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TITLE OF THE INVENTION 

Epoxy Resir:i and Epoxy Resin Compos.ition 

BACKGROUND OF THE INVENTION 

This invention .relates to an epoxy resin and an epoxy 

resin composition comprising 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 shaping, and which, once 

cured, has an excellent heat resistance and a high 

mechanical strength. This invention is also directed to an 

epoxy resin composition which exhibits excellent 

impre.gnation into such materials as a glass cloth, and 

which, once cureq, exhibits high heat resistance and 

blister resistance to enable its use in the production of a 

copper clad epoxy resin laminate for a printed wiring 

board, in particular, a multilayered printed wiring board. 

Plastic composite materials prepared by blending a 

matrix of a plastic material and a ·reinforcement are widely 

' used in industry since they have excellent heat resistance, 

weatherability, chemical resistance, or mechanical 

strength. Epoxy res~ns are widely employed for the matrix 

of the plastic composite material since they have favorable 

dynami~ properties, and they are highly adhesive to the 

reinforcing fibers used for the reinforcement, and the 
. ,_ 

r~sulting composite materials are readily sha:~bble. 
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Among such plastic compo~ite materials, the one 

comprising .an· epoxy re.sin and a carbon fiber is highly 

expected to .be the most significant next generation 

structural material· in aerospace, automobile, and other. 

high technology industries in view of·'its excellent heat 

resistance and mechanical strength. 

However, the composite materials are expected· to have 

an even higher heat resistance and a further improved 

shapability'or moldability tQ enable their use as 

structural materials in such high technology fields. 

Recent~y, range of el.ectronic appliances have greatly 

increased, and multilayer printed .wiring boards are finding 

the;i..r use not only in co.mputer-related equipments but also 

in automatically.controlled 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 

construc~ion have undergone a significant change as often 

referred to as downsizing, and a distributed system 

constructed around a work station have become common. The 

printed wiring boards used in such distributed system were 

not developed in the direction of increasing the number of 
. 

layers in the laminate, and they usually comprise a 

laminate of foµr to ten layers. In the printed wiring 

boards of such field, fine patterns to realize high density 

packaging as well as thickness reduction are under 

investigation. 

.'II' ... ..-
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To correspond to such.requirements imposed on printed 

wiring boards, the substrates used for the wiring b~ards 

should have even more improved heat resistance and blister 

resistance. 

One method known in the art for improving the heat 

resistance of the epoxy resin is addition of a 

polyfunctional epoxy resin to thereby increase crosslinking 

density of the resin. Novolak epoxy resin is widely used 

in such modification because of its inexpensive price. 

Novolak epo~y resin, however, has a considerably wide 

.m~lecular weight distribution, and when the novolak epoxy 

resin is added in a large amount, or when the novolak epoxy 

resin of a high molecular weight.is used, the resulting 

resin would have an excessively high viscosity. When such 

resin of high viscosity is used for the matrix of the 

plastic composite material, it would become difficult to 

fully impregnate the reinforcing fiber with the matrix 

resin and to shape the resulting plastic composite 

material. Also, severe requirements in heat resistance 

impose~ on laminates for printed wiring boards were.not 

fulfilled by mere addition of the polyfunctional epoxy 

resin. For e.xample, 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 subjected to soldering after boiling, there 

often occurred ply separatioh to result in blisters. 
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SUMMARY OF THE tNYENTION 

First objec_t of tne present invention is to provide a 

rea~ily shapable epoxy resin which, upon mixing with· a 

curing agent, exhibits a low viscosity, and which, once 

cured, exhibits an.excellent heat resistance as well as a 

high mechanical strength. 

_Second object of the present _invention is t_o provide 

an epoxy resin composition which exhibits an excellent 

impregnation into materials such as glass ·cloth, and which, 

once cured, exhibits excellent heat resistance, blister 

resistance, and adhesion to coppe.r clad, and consequently, 

which is well suited fo::: use in the production of a copper 

clad epoxy resin laminate for a printed wiring board, in 

particular, a multilayer printed wiring board. 

The inventors of the present invention have made an 

intensive ~tudy to attain the above-~entioned f iist object, 

and.found put that a readily shapable epoxy resin of low 

viscosity which, once cured, ex;hibits an excellent heat 

resistance as well as a high mechanical strength may be. 

produced by effecting the glycidyl etherification of a 

bisphenol with an epihalohydrin or a methylepi~alohydrin in 

the presence of a novolak resin to thereby simultaneously 

effect the glycidyl etherification of the bisphenol and the 

novolak resin. 

To attain the above-mentioned first object of the 

inve·ntion, there is provided in accordance with the present 

invention, an epoxy resin (A) produced by glycidy~ 
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etherifyirig a bisphenol (l) and·a novolak resin (II} with 

at least one member selected from an epihalohydrin and a 

methylepihalohy~!in. 

Furthermore, to attain the above-mentioned second 

object of the invention, there is provided in accordance 

with the.present invention an epoxy resin composition 

mainly comprising a polyadduc~ epoxy resin (B} produced by 

· glyci?yl etherifying a bisphenol (I) and a novolak resin 

(II) with at least one member selected from an 

epihalohydrin and a methylepihalohydrin to produ~e an epoxy 

resin (A), and then reacting the epoxy resin (A) with a 

halogenated bisphenol (III) in the presence -0f an onium 

salt or a base catalyst to produce the polyadduct resin 

(B) • 

Still further, to attain the above-mentioned second 

object of t.he invention, there is also provided in 

accordance with the present invention an epoxy resin 

composition mainly comprising a polyadduct epoxy resin (D) 

produced by. glycidyl etherifying ~ bisphenol (I), a novolak 

resin (II), and a halogenated bisphenol (III) with an 

epihalohydrin or a methylepihalohydrin to produce an epoxy 

resin (Ci, and then reacting the epoxy resin (A) with a 
·. 

halogenated bisphenol (III) in the presence of an oniurn 

salt or a base catalyst to produce the polyadduct resin 

. (D) • 

DETAILED DESCRIPTION OF THE INYENTION 

·1 . 
L 
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The epoxy resin of the present invention and the epoxy · 

resin composition containing such epoxy resin are 

hereinafter described in detail~ 
. . 

.The epoxy resin. (A) of the present invention is 

produced by using a bisphenol (I) and a novolak resin (II) 

as its starting materials. The epoxy resin composition of 

the present invention mainly comprises 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 halogenated bisphenol (III) with a halogenated 

bisphenol (III) for a polyaddition reaction. 

Bisphenol CI> 

The bisphenol (I) used as a starting material for 

preparing the epoxy resin (A) or the epoxy resin, CC) is a 

compound represented by the general formula (i) : 

R' n R' n 

HO-O-R-0-0H 
( i) , 

wherein R is a divalent group selected from the group 

consisting of -cH2-, -CHCH3-, -C(CH3>2-, -so2-,· 0, and 

-C(CH3) CC6Hs)-; 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, bisphenol· F, and bisphenol AD. The 



7 

most preferred among these is bisphenol A, ·whi~h is a 

bisphenol wherein R is isopropylidene group and R' is 

hydrogen atom in the above formula (i) ·. 

Noyolak resin CII> 

.The novolak resin (II) used in preparing the epoxy 

resin (A) of the pres~nt invention or the epoxy resin (C), 

which is used in .the preparation of the epoxy resin 

composition of the present invention, is a condensation 

product of formaldehyde and the above-described bisphenol 

(I) or. a phenol represented by the following general · 

formula (ii): 

OH 

(ii) I 

. wherein Rl and R2 are independe.ntly sel~cted from hydrogen 

atom and a. hydrocarbon containing 1 to 10 carbon atoms. 

Exemplary preferred phenols 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 (I) used for preparing the novolak resin (II) may 

preferably be bisphenol A o·r bisphenol AD. 
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The novolak re·sin (II) may preferably have a soft~ning 

point of up to 1oo·c, and more preferably, a softening 

point in the range of from 30 to 1oo·c. When the bisphenol 

{II) having a so~tening point in excess of i1o·c is used 

for the epoxy resin preparation, the resulting epoxy resin 

would not be readily shapable due to an e~cessively high 

content of higher molecular weight species, and hence, an 

excessively high viscosity.· When such epoxy resin is 

further reacted with a halogenated bisphenol (III). to 

prepare the epoxy resin (B) or (D), the resulting 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 molecular weight of from 300 to 1,009,.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 distri~ution of up to 2, and most 

preferably, from 1.1 to 1.8. The term, molecular weight 

distribution used in the present invention designates the 

ratio of weight average molecular weight to number average 

rnolecuia·r weight, i.e. Mw/Mn. 

The novolak resin (II) may be produced by reacting the 

above-described bisphenol and/or phenol with the 

formaldehyde either under conditions w~thout or within a 

solvent such as xylene or tolu~ne, and in the presence of 

an acidic catalyst~ · Paraformaldehyde may be used instead 

of the formaldehyde. The formaldehyde may be used in an 
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amount of from 0.2 to 0.8 mole per 1 mole of the total of 

the bisphenol and/or phe~ol to optimize the softening point 

and the.average molecular weight. 

When a solvent is used iri the ·above ·described 

reaction, it may be used in a proportion of from 20 to 100% 

by weight per 100% by weight of the total of said bisphenol 

and/or phenol. 

The acidic catalyst used may typically be a min~ral 

acid such as sulfuric acid, hydrochloric acid, nitric acid, 

or phosphoric acid; or an organic acid such as p- . 

toluenesulfonic acid or oxalic acid. A.'Tlong these, p­

toluenesulfonic acid is preferred in view of its high 

acidity and good compatibility with the reaction 

substrates. The acid~c catalyst ma.y 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 

small amount of the acidic catalyst used· will result in the 

failure of the reaction, and henc~,· failure in producing 

the .novolak resin (II) of the desired molecular weight. An 

excessively large amount of the acidic catalyst used will 

lead to ·a difficulty in controlling the reaction, as well 

as .an excessively high molecular .weight of the resulting 

novolak resin. 

The reaction may typically be effected by heating the 

·reaction ,mixture to a.temperature of from 70 to 1oo·c for a 

period of from 1.5 to 4 ho~rs and then to a temperature of 

from 100 to 120"C for dehydration condensation. The 
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dehydration condensation may be promoted either at reduced 

pressure or by utilizing azeotropy upon reflux in a solvent 

such as xylene or toluene and removing the water of 

condensation. Preferably, the reaction is continued until 

the water of condensation is no longer generated. The 

reaction may typically take a period of from 3 to 5 hours. 

After the completion of the -reaction, an alkaline 

compound is added to the reaction mixture in an amount 

stoichiornetrically equivalent to the acidic catalyst used 

to thereby neutralize the acidic catalyst. Typical 

alkaline compounds which may be used include sodium 

hydr0xide, potassium hydroxide, and trieihanolamine 

· morpholine. Alternatively, the neutralization may 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 (!I) is prodpced by using a 

solvent, the ~olvent used is distilled off to leave the 

novolak resin. 

Polynucleated components contained in the novolak 

resin (II) having a functionality 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 resin (A) or the bisphenol (I), the novolak resin 

(~I> ~nd 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 



. -~·-··------~----- ----- -

11 

tempera~ure after curing of the resulting epoxy resin would 

not be s~fficiently 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) would have an excessively high 

molecular weight to result in an insufficient irnpreg~ation 

into the glass cloth. 

Haloaenated bisphenol <III) 

The halogenated bisphenol (III) used as a starting 

material in preparing the epoxy resin (C) may preferably be 

a brornated bisphenoi. The most preferred are 

tetrabromobisphenol A, tetrabromobisphenol F, and 1,1-

bis (3,5-dibrorno-4-hydroxyphenyl)ethane. 

G1ycictyiatio'1 

The reaction of the bisphenol (I) and the novolak 

resin CII) with an epihalohydrin or a rnethy~epihalohydrin 

to produc~ the epoxy xesin (A); and the reaction of th~ 

bisphenol (~), the novolak resin (II), and the halogenated 

bisphenol (III) with an epihalohydrin or a rnethylepihalo­

hydrin to produce the epoxy resin (C) may be effected in 

accordance with various k~own methods. However, it is 

preferable to sequentially conduct the etherification ·step 

and the dehydrohalogenation step {n order to provide the 

resulting glycidyl etherified epoxy resin (A) or (C) with a 

reliable ·9uality. The epihalohydrin may preferably be 
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epichlorohydrin, and the methylepihalohydrin may preferably 

be 2-methylepichlorohydrin. 

The etherification step may be conducted in the 

presence of an etherif ication c~talyst in an· amount of from 

0.1 to 5% by mole per 1 equivalent of the phenolic hydroxyl 

group in the mixture 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 cat~lysts include tertiary amines 

such as trimethylamine, triethylamine, etc.; tertiary 

phosphines such as triphenylphosphine, tributylphosphine, 

etc.; quaternary a:r:monium salts such as tetramethyl-ammonium 

chloride, tetramethylammonium brom~de, tetraethylammonium 

chloride, choline chloride, etc.; quaternary phosphonium 

salts such as t~tramethylphosphonium bromide, 

tetramethylphos~hohium iodide, tetraphenylphosphonium 

bromide, triphenylpropylphosphonium bromide~ etc.; tertiary 

.sulfonium salts such as benzyldibutylsulfonium chloride, 

benzyldimethylsulfonium chloride, etc.; and inorganic bases 

such as sodium hydroxide, potassium hydroxide, etc. The 

preferred among these is tetramethylammonium chloride. 

Iri·the etherifica~ion ~tep, the reaction is proceeded 

until at least about 50% by mole~ and preferably, _at least 

about 70% by mole of the phenolic hydroxyl group is 

etherified. Typically,· the ~eaction is carried out at a 

temperature of from 60 to llO'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 P!eferably be k~pt to not more ·than 3. 0% by · 

weight. 

··----·---···-·-· 

The next dehydrohalogenation $tep may be conducted in 

the reaction product from the etherification step 

comprising a unreacted epihalohydrin. In the reaction, it 

is preferable to use as a catalyst, the alkaline compounds 

such as alkaline metal hydroxide as those used in the 

etherification step. In the dehydrohalogenation.step, 

typically, the alkaline compounds are used in a·proportion 

of 0.5 mole or more, preferably 0.8 mole or more per 1 

equivalent amount of phenolic hydroxyl group of the novolac 

resin (I!) . Preferably, the alkaline compounds are used in 

a proportion of up to 1 mole per 1 equivalent amount of 

phenolic hydroxyl group to inconvenience ssuch as gelation 

of reaction product. The reaction may be conduct generally 

at a temperature of from 60 to 1oo·c for 1 to 3 hours. 

When s0dium hydroxide was used, it is preferable that the 

reaction is carried out by remqving the water of by­

product. Removing the water may be carried out by . 

dehydrating the reaction mixture, for example, by azeotropy 

of the epihalohydrin-water, and restoring epihalohydrin to. 

the r.eaction system. After .the completion of the 

reaction, the epoxy resin of the present invention may be 

prepared after a post-treatment such as removing unreacted 

epihalihydrin by vacuuffi distillation, removing a by-product 

sallts by treatment such as ~ater 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. Furthermore, if it is necessary to reduce a 

amount of hydrolyzable chlorine, second dehydrohalogenation 

may be carried out again. Alkaline compounds are used to 

reduce a amount of hydrolyzable chlorine in a proportion of 

l to 3 mole, pr~ferably 1.2 to 3 mole p~r 1 mole of residue 

of hydrolyzable chlorine. This reaction may be conducted 

at aternperature 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, the preferred·is 

xylene, toluene, MEK, methyl isobutyl ketone. 

In the production of the epoxy·resin (A), the 

bisphenol (I) and the novolak resin (II) are used in a 

weight ratio of 1 to 99 : 98 to 5, preferably, 5 to 95 : 95 

to 5, and more preferably, 10 to 90 : 90 to 10. When the 

novolak component.is excessively used, the resulting epoxy 

resin will have an exce~sively high content of higher 

molecular weight species for example, will not sufficiently 

impregnate into the. glass cloth upon fabrication of· the 

prepreg and as a consequence, the resulting laminate will 

have a poor impact resistance. When the proportion of the 

novolak ~esin (II) is excessively low, the resulting epoxy 

resin will have an insufficient heat resistance. 

For the composite materials of heat resistance, the 

bisphenol (Il and the novolak resin (II) are used in a 

weight iatio of 50 to 90 

weight ratio of 65 to 90 

50 to 10, and preferably, in ·a 

35 to 10. When the proportion 

·of the .. novolak resin (II) is excessively. low, the resulting. 
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epoxy resin will h·ave an :i:-nsuff icient heaf resistance. 

When the novoiak component is excessively used, the 

resulting epoxy resin will have an excessively high 

viscosity and will not be readily shapable. 

In the production of the epoxy resin (C), the 

bisphenol (I), the novolak resin (II) and the halogenated 

bi.sphenol (III) .are used in a weight ratio of 5 - 80 : 94 

5 : 1 - 15, preferably 7 - 80 : 90 - 10 :3 -10. 

The glycidyl etherified epoxy resin (A) produced by 

the above-described reaction has a epoxy equivalent of from 

17C to 220 g/eq and for a printed wiring board, preferably 

, ·it has a softening point of up ~o so·c, an epoxy 

equ!lva.J,.ent of from 170 to 220 g/eq, a halide content of up 

to 0.1% by weignt. The glycidyl etherified epoxy resin (C) 

produced by the above-described reaction has a sbftening 

point·of up to 40"C, an epoxy equ~valent of from 170 to 220 

g/eq, a halide content 6f up to 10% by weight. 

Polyaddition reaction 

The polyadduct resins CB) and (D) which·are 

respectively t~e main component of the epoxy resin 

composition of the present invention are man~f~ctur~d by 

respectively reacting the epoxy resins (A) and (C) with the 

halogenated bisphenol (III) . 

The polyaddition reaction of the epoxy resin CA) or 

th~ epoxy resin CB) with the halogenated biSphenol (III). is 

effected at a tempe=ature of from 12o·c to 170"C for 4 to 

15 hours in an inert atmosphere in the optional presence of 
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a catalyst such as a quaternary ammonium salt or a 

quatern~ry sulfonium salt in _an amount of '10 to_ 300 ppm. 

The reaction may be conducted in a solvent such as 

toluene, xylene and cyclohexanone such that the solid 

.content in the reaction mixture would be up to 30% by • 

weight. 

Tpe halogenated bisphenols (II"!) which may be used for 

the polyaddition reaction may be the same as those used for 

the glycidyl etherification. Among such halogenated 

bisphenols (III), the preferred ar~ bromated bisphenols, 

and particularly, tetrabromobisphenol A, tetrabromobis-

phenol F, and l,l-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 

resiri (B), the epoxy resin (A) and the halogenated 

bisphenol (III} may preferably be used in a ratio of 74:26 

to 55:45. In the re~ction of the epoxy resin (C) with the 

halogenated bisphenol (III) to produce the polyadduct epoxy 

resin (D), the epoxy resin (C) and the halogenated 

bispheno1 .(III) may preferably be used ;J.n a ratio of 90:10 

to 58:42. When an excessive amount of the halogenated 

bisphenol (III) is used, higher molecul~r weight species 

will .be excessively produced to result in a resin 

composition which will not sufficiently impregnate into the 

cloth upon f~brication of the piepreg. When the proportion 

of the halogenated bisphenol (III> is exc~ssively low, the 

resulting epoxy re$in composition wil~ not have a 

sufficient flame ret~rdancy. 
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The polyaddition reaction may be effected in the 

presence of a general-purpose epoxy resin and/or an 

epoxydize'd halogenated bisphenol prepared by glycidyl 

etherifying the above-described halogenated bisphenol (III) 

with an epihalohydrin or a methylepihalohydrin. When the 

polyad~ition reaction is effected in the presence of the 

·epoxydized halogenated bisphenol, it may preferably be used 

in a proportion of 1 to 15% by weight per 100% by· weight of 

the total content to prevent coloring of the laminate upon 

heating~ 

The epoxy resin composition of the p.resent invention 

mainly comprising the polyadduct resin (B) prepared by 

reacting the epoxy resin ·(A) with th.e halogenated blsphenol 

(III) as described above has an epoxy equivalent of from 

300 to 500 g/eq, a number average molecular weight, Mn of 

from _500 to 1,000, a Mn/Mw ratio of. 1.7 to 3.0, a halide 

content of. from 15 to 25% by weight, and a content of 

polyfunctional compone.nts of 3 .to 40% by weight. It is a 

viscous prqduct having a narrow rnolecu,+ar weight 

distribution with a small content of both lower and higher 

··molecular weight species. 

The epoxy resin· composition of the present inven_tion 

mainly comprising the polyadduct resin (D) prepared by 

reacting the epoxy resin (C) with the halogenated bisphenol 

{III) as described above has an epoxy equivalent of from 

·300 to 500 g/eq, a number average molecular ~eight, Mn of 
. 

from· 500 to 1,000, a Mn/Mw ratio of 1.5 to 2.5, a halide 

content of from 15 to ·25% by we~ght, and a content of 
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polyfunctional components 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 epoxy resin 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 1o·c higher than that of the cured 

product of the epoxy resin prepared-by using conventional 

epoxy reiins other than th~ epoxy resin (~) or (C) 6f the 

invention. Also, the epoxy resin composition of the 

present invention exhibits good impregnation into the glass 

cloth. 

As described above, glycidyl etherif ied epoxy resin 

{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 invention, the epoxy resin 

(A) or (C) may be used either alone or in combination with 

another epoxy ~esin having two or more epoxy radicals in 

one mole.cule. Exemplary such additional epoxy resins 

include bisphenol-A epoxy resin, phenolic novolak epoxy 

resin, cresol novol~k epoxy resin and other glycidyl 

etherified epoxy resins,_glycidyl ester epoxy resins, 

glycidyl amine epoxy resins, Linear aliphatic epoxy resins, · 

alicyclic epoxy resins, heterocyclic epoxy resins, 

halogenated epoxy resins, and other polyfunctional epoxy 
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resins. Such additional epoxy r.esins may be u·sed in an 

amount of up to 50% by weight per 100% by weight of the 

total epoxy contents, namely, total of the epoxy resin and 

the additional epoxy resin. When ap excessive amount of 

the additional epoxy resin is used, the resulting 

composition will no. longer have the properties 

characteristic to the composition of the present invention. 

The curing agent 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 polyarnines, aliphatic polyarnines, 

imidazols, and phenolic resins. 

Exemplary acid anhydrides include phthalic anhydride, 

hexahydrophthalic anhydride, rnethyltetrahydrophthalic 

anhydride, rnethylhexahydrophthalic anhydride, methylnadic 

anhydride, methy~naphthalenedicarboxylic ~cid, pyromellitic 

anhydride, trimellitic anhydride, benzopheno~etetra­

carboxylic anhydride·, d_odecylsucci.nic anhydride, ch.lorendic 

anhydride, and chloronorbornenedicarboxylic anhydride. 

Exem~lary arom~tic polyamines include diaminodiphenyl­

methane, d~aminodiphenyl sulfone, and amine adducts. 

Exe-mplary aliphatic polyamines include 

triethylenetetramine, diethylenetriamine, menthenediamine, 

N-arninoethylpiperadine, ~sophoronediarnine, 3,9-bis(3-

aminopropyl)~2,4,8,10-tetraspiro[5,5]und.ecane, amine 

adducts. 

Exemplary imidazoles include 2-methylimidazole, 2-

ethyl-4-methy limidazole, 2-phenylimidazole, 2-
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undecylimidazole, 2-ethyl-4-methylimidazole azine, and l­

benzyl-2-methylimidazole. 

Exemplary phenol resins include phenolic novolak 

resins and alkyl-substituted phenolic novolak resins. 

Curing agents such as dicyanediamide, -m­

xylylenediamine may also be used in the present invention. 

In the present invention, the curing a~ents as 

mentioned above may be used either alone or in combination 

of two or more. 

The curing agent may be used with a curing 

.accelerator. · Ex_emplary curing accelerators include 

im."l.dazoles as mentioned above, for example, 1-benzyl-2-

methylimidazole and 2-ethyl-4~methylimidazole; amines such 

as tertiary amines, for example, N,N-benzyldimethylamine 

and 2,4,6-tris(dimethylaminomethyl)phenol; and tertiary 

phosphines such as triphenylphosphine. 

Other exemplary curing accelerators are 1,8-

diazabicyclo-[5, 4,0~-undecene-7 octylate, complex compound 

of monoethylamine and trifluoroboron, and the compound 

commercially available from Sun Abbot Inc. with the trade 

name Ucat SA102. 

In the present invention, the curing accelerators may 

·be used alone or in combination of two or more. 

The epoxy resin composition of the pre~ent invention 

may be blended with a solvent such as acetone, 

methylethylketone, toluene, xylene, methylisobutylketone, 

ethyl acetate, ethyleneglycol _monornethylether, N,N­

dimethylformamide, N,N-dimethylacetoamide, methanol, 
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ethanol, and the like, which may be used alone or in 

combination of two or more as a mixed solvent. 

~--·-;---. 

The epoxy resin c::omposition 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 composition of the present invention 

is quite adequate for fabricating a copper clad epoxy resin 

laminate in accordance with conventional methods. In 

typical fabrication of the copper clad epoxy resin laminate 

using the epoxy resin composition of the· present invention, 

the epoxy resin is first dissolved in a solvent to prepare 

a varnish, and a reinf orceme~t such as a glass cloth is 

impregnated and/or applied with the thus. prepared varnish 

and dried at an elevated temperatur~ to remove the solvent 

and produce a prepreg. Next, a copper clad is disposed on 

one or both surfaces of the prepreg which is used as a 

single sheet or as a stack of prepreg sheets, and the epoxy 

resin composition is allowed to cure by applying heat and 

pressure in accordance with conventional methods. 

The present invention is described in furth~r detail 

by referring to the following Examples and Comparative 

Examples. It should be noted that the Examples by no means 

limit the scope of the present invention. 

EXAMPLES 

In the following Examples and Comparative Examples, 

visco~ity, flexural strength, flexural modulus, and 
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deflection temperature under load were evaluated as 

described below. 

v· .. l.SCQSJ.ty 

Viscosity was measured with E-type viscometer at a 

temperature of 2s·c. 

Flexurql 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 using a cell of a maximum load of 500 kg. 

Deflection Temperarure under L·oad 

Test samples having a size of 12.5 mm x 12.5 mm x 125 

m.~ were evaluated in accordance with JIS K6911 using an 

apparatus manufactured by Tester Industry K.K. 

Synthesis Example 1 

Synthesis of a noyolak resin usino bisphenol A as a ppenol 

A 1-liter separable flask-equipped with a condenser, a 

thermometer, a stirrer, and a dropping container was 

charged with 456 g of bisphenol A and 335 g of toluene, and 

the contents ~ere heated under agitation. When the 

temperature in the flask reached 1o·c, 2.52 g of oxalic 

acid dihydrate was added as a catalyst. When the 

temperature in the flask reached 9o·c, 82.7 g of 37% 

aqueous formalin was added dropwise for 2 hours. The 

contents 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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temperatu~e reached iso·c, the contents ·were concentrated 

for 1 hour at normal temperature, ·and further·concentrated 

for 1 hour at a reduced pressure of "20 rnrnHg to obtain a 

bisphenol A novolak resin (hereinafter referred to as 

novolak resin '(1)) • Softening point of the novolak resin 

(1) evaluated with an automatic softening point-measuring 

apparatu_s manufactured by Metler Inc. was 93 • c. The 

novolak resin was also evaluated for its hydroxyl 

.equivalent in accordance with JIS K0070, and it was 120· 

g/eq. 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 bispheno~ A, 100 g of o-cresol novolak resin (OCN BO 

manufactured by Nippon Kayaku K.K.; softening point, BO"C; 

hydroxyl equivalent 139 g/eq; number-average molecular 

weight, 425; molecular-weight distribution, 1.30), 1956 g 

of epichlorohydrin, and 39-g of water. The temperature of 

the contents was eievated to ~s·c. When the reaction 

mixture became a uniform solution, 23.1 g of 50% aqueous 

tetramethylarnrnonium chloride was added and allowed to react 

for~ hours.under agitation. 

Next, .3.31 . 5 g of 4 8 % aqueous NaOH was added dropwise 

to the mixture for 2 hours at 7o·c and at a reduced 

pressure, and excessive water was removed from the sys-tern 

b~ utilizing azeotropy of epichlorohydrin and water to 
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retain water content in the reaction system at 2% by 

weight. The epichlorohydrin which was distilled off with 

the water was separated from the water ~nd recycled to the 

reaction system. Conditions in the azeotropic distillation 

including the extent o~ 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 

completing 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 cornpletion·of the reaction, unreacted 

epichlorohydrin and water were distilled off the reaction 

mixture at a reduce~ pressure. To the residual mixture 

were added 750 g of xyle~e·and 75 g of water. The reaction 

mixture was agitated for 0.5 hour at so·c, and allowed to 

st~nd for separation into xyle~e and aqueous phases. 

Analysi's of the sample coll~cted 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 95"C for 2 

hours. After the completion of the reaction, 9'el 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, anq the residual mixture was filtered through a 
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glass filter to separate inorganic salt in the neutralized 

product. The filtrate was heated to 1so·c at a reduced 

pressure to remove xylene and produce - 680 9 of epoxy r.esin. 

The thus produced epo~y resin had an epoxy equivalent of 

185 g/eq and a. hydrolyzable chlorine content of 0.06% by 

weight.· 

Example 2 

The procedure of Example 1 was repeated except that 

the amqunt of bisphenol A used was reduced to 260 g and the 

o-cresol novolak resin- used was replaced with the novolak 

resin {l) synthesized in referential Synthesis Example 1. 

There was produced _4 50 g of epoxy resin having an epoxy 

equivalent of 190 g/eq and a hydrolyzable chlorine content 

of 0. 05% by weight .. 

ExaTT\ple 3 

BO g of the epoxy resin synthesized in Example 1, 72.6 

g of methylhexahydrophthalic anhydride CLiquacid MH-700, 

manufactured by Shin-Nippon Rika ~.K.), and 0.4 g of 1,8-

diazabicyclo[S.4.0]-7-undecene octilate (Ucat-l02, 

manufactured by Sun-Abbot Inc.) were_ mixed at- so·c under 

agitation to prepare a uniform solution of varnish. The 

uniform solution had a viscosity at 2s·c of 993 cps. 

The thus produced uniform solution was poured into 

molds adapted for fabricating test samples for measuring 

flexural strength cind flexural modulus, and furtrher into 

molds adapted fo~ fabricating test samples for measuring 
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deflection temperature under load, and then cured by 

heating at i2o·c for 2 hours, at iso·c for 2 hours, and 

finally, at 170 • C for _4 hours. The .thus cured test samples. 

were respectively evaluated for their flexural strength, 

flexural modulus and deflection temperature under load. 

The results are shown in Table 1 .. 

Example 4 

The procedure of Example 3 was repeated except that 

the epoxy resin used was replaced with 80 g of the epoxy 

resin synthesized in Example 2, and the amount of the 

rnethylhexahydrophthalic anhydride used was reduced to 70.8 

g. The resulting uniform solution had a viscosity at 2s·c 

of 896 cps. The uniform solution was also cured into test 

samples to evaluate their flexural strength·, flexural 

modulus and deflection temperature under load. The results 

are shown in Table 1. 

Comparative Example 1 

The procedure of Example "i was repeated except that no 

bisphenol-A was used and only'o-cresol novolak resin (OCN 

80 manuf~ctured by Nippon Kayaku K.K.) was used in an 

amount of 584 g to produce 650 g. of novolak epoxy resin. 

The thus produced novolak epoxy resin had an epoxy 

equivalent of _203 g/eq and a hydrolyzable chlorine content 

of 0.05% by' weight. 

Comparative Example 2 
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The procedure of Example 1 was repeated e~cept that no 

bisphenol A was used and the o-cresol novolak resin was 

replaced with 504 g of the bisphenol A novolak resin 

synthesized in referential Synthesis Example 1 to produce 

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 procedure of Example 3 was repeated except that 16 

g of the novolak epoxy resin synthesized in Comparative 

~xanple 1, 64 g cf bisphenol A type liquid epoxy resin 

(epoxy equivalent, 1·88 g/eq), 71.4 g of 

methylhexahydrophthalic anhydride, and Q.4 g of 1,8-

diazabicyclo[S.4 .0]-7-undecene octilate {Ucat-~02, 

manufactured by Sun-Abbot Inc.) were used to prepare a 

uniform solution of varnish. The uniform solution had a 

viscosity at 2s·c of 1946 cps .. The thus produced uniform 

solution was cured into test samples to measure flexural 

strength, · flexural modulus, and de·f lection temperature 

under load. The ratio of.bisphenol A component to" novolak 

component in the cured product was the same as that of 

Example 3. The results are shown in Table 1. 

Compara~iye Example 4 

The procedure of Example 3 was repeated except that 

37.4 g of the novolak epoxy resin synthesized in 

Comparative Example 2, 42.6 g ·of bisphenol A type liquid 
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epoxy resin (epoxy equivalent, 188 g/eq), -69.8 g of 

methylhexahydrophthalic anhydride, and 0.4 g of l,8-

diazab~cyclo[S.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 measure flexural 

stren9th, _flexural modulus, and deflection temperature 

under load. The ratio of bisphenol A component to riovo1ak 

component in the· cured product was the same as that of 

~xample 4. Th~ results are shown in Table 1. 

Comparative Example 5 

The procedure 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 solution 

of varnish. The thus produced uniform solution was cured 

into test samples to measure flexural streng~h, flexural 

modulus, and deflection temperature under load. The 

results are shown in Table 1. 

Table 1 Properties of the cured product 

~ ~ C.E.3 C.E.4 C.E.5 

Viscosity at 25'C of the 993 896 194 6 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 



Deflection temperature 
under load, ·c 
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159 

C.E.: Comparative Example 

Synthesis Examples 2 to 5 

Synthesis of a noyolak resins 

164 160 165 140 

A 1-liter separable flask equiP.ped with a cond~nser, a 

thermometer, a stirrer, and a dropping container was 

charged with 456 g of bisphenol A and 335 g of toluene, and 

the contents were heated undei; agitation. When the 

temperature io the flask· ~e~ched 1o·c, 2.52 g of oxalic 

acid dihydrate was added as a catalyst.· When the 

temperature in the flask reached 9o·c, 130 g of 37% aqueous 

formalin was added dropwise for 2 hours, and the reaction 

was allowed to proceed for another 1 hour under reflux and 

under agitation. Next, temperature of the system was 

elevated to remove water and toluene from the system. When 

the temperature reached iso·c, the contents were 

concentrat-ed for 1 hour at normal temperature, and further 

conqentrated for 1 hour at a reduced pressure of 20 mmHg to 

obtain ~ novolak resin containing.residual bisphenol A, 

which is hereinafter referred to as novolak resin .(2) . The 

r~sulting novolak ~e~in (2) was evaluated for its softening 

point with an automatic softening point measuring apparatus 

produced by Metler Inc. The resin was also evaluated for 

its residu~l content ·of the bisphenol A mono~er as well as 

its nurnbe:::-. 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 of the 

bisphenol A monomer, 2 columns of ~him-pack-HSG 10 · 

(manufactured by Shimadzu Seisakusho Ltd.) and 1 column 

each of Shim-pack-HSG.15 and 20 were connected in series to 

constitute the separation column. In the evaluation of the 

molecular weight, HSG-20, 40, 50; and 60 were connected in 

series.· Tetrahydrofran w~s used for the eluting solution. 

The molecular weight distribution was me~sured as described 

below. The results are shown in Table 2. 

The procedure of the above described referential 

Synthesis Example 2 was repeated except that the bisphenol 

A, ox~lic acid dihydrate, and 37% aqueous formalin were 
. . 

used in the amount shown in Tabl~ 2 to produce novolak 

resins (3) to (5) . The thus produced novolak resins (3) to 

(5) were also evalu·ated for their softening point, residual 

content of the bfsphenol A monomer, number average 

molecular weight, and molecular weight distribution. It 

should be noted that the Synth~sis Example 5 is a: case 

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

A. 

Table 2 · 

Noyolak resin 

..1.5..L 

Weiaht of starting materials charged, 9 

Bisphenol-A 456 456 .456 

o-cresol 324 

Oxalic acid dihydrate 2.52 2.52 2.52 ~.8 
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37% Formalin 130 82.7 33.1 174 

Properties of the resulting product 

Softening point, oc 110 93 72 80 

Residual bisphenol-A monomer content, % by weight 

22 39 57 23* 

Number average mole·cular weight 

556 450 374 425 

Molecular weight distribution, Mw/Mn 

1. 68 1.50 1.12 1.30 

* content of di-nucleic form o-cresol 

Sy~thesis Examples 6 to 15 

.Synthesis of olycidyl etherified epoxy resins <co-

olycidylation) 
. . 

A 2-liter round flask equipped with a thermometer, a 
. . 

stirrer, a separator, a cond~ns~r, ·and a ·dropping container 

was charged with 200 g of novolak resin (2) having a 

residual content of the bisphenol~A monomer of 22% by 

weight and 1206 g of epichlorohydrin, and the contents were 

heated. to a temperature o.f 90 • C under agitation. At a 

temperature of go·c, 30 g of water and 3 g of 

tetramethylammonium chloride were added and the mixture was 

agita~ed for 4 hours. The temperature of the mixture was 

reduced to 1o·c and the pressure was reduced to 500 mmHg, 

and 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 the 

system with the separator. The'water removal was continued 
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for another 30 minutes after the completion of the dropwise 

addition of the sodium hydroxide. Pressure of the system 

was then reduced to 20 mmHg, and the mixture 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, and the result~ng mixture was 

agitated for 30 minutes at go·c. The mixture was allowed 

to stand to thereby promote separation and to remove the 

thus separated aqueous layer, and the remaining resinous 

layer was concentrated at 20 mmHg and at 150"C to obtain 

264 9 of glycidyl etherified epoxy resin, which is 

hereinafter referred to as epoxy re~in (6). 

The thus produced epoxy resin (6) was evaluated for 

its epoxy equivalent by hydrochloric acid-dioxane method. 

The epoxy resin (6) was also evaluated for its softening 

point with an automatic softening point measuring apparatus 

produced by Metler Inc., and for its composition by gel 

permeation chromatography (GPCJ. as in the case of Synthesis 

Exampl~s 2 to 5. The results qre shown in Table 3. 

The procedure of Synthesis Example 6 was repeated 

· except that the novolak resin, bisphenol A, 

epichlorohydrin, and 48% aqueous NaOH were used in the 

amounts shown in Table 3 to produce epoxy resins (7) to 

(15). The resulting epoxy resins (7) to (15) were also 

evaluated for their epoxy equivalent, softening point, and 

composition. The results are also shown in Table 3. 
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Table 3 

E~oxy resin 

J..6.1 J2L l.81. .19.l.. 1.lJU_ . l.l.ll l.l2J.. lU1.. .ilil J..l.5J... 

Weight of starting materials charged. g 

Novolak resin (2) 200 50 

(3) 200 93;0 50. 

( 4 ., 200 91 230 

(5) 240 60 

Bisphenol A 200 106 200 159 25.5 240 

F.pichlorohyclr.in 1206 1233 1233 1278 1406 1268 1406 1394 1386 1205· w 
"'! 

48":. NaOH 137 137 137 142 170 141 170" 169 168 204 

Properties of the resulting glycjdylated epoxy resin 

Epoxy equivalent, g/eq 209 197 199 203 182 190 180 183 182 182 

Softening-point, ·c 62 41 viscous 50 viscous viscous viscous viscous viscous viscous 

Content of n=O component 
in the resin*~ \ 22 30 63 21 90 67 92 82 67 75 

* content of bisphenol A diglycidyl ether monomer 
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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 g of bisphenol A epoxy 

resin (epoxy equivalent, 188 g/eq), 29~4 g of epoxy resin 

(6) produced in Synthesis Example 6, and 94.3 g of 

t~trabromobisphenol A, and the contents were heated under 

agitation .. When the temperature was reached ioo·c, 0.2 g 

of tetraethylarnmonium chloride was added, and the reaction 

~as promoted at 16o·c for 5 hours to obtain a polyaddition 

i:esin, which is hereinafter referred to as polyadduct resin 

( 16) . 

The polyadduct resin (16) was evaluated for its epoxy 

equivalent by the same method as described above. The 

resin was. also evaluated for its number average molecular 

weight by gel permeation .chromatography (GPC) using the 

column of Shim-pa_ck-HSG 20, 40, 50· and 60 connected in 

series, and for its molecular weight distribution by the 

same method as describ.ed above. 

The pr~cedure of Synthesis Example 16 was repeated 

except that the epoxy resin, bisphenol A epox~ resin, and 

tetrabromobisphenol A were used in the amounts shown in 

Table 4 to produce polyadduct resiQs (17) to (25). The 

polyadduct resins (17) to (25) were also evaluated for . 
their epoxy equivalent, number average molecular weight, 

and molecular weight distribution. 
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The procedure of Synthesis Example 16 was also 

repeated except that the tetrabromobisphenol A was replaced 

with tetrabromobisphenol A epoxy resin in th·e amount shown 

in Table. 4, and the epoxy resin and the bisphenol A epoxy 

resin were used rn the amounts shown in Table 4 to prod~ce 

polyadduct resins (26) and (27) . The polyadduct resins 

(26) and (27) were also evaluated for their epoxy 

equivalent, number average molecular weight, and molecular 

weight distribution. 



Table 4 
Pol yaddu..c.L r·esin 

..il6.l. ll1.l Jil.l . 11.9..L 12..QJ_ .L2ll l22J.. 1.2..3.l. lllL .12.51. .12.6.l. .121.l. 

Weight df startihg materiais charged. g 

Epoxy resin (6) 

(10) 

(7) 

(11) 

(12) 

(8) 

(13) 

( 14) 

(9) 

( 15) 

29.4 

42 .1 

57.7 

37 

Bisphenol A epoxy resin* 171 158 142 163 

Tetrabromobisphenol A 94.3 94.3 94.3 94.3 

Tetrabromobis~nol A epoxy·resin 

Pro.perties of the resulting polyadduct resin 

Epoxy equivalent, g/eq 436 424 390 425 

Number average MW 737 763 589 745 

MW -distribution 3. 21 2. 07 1. 88 · 1. 93 

147 

52.9 

94.3 

401 

678 

2.20 

83.6 

147 

-

116 52.9 

94.3 94.3 

419 . 400 

"'761 655 

1.99 1.87 

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

20"0 

92.5 

402 

589 

1. 88 

200 

92.5 

384 

749 

2.21 

1-47 

53 

94.3 

410 

677 

1.83 

150 

25 

64 

391 

650 

1. .91 

85 

111 

81. 7 

381 

735 

1. 92 

** 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 9/eq, ·and a bromine content of 47.6 wt%. 

w 

"' 

" 
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Example 5 

To a solution of 100 g polyadduct resin (20) in 25 g 

methylethylketone was added a solution 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 epoxy 

·resin composition. A g_lass cloth. (WEA-18Wl05F manufactured 

by Nitto Boseki Co.,· Ltd·.) was impregnated with the thus 

produced varnish, and then dried i~ a drying furnace at 

140°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. 

The prepreg was crumple.d to collect the epoxy resin 

composition, and the thus collected epoxy resin composition 

was placed in a mold adapted for fabricating a test sample 

sheet of 1 mm ·thick. The t~st sample sheet was placed in 

Reolosolid manufactured by Toyobo Co, Ltd. to evaluate the 

epoxy resin composition for its glass transition 

temperature, Tg at a temperatuz:e elevation rate of 2 ·.c/min. 

The prepreg was also fabricated into a laminate by 

stacking four sheets of the prepreg and press-molding the 

stack at 170°C for 1 hour.at a pressure of 20 kg/cm2. The 

laminate· was immersed in water at a temperat~re of i21·c 

and at a pressure of 2 kg/cm2 far a predetermined period of 

time, and then, immersed in .a soldering bath at 260 ·c for · 

20 seconds. The laminate was evaluated for its resistance 

to soldering heat after pressure cooker test (PCT) in 

accprdapce with the fo!lowing criteria: 
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O: no blister or ply separation, 

6~ few blisters· or slight ply separation, and 

x: many blisters or considerable ply separation. 

The results are.shown in Table 5. 

Examples 6 to 12 

The procedure of Example 5 was repeated by 

substituting the polyadduct resin (20) with the polyadduct 

resins (21) to (27), respectively as shown in Table 5 to 

prepare varnishes and then, prepregs. The thus produced 

varnishes.and prepregs were evaluated for their glass 

transition temperature, resistance to soldering heat after 

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

results are also shown in Table 5. 



to 

Table 5 

EM.mru..e. 
.5. .6. ]_ .a .9. l.fr 11. l.2. 

Weight Qf stattiag matetials ·cbacged. g 

Poly~dduct resin (20) 100 

( 21) 100 

(22) 100 

(23) . 100 

( 24) 100 

(25) 100 

(26) 100 

(27) 100 

Dicyanediamide 2.5 2.5 2.5 2.5 2.5 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 0.15 

~tc~ftties cf the cuted ~tcduct 
Glass transition 
temperature Tg, . ·c 1"62 163 161 160 169 156 169 168 

Resistance to soldering heat after PCT 

120 min 0 0 0 0 0 0 0 0 

150 min fl 0 0 0 0 0 0 0 

Impregnation of the varnish into glass cloth 

fair good good good good good good good 
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Comparative Examples 6 to 12 

T.he procedure of Exampie 5 was repeated except that 

the epoxy resins (6) to (9) shown in Table 3 and the 

polyadd~ct risins {16) to {19f shown in Table 4 were ~sed 

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 

glass transition temperature,. resistance to soldering heat 

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

T~e results are shown in Table 6. 



Table 6 

-CQ~..rl.2.rative Examp-1..e 

..2 1 .a ~ .l.Q. 

c .. ompos1t100 of the epoxy resin compoSition 

~poxy resin (6) 
(7) 
(8) 
(9) 

P.olyadduct resin (16) 
(17) 
(18) 
( 19) 

Bromated bisphenol A 
epoxy resin* 

Dic.yanediamide 

2-ethyl-4-methyl-imidazole 

100 

2.5 

~).15 

· ~tQPetti~s Qf the cur~a .ptQdYct 

Glass transition 
temperature Tg, ·c 157 

100 

2.5 

0 .15 

159 

Resistance to soldering heat after PCT. 

120 min A fl 

150 min x x 

Impregnation of the 
varnish into glass cloth poor fair 

10 

100 
100 

90 

2.5 2.5 2.5 

0 .15 0 .15 0.15 

159 157 154 
• 

0 0 A 

x x x 

good gooci fair 

ll 

10 

. 90 

2.5 

0.15 

159 

0 

x 

good 

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

" 

l2 

10 

90 

2.5 .,.. 
f-& 

0.15 

157 

0 

x 

good 
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Synthesis Examples 28 to 37 

Synthesis of alycidyl etherified epoxy resins <co­

glycidylation> 

A 2-liter round flask equipped with a thermometer, a 

stirrer, a separator, a condenser, and a dropping container 

was charged with 30.7 g of novolak resin (2) synthesized in 

Synthesis Example 2, 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 under 

agitation. At a temperature of 90"C, 30 g of water and 3.g 

of tetramethylammonium chloride were added and the mixture 

w~s 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 of 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 separator. The water removal was 

continued for another 30 minutes after the completion of 

the dropwise addition of the aqueous solution of sodium 

hydroxide. Pressure of the system was then r~duced to 20 

mmHg, and the mixture was condensed for l hour at 120"C. 

The pre.ssure was then restored 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 

minutes. The mixture was allowed to stand to thereby 

promote separation of aqueo~s layer and to remove the thus 

separated aqueous l~yer, and the remaining resinous layer 
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was concentrated at 20 mmHg and at iso·c for 1 hour to 

obtain 1 g ~f glycidyl etherif ied epoxy resin, which is 

hereinafter referred to as epoxy resin (28) . 

The thus produced epoxy resin (28) was evaluated for 

its epoxy equivalent by hydrochloric acid-dioxane method. 

The epoxy resin (28} was also 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 Synthesis 

Examples 2 to 5. 

The procedure of Synthesis Example 28 was repeated 

e~cept that of the novo!ak resin, bispheno! A,. tetrabromo­

bisphenol A, epichlorohydrin, and 48% aqueous NaOH were 

used in the amounts as shown .in Table 7 to produce epoxy 

resins (29) to (37) .. The resulti~g epoxy resins (29) to 

(37) were also evaluated ·for their epoxy equivalent, 

softening po_int, and compositio:.. The· results are shown in 

Table 7. 



.. 
.. 

Table 7 

• 
Egoxy resin 

J.2.B..l. 1.2.il ..WU. n.u .Lill il1L ilil ..u5J.. 1.3..fil. 1.J.11 

Weight df starting materials charged. g • 

Novolak resin (2) 200 50 30.7 

(3) 200 93.8 50 53.0 

(5) 240 60 59.3 
~ 

Bisphenol A 200 106 200 240 171 172 166 

Tetrabromobisphenol A - - - - - - - 17.5 20.8 20. 8 .. 

E~ichiorohydrin 1206 1233 1278 1406 1268· 1406 1205 1178 1311 1309 ,.. ,.. 
48'i NaOH 137 137 142 170 141 170 204 143 159 158 

Resulting glycidylated epoxy r¢sin 

Epoxy equivalent, g/eq 209 197 203 182 . 190 180 182 187 190 189 

Softening point, ·c 62 41 50· visc~us viscous viscous viscous viscous viscous viscous 

Content of n=O component 
in the resin*, % 22 30 21 90 67 92 75 86 82 79 

* total content of bispheno.l A diglycidyl ether monomer and tetrabromobisphenol-A 
.diglycidyl ether monomer. 
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Synthesis Examples 38-48 

Synthesis of polyadduct resiris 

A 1-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 tetrabromo­

bisphenol A, and the contents were heated under agitation; 

When the temperature in reached lOO"C, 0.2 g of tetraethyl­

amrnoniurn chloride was added, and the reaction was promoted 

at 160"C for 5 hours to obtain a polyadduct resin, which is 

hereinafter referred to as polyadduct resin (38) . 

The thus produced polyadduct resin (38) was evaluated 

for its epoxy equivalent as in the case of Synthesis 

Example 16. The polyadduct resin (38) was also evaluated 

for its molecular weight by gel permeatio1:l chromatography 

(GPC) using the column 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 16. The 

results are shown in Table 8. 

The procedure of Synthesis Example 38 was repeated 

except that the epoxy resin, bisphenol-A epoxy resin, and 

tetrabromobisphenol-A were used in the amounts as shown in 

Table .8 to produce polyadduct resins (39) to (47). The 

polyadduct resins (39) to (47) were also evaluated for 

their epoxy equivalent, number average molecular weight, 

and molecular weight distribution. The results are also 

shown in Table 8. 



"' 

Iable a 
PQl~adduct resin 

118.l .1.li1.. .il.01. J.1.ll. 1.UL .ilil l.i5.l .il.fil. ..Lill Jill_ 

Weight Qf sta[ting materials cbarged. g 
Epoxy resin (28) 29.4 

(29) 42.1 
(30) 37 
(31) 147 
(32) 83.6 
(33) 147 
(34) . 147 
(35) . 200 

(36) 200 .sr. 
Cl (37) . 200 

Bisp~enol 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 

~~Q~etties Qf tbe resulting g2l~adduct tesin 
Epoxy equiva~ent, g/eq 436 424 425 401 419 400 410 35.f 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. 
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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 di~yane­

diamide and 0.15 g 2-ethyl-4-methylimidazole in 20 g 

ethylene· glycol monomethyl eth·er to produce a varnish of an 

epoxy resin composition. A glass cloth (WEA-18W05F 

manufactured by Nitto Boseki Co., Ltd.} was impregnated 

with the thus produced varnish, and then dried in a drying 

furnace at 140"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. 

Gla_ss transitio:1 temperature,· Tg was evaluated by 

using the prepreg as ~n the case of the Examples 5 to 12. 

The prepreg was also evaluated for its impregnation and· 

resistance to soldering heat after pressure cooker test 

(PCT). The results are shown in Table 9. 

Examples 14 and 15 

The procedure.of Example 13 was repeated by 

substituting the polyadduct resin (45) with the polyadduct 

resins (~6) and (4)), ~espectively in the amount shown in 

Table 9 to prepare varnishes and then, prepregs. The thus 

produced. varnishes and prepregs were evaluated for their 

glass transition temperature, resistance to soldering heat 

after PCT, and i_mpregnation ·as in the case of Example 13. 

The results are also shown in Table 9. 
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Table 9 

Example 

.u 
Composition of the epoxy resin composition 

Polyadduct resin (45) 

(4 6) 

(4 7) 

Dicyanediamide 

2-ethyl-4~methyl­

imidazole 

100 

2.5 

0.15 

Properties of the cured product 

Glass transition 

100 

2.5 

0.15 

temperature Tg, ·c · 171 170 

Resistance to soldering heat after PCT 

120 min O O 

150 min 0 0 

Impregnation of the varnish into glass cloth 

good good 

100 

2.5 

0.15 

162 

0 

/j 

good 
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Comparative Examples 13.to ~2 

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 used 

in the amounts shown in Table 10-to prepare varnishes of 

the epoxy resin composition and then, prepregs. The thus 

produced varnishes and prepregs were evaluated for their 

glass transition temperature, resistance to ·soldering heat 

after PCT, and impregnation as in the case of Example 13. 

The r~sults are shown .in Table 10~ 



.. 
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Iable 10 
.CQ.mp.arative Exarngle, 

u ll 1.5 ll ll .u 1..9. .2.U .2l. Z2. 

Ccm~csitiQD Qf tbe e~c~~ -~esia ~cm~csiticn 
Epoxy resin (28) 10 

( 29) 10 
(30) 

Polyadduct resin (38) 100 
{ 39) 100 
(40) . 100 
(41) 100 
( 4 2) 100 
( 4 3) 100 
( 4 4) 100 

Bromated bisphenol A U1 
epoxy resin" 90 90 90 0 

Dicyanediamide 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 · 2. 5· ·2.5 

2-ethyl-4-methylimidazole 0.15 0.15 6.15 :o .15 0.15 0.15 0.15 0.15 0.15 0.15 

ftc~erties cf tbe CYted ~rQdYtt 

Glass transition 
temperature Tg, ·c 157 159 159 154 159 157 162 163 161 156 

Resistance to.soldering heat after PCT_ 
120 min fl fl 0 tJ. 0 O· 0 0 0 0 
150 min . x x x x x x 4 0 0 0 

Impregnation of the varnish 
into glass cloth poor .fair good fair good good fair good good· good 

* Bromated bisphenol A epoxy ·resin having a bromine content of 21% by weight .and 
an epoxy equivalent of 476 g/eq. 
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As set forth above, the epoxy resin of the present 

invention is easy to shape since it exhibits ~ considerably 

low viscosity upon mixing with a curing agent. Once cured, 

the epoxy resin of the present invention exhibits an 

excellent heat resistance as well as a high mechanical 

strength. Therefore,· 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 main­

component a polyadduct resin prepared by polyaddition 

reaction cf the particular co-glycidyl etherified epoxy 

resin of the present invention exhibits excellent 

impregnation into such materials as glass cloth, and once 

cured, the cured product shows excellent heat resistance, 

blister resistance, and adhesion to copper clad. 



52 

CLAIMS 

·l. An epoxy resin (A) obtainable by glycidyl 

etherifying a bisphenol (I) and a novolak resin (II) with at 

least one member selected from an epihalohydrin and a 

methylepihalohydrin. 

2. An epoxy resin (A) according to claim 1 wherein 

said bisphenol ·(I) and said riovolak resin (II) are used in ~ 

weight ratio of 1 - 95: 99 -.5. 

3. An epQxy 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) according 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 

to 300, and a molecular weight distribution of up to 2 . 

• J. A process for producing an epoxy resin (A) which 

comprises glycidyl etherifying a bisphenol (I) and a novolak 

resin. (II) as defined in any one of claims 1 to 4 with at 

least o~e member selected from an epihalohydrin and a 

me thy lep iha lohyd+ i;n .. 

6. An epoxy resin composition comprising a polyadduct 

resin (B) obtainabl~ by reacting an epoxy resin (A) as 

defined in any one of claims 1 to 4 with a.halogenated 

bisphenol (III). 

7. ~n epoxy resin composition according to claim 6 

wherein said reaction is conducted in the presence of at 

least 6ne member selected from an epoxy resin (E) and an 

epoxydized halogenated bisphenol (F). 

8. An epoxy resin composition according ·to claim 7 

wherein said epoxydized halogenated bisphenol (F) is used in 

an ~mount of 1 to 15% by weight. 

9. A process for preparing a polyadduct resin (B). 

which comprises reacting an epoxy resin (A) as def in.ed in 

any one of claims 1 to 4 with a halogenated bisphenol (lII). 

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 epoxydized halogenated bisphenol (F). 

11. A varnish comprisin~ as its-main components a 

I 1111111 111111 11111 If Ill II 1111 · 
* C L M S * 
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solvent and an epoxy resin composition as defined in any one 

of claims 6 to 8. 

· 12. A prepr.eg 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 bfsphenol 

(-I)'· a novolak resin (II) and a hal.ogenated bisphenol {III) 

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 poifit of 

up to 110°c, a number average molecular weight of 1,000 to 

300, and a molecular weight distribution of up to 2. 

16. An epoxy resin composition according to any 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 - 15~ 

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 proc:::ess 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 epoxy resin composition as defined in any one 

of claims •. 13 to 16. · 

20. A prepreg or iaminate comprising a reinforcement 

impregnated with ~ varnish as defined in cl~im 19. 

21; An epoxy resin or epoxy resin composition 

substantially as described in any one of Examples 1 to 4. 

22. A varnish subs~antially as described in any one of 
Examples 5 to 15. 

I If 11111111111 11111 11111111111 
C L M S * 
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23. A prepreg substantially as described in any one cf 

·.Examples 5 to 15 • 

1111/11111111111111 11111111111 
* _c L M S * 


