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Epoxy Resin and Epoxy Resin Composition

BACKGROUND OF THE INVENTION
This invention relates to an epoxy resin and an epoxy
resin compositioh eemprising said epoxy resin. In-
particular, this invention is directed to an epoxy resin
which exhibits low viscosity upon mixing with a curing
agent to enable a convenient shapingf and which, once

cured, has an excellent heat re51stance and a hlgh

mechanical strength. This invention is also directed to an
epoxy resin compesition which exhibits excellent
impregnation into such materiels as a glass cloth, and
which, once cured, exhibits high heat resistance and
blister resistance to enable its use in the production of a
copper cled epoxy resin laminate for a printed witing
board, in partlculat, a multllayered prlnted wiring board.
Plastlc composite materlals prepared by blending a
matrix of a plast;c material and-afrelnforcement.a;e widely
used in ‘industry since they have excellent heat fesistance,
weatherability, chemical resistance, or mechanical
streﬁgth; Epoxy resins are widely employed for the matrix
of the plastic composite material eince they have favorable
dynamic propertiee, and they are highly adhesive to the
re1nforc1ng fibers used for the relnforcement, and the

resulting comp051te materials are readily shapable



Among such plastic composite materials, the one
comprising an epoxy resin and a carbon fiber is high;y
expected to be the most significant next generation
sfructural material in aerospace, automobile, and other
high technology industries in view of 'its excellent heat
resistance and mechanical strength.

However, the Comppsite materials are expected to have
an éven higher heat resistaﬁce and a further iﬂproved
shapability or moldability tq-enable their use as
struc;ural materials in such high technology fields.

Recently, range of electronic appliances have greatly
increased, and mﬁltiiayer printed_wiring boards are finding
their use not only in computer-relatéd equipments but also
in automaticélly-contrblled machines, communication
equipments, business machines, game machines, and. the like
for their improvement in performance and size‘reduction.

On the other hand, in the field of computers, system
cbnstruction have undergone a significant change as often
referred to as downsizing, and a di;tributed system
constructed around a work station have become common. -The
piinted wiring boards used in such distfibuted system were
- not developed in thg direction of increasing the number of
layers in the laminate, and they usually_combrise a
lamingte of four to ten layers. 1In the printed wiring
-boardé of such field, fine patterns to realize high ﬁepsity
pabkaging as well as thickness reduction are under

investigation.



To correspond to such'reéuirements imposed on printed
wiringlboards, the substrates used for the wiring bqards
should have even more improved heat fesistance and blister
resistance. |

One method known in the art for improving the heaé
resistance of the epoxy resin is addition of a
bolyfunctioﬁal epoxy resin to thereby inérea#e crosslinking
density of the resin. Novolak epoxy resin is widely used
in such modification bécause of its inexpensive price.

Novqlak epoxy resih, however, has a considerably wide
.molecular weight distribution, and whéh the novolak epoky
resiﬁ is added in a large amount, or when the novolak epoxy
resin 6f a high moleculaf weight .is used, the resplting
resin would have an exces;ively high viscosity. When such
resin of high viscosity is used for the mafrix of the
plastic éomposite materiél, it woﬁld becomé difficult to
fully impregnate the reihforéing fiber with the matrix
resin and to shape the resulting plastic composite
material. _Aiso, severe requirehents in heat reéistance
.imposeq on laminates'forfprinted wiring boards were not
fulfilled by mere addition of the'polyfunctional epoxy
_;esin..'for.example, an improvement in heat resistance by
an excessive addition of such a polyfunctional epoxy resin
- would result in-hardening of the composition to
brittleness, and when the laminate produced from such a
composition is subje;ted to soldering afterlboiling, there

often occurred ply separation to result in blisters.
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SUMMARY OF THE INVENTION

First object of the present invention is to pfovide a
readily shapable epoxy resin which, upon-mixing with'a_
cﬁring agent, eghibits a low viscosity, and which,_once
cured, exhibits an.excelient heat resistance as well as a
high mechanical streﬂgth;.

Second 6bjec£ of the present invention is to provide
an epoxy resin compdsitioq which exhibifé an excellent
ihpregna;ion into materials such as'glass c;oth, and which,
xohcé cured,‘exhibits excellent heat resistance, blister
resistancé, and adhesion to copper clad, and censequently,
which is well suited for use in the production of a éopper
clad epoxy resin laminate for a printed wiring board, in
particular,'a mﬁltilayer printed wiring board. ~

The inventors of the present invention have made an
intensive study to a;taiﬁ the abbvefmentioned first object,
and,fousd out that a rea&ily shapable epoxy resin of ;ow
viscosity which, once cured, exhibits an excellent heét
resistance as well as a high mechanical étrength may be.
producéd by effecting the glycidyl etherification of a
bisphenol with an epihalbhydrin or a methYlepihalohydrin in
tﬁe preéénce of a novo1ak resin to thereby simultaneously
effect the glycidyl etherification of the bisphenocl and the
novolak resin. | | |

To attaih the above-mentioned firs£ objec; of the’
_invéntion, there is pro&ided in accordance with the preéenﬁ

invention, an-epoxy resin (A) produced by glycidyl



.ethérifyihg a bisphenol_(I).and'a novolak resin (II) with
at leést one member selected froﬁ'an epihalohydrin and a
methylepihalohyd?in;

Furthermore, to aﬁtain_the abové-mentioned second
object of the invéntion, there is provided in accordance
with the-présent invention an époiy resin composition
mainly comprising a poiyadduc; epoxy resin (B) produced by
- glycidyl etherifying a bisphenol (I) and a novolak resin
(II) with.at least one member selected from an
epihalohydrin and a metﬁylepihalohydrin to produce ah eéoxy
resin (p), and then reacting the epoxy_resin (A) with a -
halcgenated bisphenol (III) in the presence of an onium
salt or a base catalyst to produce the polyadduct resin
(B).

Still further, to attain the above-mentioned second
objéct of the invention, there is also provided in -
accordancé with the present invention an epoxy resin
composition mainly cpmprising a polyédduct epoxy resin (D)
produced'by_élycidyl etherifying a bisphenol (I), a novolak
resin (II), and a halogenated.bisphenol (III) with an
epihalohydrin or a methylepihalohydrin to produce an epoxy
‘resin (C), and then reacting the epoxy resin (A) with a
hélogenated bisphenol (I1I) in the presence of an'oﬁium
salt or a base catalyst to produce the polyadduct resin

(D) .

RT T



The epoxy resin of the present invention and the epoxy

resin composition coritaining such epoxy resin are
hereinaftef described in detail.

The epoxy resin.(A) of the éresent invention is
pioduced by us;ng a bisphenol (I) and a novolak resin (II)
as its starting materials. The epoxy resin composition of
the p;esent.inventiOn mainly compfises a polyadduct epoxy
resin (B) or (D) respectively produced by reacting the
epoxy resin (A) or an epoxy.resin (C) produced by glycidyl
etherification of a bisphenol (I); a novolak resin (II),
and a halogenéted bisphenol (III) with a halogenated

bisphenol (III) for a polyaddition reaction.

Bisphenol (I)
The bisphenol (I) used as a starting material for
preparing the epbxy_resin-(A) or the epoxy resin, (C) is a

compound represented by the general formula (i):

wherein R is a divalent group selected from the group

(1),

consisting of —CHZ—, —CHCH.,~, —C(CH3)2—, —802—, ifi , and
—~C (CH3) (CgHs)—; R' is independently selected from hydrogen
atom and a hydrocarbon containing 1 to 5 carbon atoms; and

n is an integer of 0 to 4. Exemplary bisphenols (I)

include bisphenol A, bisphenoi'F, and bisphenol AD. The



most preferred améng these is bisphenol A, which is a
bisphenol wherein R is isopropylidene group and R' is

hydrogen atom in the above formula (i).

Novolak resin (II)

| _The novolak resin (II) used in preparihg the epoxy
resin (A) of the presént in&ention or the epoxy resin (C),
- which is used in the preparation of the eﬁoxy resin
compdsiticn of the present ihVention, is a condensation
product of formaldehyde and the above;de5cribed biéphenol
(I) or a phenol fepresented by the following general
formula (ii): |

OH
.

R® (ii),
.wherein Rl and R? are independéntly_selected frﬁm hydrogen
atom and a_hjdrocarbon containing 1 to 10 carbon atoms.
‘Exemplary preferred pﬁenols represented by the general -
- formula (ii) include phenol, o-cresol, p-t-octylphenol, and-
p-cresol. |

The bisphenol (I) which may be condensed with the
formaldehyde to produce the novolak resin (II) may be the .
bisphenol represented by the general.formula (i) . The
:bisphenol (If‘used for preparing_thé novolak resin (II) may

preferably be bisphenol A or bisphenol AD.
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The novolak resin (II) may preferably have-a softening
point of up to 100°C, and more preferably, a softening
point in the range of from 30 to 100°C. When the bisphenol
(I1) having.a'softeﬁing point in excess of 110°C is used
for thé epoxy resin_preparation, the resulting epoxy resin
would not be reédily shapable due to an excessively high
content of higher molecular weigﬁt.species, and hence, an
excessively high viscésity.' When sﬁch epoxy resin is
further reacted with a halogenated bisphenol (III). to
prevare the epbxy resin (B) or (D), the fesulting resin
would have an excessively high content of higher molecular
weight species to result in an'insufficient'impregnation
into the glass cloth.

The novolak resin (II) may preferably have a number
average mo;eculér weight of from 300 to 1,000, and more
preferably, from 300 to 700, and further preferably, from
350 to 600. Preferably, the novolak resin (II) may also
have a molecular weight disfribution,of up to 2, and most
preferably, from 1.1 to 1.8. The term, molecular weight
' distributioﬁ used in the present iﬁvention desiénates the
ratio of weight averagé molecular weight to number average
molecular weight, i.e. Mw/Mn. | | -

‘The novolak resin (II) may be produced by reacting the
above~described bisphenol and/or phenol with thé
formaldehyde either under conditions without o;.within a.
solvent such as Xylene or toluene, and in the presence of
an acidic catalyst. Paraformaldehyde may be used insteéd

of the formaldehyde. The formaldehyde may be used in an



amount of from 0.2 to 0.8 mole per 1 mole of the total of
the bisphenol and/or phenol to optimize the softening poinc
énd the average molecular weight. | |

When a solvent is used in the above -described
reaction, it may be used in a proportion of from 20 to‘lOO%
by weight éer 100% by weight of the total of said bisphenol
and/or phenol.

The acidic catalyst used may typically be a mineral
acid such as sulfuric acid, hydrochloric acid, nitric ac1d,
or phosphoric acid; orx an or ganic acid such as p- .
toluenesulfonic acid or oxalic acid.\ Among these, p-
roluenesulfonic acid is preferred in view of its high
acidity and good compatibility with the'reaction'
substrates. The acidic catalyst may be preferably used in
a proportion of from 0.05 to 2% by weight, and more
preferably, from 0.1 to 1% by weight per 100% by weight of
the total of said bisphenol and/or phenol. An excessively
émall amount of the acioic catalyst uséd will result in the
failure of the reaction, and,hencé}'féilure in oroducing
cheinovolak resin (II) of theidesired molecular weight. An
excessively large amount of ﬁhe acidic catalyst used will
lead to a difficulty in controlling the reaction, as well
as_ah'excessively high molecular weight of the resulting
novolak resin. | |

The reaction may typically oe effected by heating the
reaction mixture to a temperature of from 70 to 100°C for a
period of from 1.5 to 4 hours and then to a temperature of

from 100 to 120°C for dehydration condensation. The
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déhydration condensation may be promoted either at reduced
pressure or by utilizing azeotropy upon reflux in a solventl
" such as xylene or toluene and removing the water of
condenéation. Preferébly, the reaction is continued until
the Vater of éondensation is no longer générated. The
reacfion may typically take a periocd of from 3 to 5 hours.

After the completion of the reaction, an.alkaline
coﬁpound is added to the reaction mixture in an amount
stoichiometrically equivalent to the acidic catalyst used
e} thereby'neutralize the acidic catalyst. Typical
alkaiine compounds which may be used include sodium
hydraxide,_potaSsium hydroxide, and triethanclamine
-morpholine. Altgrnatively, tﬁe neutraliza;ién nay be
carried.out by adding a non-aqueous solvent to the reaction
mixture to form a uniform solution and then, washing the
solution with an aqueous alkaline solution.

When the novolak resin (Ii) is produced by using a
solvent, the solvent used 1is distilled off to leave the
novolak resin. |

Polyﬁucleated_components contained in the novolak
resin (II) having a fﬁnctionality of 3 or more may
preferably constitute 3 to 50% by weight, and more .
preferably,-5,to 40% by weight of the phenolic components
in the bisphenol (I) and the novolak resin (II) to provide
the epoxy';ésin_(A) or the bisphenol (f), the nbvolak résin
(II) and the halogenated bisphenol (III) to provide the
epoxy resin'(C). When such content of the polynuclear

components is less than 3% by weight, glass transition
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tempérapure after éuring-of the resulting epoxy resin would
not be sufficiently improved. On the other hand, when the
content of the polynucleated components is in excess of 50%
by weight, the epoxy resin (B) or (D) produced by
subsequently reacting the epoxy resin (A) or (C) with the
halogenated bisphenol (III) woulé have an excessively high
molecular weight to result in an insufficient impregpatioﬁ

into the glass cloth.

"Halogenated bi sphenol (III) '

The haiogenated bisﬁhenol (ITII) used as a starting
material in preparing the epoxy reéin (C) may prefefably be
a2 bromated bisphenol. The most.preferred'are
tetfabromobisphenol A, tetrabromobisphenol F, and 1,1~

bis(3,5-dibromd—4—hydroxyphényl)ethane.

The reaction of the bisphenol (I) and the novolak
resin (II) with an epihéloﬁydrin or a-methylepihalohydrin
to produce the epoxy resin (A); and the reacéion of the
-bisphenol (I), the novolak resin iII), and the halogenated
bisphenoi‘(III) with an epihalohydrin or a methylepihalo-
hydrin to produce the epoxy resin (C) may be effected in
-accordancé with wvarious fnown méthods. However, it is
preferabl¢ to sequentially conduct the etheiification'step
and the dehydrohaiogenation step in order to provide the
resulting glyci&yl etherified epoxy resin (A) or (C) with a

reliable -quality. The epihalohydrin may preferably be
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epichldrohydrin, and the methylepihaiohydrin may preferably
be 2-methylepichlorohydrin.

The etherification step may be conducted in the ‘
presence-of an etherification catalyst in an amount of ffoh
0.1 to'S% by mole per 1 equivalent of the phenolic hydroxyl
_group.in the'mixtﬁre of the bisphenol (I) and the novolak
resin (II), or in the mixture of the bisphenol (I), the
novolak resin (II), and the halogenated bisphenol (III);
Typical etherification catélysts include tertiary amiheé
such as trimethylamine, triethylamine, etc.; tertiary
- phosphines such as triphenylphosphine, tributylphosphine;
etc.; quaternary émmohium salts such as tetramethylammonium
.chloride, tetramethylammonium bromide, tetraethylammonium
chloride, choline chloride, etc.; quaternafy phosphonium
salts such as tetramethylphosphqnium bromide,
tetfamethylphosphonium iodide, tetraphenylphosbhonium'
bromide, triphenylpfopylphosphonium bromide, étc.; tertiary
_sulfonium salts such as benzyldibutylsulfonium chléride,
5enzyldimethylsulfonium chloride,.etc.; and inorganic bases
sﬁch as sodium hydroxidé, potassium hydroxide, etc. The
preferred among these is tetramethylammonium chloride. |

In ‘the etherification step, the reaction is proceeded
until at least about 50% by mole; anﬁ pieferably,_at least
aboﬁt 70% sy mole of the phenolic hydroxyl group is
etherified. Typically, the reaction is carried out at a
témperature of from 60:to l;O‘C for a period of 1 to 12

hours in an inert atmosphere. The content of water in the
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system may ﬁ;eferably be kept to not more than é.O%Iby
wgight; -

The next dehydrohalogenation step may be conducted in
the reaction product from the etherification step
comprising a=unreacted epihalohydrin. 1In fhe reaction, it
is preferable to use aé a catalyst, the alkaline compounds
such as alkaline metal hydroxide as those used in the
etherification step. In.the dehydrohalogenation_step,
typically, the alkaling compqunds are used in a 'proportion
of 0.5 molé or more; preferably 0.8 mole or more per 1
equi&alent amount of phenolic hydroxyl group of thé novolac
resin (II). .Preferably, the alkaline compounds are used in
a proportion of up to 1 mole pei.l equivalent amount of
phenoliq hydro#yl group to inconvenience ssuch as gelatién
of reaction product. The reaction may be conduct generaliy
ét a temperature of from 60 to 100°C for 1 to 3 hours.
Whei_sedium hydroxide was used, it is preferable that the
reactionfis carried out by reﬁqving the water of by-
product.' Removing the water may be carried out by |
dehydrating the reactiﬁn mixture, for example, by azeotropy
6f the epihalohydrin-water, and restoring epihélohydrin to.
the neaction-system. After the completion of the
reaction, the epoxy resin of the present invention may be
- prepared after a post-treatment such as remo§ing unreacted
epihalihydrid by vacuum distillation, removing a by-product
sailts‘by.tfeatment such as water washing, and optionally
posttreatment such as.neutrali;ing of reaction mixture by

weak acid such as phosphoric acid, or sodium
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dihydrogenphosphate may be carried out, and filtration and
drying. .Fﬁrthermore, if it is neceésary to reduce a
amount 6f hydrolyzabie chlorine, second dehydrohalogehation
may be carried out again. Alkaline_compounds'aré used to
reduce a amount of hydrolyzable chlorine in a proportion'of
1 to 3 mole, preferablyil.z to 3 mole per 1 mole of ?esidue
of hydroleable chlorine. This reactioh nmay be conductéd
at atemperature of‘60 to 100 °*C for a'period of about 1 to
3 hours. The reaction may be carried out without or
within 'a solvent. On using a solvent, ﬁhe preferrea~is
xylene, toluene, MEK, methyl isobutyl ketone.

In the productién of the epoxy resin (&), the
bisphencl (I) énd the novolak resin (II) are used in a
weight ratio of 1 to 99 : 99 to 5, preferably, 5 to 95 : 95
to 5, and moze preferably, 10 to 90 : 90 to 10. When the
novelak component is excessively used, the resulting epoxy
resin will have an excessively high content of higher
molecular weight spécies for example, will nét sufficiently
impregnate into the glass cloth upon fabrication of the
prepreg and as é consequencé,'the resuiting laminate will
have a poor imbact resistance. Wheﬁ the proportion of the
novolak resin (Ii) is.excessively low, the resﬁlting epoxy
resin willjhaye an insufficient heat resistance.

. For the composite materials of heat resistance, the
bisphenol (I) and the novolak resin (II) aré used in a
weight ratio of 50 to.90 : 50 to 10, ahd preferably, in-a
weight ratio of 65 to 90 : 35 to 10. When the pfoportioﬁ

-0of the. novolak resin (II) is excessively. low, the resulting
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epoxy resin will have an insufficient'heat’resistance.
When the novolak component is excessively used, the
resulting epoxy resin wili have an excessively high
viscosity and will not be readily shapable.

In the production of the epoxy resin (C), the
bisphenoi.(l), the novolak résin (II) and the halogenated
biSphenol (III) are used in a weight ratio of 5 - 80 : 94 -
5 : 1 - 15, preferably 7 - 80 : 90 - 10 :3 -10.

The glycidyl etherified epoky resin (A) produced by
the abbve—described reaction has a epoxy equivalent of from
17C to 220 g/eg and for a printed wiring board, preferably
, it has a softening_point of up zo 50°C, an epoxy
equdvalent of from 170 to:220 g/eq, a halide content of up
to 0.1% by'weiéht. The glycidyl etherified epoxy resin (C)
pro&uced by the above-described reaction has a softening
'point-of up to 40°C, an epoxy equivaleﬁt of from 170 to 220

g/eq, a halide content of up to 10% by weight.

Polvadditi .

. The polyadduct resihs (B) and (D) which are
respectively the main comp&nent.of the epoxy resin
composition of the present invention are;mangfgc;ured by
respectively reacting the epoxy resins (A) and (C) with the
halogenated bisbhenol (I11).

The polyaddition reaction of the epoxy resin (A) or
the epoxy resin (B) with the-h;logenated biﬁphenol (III):is

effected at a temperature of from 120°C to 170°C for 4 to

15 hours in an inert atmosphere in the optidnal presence of
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a catalyst such as a quaternary ammonium salt or a
quaternary sulfonium salt in an amount of 10 to 300 ppm.

Thé reaction may be conducted in a solvent such as
toluene, xylene and cyclohekanone such that the solid
.content in the reaction mixture would bé up to 30% by -
weight.

The Halogenated bisphenols (III) which may be used for
the polyaddition reaction may be.the same as those used for
the glycidyl_etherification. Among such halogenated
bisphenolé (I11), the preferred are bromated'bisphenols;
and particularly, tetrabromobisbhenol A, tetrabromobis-
phenol'F, and 1,1~bis(3,5~dibromo-4-hydroxyphenyl)ethane.

In the reaction of the epoxy resin (A) with the
. halogenated bisphenol (III) to produce the polyadduct epoxy
. resin (B), the epoxy resin (A) and the halogena;ed
bisphenol (III) may preferably be used in a ratio of 74:26
to 55:45. In the reaction of the epoxy resin (C) with the
halogenated bisphenol (III) to produce the polyadduct eﬁoxy
resin (D), the epoxy resin (C) and the halégenated
bisphenol .(III) may preferably be used in a ratio of 90:10
to 58:42l When an excessive amount of the halogehated
bisphenol (III) is used, higher molecular weight species.
will be excessively produced to result in a_resin
composition which will not sufficiently iﬁpregnatejinto the
¢loth upon fabrication of the-prepreg. When the propo;tioﬁ
of the halogenated bisphenol (III) is excéssively loQ, the
result&ng epoxy resin compbsiticn will not have a

sufficient flame retardancy.
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The polyaddition reaction may be effected in the
presence of a geheral—purpése epoxy resin and/or an
epoxydizéd halogenated bisphenol prepéfed by glycidyi
'etherifying the above~described halogenated bisphenol (III)
Qitn an epihalohydrin or a methyleéihalohydrin.' When the
polyaddition reaction is effected in.the presence of the
-epoxydized halogenated bisphenol, it may preferably be used
in a p;oportion of 1 to 15% by weight per 100% bY'weiéht of
the total content to prevent coloring of the laminate upon
heating.

The epoxy resin cbmpositibn of the present_invention
mainly comprising the polyadduct resin (B)'prepéfeg'by
reacting the epoxy resin (A) with the halogeﬁated bisphenol
(III) as dgsciibed above has an epéxy équivalént of from
300 to 500 g/eq, a number average molecular weiéht, Mn of
 from 500 to 1,000, a Mn/Mw ratio of 1.7 to 3.0, a halide
content'oi from 15 to 25% by weight, and a content of
polyfunctional components of 3:to 40% by"wéight. i; is a
viscous product having a narrow molécular weight
'distributioh with a small content of-both'lower and higher
"molecular weight speéies.

Tﬁé epoxy resin composition of the_present.invention
mainly comprising the polyadduct resin (D) prepared by
reacting the epoxy resin (C) with the halogenéted bisphenol

(I1I) as described above has an epoxy equivalen£ of from
"300 to 500 g/eq, a number average molecular weight, Mn cf_'.
from 500 to 1,000, a Mn/Mw ratio of 1.5 to 2.5, a halide

content of from 15 to 25% by weight, and a content of
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polyfunctional componeﬁts of 3 to 40% by weight. It is a
viscous product having a narrow molecular weight
distribution with a small content of both lower and higher

molecular weight species.

When the epoky résiﬁ.composition of the invention is
cured with a curing agent such as dicyanediamide or a
phenolic novolak resin, the resulting cured product has an
improved'blister resistance as well as a glass transition

temperature, Tg about 10‘C1higher than that of the cured
product of the epoxy resin prepared-ﬁy using conventional
epoXy resins otﬁer than the époxy resin (A) or (C) of the
invention. Also, the epoxy resin éoﬁposition of the
present invention exhibits good impregnation into the glass
cloth.

As'described above, glycidyl etherified epoxy reéin
{(A) or (C) is used in the preparation of the epoxy resin
‘composition of the invention. .In the preparation of the
.epoxy resin composition of-the inﬁention, the epoxy resin

(a) or (C) may be used either alone or in combination with'
aﬁother epoxy resin having two or more epoxy radicals in
one moleéule} Exemplary such additional epoxy resins
include'bisphenolFA epoxy resin, phenolic novolak epoxy
resin, cresol névolak epoxry resin and other glycidyl
ethérified epoxy resins, glycidyl ester epoxy resins,
glycidyl amine epoxy resins, liﬁear aliphatic epoxy resins,
alicyclic epoxy resins, heterocyélié epoxy resiﬁs,

halogenated epoxy resins, and other polyfunctional epoxy
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resins. Sucﬁ additional epoxy resins may be used in an
amount.of up to 50% by weight per 106% by weight of the
total.epoky contents, namely, total of the epoxy resin and
the additional eﬁoxy resin. When"an excessive amount of
the additional epéxy resin is used, the resulting
composition.will'no.1onger have the properties
. characteristic to the compositidén of the present irivention.
| fhe‘curing.aéent,used in combination with the epoxy
resin composition of the present invention is not limited
to any particular type. Typical curing agents are acid
anhydrides, aromatic polyamines, aliphaﬁic polyamines,
imidazols, and phenolic resins. | |

Exemélary acid anhydrides include phthalic anhydride,
hexahydrophthalic anhydride, meth?ltetraﬁydrophthélic-
anhyﬁride, methylhé#ahydrophthalic anhydride, methylnadic.
anhydride, methylnaphthalenedicarboxylic acid, pyromellitic
anhydride, trimellitic anhydride, beniophenonetetra-
carboxylic anhydfide} dodecylsuccinic aﬁhydride, ch;drendic
anhydride,'and cbloronorbornenedicarboxylic anhydride. |

Exemplary aromaﬁic polyamineé inc;ude diaminodiphenyl-
méﬁhane, diaminodiphenyl sulfone, and aﬁine adduéts.

Exemplary aliphatié polyamines include
triethyleneietramine, diethylenetriamine, menthenediamine,
N—aminoethylpiperadiﬁe, ;sdphoronediamine, 3,9-bis (3-
aminopropyl)—z,4,8,10;tetraspirot5,5]undecane,_aﬁine
adducts.

Exemplary imidazoles include 2-methylimidazole, 2-

ethyl-4-methylimidazole, 2-phenylimidazole, 2-
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~undecylimidazole, 2—ethylf4-ﬁethylimidazole_azine, and.l—
benzyl-2-methylimidazole. .

Exemplary phenol resins include phenolic novolak
resins and alkyl-substituted phenolic novolak resins..

Curing agents such aé dicyanediamiae,'m—
xylylenediamine méy also be'used in the present'inventionQ

In the presént invention, the curing agents:as
mentioned above may be used either élone or in combination
" of two or more.

The curing agent may be used with a.curing
.accelerator. -E&emplary cgring accelerators include
imidazoles as mentidned'above, for example, l-benzyl-2-
methylimidazoie and_2—ethyl—§7methylimidazole:'amines such
as tertiary amines, for example, N,N—behzyldimethylamine
and 2,4164tris(dimethylaminomethyl)phenol; and tertiary
phosphines such as triphenylphosphine.

Other exem?lary curing accelerators are 1,8~
diazabicyclo—[s,4,01;undecene—j_oCtylate; cémplex compound
of monoethylamine and trifluoroborbh, and the compound
commercially available from Sun Abbot Inc. with the frade
name Ucat SAl02. | | |

In the present invenfion;.the curing accelerators may
"be used alone or in coﬁbination of two or more.

The epoxy resin composition of the present invention
may be blended with a solvent such as acetone,
methylethylketone,1toluene; x?lene,-methylisobutylketone,
ethyl acetate, ethyleneglycol,monomethylether, N, N-

dimethylformamide, N,N—dimethylacetoamide, methanol,
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éthanol,_and the like, which may be used alone or in
combination of two or more as a mixed solvent.

The epoxy‘resin composition of the present invention
may optionally contain other additives such as a flame
retardant and a filler in accordance with the intended use
of the“composition.

The epoxy resin éomposition of the present'invention
is quite adequate for fabricating a copper clad epoxy resin
laminate in accordance with conventional methods. In
‘typical fébrication of tﬁe cCopper c¢lad epoxy resiﬁ laminate
using the ééoxy resin composition of thé present invention,
the.epoxy resin is first dissolved in a solvent to prepare
a varnish, and a reinforcement such as a gléss cloth is
impregnated and/or app;ied with the thusfprepared varnish
and dried at an ele&ated temperature to remove the solvent
and ﬁroduce a prepreg. Next, a copper clad is disposed on
one or both surfaces of the prebreg which is used as a
single sheet or as a siack of prepreg sheets, ahd the epoxy
resin composition is allowed to cure by applying heat and
. pressure in accordance with.conventionél me;hods.

The present invention is described in further detail
by referring tolthe following Example; énd Comparative
Examples. It should be noted that the Examples by né meahs_

limit the scope of the present invention.
~ EXAMPLES
In the following Examples and Comparative Examples}

viscosity, flexural strength, flexural modulus, and
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defléction temperature under load were evalﬁated as
described below.

Viscosity was measured with E-type viscometer at a
tempefature of 25°C.

Elexural Strength and Flexural Modulus

Test samples having a size of 4 mm x 10 mm x 97 mm
were evaluated in accordance with JIS K6911 using Tensilon
manufactured by TOYO BALDWIN at a crosshead speed of 1
mm/min usiﬁg a cell of a maximum ioad of 500 kg.

i . 1 .Y .

Test samplés ﬂaving a size of 12.5 mm x 12.5 mm x 125

mm were evaluated in accordance.with JIS K6911 using an

apparatus manufactured by Tester Industry K.K.

Synthesi S. Example 1

.WW I £ . . g i u "( N

A 1-liter separable flask -equipped with a condenser, a
thermometer, a stirrer, aﬁd a dropping container was
charged with 456 g of bisphenol A and 335 g of toluene, and
the contents were heated under agitation. When the
temperatﬁre in the flask éeached 70°C, 2.52 g of oxalic
acid dihyd:até was aaded as a catalyst. When the
temperaturé in the flask reached 90‘Cf 82.7 g of 37%
aqueous formalin was added dropwise for 2 hours;' The
édntents were agitated for another 1 hour under reflux.

The temperature of the contents were further raised to

remove water and toluene from the system. When the
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temperature reaéhed 150°C, the contents were concentréted
for 1 hour at normal temperature, and further concentrated
for 1 hour at a reducéd préssure of 20 mmHg to obtain a
bisphenol A novolak resin (hefeinafter referred to as
-nonlak resin.(l)). Softening point of the novolak resin
" (1) evaluated with an automatic softening.point—measuring'
apparatus manufactﬁred.by Metler Inc. was 93°C. The
.noyolak resin was alsb evaluated for its hydroxyl
equivalent in accordance with JIS K0070, and it was 120
g/eg. It had, also, number-average molecular'weight of

450; molecular-weight distribution of 1.50.

Example 1

- A reactor equipped with a stirrer, a reflux condenser,
a dropping funnel, and a thermometer.was charged with.400 g
of bisphenol-A,rloo g of o-cresol novolak resin (OCN 80
.manufactured by Nippon Kayaku K.K.; softening point, 80°C;
hydroxyi equivalent 139 g/eqg:; nuhberfaverage molecular
weight, 425; molecular-weight distribution, 1.30), 1956 g
of epichlorohydrin, and 39 g of water. The temperature of
the contents was elevated to 65°C. Wheh the reaction
mixture became a uniform solution, 23.1 g of 50% aqueous
tétramethylaﬁmonium chloride was added ard allowed to react
for 3 hours. under agitation. | |

Next, 331.5 g of 48% aqueous NaOH was added dropwise

to the-mixtﬁre for 2 hours at 70°C and at a reduéed
pressure,'ahd excessive water was removed from the system

b?.utilizing azeotropy of epichlorohydrin and water to
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retain water content in the reactlon system at 2% by
welght. The eplchlorohydrln whlch was dlstllled off with
the water was separated from the water and recycled to the
reaction system; Conditions in the azeotropic distillatiqn
ineluding the extent of pressure reduction and heating were
controlled such that the amount of water removed from the
system per unit time would equal the sum of the -amount of
water in the 48% aqueous NaOH added to.the reaction system
and the amount of water produced in the reaction. After
compieting'the addition of the 48% aqueous NaOH, the
reaction system was maintained at the same temperature.for'
'another 0.5 hour under agitation.

After the completion of the reaction, unreacted
epichlorohydrin and water were distilled off the reaction
mixture at a reduced‘pressure. To tbe residual mixture
were added 750 g of xylepe'and 75 g of water. The'reactien
mixture was agitated for 0.5 hour at 80°C, and allowed to
stand for separation into xylene and aqueous §he3es.
Anaiysis of the sample collected from the xylene phase
exhibited a hydrolyzable chlorine concentration of 1.45% by
weight. |

Next, 62 g of 48% aqueous NaOH was added to the xylene
phase, and the reaction mixture was agitated at BS'C for 2
hours. After the completion of the reaction, gel contents
were removed, and 750 g_of 25% aqueous monosodium phosphate
was added for neutralization. Water was removed from the
resulting neutralized product by utilizing xylene-water

azeotropy, and the residual mixture was filtered through a
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glass filter ﬁo separaie inorganic salt in the neutralized
product. The filtrate was heated to 150'C at a reduced
pfessure to remove xylene ana produce 680 g of epoxy resin.
The_thus produced epdgy'resin had an epoxy equivalent of .
185 g/eq and a hydrolyzable chlorine éontent of 0.06% by

weight .-

Example 2

The procédure of Example 1 was repeated except that
the amoﬁnt of bisphenol A used was reduced to 260 g and the
' o-cresol novolak resin used was replaced with the novolak
resin (1) synthesized in referential Synthesis Example 1.
There.was produced 450 g of epoxy resin having an epoxy
equivalent of.190 g/eq and a hydrolyzable chlorine conteht

of 0.05% by weight.

Example 3

80 g of the epoxy resin synthésized'in Exampie 1, 72.6
g of methylhexahydrophthalic anhydride (Liquacid MH-700,
manufactured by Shin-Nippon Rika K.K.), and 0.4 g of 1,8-
diazabicyclo[5.4.0]}-7-undecene octilate (Ucap—LQZ,
manufactured-by Sun-AbSotlInc.) were mixed at 50°C under
agitation to prepare a unifo;m sélution of varnish. The
uniform solution had a viscosity at 25°C of 993-cps..
| The thus produced uniform solution was poured into
‘molds adapted for fabricaﬁing tésé samples for measuring

flexural strength and flexural modulus, and furtrher into

molds adapted for fabricating test samples for meaéuring
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deflection.temperature under load, and then curéd by

heating at 120°C for 2 hours, at 150°C for 2 hours, and
finally, at 170;C for 4 hours. The thus cured test samples.
were respectively evéluated for their flexural strength,
flexural modulus and deflection temperaturé under load.

The results are shown in Table 1.

Example 4

The procédure of Example 3 was rebeated except that
the epoxy resin used was replacea-with 8b g of the epoxy
resin synthesized in Example 2, and the amount of the
methylhexahydrophthaiic anhvdride used was reduced tb 70.8
g. The &esulting uniform solution had a viscosity at 25°C
of 896'cps: The uniform solution was also cured into test
samples to evaluate their flgxural strength, flexural
modﬁlus and.deflection temperature under load. The results

are shown in Table 1.

melﬁ_i

The procedure of Example 1 was repeafed gxcept that no
bisphenol-A was used and only ‘o-cresol novolak resin (OCN
80 manﬁfactured by Nippon Kayaku K.K.) was used iﬁ an
amoﬁnt of 584 g to produce 650 g of novolak epdxy resin.
The thus produced nbvolak epoxy resin had an époxy
equivalent of 203 g/eq and a hydrolyzablé chlorine content

of 0.05% by weight.

Comparative Example 2
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The procedure of Example 1 was repeated except that'no.,
bisphenol A‘waslused and the o—cresol-novolak resin was
replaced with 504 g of the bisphenol A noQolak resin
sYnthesiéed in referential Synthesis Example 1 to produée
605 g of novolak epoxy resin. The thus produced novolak
epoxy resin had an epoxy equivalent of 197 g/eq and a

hydrolyzable chlorine content of 0.06% by weight.

Comparative Example 3

- The progedure of Example 3 was repeéted except that 16
g of the.novolak epoxy resin synthesized in Comparative
ETxamplie 1, 64 g of bisphenol-A type liquid epoxy resin
(epoxy equivalent, 188 g/eq), 71.4 g of '
methylhexahydrophthalic ahh&dride, and 0.4 g of 1,8-
diazabicycio[5.4.0]—7-undecéne octilate (Ucat-102,
manufactured by Sun-Abbot Inc.) were used to prepare a
uniform solution of varni$h. ' The uniform solution had a
Qiscosity at 25°C of 1946 cps. The thus produced uniform
solution was cured into-test samples to measure flexﬁral
strength,'flexural modulﬁs, and deflection temperature
un@er load. The ratio of bisphenol A component to novolak
componeﬁﬁ in the cured product was the éame as that of.

Example 3. The results are shown in Table 1.

Comparative Example 4
The procedure.of Example 3 was repeated except that
37.4 g of the novolak epoxy resin syhthesized in

Comparative Example 2, 42.6 g-bf bisphenol A type liquid
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epoxy resin (eéoxy equivalent, 188 g/eq), -69.8 g of
methylhexahydrophthalic anhydride, and 0.4 g of 1,8-
‘diazabiéyclo[5.4.0]—7-undecene octilate (Ucat-102,
manufactured by Sun-Abbot Inc.) were used to prepare a
uniform solution of varnish. The uniform solution had a
viscosity at-25‘c'of 3379 cps. The thus produced uniform
solution was_cured.into test samples to_measﬁre flekural
stréngth,.flexural modulus, and deflection temperature
under load. The ratio of bisphenol A component to novolak
component in the cured product was the same as that of

Example 4. The results are shown in Table 1.

Comparative Example 5

The proceduré of Example 3 was-repeated except that 80
g of bisphenol A type liquid epoxy resin (epoxy equivalent,
188 g/eq), 71.5 g of methylhexahydrophthalic anhydride, and
0.4 g of Ucat-102 were used to prepare a uniform soluﬁion
of vgrnish. The thus produced uniform solution was cured
into test samples fo measure flexural strength, flexural
modblus, and deflection temperature under load. The

results are shown in Table 1.

Ex.3 Ex.4 C.E.3 C.,E.4 C.E.D

Viscosity at 25°C of the 993 896 1946 3379 -
varnish before curing, cps : :

Flexural strength, kg/mm2 12.9 12.9 12.0 12.1 11.8

Flexural modulus, kg/mm2 279 292 280 280 277
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Deflection temperature 159 164 160 = 165 140
under load, °C

C.E.: Comparative Example

Synthesis Examples 2 to 5

Ail-liter separable flask equipped.with a condenser, a
-thermometer, a stirrer, and a dropping container was
chafgéd with 456 g of bisphenol A and 335 g of toluene, and
the contenté were heated under agitation. When the
temperature in the flask reached 70.Cf-2.§2 g of oxglic
acid dihydrate was added as a catalyst.- When the
'teﬁperature in the flask reached 90°C, 130 g of 37% aqueous
formalin was added diopwise for 2 hours, and the reaction
was allowed to ﬁroceed for anéther 1 hour under reflux and
under agitation. Next, temperature of the system was
elevated to reﬁbve water and toluvene from the system. When
the temperature reached 150°C, the contents were
-congentrated for 1 hour at normal temperature, and further
concentrated for 1 hour gt a reduced pressure of 20 mmHg to
obtain a novolak resin containing'residual bisphenol A,
which is hereinafter feferred to‘aé novolak resin .(2). The
‘ resulting novolak feéin (2) was evaluated for its softening'
point with an automatic sbffening point measuring apparatus
produced by Metler Inc. The resin wés élso evaluated for
its residual content of the bisphenol A monomer as well as'
its number average molecular weight and molecular weight

distribution (Mw/Mn) by gel permeation chromatography
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(GPC). In the evaluation of the residual content §f the
bisphenol A monomer, 2 columns of Shim-pack-HSG 10 -
(manufactured by Shimadzu Seisakusho Ltd.) and 1 column
each of Shim-pack-HSG. 15 and 20 wefe connected in series to .
constitute the separation column. In the evaluation of the
‘molecular weight, HSG-ZO, 40, 50, and 60 were connected in
series. Tetrahydrofran waslused for the eluting solution.
The molecular Qeight distribution was measured as described
below. The results are shown in Table 2;

The procedﬁré of the above described referential
Synthesis Example 2 was repeated except thaf the bisphenol
A, oxalic acid dihydrate, and 37% aqueous formalin were
used in the amoun£ shown in Table 2 to broduce-novolak
resins (3) to (5). The thus produéed novolak resins (3) to
(5) were also evaluated for their softening point, residual
content oOf the bisphenol_A monomer, number average
molecular weight, and molecular weigﬁt distribution. It
shouid be noted that the Synthesis Example 5 is a case

wherein ‘324 g of o-cresol is used instead of the bisphenol

A,
Table 2
Novolak resin
{2) 13) A4y A5)
10 1 1
Bisphenol-A 456 456 456 -

o-cresol - -~ - 324

Oxalic acid dihydrate 2.52 2.52 2.52 3.8



37% Formalin 130 82.7 33.1 174
Softenihg point, °C . 110 . 93 72 "80
Rgsidual bisphenoi-A monomer content, % by weigh;
'22'_' © 39 57 23%
Number aferagé molecular height-
| 556 450 374 425
‘Molecular weight dis;ribution, Mw/Mn
| 1.68 1.50 1.12 1.30

* content of di-nucleic form o-cresol

aglvcidyvlation)

A 2-liter round flqsk.eéuipped\with a thermometer, a
stirrer, a separator, a condenser, -and a dropping container
was charged with 200 g of n&volak rééin (2) having a
residual_cohtenp of the bispheno;fA monomer of 22% by
‘weight and 1206lg of epichlorohydrin, and the contents were.
heated to a temperatufe of 90°C under agitation. At a
cemperaturé of 90°C, 30 é of water and 3 g of
tetramethylammonium chloride were added and the mixture was
agitated for 4 hours. The temperature of the mixture was
reduced to 70°C and the preésure was reduced to 500 mmHéf
énd at this pressure, 137 g of 48%.aqueous solution of
sodium hydroxide was added to the mixture from the dropping
container for 3 hours, while water was removed from th¢
system with the separator. Thé'water removal was continued
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fcr‘anothér 30 minutes after the completion oflﬁhe dropwise
addition of the sodium hydroxide. Pfessure of the system
was then reduced to 20 mmHg, and the mixturé was condensed
for 1 hour at 120°C. The pressure was then restored to
normal pressure, and 350 g of water and 250 g of toluene
were added to the mixture, andifhe resulting mixgure was
agitated for 30 minutes at 90°C. The mixture was allowed
to stand to thereby promote separation and to remove-the
thus séparated aqueous layer, and the remaining resinous
iaver was concentrated at éo mmHg and at 150°C to obtain
264 g of glycidyl etherified epoxy resin, which is
hereinafter referred to as epoxy resin (6).

The thus préduced epoxy resin (6) was evaluated for
its epoxy equivalent by hydrochloric acid-dioxane method.
The epoxy ;esin (6) was also evaluated for its éoftening
point with an autpmatic softening point measuriné apparatus
produced by Metlerx inc., and for its'composition by gel
permeation chromatography (GPC). as in the case of.Synthesis
Examp;es 2 to 5. The results are shown in Table 3.

The procedure of Synthesis Example 6 was iepeatéd
'-except'that the novolak resin, bisphenql A,
epichlorbhydrip, and 48% aqueous NaOH Qeré used in the
amounts shown in Tabie 3 to produce epoxy resins (7) to -
(15) . The resulting epoxy.resins-(7) to (15) were also
evaluated for their epoxy equivalent, softening point, ;nd

composition. The results aré also shown in Table 3.



Epoxy resin

Novolak resin (2) 200
(3 200
(4) . . 200
(5) - 240

Bisphenol A

Epichlorohydrin 1206 1233 1233 1278
48% NaOH 137 137 137 142
P . £ t] 1t lyeidyl ! .
Epoxy equivalent, g/eq 209 197 199 203
Softening point, °C ' 62 41 viscous 50

Content of n=0 component : '
in the resin*, % . 22 30 63 21

* content of bisphenol A diglycidyl ether monomer

50
93.8 - 50° |
91 230
' 60
200 106 200 159 25.5 240
1406 - 1268 1406 1394 1386 . 1205°

170 141 170 169 168 204

182 190 180 183 © 182 182

viscous viscous-viscous viscous viscous viscous

90 67 92 82 671 75

£€
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Synthesis Examples 16-27
Synthesis of polyadduct resins

A 1-liter separable flask equipped-with a stirrer and
a thermometer was charged with 171 é of bisphenol A epoxy
;esin (epoxf equivalent, 188 g/eq), 29.4 g of epoxy resin
(6) produced-in,Synthesis Example 6, and 94.3 g of
tetfabromobisphenol A, and the conteﬁts Qere heated under
agitation. Wﬁen the temperature was reached 100°C, 0.2 g
of tetraethylammonium chloride was added, and the reaCtion
- was promoted at 160°C for 5 hours to obtain a polyaddition
résin, which is hereihafter';eferred-to as polyadduct resin
(16) . | |

The polyadduct'resin.(16) was evaluated for its epoxy
eduivalent by the same meehod as described abeve. The
resin was. also evaluated fqr its number average molecular
weight by gel permeaﬁion_chromatography (GPC) ﬁsing the
column of Shim—peek—HSG 20, 40, 50 -and 60 connected in
series, and for its.moleéular weight distribution by the
same method as described above. | |

The prqcedure of Synthesis Example 16 was repeated
except,tbat the epoxy resin, bisphenol A epoxy resin, and
tetrabromobisphenol A were_used in the amounts shown in
Table 4 to produce polyadduct resins (17) to (25). The
polyadduct resins (17)-to (25) were also evalﬁated for
their epexy equivalent, number average molecular weight,

and molecular weight distribution.
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The procedure of Synthesis Example 16 vas al;o
répeated except that the tetrabromobisphenol A was replaced
‘with tetrabromobisphenol A epoxy resin in the amount shown-
in Table 4, and the epoxy resin and the bisphenol A epoxy
resin were used in the amoﬁﬁts shown in Table 4 to prodﬁce"
.polQadduct fesins (26) and (27). The polyadduct resins
(26) and (27) were also evaluated for their'epoxy
equivalent, numbér avérage molecular weight, énd'molecular

weight distribution.



Polvadduct resin
16y 7y 18y (19 (20) (21) (22) (23)y (24) (25) (26}
Weight of startihg materials charged. g -
Epoxy resin (6) " 29.4
(10) ' 147 150
(7) 421 _
(11) T 83.6
(12) .147
(8) . 57.7 .
(13) ' ' e 200
(14) - ' | _ | 200
(9) o3 _ _
(15) _ ' . . 147
Bisphenol A epoxy resin* 171 158 142 163 52.9 116 52.9 53 25
‘Tetrabromobisphenol A 94.3 94.3 94.3 94.3 94.3 94.3 94.3 92.5 92.5 94.3 o
Tetrabromobisé%nol A epoxy resin ' o ._ 64
p . £ ¢ 1t solyadd o
Epoky equivalent, é/eq 436 424 390 425 401 419 . 400 402 384" 4i0 391

Number average MW 737 763 589 745 678 761 655 589 749 677 650
MW .distribution 3.21 2.07 1.88 -1.93 2.20 1.99 1.87 1.88 2.21 1.83 1.9

» Bisphenol A epoxy resin having an epoxy equivalent of 188 g/eq.

*» Tetrabromobisphenol A epoxy resin: EPICLON 152-S manufactured by Dainippon Ink & Chemicals, Inc.
_ having, a' softening point of 62°C, an epoxy equivalent of 364 g/eq, and a bromine content of 47.6 wt#.

85

111

81.7

381
735
1.92

9¢
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Example 5

To a solution éf 100 g polyadduct resin (20) in 25 g
methylethylketone was added a solutiqn of 2.5 g dicyanedi-
amide and 0.15 g 2-ethyl—4—methYlimidazole.in 20 g ethylene
glycol monomethyl ether to produce a varnish of an epoiy
-resin éomposition. A glass cloth_(WEA—lBWlOSF manufactured
-by Nitto Boseki Co., Ltd.) was impregnated with the thus
produced varnish, and then driéd in a drying furnace at
140°C for 6 minutes to prepare a prépreg. The prepreg had
a content of the epoxy resin'compositioh of 49% Dby weight.

The prepreg was evaluated for its appearance.

The pxepfeg'was.crumpled tq collect the epoxy resin
comp051tlon, and the thus collected epoxy resin composition
was placed in a mold adapted for fabrlcatlng & test sample
sheet of 1 mm thick. The test sample sheet was placed in
Reolosolid ménufactured by Toyobo Co, Ltd. to evaluate the
epoxy resin composition for *fs glass transition
temperature, Tg at a temperature elevatlon rate of 2°C/min.

The prepreg was also fabricated 1nto a laminate by
Stacklng four sheets of the prepreg and press—moldlng.thé
stack at 170°C for 1'hour'at a preSsure of 20 kg/cm?. The
laminate was immersed in water at a temperature of'121'c
and aﬁ a pressure of 2 kg/cm? for a predetermined period of
time, and then, imﬁersed in a soldering bath at 260°C for
20 seconds. The laminate was evaluated for its résistance
to soldering heat after.pressure cooker Eest"(PCT) in

" accordance with the following criteria:



38

0: no blister or ply separation, .
_Ai few blisters'or slight ply separation, and
x: many blisters or considerable ply Sepa:ation.

The tesults are.shown in Table 5.

Examples 6 to 12

The procedure of Example 5 was'repeated by
substituting the polyadduc£ resin (20) with the polyédduct
resins (21) to (27), respectively as shown in Table 5 to
~ prepare vérnishes épd then, prepregs. The thus produced
varnishes. and prepreés were evaluate@ for their glass
transiticn temperature, resistance-to solde;ing heat after

PCT, and impregnation as in the case of Example 5. The

results are also shown in Table 5..



_Polyadduct resin (20) 100
(21) 100
(22) '
(23)
(24)
- (25)
(26)
(27)
Dicyanediamide 2.5 2.5
" 2-ethyl-4-methyl- _
imidazole _ 0.15 0.15
Broperties of the cured product

. Glass transition

temperature Tg, °C 162 163
Resistance to soldering heat after PCT
120 min 0 0
150 min A 0

Impregnation of the varnish into glass cloth

fair good

Example
1 8 9
100_ .
100
100
2.5 . 2.5 2.5
0.15 0.15 0.15
161 . 160 169
0 0 o]
o . -0 0
good good _good'

100

0.15

156

good

100

0.15

169

good -

100
2.5

0.15

168

good

6€
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Comparative Examples 6 to 12

The précedu:e of Exampie 5 was repeated except that
the epoxy resins (6) to (9) shown in Iable'3 and the
polyadduct resins (16) to (19) shown in Table 4 were used
in the amounts shown in Table 6 to prepare varnishes of the
epoxy resin composition, and then, ‘prepregs. The thus
'produced varnishes and prepregs were evaluated for their -
glas; tfansitioﬁ temperature,. resistance to solderiné heat
after PCT, and impregnation as in the case of ﬁxample 5.

The results are shown in Table 6.



_ Comparative Example _
& 1 8 . 9 9 0 1 12

. C qo » E !] ) [ '-! v-
Epoxy resin (6) o . 10
(7) ' . : \ 10
(8) - : ) .
(9) _ 10
Polyadduct resin (16) 100 '
(1 100
{18) . 100
- (19) , . : 100
Bromated bisphenol A :
epoxy resin* ) _ . ' 90 - 90 90
' Dicyanediamide 2.5 2.5 2.5 2 2.5 2.5 2.5

2-ethyl~4-methyl-imidazole 0.15 0.15  0.15 0.15  0.15 - 0.15 0.15
"Properties of the cured product '

Glass transition : : .
temperature Tg, °C : 157 159 159 157 154 159 157

Resistance to soldering heat after PCT = .
120 min A A 0 0 A o
150 min x x x x X X

Impregnation of the o _
varnish into glass cloth poor fair good good fair good good

*'Bromated bisphenol A epoxy resin having a bromine content of 21% by
weight and an epoxy equivalent of 476 g/eq.

1
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A 2—iiter round flask equipped with a thermometer, a
stirrer, a separator, a condenser, and a dropping container
was charged with 30.7 g of novolak #esin (2) synthesized in
Synthesis Example.zh and 171 g of bisphenol A, 17.5 g of
tetrabromobisphenol A, and 1178 g of epichlorohydrin, and
the contents were heated to a temperature of 90°C uﬁder
agitation. At a temperature of 90°C, 30 g of water and 3. g
of tetraméthylammonium chloride were added and the mixture
was agitated for 4 hours. The temperature of the mixture
was reduced to 70°C, and the pressure was reduced to 500
mmHg,.and at this pressure, 142.5 g 6f 48% aqueous.solution
of sodium hydroxide was added to the mixture from the
dropping container for 3 hours, while water was removed
from the system with the separago:._ The.water removal was
corntinued for another 30 miﬁutes after the completion of
the dropwise addition of the aqueoué solution of sodium
hydroxide. Pressure of the sYstem was then reduced té 20
- mmHg, and the mixture was condensed for 1 hour at 120°C.
The preééure was then réstbred to normal pressure, and 350
g of water and 250 g of ‘toluene were added to the mixture,
and the resulting mixture was agitated at 90°C for 30
minuteé. The mixture was allowed to stand to thereby
promoté séparation of aqueéqé layer and to femoVe the thus

separated agqueous layer, ‘and the remaining resinous layer



43

waé concentrated at 20 mmHg and at 150°C fdr 1 hour to
obtain 1 g of glycidyl etherified epoxy resin, which is
hereinafter referred to as epoxy resin (28).
Thé thus produced epoxy resin (28) was evaluated for

its epoxy equivaient'by hydrochioric acid-dioxane method.
- The epoxy resin (28) was al$o evaluated for its softening
point with an automatic softening point measuring apparatus
produced by Metler Inc.,.and for its composition by gel
permeation chromatography (GPC) as in the case of Synthesié
Examples 2 to 5. |

| The procedure of Synthesis Example 28 was:repeated
except that of the novolak resin, bisphenol A,-tetrabromo—
bisphenol A, épichlorohydrin,.and 48% aqueous NaOH were
used in the amounts as shown .in Table.7 to produce epoxy
resins (29) to (37). . The resulting epoxy resins (29) to
(37) were also evaluated for their epoxy equivalent,
softening poiﬁt, and composition. The -results are shown in

Table 7.



: Epoxy resin
_ £28)  (29) 130} 31 132) 133) 34) {35) 36) 437
Weight of starting ma:t.eri.'a-]s charged. g . . .
Novolak resin (2) 200 - 50 _ 30.7 .
(3) 200 . 93.8 50 53.0
(5) o 240 60 59.3
Bisphenol A | - 1200 106 200 240 171 172 166
Tet rabromobisphenol A - - - - - - - 17.5 20.8 20.8-
Bpicﬁlorohydrin : 1206 1233 1278 1406 1268 1406 1205 1178 1311 1309
48% NaOH 137 137 142 170 141 170 204 143 159 158
g 1t lvcidyl ! s
. Epoxy equivalent, g/eq. 209 197 203 : i82 '_190 180 182 187 190 189
Softening point, °C 62 41 50 viscous viscous viscous viscous viscous viscous viscous
Content of n=0 combonént : | | _
in the resin*, % 22 30 21 90 67 92 - 175 86 82 79

* total content of bisphenol A diglycidyl ether monomer and tetrabromobisphenol-A

.diglycidyl ether monomer.

144
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Synthesis Examples 38-48

A l-liter separable flask equipped with a stirrer and
a thermometer was charged with 200 g of epoxy resin (28) .
prepared in Synthesis Example 28 and 78 g of ﬁetrabromoé
bisphenol A, and the contents were heated;under agitation;_
When the temperature in réached 100°C, 0.2 g of tetraethyl-
ahmonium chloride was added, and the reaction was promoted
at 160°C for 5 hours to obtaih a polyédduct resin, which is
hereinafter referred to as polyadduct resin (38).

The thus prdduced polyadduct resin (38) was evaluated
for its epoxy equivalent a§ in the case of Synthesis
Example 16. The poiyadduct resin (38) was also evaluéted
for its molecular weighp by gel permeation chromatography
(GPC) using the_éolumn of Shim-pack-HSG 20, 40, 50 and 60
connected in series, and for its molecular weight |
distribution as in the case of Synthesis Example-lﬁ. " The
results are shown in Table 8.

The procedure of_SyntheSis Example 38 Qas repéatéd
except that the epoxy resin, biépheﬁol-A epoxy resin, and
tetrabromobisphenol-A were used in the amoun£s as shown in
Table.8.£o produce polYadduct resins (395 to (47). The
polyadduct resins (39) to (47) were also evaluated for
their epoxy eqpivalent, numbgf average molecular Qeight,
and molecular weight distribution. The results are also

shown in Table é.



Polyadduct resin
Weight of starting materials charged. g
Epoxy resin (28) | 29.4
(29) 42.1
(30) | 37
(31) o 147
(32) . s 83.6 _
(33) ' 147
(34) ' ' , . 147
(35) S _ ' 200 _
(36) . 200
31 : - _ ' oL 200
Bisphenol A epoxy resin* 171 158 163 52.9 116 52.9 53 '
Tetrabromobisphenol A 94.3 94.3 94.3 94.3 94.3 - 94.3 94.3 78.0 77.2 77.2

Epoxy equivalent, g/eq 436 424 425 401 419 400 410 354 357 356

Number average MW 737 763 745 678 761 655 677 605 616 588
MW distribution . 3.21 2.07- 1.93 2,20 1.99 1.87 1.8 2.08 1.87 1.69

* Bisphenol A epoxy resin having an epoxy equivalent of 188 g/eq.-

9v
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Example 13

To a solution of 100 g polyadduct resin (45)_in 25 g
methylethylketone was added a solution of 2.5 g dicyane-~
diamide and 0.15 g 2-ethyl—4-methylimidézole in 20 g
ethylene glycol monomethyl ether to produce a varnish 6f an
epoxy resin compositionf A glass éioth (WEA-18BWOSF
manufactured by Nitto Boseki Co., Ltd.) was impregnated
with the thus produced varnish, and then dried in a drying
furnace at 146'C for 6 minutes to prepare a prepreg. The
prepreg had a content of the epoxy resin composition of 49%
by weight. |

The prepreg was evaluated for its appearance.

Glass transition temperature, Tg was evaluated by
using the prepreg as in the case of the Examéles S to 12.
The prepreg was also evaluated for its impregnation and’
resistahce to soldering heat after pressure cooker test

(PCT). The results are shown in Table 8.

Examples 14 apd 15
The procedure of Example 13 was repeated by

substituting the polyadduct resin (45) with the polyadddcﬁ
resins (46) énd (47), ;especﬁively in the amount shown in
Table 9 to prepare varnishes and then, prepregs. The thus
: _produéed-varnishes and prepiegs were evaluated fér their
glass transitioh.temperature, resistance to soldering heat
after PCT, ahd impregnation ‘as in the case of Example 13.

The results are also shown in Table 9.
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Iable 9
Example
: _ 13 14
. ™ £ ] . {t4
Polyadduct resin (45) . 100 |
C(46) | 100
(47) o |
Dicyanediamide | 2.5 2.5
2-ethyl-4-methyl- .
imidazole _ - 0.15 - 0.15
Properties of the cured product
Glass transition .
temperature Tg, °‘C- 171 170
Resistance to soldering heat after PCT
120 min . o 0
150 min o . 0

Impregnation of the varnish into glass cloth

good good

100
2.5

0.15

162

o

good
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The procedure of Example 13 was repeated except that
.the epoxy resins (28).to (30) shown in Table 7 and the
polyadduct resins (38) to (44) shown in Table 8 were useéd
in the amounts shown in Tabie 10.te'prepare varnishes of
the epoxy resin composition and-then, prepregs. The thus
produced varnishes and prepregs were evaluated for their
glass traD51tlon temperature, resistance to ‘soldering heat
after PCT, and impregnation as in thé_caee of Example 13.

The reésults are shown in Table 10.



Comparative Example _
13 14 15 16 12 18 - 19 20 2

C a 3 E ] i - . : " [ ! 3
Epoxy re51n (28) - 10

(29) _ ' 10
(30)
Polyadduct resin (38) © 100
: (39) 100

(40) - 100 , .
(41) . _ 100
(42) : 100
(43) 100
(44) . . . N

Bromated bisphenol A :
epoxy resin? 90 90 90

Dicyanediamide 2.5 2.8 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2-ethyl-4-methylimidazole 0.15 0.15 0.15 .0.15 0.15 0.15 0.15 0.15 0.15
Properties of the cured product |

Glass transition

temperature Tg, °C ' 157 159 159 154 159 157 162 163 161
Resistance to. soldering heat after PCT. '
120 min - , A A 0 A ) 0 ) 0 0
150 min L x x x X x x A Y 0

Impregnation of the varnish

into glass cloth poor fair good fair good good © fair good good -

* Bromated bisphenol A epoxy resin having a bromlne content of 21% by welght and
an epoxy equivalent of 476 g/eq.

100

2.5
0.15

156

o]
0]

good

0§
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As set fortﬁ aboﬁe,.the epoxy resin of the present
inven;ion is easy to shape since it exhisits a considerably
low viscosity uéon mixing witﬁ a curing agent. Once cured,
the epoxy resin of thé present invention exhibits an
excellent heat resistance és.well as a high mechanical
strength. Thefefore,'it is well suited for use in
combination with various types .of.fibers to.constitute
plastic composite materials.

The epoxy resin composition comprising as its mainm
component a polyadduct resin prepared by polyaddition
reaction cf the particular co-glycidyl etherified epoxy
resin of the present invention exhibits e#cellent
impregnation into such.materials as glass cloth, and once
cured, the cured product shows excellent heat resisﬁance;

blister resistancg, and adhesion to copper clad.
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CLAIMS

1. An epoxy resin (A) obtainable by glycidyl
etherifying a bisphehol (I) and a novolak resin (II) with at
least one member selected from an epihalohydrin and a
methylepihalohydrin. | . o _

2. An epoxy resih (A) according to claim 1 wherein
said bisphenol (I) and said novolak resin (II) are used in a
weight ratio of 1 - 95 : 99 -.5, -

- 3. An epoxy resin (A) according to claim 2 wherein
said bisphenol (I) and said novolak resin (II) are used in a
weight ratio of 50 - 90 : 50 - 10.

4. An epoxy resin (A) accofding to any one of claims 1
to 3 wherein said novolak resin (II) has a softening point
of up to 110°C, a number average molecular weight of 1,000
tc 300, and a molecular weight distribution of up to 2.

3. A process for producing an epoxy resin (A) which
comprises glycidyl etherifying a bisphenol (I) and a novolak
resinl(II) as defined in any one of claims 1 to 4 with at
least one member selected from an epihalohydrin and a
methylepihalohydrin.. o

6. An epoxy resin composition comprising a polyadduct
resin (B) obtainable by reacting an epoxy resin (&) as
defined in any one of claims 1 to 4 with a.haloéenated
bisphenol (III). o

7. An epoxy resin composition according to claim 6
 wherein said reaction is conducted in the presence of at
least one member selected from an epoxy resin (E) and an
epoxydized halogenated bisphenol (F).

8. An epoxy resin compos1tlon according to claim 7
wherein said epoxydized halogenated bisphenol (F) is used in
an amount of 1 to 15% by weight. '

9. A process for preparing a polyadduct resin-(B)
which comprises reacting an epoxy resin (A) as defined ‘in
any one of claims 1 to 4 with a halogenated bisphenol (I11).
10. A process according to claim 9 which is conducted
in the presence of at least one member selected from an
epoxy resin (E) and an epoyyd1zed halogenated blsphenol (F).
11. & varnish compr1san as its -main components a

R RO i
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solvent and an epoxy resin composition as defined in any ocne
of claims 6 to 8. _ ' _

12, A prepreg or laminate comprising a reinforcement
impregnated with a varnish as defined in claim 11.

13. ~ An epoxy resin composition comprising a polyadduct
resin (D) obtainable by glycidyl etherifying a bisphenol
(I),. a novolak resin (iI) and a haiogenated.bisphenol (I1I)
with at least one member selected from an epihalohydrin and
a methylepihalohydrin to produce an epoxy resin (C); and
‘reacting the epoxy resin (C) with a halogenated bisphenol
(III). - |

14, An epoxy resin composition according to claim 13
‘wherein said reaction between said epoxy resin (C) and said’
halogenated bisphenol (III) is conducted in the presence of
an epoxy resin (E). |

15. An epoxy resin composition according to claim 13 or
14 wherein said novolak resin (II) has a softening point of
up to 110°C, a ﬁumber average molecular weight of 1,000 to
300, and a molecular weight distribution of up to 2.

16. 'An epoxy resin composition according to ény one of
claims 13 to 15 wherein said bisphenol (I), said novolak
resin (II) and said halogenated bisphenol (III) are used in
a weight ratio of 5 - 80 :-94 - 5 : 1 - 1s.

17. A process for producing a polyadduct resin (D)
which comprises reacting an epoxy resin (C) as defined in
claim 13 with a halogenated bisphenol (III).

18. A process according to claim 17 which is conducted
in the presence of an epoxy resin (E).

19. A varnish comprising as its main components a
solvent and an epoxXy resin composition as defined in any one
of claims.,13 to 16. .

20. A prepreg or laminate comprising a reinforcement
impregnated with a varnish as defined in claim 19.

21. ~ An epoxy resin‘of epoxy resin composition
substantially as described in any one of Examples 1 to 4.

22. A varnish substantially as described in any one of
_Examples 5 to 15. '

—_— .

LTS
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. i i ne cf
23" A prepreg substantially as descrlped in any o

. Examples 5 to 15.

\—\‘
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