?‘0&0 %I()Hét@ﬁsgr 32‘? /Aaf:? ggjkyvgls 7/ 8

i nches in
solid, war

6d| amet gr was chazpdywmidh HQoy pach of acetghe and
qred W|th VI gor oys agit af |C(gn and then aI I omed to |

Epoxy of Example | 767/374 | 11580 (100° C) 821 233
5A - | (125°C) 142 (150°
9]

, , - TABLE7:
FLUORESCENCE OBTAINED OF PRODUCTS IN 0.05% SOLUTION.IN THF"

- AT EXCITATION WAVELENGTHS OF 442 NM BUT AT ACQUISITION TIME

10

15

20

25

30

OF ONE-HALF OF A SECOND.

Counts at Maximum Wavelength

Product of Intensity Maximum nm

EX6 19,960 531

EX11 17,390 532

EX10.22 19,040 530

EX10.22H 19,940 530

EX10.17H - 20,120 530
TABLE 8

'SOLUBILITY OF CONDENSATION PRODUCTS N
' ‘ Solubmty at 50% acetone was attempted with-the various phenol-glyoxa!
condensates. A large vial 7/8 inches in internal diameter was charged with 10 g
each of acetone and solid, warmed with vigorous agitation and then allowed to
settle for 10 days at room temperature. The total height of the mixes was 1.75
inches. The clear supematant layer was measured and is reported beiow in
millimeters (mm). Lower values-are mdlcatlve of lower solubility.

‘Material Clear Liguor, mm
EX1 7 32
EX2 28

EX4 - 8

SUBSTITUTE SHEET (RULE 26)



- settle for 10 days at roomtenperature. The total heig f .th | Xes was
1.75 inches. The clear supernatant |ayer was neasured%n%eﬁtgmg%r%?’ed
belowin 25 mllimeters (mm. Lower values -are ,indicative of |ower
solubility. Material Cear Liquor, mm EX1 32 EX2 28 30 EX4 8 SUBSTI TUTE
Sl -1 EEf (ROVRWB¥5H3 Sept enber 2003 WO 01/ 02454 PCTI USOQ FE3EF0UBE Ex5A23
~EX10. 1717 EX10. 2222 EX641 EX97 EX1124 Several rmaterials were checked for
50% sol ubil'ity in nethyl ethyl ketone.4Xhe product of Exanples 1-3'and 11
remai ned conpletely soluble at roor tenperature after standing 10 days.
Product from Ex&¥dPfe 5A deposited sone. .10 product after3standi ng 3 days
15 20 25 30 TA% TAL | ON CONTENTS OF POLYPHENCOLS & 5§O\I 1031 '
Met al EPON | onEX gE 7EX5A* 1031 NaO. 0030. 0010. 0020. 0170.0

Ca0. 0020. 0010. 0EXEG.2Z1010. 001 Fe<0. 001<0. 0010. 001<0. 001<0. 21

EX6 Y
5 EX9 | | 7
EX11 24

Several materials v\}ere‘checked for 50% solubility in methyl ethyl ketone. Thle
product of Examp!es 1-3'and 11 remained completely soluble at room L B
temperature after standing 10 days. Product from Exampie 5A depositedsome . . > . | |
10 product after standing 3 days. R -

TABLE 9
METAL ION CONTENTS OF POLYPHENOLS & EPON 1031
Metal EPON
lon. EX1 EX6 EX7 EX5A* 1031
15 Na 0.003 0.001 0.002 0.017 0.028
Ca 0.002 0.001 0.001 <0.001 0.001
Fe <0.001 <0.001 0.001 <0.001 <0.001
K 0.008 <0.0041 <0.001 - <0.001 0.C01
*This is product of EX5A on large scale equipment
20 '
‘ EXAMPLE 13
' : " PREPARATION OF PREPREGS AND LAMINATES
' Prepregs and laminates were made from the following resinous matrix
formulation. ' -
25 Material Percent by weight
1. Brominated epoxy resin (EPON 1124 , ‘ 60.0.
A80 of Shell Chemical) o , -
2. Phenol-glyoxal condensate (PGC) ' 3.0:
3. Phenol novolac curing agent 14.4
30 (Durite 8D1711 of Borden Chemical)
4. Acetone | 15.05

5. Methyl ethyi ketone 7.45



- KO. 008<0. 001<0. 001<0. 0010. 001 *This is product of EX5A I
equi prent EXAMPLE 13 PREPARATI ON OF PREPREGS AND LAM %g%o and

| am nates were nade fromthe foll ow ng resinous nmatrix forrrul ation.

Mat eri al Percent by weight 1. Brom nated epoxy resin (EPON 112460.0. A80 of
Shel | Cheni ¢¥?91403359 2. Phenol - gl yoxal condensate (PGC) 3, FemHsloosasyol ac
.curing agent14.4 (Durite SD1711 of Borden Chemical) 15.05 4. Acetone 5.

Met hyl ethyl ketone7.45 23 Septenber 2093 WD 01/ 02454 PCT/ USQ0/ 08963 43 6.
2-methyl imdazole 0.2 Two solutions of 2,000 cps viscosity (25 C were
made wher ei 1§, tavethyl ﬁﬁiaﬁgﬂ@nt PGC s were used. The PGC s (ghenol - gl yoxal
condensates) were the 5 epoxides (glycidylated derivatives) of Exanple 6
and Exampl e 5A as shown in the Exanpl es herei nabove. The epoxy of Exanple
(Ex) 6 was made wwotsmmuon%pg@se Bk vﬁéaﬁw(QsBoa}%ré%o%mwemfmﬁxaml e 5A

was nede by substant i dure. "The 'two nmaterials are

characteri z @éff%@l‘ttfv@?ﬁ "1%§t”5§§AThelB$@s‘9( (phspolegpoxal spndgneaigss wees the, cpsWPE
Ex. 6576/ 5'34%]93%11% iGitidvi#ed 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 made by substantially
_ the same procedure. The two materials are characterized beiow in Test 13A.

’ 4

10 Test 13A

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

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

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

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

Iamlnates was about 60% by weight.

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



- Ex. 5A767137411580(100 C)233-15 Two-ply 11.5 inch squar%l am n tei f 7-8
"mls thickness were made via a hand dip process using PEP & %‘?%ss‘(an
E-glass) with a BGF 643 finish. Cure conditions were typical for neeting
the National Electrical Manufacturers' Association (NEVA) FR4
specificatiwopnossely, 1.5 mnutes at 325-350 C in an oveagrHusnbide
prepreg.”  The prepreg was then cool ed to roomtenperature and 20 .heated over
45 minutes to 350 F, and then held at this tenperature for about 30 '
m nut es before cooling to-roomtenperature. The resin content for the
| am nat es was about 60% by weight. T S{[%’g nates were then cut into 4 inch
squares and inspected with 25 nodern automatic optical inspection (AQ)
equi pnent. I n the case of ultravi ol Etioresbgmebance, theDyranmioWamgeequi prent

can be used; = P 'S HP 0, Teradyne’ and Orbitech's
VT -8000. -ThE (bl AL f?‘rgqgggrescence ar-es'!qs%g%vg'grv-eﬂ“ Test 13B. "7 "7

bel ow wherein the tests were carried out in duplicate or triplicate. 30
23 Sept egbef,,2 - 01/ 02454 44 Te 3B PCTI USOQO 08 Epoxy PGC in

For mul at ggnEf(ug(r%égggnce Dynam ¢ Rangéez'%ntensi Noi se Le%ﬁ ....... . BEX. 6
epoxy192.22.0 194.72.0 EX 5A epoxyl8D781.6 125.41.5 138.5' 1.8 10 The data
in Test 13B-gbpye show that the for tion using the oxy of Exanple 6
shows 48%AhF§h§ e15.“f"’fﬂ5rescence_ t han ﬁﬂegforrml ation usiﬁg t he epoxy of

Exanpl e 5A.- 125.4 .. . 1.5
R 13556 1.8
10 The data in Test 13B above show that the formulation using the epoxy of

Example 6 shows 48% higher flucrescence than the formulation using the epoicy
of Example BA. '
Repiacement of the epoxy of EX. 6 by unepoxidized material, i.e., the
phenol-glyoxal condensation product of Example 6 in the laminating formulation
15 in comparison with the phenol-glyoxal condensate of example 5A with the use of
A0l as discussed above showed that the phenol-giyoxal condensate of
Example 6 increased the fluorescence over that obtained with Example 5A by
about 50% to 70% and provided clearer images to the CCD (charged couple
‘device) cameras of the AOI equipment. The brominated epoxy for the above
20 formulation can be partially or completely replaced by a bisphenol-A epoxy resin
~with comparable epoxy equivalent to obtain simiiar resuits. o
, "~ The formulation of Example 13 is a pfeferred formulation. Howévef, the
brominated epoxy resin can vary from about 40% to 80% by wéight of ihel :
formulation, and such resin can be substituted with a different halogen such as
25 chlorine. Also, the epoxy resin need not be halogenated but if fire retardency is
desired, such retardency can be obtained by the addition of a conventional fire
reiérdant. The phenol-glyoxal-condensate cén vary in quantity from about 1% or - -
2% to about 15% and be substituted entirely or partially with an equal quantity of
a phenol-glyoxal residue. The quantity of phenol novolac curing agent can vary
30 from about 7% to about 35% and the quantity of soivent system can vary from
about 10 to 35%, all percentages or parts being by weight.



- Repl acenent of the epoxy of EX. 6 by unepoxidized materjal, i.e., the
phenol - gl yoxal condensation product of Exanple 6 in t he?d SFRARPEREP0S o
formulation 15 in conparison with the phenol -gl yoxal condensate of exanple
S5A with the use of AO as discussed above showed that the phenol - gl yoxal
condensat e &foosedpPl € 6 increased the fluorescence over tgadufbbdsined with
- Exanpl e '5A by about 50%to 70% and provided clearer inmages to the CCD '
(charged couple device) caneras of the AA equipnent. The brom nated epoxy
for the above 20 fornul ation can be par4[ ally or conpletely replaced by a
bi sphenol - A epoxy resin with conpar ?))(I %l ?eel)m;y equivalent to obtain simlar
results. The formul ation of Exanpl TP preferred fornul ation. '
However, t he FLRGQRESGENGEfNALYBESINCOMPARISON VAMHAORIDINECORANSE 0 by

wei ght of t%ﬁ ormul ati on, and such resin can be substituted with a

di fferent hal'ogen such as 25 chlorine: Al so, the epoxy resin need .not be" -
h_zgl ogengt gd bﬁt inftgfsiexampmf,aﬂl(ieactya were dﬂl{ebgeﬂdJsir@@.DSNﬂI%rMIﬁWs@&n be
obt ai ne y.the addition a _conventiona ire ardant ... The '
henol - o1% ot Sadhiie it s Pes bRIS A aP e Gt RaR T BBS Fogts werss ¢ o
a?out lﬁ'% alpcb;ilaeecsbl)lbﬁshﬁl_uiggdheeg}mlidseh PheD_rneWS"sTfahaﬁMbuifﬁ dfm-ﬂ’lﬂtoeglw{h_equant ity
of a phenol - xal residu e quantift, eno ol ac curi ng agent
can vary SOd?gB%ﬁo HSaptratgny ghﬁﬁgﬁﬁgﬁfg&%‘h# M%gﬁq neh (igdlt syst em
can vary fr o offiNauk?. (W) 88i%tiorald.7 P BMG WALFOsared bp Aibtind2s SigyudYoiei ght . - ..
- 23 - Sept enber 2003 1/02454 45 PCT/ U 08963 Exanpl e 14 FLUORESCENCE -
CANALYSI S | NAGeRsiedes\selptian dhe ByRen - Gonegnirafignpfdhestapdad o1 -
spect ra jer Wa@@bhﬁﬁﬂb%ﬁd?&n%e%ogrﬁ??pm H0DG egliipment WEs saBl es in

- spectroscopi c 9r ade tetrahydrof ur_analg _ The solutions were prepared by

di ssol vi ng PrYIEA4ZRaNgMeRESXHREQ AR MeaBuremests wepe takenyUsied O desired
concent r at i @gconbiieqsistiRAaiie, Aratid 1 résetmapetasats(diithe hehsiepEneal Co. of

M | waukee. W?_l solution (0.78 pM was=_prepared by diluting an aliquot of
: . with flucrescence intensity reported in Counts per secénd as well as'a

percentage of the intensity of the standard at respective Wavelength.
15
_ Table 14
RESULTS OF FLUORESCENCE ANALYSIS IN THE USING CM 1000
in this table, the excitation wavelength was 442 nm; acquisition time was
0.5 seconds and Concentration was 0.05 wt %.

20 | Sample ~ Filuorescence | Intensity Intensity Relative to
. Maximum, nm | Counts/s Acridine Orange
' Base Standard, %
Acridine Orange 528 ‘ 24000 N 3
Base 0.78 uM (maximurm) 23800
(0.2mg/L) In 524 24000
Methanol  |530 23800
532~ {23400
535
25 | Condensate of Ex 532 24000 100
5A
Condensate of Ex68 | 532 40600 170



a concentrated solution of the dye in nmethanol. Concent r%%?o he
standard 10 . was confirmed by absorption spectroscopy. Rig ééﬁﬁ%ment
was set to provide 442-nanoneter excitation and neasurenents were taken
using 0.5 second acquisition tinme. Table 14 presents the results of the
measurenents wth fluorescence intensity reported in Counts per second as
.well. as 'a percentage of the intensity of the standard at respective

wavel ength.” 15 Tabl e 14 RESULTS OF FLUORESCENCE ANALYSI S I N THE USI NG CM
1000 In this table, the excitation wavel ength was 442 nm acquisition tine
was 0.5 seconds and Concentration was #5605 wt % 20 25

Sanpl eFl uorescencel ntensitylntensity Relative to Maxi mum ‘
nmCount s/ sA M Orange. Base Standard, Acridine O ange52824000 Base 0. 78
pM maxi num WO 2nmgl L) i n52424000 Met hanol 53023800 53223400 535
Condensat e of "'Ex53224000100 5A Condensat e of Ex 653240600170 a. 23

Sept enber 2Q03 4G Fedin sé[écﬁlpﬁhymrtﬁé fb@aicﬂl%tsﬂﬁg bFqR) & h@acﬂ:bﬁw

consi sting of cli ut to 8 arts
pol yepoxi de pf%d'%géﬁa%%tﬁ% t8fé)%arbsg? %ﬁ’o’% € & © aeﬁ @%}pépf Wner ein
t he pol yphembendizandaglyesal wieraih ghe laddymhemhbas o uﬁta\ndlm'soﬂ)am@e ofitat 365 nm
and/or at | eastoQe60d 385 PP End/or alds( B 100 %t 956 AnPhnk %)n‘lﬂd’ifbs of (a) with
a glyc;dylated polyphenol of a phenol and glyoxal wherein the polyphenol prior to
glycidylation has an ultraviolet absorbapce of at least 0.260 at 365 nm and/or at
least 0.400 at 350 nm; wherein the polyphenol is prepared by reacting glyoxal
with a molar excess of a.phenol in the presence of an acid catalyst.

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

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

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

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

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

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

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

G .



a egC|dyIated polyphenol of ‘a phenol and gl yoxal wher ej n' the pol henoI
prior to glycidylation has an ul traviol et absorbance of3 §PPF5§?f2éR260 at
365 nmand/or at. |least 0.400 at 350 nm wherein the pol yphenol is
prepared by reacting glyoxal wth a nolar excess of a phenol in the
presence of an acid catalyst. 2.. The resin of claim21 wherein the phenol of
‘the polyphenol is phenol "itself. 3. The resin of claim2 wherein the

pol yphenol prior to glycidylation contains fromabout 0%to about 6% of
TPE. 4. The resin of claim2 wherein the pol yphenol prior to glycidylation
has a fluorescence which is at |east Zgﬁ?hlgher than Acridine Orange Base
at an excitation wavel ength of of 442 nm and an acquisition time of 0.5

seconds whe Nt at f 0.2
ol L1 ter 1 n Bol BB cEn e REpEh ARSI HRERY| FeliRflude APRERTITHEARL of O, 0
wei ght per ceffﬂml he QWP@H?'@F"@G Qf%tfhaCW'aie arﬁeth@gylateostycelw, and npiieresi n the
pol yepoxi de th&reaf.di gl yci dyl ether resin. 6. The resin of claim5 wherein

t he di gl ycidyl- et her resin is based on a nenber selected fromthe group
consi sting of: | yci dyl at ed bi sphenol A; a glycidylated bisphenol F, a

gl yci dyl at ed.r eso eRIIXY rQSIQIOi@IawI1ama3ungwelmpenxweqwmlgnbweught@aucbea.syl ated
cycl ohexane djgnet hanol ; and m xtures thereof. 7. The resin of claim®é6
wherein the diglycidyl ether resin.is based on a . glycidylated bi sphenol
A. 8. The epoxy resin of claim1 wherein the pol yepoxi-de is a 23 Septenber.
- 2003 47 pol yiGgl y A dyrhposition cappliging anehogy yesiolghd mem:hrwwmsaofckaad menber :

“sel ect ed f rep F@s,ngr(g)iﬁb&ﬂri%' tétZS%r%fofaJ‘ % The epoxy resin: and
met hacryl at ﬁereo 8 >(<)y résin of-

claim 1 havithh! i858 5ads oLam %H‘%rrﬁet"%é?%ﬁpnbwea&murr oSy gy
conposi ti on potypbensi ofg phenepeny glyezalnwisrdint the peiypheiibaianst glycdylstidnd .
epoxy T esi Nihatah uﬂGQMBIe@bé&b;&eO&r dtJe toazédlét':% %’ﬁb/d‘r%'i 230 SRIKY

conststing oF O3 rlteerociie S abonb PRSI A AR CGFLEN ther ci n
t he pol yphemakh ipeftafe miiypiedyl efta pmenol and glyoxal wherein said polyphenol prior

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

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

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

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

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

catalyst. '

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

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



~has an ultraviol et absorbance of at Ieast 0.260 at 365 n1and/ é Ieast
0. 400 at 350 nm a reaction product of about 4 to 8 p%??@p F‘Srg Yti dyl
epoxy resin to each part of a polyphenol of a phenol and gl yoxal wherein
sai d pol yphenol prior to glycidylation has an ultraviolet absorbance of at
| east 0.260 at 365nm and/or at |east 0.400 at 350 nm and a pol yphenol - of
~a phenol” and gl yoxal having an wultraviolet absorbance of at |east 0.260 at
365 nm and/or at least 0.400 at 350 nm and mixtures thereof; and further
wherein the polyphenol is prepared by reacting glyoxal with a nolar excess
of a phenol in the presence of an acid 48atal yst. . 11. The conposition of
claim 10 wherein .the curing agent is a phenol - fornaldehyde novolac resin -
or an ortho-gres forma e, fes) m xtures thereo
o a0 or o el LBl dEh e 5l Ll on iR FareedR 2 25
Sept enber 20Uty sufficiertido aesrieraie thercupd ot theiepoxy résiel udi'ng an"epoxy curing -
accelerator in a quantity sufficient to accel erate the cure of the epoxy
resi-n. 14. T e cured co 05|t| % 13 15. The conposition of claim
10 wherein t'fle 1 @eﬁéV?EB@Pp?ﬂ LYY Q?m?é inis substantially that. of
bi sphenol A having a wei ght per epoxy val ue of about. 190 to 10,000. 16.

The cur ed cqEpOSHTQp osﬁioﬂ'df‘cﬂa?-n uundref ORI W@c&ﬁ@%?h&mm‘f@) from

about 50 to 97/ eno g an ul fraviol et
absor bance éf’b§tg§{éa @H %eﬁ %Q‘"H%a ‘é{‘ﬁ'&%}?erl%%oéyt"ﬁ%q}cab@@l 50 nm

- and (b) abodD,®0to 50 parts of a pol yphenol.of a phenol and gI yoxal haV| ng___'f_

“an ultraviolet absorbance of at [east 0.260 at’" 365 nm and/or "at |east

0. 400 at 350 nm wherei n-the pol yphenol is prepared by reacti ng gl yoxal
with a nol afBexcd8e credicyRessilion of ¢iaE H-esence of an acid catal yst: and
further conprising-about 100 parts of an epoxy resin for each 15 to 30

parts of (ayzyand cQ:)m postion c-la?sz%l 1 a)Ci%m% h{ gélto%?gfﬁégg%aql&%fap‘ met hod

for manuf acture o an epoxy
q;qQﬂ? 0 at 365 nm

pol yphenol RRgR{icHavelacthavigig,an awﬁwpm ﬁbﬁ%@aaﬁe af kesa
and/or less than 0.400 at 350 nm; and (b) about 3 to 50 parts of a polyphenol of

a phenol and glyoxal having an ultraviolet absorbance of at least 0.260 at 365
nm and/or at least 0.400 at 350 nm, wherein the polyphenol is prepared by
reacting glyoxal with a molar excess of a phenol in the presence of an acid
catalyst; and further comprising. about 100 parts of an epoxy resin for each 15 to
30 parts of (a) and (b)..

18.  The cured composition of claim 17.

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

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

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



" absorbance of at |east 0.260-at 365 nm and/or at Ieast 0 400 at 350 nm
wherein the pol yphenol is prepared by reacting gl yoxal 23PepteRbep e excess
of a phenol in the presence of an acid catalyst. 20. A nethod for

manuf acture of an epoxy resin which-conprises reacting about 4 to 8 parts
of a pol yepoxide to each part of a pol yphenol which prior to epoxidation
has an ul traviol et absorbance of at |east- 0.260 at 365 nm and/or at |east
0.400 at 350 nm wherein the polyphenol is prepared by reacting gl yoxal
with a nolar excess of a phenol in the presence of an acid catalyst. 23
Sept enber 2003 49 21. An epoxy resin whi4th is a glycidylated pol yphenol of
a phenol and glyoxal wherein the polyphenol prior to glycidylation has an

ultra vi ol ety4abs t | east, 0. 400 .

at 350 nm a2r?d \M%eﬁr)%ﬁ%r}& r%gm%m?lln Eﬂ%ﬁ'&’?“gg %ﬁ?lgﬁ?n%%déﬁég %I% % hs fr om.
‘about 0% t o vdKvein be/(pgwpmpl Pélﬁﬂ to glyeidyationhas an Mlttaweo babgsbange ofat B
prepared by |60a0 2600 tHEENHA landidr At ma@pbauoo a@@'é@%ih @fndaevrmémqhel n the

o ecence o SR ABAIL 135 py iy oLIBTd Vs O e SR
- gl yci dyl at edursesryyieseisl the polypherolds peapares lysomctmg whyexaiwitht aenglar yphenol

prior to gl yxtesd éitd pRedidt he prbidtaVdreintdcidbaangance of at |east 0.260 at
365 nm and/or at |east 0.400 at 350 nm and wherein the polyphenol prior

to glycidylation has a fluor escence which i-s at |east -25% hi gher® than:
. Arcridi ne O2ange TBagesiatof ghaire)di wiarebrthemhehelaftthe pblypenaiin phehahitself. - )
~acquisition ti rre of 0.5 seconds when the Acri di ne Orange Base 'i's ‘used at a B

concentrati [liter -and t he henol sed at a

AR I A AN AR SR S R

the pol yphaereinshepelyahaw! byior eaglydidgatidnyioasaan vittahviclehattsorbanceesfat of a

phenol in th@ast@@%@%%ﬁfm %Pd/% bpleﬁéf@hﬁﬂtaw nmﬂ& r\nﬁr%'réln%e claim 23
mhereln t he QP H p ﬁ % eno

_ polyp enol pnor o) glemdgf/la asa Euorescence w :c |s at least 25% higher

than Arcridine Orange Base at an excitation wavelength of 442 nm and an

acquisition time of 0.5 seconds when the Acridine Orange Base is used at a

concentration of 0.2 mg/liter in methanol and the polyphenol is used at a

concentration of 0.05 weight percent in tetrahydrofuran and further wherein the

polyphenol is prepared by reacting glyoxal with a molar excess of a phenol in the

presence of an acid catalyst.

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





