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CURABLE RESINS AND CURABLE RESIN

COMPOSITIONS CONTAINING THE SAME

Technical Field

This invention relates to a curable resin having an
unsaturated group and a carboxyl group at the terminals of its
side chains and a curable resin composition containing the same,

10 more particularly to a curable resin capable of producing a cured
film excelling in resistance to soldering heat and resistance
to PCT (pressure cooker test) and also excelling in adhesiveness,
resistance to chemicals, resistance to electroless gold plating,
electrical insulating properties, resistance to moisture

15 absorption, etc. and a curable resin composition containing the
same.

This invention further relates to a photocurable and
thermosetting resin composition, particularly a flame-
retardant, photocurable and thermosetting resin composition,

20 which is suitable for use as a solder resist of a printed circuit
board and the like, excels in the tack-free dryness after
preliminary drying and developing properties, and can give a
cured product excelling in adhesiveness, resistance to soldering
heat, resistance to chemicals, resistance to moisture

25 absorption, resistance to electroless gold plating, PCT
resistance, electrical insulating properties, flame retardancy,

etc.

Background Art



I X-4 1X-5 IX-7 Priority claimof national application Filing date
Nunmber Country earlier 15 March 2002 (15.03.202) Patent Application

No. 002-72751 JP Priority claimof earlier national application Filing date
Nunber Country Priority claimof earlier national application Filing date
Nunber Country International Searching Authority Chosen Decl arations
Declaration as to the identity of the {Bventor Declaration as to the
applicant's entitlenent, as at the international filing date, to apply

for and be gr%ﬂEGQrgsé%gf”%stéflSB%EB%GE% fé)gﬂg thermosetting resin
composition to be used as a resist of a printed circuit board
and the like, with due respect to the problem of environmental
safety, an alkali developing type photocurable and thermosetting
5 resin composition which implements development with a dilute
aqueous alkaline solution as a developer has come to play the

leading role.
As such an alkali developing type photocurable and
thermosetting resin composition using a dilute aqueous alkaline

10 solution, there are, for example, a resist ink composition
comprising a curable resin obtained by adding an acid anhydride
to a reaction product of a novolak type epoxy compound with an
unsaturated group-containing monocarboxylic acid, a
photopolymerization initiator, a photopolymerizable monomer,

15 and an epoxy compound (published Japanese Patent Application,
JP 61-243869A), a resist ink composition characterized by

‘comprising a curable resin which is obtained by reacting an
epihalohydrin to an alcoholic secondary hydroxyl group of a
reaction product of an aromatic epoxy resin having two glycidyl

20 groups in its molecule and an aromatic alcoholic resin having
two phenolic hydroxyl groups in its molecule and subsequently
adding an unsaturated group-containing monocarboxylic acid and
then an acid anhydride to the resultant reaction product (JP
5-32746A), and the like.

25 Heretofore, a composition of the curable resin originating
from a cresol novolak type epoxy resin as a start material (JP
61-243869A) is widely used inmany fields of electronic material,
such as a solder resist to be used in the manufacture of a printed

circuit board and a permanent mask to be used in the manufacture



applicant's entitlenent, as at the international filing date, to claim
the priority of the wearlier application Declaration of inventorship (only
for the purpose of the designation of the United States of America)
Declaration as to non- prejudicial disc |osures or exceptions to |ack of
novel ty Check |ist Request Description C ains Abstract Drawi ng TOTAL 18
March 2002 (18.03.20 Patent Application3No. 02) 2002-74580 JP 18 March
2002 (18.03.20 2) Patent Application No. 002-74684 JP Japanese Patent
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properties as resistance to soldering heat, resistance to
chemicals, and electrical insulating properties.

However, the recent advances of the electric industry and
5 semiconductor industry require more improvement in the
characteristics such as, for example, heat resistance and PCT
resistance. In order to satisfy such demands, various curable
resins are developed.
Among these resins, as a curable resin composition having
10 outstanding heat resistance and PCT resistance, various
compositions containing an alkali-soluble curable resin such as,
for example, a composition containing a curable resin obtained
by reacting tetrahydrophthalic anhydride with a reaction product
of a cresol novolak type epoxy resin, dimethylol propionic acid,
15 and acrylic acid (JP 6-324490A), a composition containing a
curable resin obtained by reactiné tetrahydrophthalic anhydride
with a reaction product of a cresol novolak type epoxy resin,
acrylic acid, and p-hydroxyphenetyl alcohol (JP 11-288091Aa), a
composition containing a curable resin obtained by reacting
20 (meth)acrylic acid with a bisphenol type epoxy resin having side
chains of which hydroxyl groups are partially epoxidized and then
reacting a polybasic acid anhydride with the resultant reaction
product (JP 9-54434A and JP 2001-13684A), etc. are proposed.
However, these curable resin compositions are also still
26 insufficient to obtain a cured film satisfying both the heat
resistance and PCT resistance.
As mentioned above, some composition systems are heretofore
proposed as a curable resin composition and currently used in

large quantities in the practical manufacture of printed circuit
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toward decreasing weight and size, the desirability of producing

a cured film with good workability in the process in addition
b to its high performance has been finding growing recognition.
That is, in the printed circuit boards having the solder
resist formed by the use of a conventional curable resin
composition, however, the PCT resistance which is the long-term
reliability test was inferior, which resulted in exfoliation of
10 aresist inthePCT test. Such aproblem in long-term reliability
is undesirable not only in the case of the resist on a printed
circuit board but alsc in the products for other uses, such as
interlaminar insulating layers of multi-layer circuit boards
like a build-up board. Moreover, since an automatic exposure
15 apparatus has come into wide use in view of improving the
workability, another matter which comes into guestion is the
tack-free dryness after preliminary drying.
Further, since the cured films of the curable resin
compositions mentioned above are combustible, their use in the
20 applications which strongly require flame retardancy is
restricted from the viewpoint of safety. As a method for
imparting the flame retardancy to a curable resin composition,
generally the incorporation of a fame-retardant into the
composition is well known. As long as such a composition is
25 used, however, the impairment of heat resistance, resistance
to moisture absorption, or other property comes into question.
Accordingly, this method is hardly possible to put into use

at present.

The present invention has been made in view of the problems
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the well-balanced heat resistance and PCT resistance at a high
level and also excels in various properties such as adhesiveness

5 to a substrate, hardness, resistance to chemicals, and
resistance to moisture absorption.

Further, another object of the present invention is to
provide a curable resin composition, particularly a photocurable
and thermosetting resin composition, which is capable of forming

10 an excellent cured film fully satisfying such properties as
resistance to soldering heat, PCT resistance, adhesiveness to
a substrate, resistance to chemicals, resistance to electroless
gold plating, electrical insulating properties, and resistance
to moisture absorption required of a solder resist of a printed

15 circuit board and which exhibits good tack-free dryness and
developing properties.

A further object of the present invention is to provide a
photocurable and thermosetting resin composition which also
excels in flame retardancy, without impairing such excellent

20 properties as resistance to soldering heat, resistance to
chemicals, resistance to moisture absorption, adhesiveness, PCT
resistance, resistance to electroless gold plating, and

electrical insulating properties mentioned above.

25 Disclosure of the Invention
To accomplish the objects mentioned above, the present
invention provides a curable resin having an unsaturated group
and a carboxyl group at the terminals of its side chains. One

embodiment thereof is a curable resin obtained by reacting an
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wherein R' and R’ independently represent a hydrogen atom, a
methyl group, or an ethyl group, R’, R‘, and R’ independently
represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an aryl group, an aralkyl group, a ¢yano group, a fluorine

15 atom, or a furyl group, Z represents a polybasic acid anhydride

- residue, and n is a numerical value of 0.5 to 10.

In accordance with a more concrete preferred embodiment,

the compound having three or more phenolic hydroxyl groups in

its molecule (a) mentioned above is a condensation product of

20 a phenolic compound represented by the following general formula
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cont ai ni ngharedhall ¢ déd%ﬁfﬁrH?Hr$@bﬁe§€6hnSrtﬁﬁréﬂkgioegbﬁﬂ having

anhydride with a reaction product
1 to 18 carbon atoms, X represents a hydrogen atom or a halogen

atom, Y represents an alkyl group or an alkoxy group each having
10 1 to 18 carbon atoms, k is an integer of 0, 1, or 2, and m is
an integer of 0 or more.

Since the curable resin of the present invention has an
unsaturated group and a carboxyl group at the terminals of its
side chains, it exhibits excellent reactivity. Further, since

15 the curable resin contains a hydrophilic and alcoholic hydroxyl
group which exhibits low reactivity in a small amount or contains
no such group, it allows the formation of a cured product having
well-balanced heat resistance and PCT resistance at a high level
and excelling in various properties such as adhesiveness to a

20 substrate, hardness, resistance to chemicals, and resistance to
moisture absorption. Accordingly, a curable resin composition
comprising this curable resin together with a
photopolymerization initiator, a photosensitive (meth)acrylate
compound, an epoxy compound, a diluent solvent, etc. exhibits

25 excellent alkali-developing properties and gives a cured product
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conmes into question is the
reacting an unsaturated group-containing monocarboxylic acid

(d) with a reaction product (c) of a compound having three or

more phenolic hydroxyl groups in its molecule (a) and an alkylene
15 oxide (b) and further reacting a polybasic acid anhydride (f)

with the resultant reaction product (e), or the curable resin

having the groups represented by the aforementioned formulas (I)

and (II) in its side chéins, (B) a photopolymerization initiator,

(C) a photosensitive (meth)acrylate compound, (D) an epoxy
20 compound, and (E) a diluent solvent.

In accordance with more concrete and preferred embodiment
of the present invention, there is provided a photocurable and
thermosetting resin composition characterized by further
comprising (F) a curable resin which has a carboxyl group and

256 an unsaturated group in its molecule and which is in the state
of solid at room temperature besides the aforementioned
components.

In accordance with a more preferred embodiment, it is

preferable that the photocurable and thermosetting resin



tack-free dryness after prelimnary drying. Further, since the cured filns
of the curable resin conpositions nentioned above are conbustible, their
use in the 20 applications which strongly require flame retardancy is
restricted fromthe viewpoint of safety. As a nethod for inparting the
flame retardancy to a curable resin conposition, generally the

I ncorporation of a fanme-retardant into t8e conposition is well known. As
| ong as such a conposition is 25 used, however, the inpairnment of heat
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resi stance to chemcals, and resistance to noisture absorption. Further,
anot hel objyedtumthehecpmpsdstinigientiane-setardamyi gde) 2 casakhe rEbime~

conposition, particularly a photocurable and thernosetting resin

conposi ti &etandant i tHapadl cledst opmengnamben eedecitedt fromdthe nyfaupy
satisfying such properties as resistance to soldering heat, PCT

resi st ancEONEddsingRds3 halogenabedr apexyrees bk art halogsnatedlaromatic
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provife aadRatAGEAN By angdeghernosetting resin conposition which also
excels in flame retarddncy, w thout inpairing such excellent 20 properties

as resistance to soldering heat, resistance to

Brief Description of Drawing
Fig. 1 shows the infrared absorption spectrum of the curable
resin obtained in Synthetic Example 1.
15
Best Mode for Carrying Out the Invention
The present inventors, after pursuing a diligent study to
solve the problems mentioned above, have found that a composition
obtained by the use of a curable resin which is obtained by
20 reacting an unsaturated group-containing monocarboxylic acid
(d) with a reaction product (c) of a compound having three or
more phenolic hydroxyl groups in its molecule (a) and an alkylene
oxide (b) and further reacting a polybasic acid anhydride (f)
with the resultant reaction product (e) (particularly, a curable
25 resinobtained by the use of acrylic acid and/or methacrylic acid
as the unsaturated group-containing monocarboxylic acid and an
alicyclic dibasic acid anhydride as the polybasic acid
anhydride) or a curable resin having the groups represented by

the aforementioned formulas (I) and (II) in its side chains



chem cals, resistance to noisture absorption, adhesiveness, PCT

resi stance, resistance to electroless gold plating, and electrical

i nsul ating properties nentioned above. 25 Disclosure of the invention To
acconplish the objects nentioned above, the present invention provides a
curable resin having an unsaturated group and a carboxyl group at the
terminals of its side chains. one enbedilent thereof is a curable resin
obtai ned by reacting an -6 unsaturated group-containing nonocarboxylic acid

d ith
Chinol o BA10RECHIE BEORUCiGH OF 8 SIRGISLOAILRT e fa TRRS sugh
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reaction product (e). Another enbodi nent of curabl’e résin according to

the presgghesivemdsy t& wﬁlsuﬁabhﬁslt&%lt@é}a\@émlébsn@éwaschre&ﬁfc%swt ed
by the following fornulas (I) and (Il) inits side chains. Rl

CH2- C O CrésRstRncle taReldbtrdeséyold Q)I‘ailﬁ?glOelEEt!rlic\aﬁleliﬁlslﬁlatJ.&@ R2
i ndependent|ly represent a hydrogen atom a nethyl group, or an ethyl
group,5 R3preperdneszs i andpembmistancepr ésentmaisydregeralzd anpt Aonal kil
group having 1 to 6 carbon atons, an aryl group, an aral kyl group, a cyano
group, a €PEBANAEIOR.at oAF & Eeﬁuﬂy‘il: gelv@p presesdy eéavestiopol haasibeerci d

anhydri de
perfected.

Specifically, the curable resin of the present invention
excels in flexibility and elongation owing to the chain extension
10 by an addition reaction of the alkylene oxide (b) to the compound
having three or more phenolic hydroxyl groups in its molecule
(a). Further, since the subsequent addition of the unsaturated
group-containing monocarbxylic acid (d) and the addition of the
polybasic acid anhydride (f) take place at end hydroxyl groups
15 caused by the addition reaction of the alkylene oxide, an
unsaturated group and a carboxylic group are not present in the
same side chain and respectively located at the terminals of the
side chains. Therefore, the resin excels in reactivity and
exhibits excellent alkali-developability owing to the presence
20 of the end carboxyl groups away from the main chain.
Furthermore, since the resin does not contain a hydrophilic and
alcoholic hydroxyl group of low reactivity or contains such a
group in a small amount, unlike the conventiocnally used resin
of epoxy acrylate modified with an acid anhydride, it excels in

25 resistance to moisture absorption.
Accordingly, a curable resin composition containing the
aforementioned curable resin together with an organic solvent,
a photopolymerization initiator, a photosensitive

(meth)acrylate compound, an epoxy resin, etc. exhibits excellent



residue, and n is a nunerical value of 0.5 to 10. In accordance with a nore
concrete preferred enbodi nent, the conpound having three or nore phenolic
hydroxyl groups in its nolecule (a) nentioned above is a condensation
product of 20 a phenolic conpound represented by the foll ow ng general
formula RI 00 _7_ (lIll) and an aromatic al dehyde conmpound having a
phenolic hydroxyl group, the unsaturat-eld group-containi ng nonocar boxylic
acid (d) is acrylic acid and/or nethacrylic acid, and the polybasic acid
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chains, it exhibits excellent reactivity. Furt , S|nce e curable
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low reactivity in a small anmount or contains no such group, it allows the
formati ontofehectredepsodadt phatngg,weleechzliendednbeadttriony propee tars ,PCT
resistance at a high level and excelling in various properties such as
adhesi venEggiggance to moisture absorption, etc.
Since a composition containing the curable resin having no
such alcoholic hydroxyl group will exhibit inferior tack-free
10 dryness, however, it is preferable that this resin should be used
in combination with other resin from the viewpoint of
workability. In order to acquire good tack-free dryness without
impairing various properties, the other resin to be used in
combination should be just a curable resin which has a carboxyl
15 group and an unsaturated group in its molecule and which is in
the state of solid at room temperature.
Accordingly, the photocurable and thermosetting resin
composition of the present invention containing these two kinds
of curable resins together with an organic solvent, a
20 photopolymerization initiator, a photosensitive (meth)acrylate
compound, an epoxy compound, etc. exhibits excellent tack-free
dryness and alkali developing properties. And also, when its
coating film is selectively exposed to light, developed, and
finally cured, there is obtained a cured film excelling in
25 adhesiveness, resistance to soldering heat, resistance to
chemicals, resistance to electroless gold plating, PCT
resistance, electrical insulating properties, etc.
When a flame-retardant is incorporated into the curable

resin composition mentioned above, excellent flame retardancy



20 substrate, hardness, resistance to chem cals, and resistance to

noi sture absorption. Accordingly, a curable resin conposition conprising
this curable resin together with a photopolynerization initiator, a

phot osensitive (neth)acrylate conpound, an epoxy conpound, a dil uent
solvent, etc. exhibits 25 excellent al kali-devel oping properties and gives
a cured product -8 excelling in such prolkrties as resistance to sol dering
heat, PCT resistance, adhesiveness, resistance to chemi cals, resistance
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conposition containing the cu I'n"menti one accor

with a prefeimpdi®TadtHeNE i oh phepBTre3esl subRVeR P st HREE 46 oy O%ﬂ a
phot ocurabl e and thernosetting 10 resin conposition characterlzed' y
conpri si ngbgArgthiore Hrd| kedtsresienhngead above, i.e. the curable resin
obtained by reacting an unsaturated group-containing nonocarboxylic acid
(d) widh a redtawontheodurable) mdsin cofipthed pfrasent t ineentionmand the
phenolic hydroxyl groups in its nolecule (a) and an al kyl ene 15 oxi de (b)
and furt hERIARd@ i4RF &N pePYPpasitign oatidying: 1% )wilkdt het Hescasidiadnin
reaction prodyct , or the curable resin having the groups represented
by the afﬁF&ﬁéiiééiﬂFfornulas (I') and (Il) inits side chains, (B) a
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has a carboxyl group and 25 an unsaturated group i1n its nolecule and I ch

is in thesdtet ech@insoloxl gher aowirabIpermddi®e botadeed hpyafts£oEhionad
unsaturated group-containing monocarboxylic acid (d) with a
reaction product (c) of a compound having three or more phenclic
hydroxyl groups in its molecule (hereinafter referred to briefly

15 as "a polyfunctional phenolic hydroxyl group-containing
compound") (a) and an alkylene oxide (b) and further reacting
a polybasic acid anhydride (f) with the resultant reaction
product (e). Each reaction is easily carried out in a solvent
by the use of a catalyst to be described hereinbelow.

20 These reactions will be described in detail below. First,
the reaction between the polyfunctional phenolic hydroxyl
group-containing compound (a) and the alkylene oxide (b) will
proceed as follows, for example, when poly-p-hydroxystyrene and
propylene oxide are used. In the following reaction formulas,

25 formula (1) schematically represents the case that the propylene
oxide (b) is subjected to the reaction at the ratio of less than
one equivalent of its epoxy group, formula (2) schematically
represents the case that the propylene oxide (b) is subjected

to the reaction at the ratio of one equivalent of its epoxy group,



conponents. In accordance with a nore preferred enbodi nent, it is
preferable that the photocurable and thernosetting resin conposition shoul d
contain a curing catalyst (G . In accordance with another nore concrete and
preferred enbodinent of the present invention, there is provided a

phot ocurabl e and thernosetting resin conposition characterized 5 by further
conprising a flame-retardant (H). As thel3lanme- retardant (H), at |east one
menber selected fromthe group consisting of a hal ogenated epoxy resin, a

hal ‘ hal d_alicycli d,
phosphat e Db O b 3, TR 4P RanR e 1R LR F ERG B he caReH hat the
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I nvention The present inventors, after pursuing a I ge stu to sofve
the probl éusseterin wresl epoiealbarveofound phahod icoMyAEIdN gERIRI HE0t by
the use of a curable resin which is obtained by 20 reacting an unsaturated
gr oup-gonpailnyifunciocal pherddkiabydroky)l girbhpacoatatindngeotpoeundc)apf a
conpound having three or nore phenolic hydroxyl groups in its nolecule (a)
and an al kyl ene oxide (b) and further reacting a pol ybasic acid anhydri de
(f) wth the resultant reaction product (e) (particularly, a curable 25
resin obtalnedyhy phe 1ispofpackylic acid and/or methacrylic acid as the
unsat urated grpup-cont di ni ng ‘nofiocar boxylic acid and an alicyclic dibasic
aci d anhydri dg i i

t he groups
si de chains

rementioned fornulas (I) and (Il) inits
i on of aHéQE§W‘§Hmduct excel ling in such
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properties as resistance to soldering heat, PCT resistance, adhesiveness
to various substrates, resistance to chemcals, resistance to electroless
gold plating, electrical insulating 5 properties, and resistance to

noi sture absorption in conbination. As a result, the present invention has
been perfected. Specifically, the curable resin of the present invention
excels in flexibility and el ongation owildg-to the chain extension 10 by an
addition reaction of the alkylene oxide (b) to the conpound having three or
nore phenolic hydroxyl groups in its npolecule a). Further, since the
subsequent addition of the unsgtur Hor 65— ¢dntai ni ng monocarbxylic acid
(d) and the addition of the yydride (f) take place at end
hydr oxyl groups 15 caused by pn of the al kyl ene oxi de,
an unsaturated group and a ¢ not present in the sane
si de chain and respecti vely | o% e tetyAhal s of the  side chains.
Therefore, the resin excels inlreactivity exhi bits &xcd I ent

al kal i -devel opability ow ng toithe pre ence 2090f the end car boxyl groups
away fromthe main chain. Furghgrnorecnsi nce émp resin does not contain a
hydrophilic and al coholic hdeox(_tyE18| gr up of |1 bw reactivity or contains
such a group in a small anoun | K e ¢ é%@ionally used resin of
epoxy acrylate nodified with an aci d aohydridepHit excels in 25 resistance
to noi sture absorption. Accordlggly, a curabl e resin conposition containing
the aforenentioned curable regim together with an organic solvent, a

phot opol yneri zation initiator,CHa-g3ot osensitive (neth)acrylate conpound,
an epoxy resin, etc. exhibits éﬁcellent - 11 al kali developing properties,
photocuring properties, and thernosetting properties. Wien its coating

filmis sel ectiesdl Y tREPGSAUEL AT B clevEheRtr a3l fgféhglc%ﬁ;%qnfﬂbere

is obtained a cured product excelling in resistance to sol dering heat
monocarboxylic acid (d) to the reaction product (c) of formula

(l), (2), or (3) mentioned above proceeds as follows, for
5 example, when acrylic acid is used. That is, when the addition
of the propylene oxide (b} to the polyfunctional phenolic
hydroxyl group-containing compound (a) takes place partially as
shown in the above-mentioned formula (1), the addition of the
unsaturated group-containing monocarboxylic acid (d) to the
10 resultant addition reaction product (c) will take place
predominantly at the hydroxyl group possessed by the propylene
oxide (b) added to the above-mentioned polyfunctional phenolic
hydroxyl group-containing compound (a) as shown in the following
formula (4). The addition of the unsaturated group-containing
15 monocarboxylic acid (d) to the reaction product (c) of the
formula (2) will take place as shown in the following formula
(5). Further, the addition of the unsaturated group-containing
monocarboxylic acid (d) to the reaction product (c) of the
formula (3) will take place as shown in the following formula

20 (6).



5 resistance, adhesiveness, resistance to chemcals, resistance to

el ectroless gold plating, electrical insulating properties, resistance to
noi sture absorption, etc. Since a conposition containing the curable resin
havi ng no such al coholic hydroxyl group will exhibit inferior tack-free
10 dryness, however, it is preferable that this resin should be used in
conbi nation with other resin fromthe vildwoint of workability. In order
to acquire good tack-free dryness without inpairing various properties,
the other resin to be used in conbinatigp soukd bg,just—a curable resin
whi ch has a carboxyl 15 group and an unshturated group jin its nol ecul e and
which is in the state of solid at roo AesqQrdi ngly, the

phot ocur abl e and thernosetting resin present i nvention
cont ai ni ng t hles¢ H¥BCHACAHs of—ewr abl e 3 Wt h an .or.gani c
solvent, a 20 photopol ynerization initiafor, a photosensitive
(nmeth)acrylate conpound, an epoxy conpond, et®. exhilsHts excell ent
tack-free dryness and al kali devel opin ropergjes. And also, when its
coating filmis selectively exposed to ||ght, dével oped, and finally
cured, there is obtained a cured film excef™ ngii ™25 adhesiveness,

resi stance to soldering heat, resistanceoto chemnicals, resistance to

el ectroless gold plating, PCT resistancg.electrical insulating
properties, etc. Wien a flane-retardant |s incorporated into the curable
resin conposition nentioned above, excelftent flame retardancy -12 nmay be
inparted to the conposition. Even if the&t |ane-retardant is incorporated
into the conposition, there is no possibility of inpairing the film
properties such as resistance to noisture absorption and heat resistance.
5 Now, the curable resin of the presentCinveatiabin—aRa— curable resin
conposition containing it will be described in | detail |bel ow
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First, the curable resin (A) of the present invention is, as described
above, the curable resin having the groups 10 represented by the
above-nmentioned formulas (1) and (I1) in its side chains or the curable
resin obtained by reacting an unsaturated group-containing nonocar boxylic
acid (d) with a reaction product (c) of a conpound having three or nore
phenolic hydroxyl groups in its nolecul¥ {hereinafter referred to briefly
15 as "a pol yfunctional phenolic hydroxyl group-containing conpound") (a)

) Wt h the. nodtAt B (?%33?35%9E%Plﬁés%?ﬁ%teiﬁife%@ﬁ%'r é%%f«i antiudrdls | (F) °°
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exanpl e, whaydidlde Pidygsedystyinse eRd a0 PXtHE pbeybatdc ldbide
followi ng reaction forrmulas, 25 formula (1) schematically represents the

case that anhgdpicley/| eidl okade (plate sbpdohenahtlyheateadie omlatioldleic
ratio of |ess than one equivalent of its epoxy group, fornula (2)
schemat i chydyoxydprgrenps tthe caesctisen twilbr ppywicsed oasdeshdwni ¢n the
subjected _ to the reaction at the ratio of one equivalent of its epoxy
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OCHCH2-CHCH2 1l OHOHO12
(2) IH-CH3 CIHCH3 G HCH3 OH
CH CH2-CH CH2-CGH ... ... (3) @ Il 2CH 20H2 Cl - CH3Cl H- CH3Cl H- CH3 OHCH
--CH3 OH Next, the reaction of the unsaturated group-containing
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As the polyfunctional phenolic hydroxyl group-containing
compound (a), a condensation product of a phenolic compound
and an aromatic aldehyde compound having a phenolic hydroxyl

8 group, a condensation product of an aldehyde compound and
poly-p-hydroxystyrene or 1,2-, 1,3-, 1,4-, 1,5-, 1,6-, 2,3-,
2,6- or 2,7-dihydroxynaphthalene, a condensation product of
a moncnaphthol, dihydroxynaphthalene mentioned above, and an
aldehyde compound, a condensation product of mono- or di-

10 hydroxynaphthalene and a xylylene glycol compound, an addition
product of mono- or di-hydroxynaphthalene and a diene compound,
etc. may be cited, but it is not restricted to these compounds.

The polyfunctional phenolic hydroxyl group-containing
compound mentioned above includes those having a phenolic

15 hydroxyl group-containing aromatic ring or a hydrocarbon
skeleton bonded to the phenolic hydroxyl group-containing
aromatic ring, each containing a functional group which
contains a halogen atom, oxygen, nitrogen, sulfur, etc., for
example, a halogen group, an ether group, an ester group, a

20 carbonyl group, a hydroxyl group, an aldehyde group, an amino



nonocar boxylic acid (d) to the reaction product (c) of formula (1), (2),

or (3) nentioned above proceeds as follows, for 5 exanple, when acrylic
acid is used. That is, when the addition of the propylene oxide (b) to the
pol yfunctional phenolic hydroxyl group-containing conpound (a) takes place
partially as shown in the above-nentioned fornula (1), the addition of the
unsat ur at ed group-contai ni ng nonocarboxyl8 ¢ acid (d) to the 10 resultant
addition reaction product (c) will take place predoninantly at the

hydroxyl gioup Pagseasad G¥ohie g %:gf&rg}g&%ogwa(%t%d oub ! Brnjiol

above- nent’i oneéd pol y unct ona group- nlng coimpound

(a) as shgwauly) %h%h&@éﬂh@fﬂbrédﬁr“HﬁH(éDheﬂgﬁbé¥@h&t98 Eoﬁ ueﬁa%grated

gr oup- contalnlng 15 nnnocarboxyllc acid (d) to the reactl oduct (c) of
t he fornulgykahymIdrdﬁgeaﬂaagﬁ @ﬁlaa@@1érgggﬁpfollomnng fornula (5).
Further, the addition of the unsaturated group-containing nonocarboxylic
acid (d) t o t remorepctottrepr ghictfyregt bénabe phensllie (Bydmkylt ageoﬁbace as
shown in the following formula 20 (6). 5 (1) + H2C =CHCOCH (2)

H2 C=CHCOOHo8p in i C-CldipOinds Ghudrat il Glodk, |tigeR cdancd]bﬂs&?thﬂeﬁl—B
CHCH3 0OH CO0CH II

product of a phenolic compound represented by the following
general formula (III)} and an aromatic aldehyde compound having

a phenolic hydroxyl group proves to be desirable.

_\
}
\

CH CH -l

R/ XRJ/ X 7 R
AN N

10 4 S0k 1

whereinR, X, ¥, kand mhave the same meanings as mentioned above.

As the phenolic compound, the compounds represented by the
following general formula (IV), for example, phenol, o-cresol,
m-cresol, p-cresol, o-bromophencl, m-bromophenol, p-

15 bromophenol, ethyl phenol, propyl phenocl, butyl phenol, hexyl
phenol, octyl phenol, nonyl phenol, etc. may be cited. Further,

phenyl phenol, cumyl phenocl, etc. may be used.

OH

g o

20 X R
wherein R represents a hydrogen atom or an alkyl group having

1 to 18 carbon atoms, and X represents a hydrogen atom or a halogen
atom.
As the aromatic aldehyde compound having a phenolic hydroxyl

25 group, the compounds represented by the following general



CH2 0 CHz 0 1 CH2I I C-CH3 i I-CH3 ~-CH3 OO CHI I CcOC=OCHCH
1 CHRCHR2 O0OFO0O CHR (4 ..... (5 ...... (6) -16 Finally, the reaction
| ybasic acid anhydride (f) to the reaction product (e) of formula

of the po
(4), (5),
tetrahydr
acid 5 an
group, th
(8), or (
dependi ng

10

15

20

25

or (6) mentioned above proceeds as follows, for exanple, when

ophthalic anhydride is used. Since the addition of the polybasic
hydride will take place predoril8antly at the al coholic hydroxyl
e reaction will proceed as shown in the following fornula (7),

B LS Do ST AL SRR A A

hydroxybenzaldehyde, dimethoxy hydroxybenzaldehyde,

salicylaldehyde, etc. may be cited.

CHO
(V)
HO  (Y),
wherein Y represents an alkyl group or an alkoxy group each having
1l to 18 carbon atoms, and k is an integer of 0, 1, or 2.

The condensation product of the phenolic compound and the
aromatic aldehyde compound having a phenolic hydroxyl group
mentioned above is obtained by the reaction thereof at the ratio
of 0.1 to 3.0 mols, preferably 0.3 to 1.5 mols of the latter to
one mol of the former in the presence of an acidic catalyst (that
is usually used as a catalyst for the production of a novolak,
such as mineral acids like hydrochloric acid and sulfuric acid,
organic acids like oxalic acid and toluenesulfonic acid, and
other organic acid salts) at a temperature in the range of 80
to 250°C, preferably 100 to 180°C for 1 to 6 hours.

The ratio of addition of the alkylene oxide (b) to the
polyfunctional phenoclic hydroxyl group-containing compound {a)
mentioned above is preferred to be in the range of 0.5 to 10.0
mols, more preferably 1.0 to 6.0 mols per one equivalent of a
phenolic hydroxyl group of the polyfunctional phenolic hydroxyl
group-containing compound (a) mentioned above. If this ratio
is1essthan0.51mxlormorethan10.0mols,theresultantcarboxyl
group-containing curable resin (A) will suffer from an
undesirable decline in photocuring properties and thermosetting

properties. Further, when a flame-retardant (H) is added to the
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curable resin composition, the composition will suffer from an
undesirable decline in heat resistance and resistance to
moisture absorpticon.

The addition reaction of the alkylene oxide (b) to the
polyfunctional phenolic hydroxyl group-containing compound (a)
is carried ocut in the presence of, for example, an alkali metal
compound such as sodium hydroxide and potassium hydroxide, or
a quaternary basic salt compound such as trimethylbenzyl
ammonium  hydroxide, tetrametylammonium  hydroxide, and
tetraetylammonium hydroxide, or a mixture of the alkali metal
compound and the gquaternary basic salt compound, by the use of
an organic solvent such as ketones like methyl ethyl ketone,
cyclohexanone, and methylisobutyl ketone, and aromatic
hydrocarbons like toluene, xylene, and tetramethyl benzene, or
a mixed solvent of these compounds, at a temperature in the range
of 80 to 180°C under a pressure in the range of normal pressure
to 10 kg/cm®.

As the alkyléne oxide (b), ethylene oxide, propylene oxide,
butylene oxide, isobutylene oxide, trimethylene oxide,
tetrahydrofuran, tetrahydropyran, etc. may be cited. Among
other alkylene oxides enumerated above, ethylene oxide,
propylene oxide, butylene oxide, and isobutylene oxide prove to
be particularly desirable from the viewpoint of reactivity.

The reaction temperature of the esterification reaction of
the reaction product (c) of the polyfunctional phenolic hydroxyl
group-containing compound (a) and the alkylene oxide (b) with
the unsaturated group-containing monocarboxylic acid (d) is
preferred to be in the approximate range of 50 to 150°C. The

reaction may proceed under reduced pressure, under normal
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ICHOCH2. | C0 CH Il CH2 As the polyfunctional phenolic hydroxyl
group-contai ning conpound (a), a condensation product of a phenolic
compound and an aromatic al dehyde conmpound having a phenolic hydroxyl 5
group, a condensation product of an al dehyde conpound and

pol y- p- hydr oxystyrene or 1,2-, 1,3-, 1,-421-1,5-, 1,6-, 2,3-, 2,6- or

2, 7- di hydr oxynapht hal ene, a condensati on product of a nononapht hol,
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ment i oned above incl'udes those haV|ng a phenolic 15 hydroxyl

gr oup- pon?wdymﬂmrraha@ Y @buBlby Hoxdr 8gaivkekaton popted grodieed
phenol i ¢ hydroxyl group-containing aromatic ring, each containing a

f unct i ®nalcugraile weisim ofothaiprsesehtl geenaiom fakygeam the ragge, o§W a0,
etc., for exanple, a halogen group, an ether group, an ester group, a 20
carbonyl @&oodp0.a Agdaogacyionpsobvent dehy derapatupe ydoecapbonssuch as

toluene, xylene, and tetramethyl benzene may be advantageously

used. These solvents may be used either singly or in the form

of a mixture of two or more members. As a esterification

10 catalyst, sulfuric acid, hydrochloric acid, phosphoric acid,

boron trifluoride, methanesulfonic acid, benzenesultfonic acid,

p-toluenesulfonic acid, cation exchange resins, etc. may be

suitably used. The esterification reaction is preferred to be

carried out in the presence of a polymerization inhibitor. As

15 the polymerization inhibitor, hydroquinone, methyl

hydroquinone, hydroquinone monomethyl ether, catechol,
pyrocgallol, etc. may be advantageously used.

As typical examples of the unsaturated group-containing

monocarboxylic acids (d) mentioned above, acrylic acid,

20 methacrylic acid, crotonic acid, cinnamic acid, a-cyanocinnamic

acid, 8 -styrylacrylic acid, @ -furfuryl acrylic acid, etc. may

be cited. Among other wunsaturated group-containing

monocarboxylic acids cited above, acrylic acid and/or

methacrylic acid prove to be desirable from the viewpoint of the

25 influence on the photochemical reactivity and the properties of

the cured product, particularly heat resistance, electrical

insulating properties, and resistance to moisture absorption.

These unsaturated group-containing monocarboxylic acids may be

used either singly or in the form of a mixture of two or more




group, an amde group, a nitrile group, a nitro group, a thiol group, a

t hi oet her group, and a heteroaronmatic group such as a pyridyl group and an
i m dazol e group. Anong ot her pol yfunctional phenolic hydroxyl group- 5
cont ai ni ng conpounds enuner ated above, the condensation product of a
phenol i ¢ conpound represented by the followng general formula (111) and
an aromati c al dehyde conpound having a 2thenolic hydroxyl group proves to
be desirable. OHCOH (Il11; 10 HO (Y) k HO (Y) k wherein R, X, Y, k and m
have the sa neani ngs as nentioned above. As the phenolic conmpound, the
conpounds g&FﬁE%hted by the following general formula (1V), for exanple,
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represents a hydrogen atomor a halogen atom As the aronatic al dehyde

conpousd Rasattrea e P lYsioxYhing HoRUParbbrytaapagids (d¢pr esentieds by
the foll ow ng general -19 fornula (V), for exanple, hydroxybenzal dehyde,

met hoxy mpacdddienzdledampant difneskosf tiye moddsas bt dehidieanhydride (f)

sal i cyl al dehyde, etc. may be cited.
is preferred to be in such an addition proportion that the acid

value of the produced curable resin falls in the range of 30 to

150 mg XKOH/g, more preferably 30 to 120 mg KOH/g. If the acid

10 value of the curable resin is less than 30 mg KOH/g, it will be

deficient in solubility in an agqueous alkaline sclution and the

coating film formed therefrom will be developed only with

difficulty. Conversely, the acid value exceeding 150 mg KOH/g

is not preferred because the coating film will be developed even

15 in the surface of the exposed part without reference to the
conditions of the exposure.

The reaction is performed in the presence of an organic

solvent to be described hereinafter and in the presence of a

polymerization inhibitor such as hydroguinone and oxygen,

20 usually at a temperature in the approximate range of 50 to 150°C.

In this reaction, as occasion demands, a tertiary amine such as

triethylamine, a quaternary ammonium salt such as triethylbenzyl

ammonium chloride, an imidazole compound such as 2-ethyl-4-

methylimidazole, and a phosphorus compound such as triphenyl

25 phosphine may be added to the reaction mixture as a catalyst.

As the polybasic acid anhydride (f) mentioned above,

alicyclic dibasic acid anhydrides such as

methyltetrahydrophthalic anhydride, tetrahydrophthalic
anhydride, hexahydrophthalic anhydride,




5 HO (Y)k wherein Y represents an al kyl group or an al koxy group each
having 1 to 18 carbon atons, and k is an integer of O, 1, or 2. 10 The
condensati on product of the phenolic conpound and the aronatic al dehyde
conpound havi ng a phenolic hydroxyl group nentioned above is obtained by
the reaction thereof at the ratio of 0.1 to 3.0 nols, preferably 0.3 to
1.5 nols of the latter to one nmol of tHBforner in the presence of an
acidic catalyst (that 15 is usually used as a catal yst for the production
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gr oup- cont ai ni'ng conpoun ) mentioned above is preferfed to be in the
range of @etriabrdhdbhtRabicileydr i€ alllipHa®id orbalomakicyedibasic or
equi val ent of a phenolic hydroxyl group of the polyfunctional phenolic
hydr oxXyl 2% idramuip: caridi anhydrdmdesmunsuéh) asestucarigti@abanbydirfidehi makeio

is less than 0.5 nol or nore than 10.0 nols, the resultant carboxyl

gr oup- coneahydmiday abitagenie (ahydrideuf f eetepyhsisc idesiadydr ¥l i ne

i n photocuring properties and thernosetting properties. Further, when a
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tertacarboxylic dianhydride, cyclopentane-tertacarboxylic
dianhydride, pyromellitic anhydride, and benzophenone-
tetracarboxylic dianhydride may be cited. These polybasic acid
anhydrides may be used either singly or in the form of a
15 combination of two or more members. Among other polybasic acid
anhydrides cited above, alicyclic dibasic acid anhydrides prove

to be particularly desirable.

A photocurable resin composition may be formulated by
compounding the above-mentioned curable resin of the present
20 invention with a photopolymerization initiater (B) and can be
photo-cured by exposure to actinic energy rays. Suitable light
sources which are used for the purpose of photo-curing the
composition are a low-pressure mercury vapor lamp, a medium-
pressure mercury vapor lamp, a high-pressure mercury vapor lamp,
25 an ultra-high-pressure mercury vapor lamp, a xenon lamp, and a
metal halide lamp, for example. Also, a laser beam may be used

as the active energy rays.

As the photopolymerization initiator (B), for example,

benzoin and alkyl ethers thereof such as benzoin, benzoin methyl




ammoni um hydr oxi de, tetranetyl ammoni um hydroxi de, and 10 tetraetyl anmoni um
hydr oxi de, or a m xture of the alkali nmetal conpound and the quaternary
basic salt compound, by the use of an organic solvent such as ketones |ike
met hyl ethyl ketone, cyclohexanone, and nethylisobutyl ketone, and
aromatic hydrocarbons |i ke toluene, xylene, and tetranethyl benzene, or 15
a mxed solvent of these conpounds, at-&4t-enperature in the range of 80 to
180C under a pressure in the range of normal pressure to 10 kg/cm. As the
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above, ethyl ene oxide, propylene oxide, butylene oxide, and isobutyléne
oxi de progeetophefan¥ i ayRadiytdesiy-abighénpln tdwe topheRbne, ofand@aqt,ind ty.
The reaction tenperature of the esterification reaction of 25 the reaction
product (dicbilorkacetiofhanenenaampheackeitopiedomned sugrhups cdrmaithiyls 1-
conpound (a) and the al kyl ene oxide (b) with the unsaturated
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may be advaniageously used. These solvents nay be used either singly or in

the fl@r m sqéha 8% xt2) £-imbvhyot hivxanthdres 5. A4 -adbsteyltheokhathbde,
catal yst, sulfuric acid, hydrochloric acid, phosphoric acid, boron
trifl uori2echierbahdoxamthaneaciahd Ronzahicissdpoopylbbidxanthone; ketals

such as acetophenone dimethyl ketal and benzyl dimethyl ketal;
dimer of 2,4,S5-triaryl imidazole, riboflavin tetrabutylate,
thiol compounds such as Z-mercaptobenzimidazole, 2-
15 mercaptobenzoxazole, and 2-mercaptobenzothiazole; 2,4,6-

tris-S-triazine; organic halogen compounds such as 2,2,2-

tribromoethanol and tribromomethyl phenyl sulfone;
benzophenones such as benzophenone and 4,4'-
bis{diethylamino)benzophenone or xanthones; 2,4,6-

20 trimethylbenzoyl diphenyl phosphine oxide, etc. may be cited.
These well known and widely used photopolymerization initiators
may be used either singly or in the form of a mixture of two or

more members, or further in combination with a photo-initiator

aid such as tertiary amines like N,N-
25 (dimethylamino)ethylbenzoate, N,N-
(dimethylamino)iscamylbenzoate, penthyl-4-

dimethylamincbenzoate, triethyl amine, and triethanol amine.
Further, a titanothene compound such as CGI-784 (product of Ciba

Specialty Chemicals Inc.) and the like which exhibit absorption



p-tol uenesul fonic acid, cation exchange resins, etc. may be suitably used.
The esterification reaction is preferred to be carried out in the presence
of a polynmnerization inhibitor. AS 15 the pol ynerization inhibitor,

hydr oqui none, nethyl hydroqui none, hydroqui none nononet hyl et her,

catechol, pyrogallol, etc. may be advant ageously used. As typical exanples
of the unsaturated group-containing nor&iarboxylic acids (d) nentioned
above, acrylic acid, 20 nethacrylic acid, crotonic acid, cinnamc acid, a
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nmg KOH'g 1is not preferred because the coating filmw |l be devel op even

{(methylthio)-phenyl]-2-morphorino-aminopropanone-1 with 2,4-

diethylthioxanthone, 2-isopropylthioxanthone, or 4-benzoyl-
4’-methyldiphenyl sulfide, for example.

The amount of the aforementioned photopolymerization

15 initiator (B) (in case the photo-initiator aid is used together,

the total amount thereof) to be incorporated in the composition

is desired to be in the range of 0.1 to 30 parts by weight,

preferably 0.5 to 20 parts by weight, based on 100 parts by weight

(as a solid content, this holds good for the same expression to

20 be described hereinafter) of the curable resin (A or further F).

If the amount of the photopolymerization initiator (B) to be

incorporated is below the above range, the composition will not

be photocured by irradiation of an actinic energy ray or the

irradiation time should be prolonged, and the proper film

25 properties will be obtained only with difficulty. Conversely,

even if the photopolymerization initiator is added to the

composition in a large amount exceeding the range mentioned

above, the composition will not attain further improvement in

the photo-curing properties and such a large amount is not



15 in the surface of the exposed part wi thout reference to the conditions

of the exposure. The reaction is perforned in the presence of an organic
solvent to be described hereinafter and in the presence of a

pol ymeri zation i nhibitor such as hydroqui none and oxygen, 20 usually at a

tenperature in the approxi mte range of 50 to 15011C. In this reaction,
occasi on demands, a tertiary am ne such Z2f- triethylanne, a quaternary
anmoni um salt such as triethyl benzyl amonium chloride, an im dazol e
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anhydri des cited above, alicyclic dibasic acid anhydrides prove to be
parti cul antlepdasitld emay be used. The photosensitive (meth)acrylate
compound is used for the purpose of exalting the photochemical
reactivity of the flame-retardant, photocurable and
thermosetting resin composition. The photosensitive
15 (meth)acrylate compound which is in the liquid state at normal
room temperature will play the role of adjusting the flame-
retardant, photocurable and thermosetting resin composition to
such a degree of viscosity suitable for a varying method of
application and aiding in enhancing the solubility of the
20 composition in an aqueous alkaline solution besides the purpose
of exalting the photochemical reactivity of the composition.
However, the use of the photosensitive (meth)acrylate compound
(C) assuming the liquid state at normal room temperature in a
large amount is not preferred, because the produced coating film
25 does not easily acquire necessary tack-free dryness and tends
to have their properties degraded. The amount of the
photosensitive (meth)acrylate compound (C) to be incorporated
into the composition is desired to be in the range of 10 to 60

parts by weight, preferably 15 to 50 parts by weight, based on

as

m



A phot ocurabl e resin conposition may be fornul ated by conpounding the
above-nentioned curable resin of the present 20 invention with a

phot opol yneri zation initiator (B) and can be photo-cured by exposure to
actinic energy rays. Suitable light sources which are used for the purpose
of photo-curing the conposition are a |ow pressure nercury vapor |anp, a
medi um pressure nercury vapor |anp, a-@Tgh-pressure nercury vapor |anp, 25
an ultra-hi gh-pressure nercury vapor |anp, a xenon |anp, and a netal
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N, an&ethylmﬁﬂmﬂheemmMﬂnﬁﬂmﬁlanverdmmhhﬂ&nrximteasompound (C)y, for

. 2-met hyl - anthraqU|none 2- et hyl ant hr aqui none, 2-t- butyl ant hraqui none, and
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Bpg?éiloetsﬁbnyaaa bﬂm@pﬁrﬁa@ees adch wﬁﬁéegmeﬁene éﬂ e 4laiacrylate;
yl am no) benzophenone or xant hones t'ri met hyl benzoyl

di phenyl pbagfanet iotiale, pdlyestgrbe adnykhtes of polyols such as

trimethylolpropane 7 triacrylate, pentaerythritol

tetraacrylate, and dipentaerythritol hexaacrylate; acrylates of

ethylene oxide adducts and/or propylene oxide adducts of

15 polyhydric alcohols such as trimethylolpropane and hydrogenated

bisphenol A or polyhydric phenols such as bisphenol A and

biphenol; polyfunctional or monofunctional polyurethane

acrylates which are aforementioned hydroxyl group-containing

acrylates modified with isocyanate; epoxy acrylates which are

20 (meth)acrylic acid adducts of bisphenol A diglycidyl ether,

hydrogenated bisphenol A diglycidyl ether or phenol novolak

epoxy resin, and methacrylates corresponding to the acrylates

enumerated above may be cited. These compounds may be used

either singly or in the form of a combination of two or more

25 members. Among other compounds cited above, polyfunctional

(meth)acrylate compounds having two or more (meth)acryloyl

groups in their molecules prove to be particularly desirable.

The curable resin (A) of the present invention or the other

curable resin (F) to be described hereinafter can be cured singly



These wel |l known and wi dely used photopol ynerization initiators may be
used either singly or in the formof a mxture of two or nore nenbers, or
further in conbination with a photo-initiator aid such as tertiary am nes
i ke N, N 25 (dinethyl am no)ethyl benzoate, N, N

(di nmet hyl am no) i soanyl benzoate, penthyl-4- dinethyl am nobenzoate, tri ethyl
amne, and triethanol anmine. Further, -£8&4tanothene conpound such as

Cd -784 (product of Ciba Specialty Chemicals Inc. ) and the Iike whi ch
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10 i nif i apoganiccpekoxide candi aapromotofr.2- net hyl - 1-[ 4-
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phot opol ynerization initiator (B) to be incorporat ed I s bel ow t he above

range, thergamjiesiperaxidds amd aze dopoandedmby beradedt edthelr ainydly nic
energy ray or the
or in the formof a combination of two or more members. The amount
of these compounds to be used may be in the conventionally used
range, generally in the range of 0.1 to 10 parts by weight, based
15 on 100 parts by weight of the curable resin (A or further F).

As the promotor, any known compounds such as polyvalent metal
salts 1like octoate, naphthenate, etc. of cobalt, iron,
manganese, etc., and organic amines like dimethylaniline,
diethylaniline, p-toluidine, ethanoclamine, etc. may be used

20 either singly or in the form of a combination of two or more
| members.

An epoxy compound (D} may be incorporated into the
composition to formulate the curable resin composition together
with the curableresin (A) of the present invention and to improve

25 such properties as resistance to soldering heat and PCT
resistance of a cured film thereof.

Although the amount of the epoxy compound (D) to be

incorporated in the composition as a thermosetting component can

be set suitably depending on the useage of the composition,



irradiation tinme should be prolonged, and the proper film 25 properties
wll be obtained only with difficulty Conversely, even if the

phot opol yneri zation initiator is added to the conposition in a |arge
anount exceedi ng the range nentioned above, the conposition will not
attain further inprovenent in the photo-curing properties and such a |arge
anmount is not -26 desirable fromthe ecd®ni cal viewpoint. Another

phot osensitive (neth)acrylate conmpound (C) may be incorporated into the
curabl e reg el 0 rese LAV i sjde. t.he
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(meth)acrylate conmpound (C), any ot osensitive (neth)acrylate conpound

havi ng oneu@amq_—egmthryl oyl groups in its nolecule and assumng a
liquid 10 state,, sem-solid state, or solid state at normal room

t enper at ure s beheisepoxFheopbounsen it teidpwéhd BCAYLEpe ePOTHOUHES irfs
used for the purpose of exalting the photochem cal reactivity of the
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coating film25 does not easily acquire necessary tack-free yness an
tends toshmi¢omoeChemicpdr Coes Liegt agell thfmieamamids )of birdhinated epoxy
resins represented by EPIKOTE YL903 produced by Japan Epoxy Resin
Co., Ltd., EPICLON 152 and EPICLON 165 produced by Dainippon Ink
and Chemicals Inc., Epo Tohto YDB-400 and YDB-~500 produced by
15 Tohto Kasei Co., Ltd., and Sumi-epoxy ESB-400 and ESB-700
produced by Sumitomo Chemical Co., Ltd. (all trade names);
novolak type epoxy resins represented by EPIKOTE 152 and EPIKOTE
154 produced by Japan Epoxy Resin Co., Ltd., EPICLON N-730,
EPICLON N-770, and EPICLON N-865 produced by Dainippon Ink and
20 Chemicals Inc., Epo Tohto YDCN-701 and YDCN-704 produced by Tohto
Kasei Co., Ltd., EPPN-201, EOCN-1025, EOCN-1020, EOCN-104S, and
RE-306 produced by Nippon Kayaku Co., Ltd., and Sumi-epoxy
ESCN-195X and ESCN-220 produced by Sumitomo Chemical Co., Ltd.
(all trade names); bisphenol F type epoxy resins represented by
25 EPICLON 830 produced by Dainippon Ink and Chemicals Inc., EPIKOTE
807 produced by Japan Epoxy Resin Co., Ltd., and Epoc Tohto
YDF-170, YDF-175, and YDF-2004 produced by Tohto Kasei Co., Ltd.
(all trade names); hydrogenated bisphenol A type epoxy resins

represented by Epo Tohto ST-2004, ST-2007, and ST-3000 produced



phot osensitive (neth)acrylate conpound (C) to be incorporated into the
conposition is desired to be in the range of 10 to 60 parts by weight,
preferably 15 to 50 parts by weight, based on -27 100 parts by wei ght of
the curable resin (A or further F) - The wuse of this conpound in a |large
anount exceedi ng the above range is not preferable because the tack-f ree
dryness of a coating film will be degrdfed. 5 As the photosensitive
(meth)acrylate conmpound (C), for exanple, hydroxyl group-containing
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oxi de addntts ,aafddcSumpi eppbrycEDML 120 apithdt Sedf by S unil tdiys! 'dHentd e0h@cs. such
as trinmethyl ol propane and hydrogenated bisphenol A or pol yhydric phenols
such & bLtgherfall IAtaade hignesol ;albty¢lict éposy vesinsotrepaieisendied by

pol yur et hane_ acryl ates which are aforenenti oned hydroxyl group-containing
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resin (A) of the present invention or the other ~curablé resin (F) to be
descri bedopemd¢xnaites tivexrdief cepesenged by YL-6056, YX-4000, and YL-
6121 produced by Japan Epoxy Resin Co., Ltd. (all trade names);
bisphenol S type epoxy resins represented by EBPS-200 produced

by Nippon Kayaku Co., Ltd., EPX-30 produced by Asahi Denka Kogyo

15 K.K., and EXA-1514 produced by Dainippon Ink and Chemicals Inc.
(all trade names); bisphenol A novolak type epoxy resins
represented by EPIKOTE 157S (trade name) produced by Japan Epoxy

Resin Co., Ltd.; tetraphenylol ethane type epoxy resins
represented by EPIKOTE YL-931 (trade name) produced by Japan

20 Epoxy Resin Co., Ltd.; heterocyclic epoxy resins represented by
TEPIC (trade name) produced by Nissan Chemical Industries Ltd.;
diglycidyl phthalate resin represented by BLEMMER-DGT (trade

name) produced by Nippon 0il and Fats Co., Ltd.; tetraglycidyl
xylenoyl ethane resins represented by ZX-1063 (trade name)

25 produced by Tohto Kasei Co., Ltd.; naphthalene group-containing
epoxy resins represented by ESN-190 and ESN-360 produced by
Shinnittetsu Chemical Co., Ltd. and HP-4032, EXA-4750, and
EXA-4700 produced by Dainippon Ink and Chemicals Inc. (all trade

names); dicyclopentadiene skeleton-containing epoxy resins



28 or together with a radically polynerizable cross-1linking agent such as
styrene or other photosensitive (neth)acryl ate conpound by a heat

pol ymeri zati on method using an organi c peroxide, an azo compound, etc. or
by a cold polynerization nethod using an 5 organic peroxide and a
pronotor. As the organic peroxide, t-butyl peroxybenzoate, t-butyl

per oxy- 2- et hyl hexanoat e, benzoyl peroxi-dd - cycl ohexanone peroxide, nethyl
et hyl ketone peroxide, bis-4-t-butyl cyclohexyl peroxydicarbonate, etc.
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fornmul ate.the.c bl e .resin conposjtion together wth the curable resin
(A of thélﬂ%fg’ataﬂq ?’F\Mﬁ%‘ﬂ‘ e pPOVE - 2oTREER BPBFYr KEEd N may be

resi stanc [ t_an resi stance of. a.cured_filmthereof.
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conposi ti gemferd .t hernosetting conponent can be set suitably depending on
t he useage of the conposition, -29 generally it is proper to be set in the
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the curable resin and the epoxy compound mentioned above and
adjusting the viscosity of the composition to a level suitable
for a coating method. The amount of the diluent solvent suitably
falls in the approximate range of 10 to 300 parts by weight, based

15 on 100 parts by weight of the total weight of the solid content
of the curable resin (A or further F) and the sclid content of
the epoxy compound (D) and may be set at a suitable amount
depending on the kind of method adopted for the application of
the composition.

20 As the diluent solvent (E), for example, ketones such as
methylethyl ketone and cyclohexanone; aromatic hydrocarbons
such as toluene, xylene, and tetramethyl benzene; glycol esters
such as methyl cellosolve, butyl cellosolve, methyl carbitol,
butyl carbitol, propylene glycol monomethyl ether, dipropylene

25 glycol monoethyl ether, dipropylene glycol diethyl ether, and
triethylene glycol monoethyl ether; esters such as ethyl
acetate, butyl acetate, butyl cellosolve acetate, and carbitol
acetate; alcohols such as ethanol, propanol, ethylene glycocl,

and propylene glycol; aliphatic hydrocarbons such as octane and




curable resin (A). As the epoxy conpound (D), bisphenol A type epoxy resins
5 represented by EPI KOTE 828, EPI KOTE 834, EPI KOTE 1001, and EPI KOTE 1004

produced by Japan Epoxy Resin Co., Ltd., EPICLON 840, EPICLON 850, EPICLON
1050, and EPI CLON 2055 produced by Dainippon Ink and Chemicals Inc. , Epo

Tohto YD-011, YD-013, YD 127, and YD 128 produced by Tohto Kasei Co.,

Ltd., and 10 Sum - epoxy ESA-011, ESA-0142 ELA-115, and ELA- 128 produced by

Sum tono Chem cal Co. , Ltd. (all trade nanes); brom nated epoxy resins
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Ltd., &PPN- 20 NexCharideher EGIRab020 reEAON-(FO4 Shiantd isREadiénpigeoaeliyby

Ni ppon Kayaku Co., Ltd., and Sum -epoxy ESCN-195X and ESCN- 220 produced by
Suni tono GSed dal tue, phpﬂ:acur(aaulle taratid emmese t t ing prembh  Fonypei tpory
resins represent ed by 25 EPI CLON 830 produced by Dai ni ppon Ink and

Cheni cal s®fnthe PEPFR@FElHBGFt&P@dﬁbé@llSS/b@aﬂ&ﬁtEﬂo@}rﬂg%Bnr%ln EMICh and
Epo Tohto_ _YDF- 170 175, and  YDF- 2004 roduced by Toht o Kasej .

Ltd. (al P2 ac@aﬁmg gﬁyapoaaﬂaeeoumb Eﬁsr-'dAgngﬁ& iBokys B3lecule’
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Toht o YH 434 produced by Tohto Kasel Co., Sum - epoxy

produced byrowlie pepifttLohedDy adihg ar alclldt aﬁﬁydﬁiaeseo adteSYELOA
epoxy resins represented by
product of a novolak type epoxy compound with an unsaturated

group-containing monocarboxylic acid, a curable resin obtained
by reacting tetrahydrophthalic anhydride with a reaction
15 product of a novolak type epoxy resin, dimethylol propionic
acid, and acrylic acid (JP 6-324490A), a curable resin obtained
by reacting tetrahydrophthalic anhydride with a reaction
product of a novolak type epoxy resin, acrylic acid, and
p-hydroxyphenetyl alcohol (JP 11-288091A), a curable resin
20 obtained by reacting epihalohydrin with an alcoholic,
secondary hydroxyl group of a reaction product of an aromatic
epoxy resin having two glycidyl groups in its molecule and an
aromatic alcoholic resin having two phenolic hydroxyl groups
in its molecule and then adding an unsaturated group-containing
25 monocarboxylic acid and subsequently an acid anhydride to the
resultant reaction product, a vinyl copolymer obtained by
reacting an acrylate of epoxycyclohexane methanol (for example,
Cyclomer A200 manufactured by Daicel Chemical Industries,

Ltd.) with a vinyl copolymer of methacrylic acid, methyl



Cel | oxi de 2021 (trade name) produced by Daicel Chem cal Industries, Ltd.;
tri hydroxyphenyl nethane type epoxy resins represented by YL-933 produced
by Japan Epoxy Resin Co., Ltd. and EPPN-501 and EPPN-502 produced by

Ni ppon Kayaku Co., Ltd. 10 (all trade nanes) ; bixylenol type or biphenol
type epoxy resins or mxtures thereof represented by YL-6056, YX-4000, and
YL- 6121 produced by Japan Epoxy Resin-@G8; Ltd. (all trade nanes)

bi sphenol S type epoxy resins represented by EBPS-200 produced by Ni ppon
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by ZX-1063 (trade nane) 25 produced by Tohto Kasei Co., Ltd.; naphthal ene
gr oup- cond@dwisty iefHoitd ek iwisth ép ik axppnl EERE 190 metch&Sty 360 preaduced
by Shinnittetsu Chemical Co., Ltd. and HP-4032, EXA-4750, and EXA-4700
produced BRdDaiéhipiRRrPhRchanechediifdiesd | dchydgaxyethipl mekkjcrylate
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net hacryl ate may be cited. However, the epoxy conpound is not |imted to
t hose enurhbaicedralmeratddiesiboe@oxy resins nay be wused either singly or in

the formof a conbination of two or nore nenbers.

In a preferred embodiment of the photocurable and
thermosetting resin composition of the present invention,
although the aforementioned curable resins (A) and (F) may be

15 incorporated into the composition at any compounding ratio
depending on the purpose of use, it is desirable that the
compounding ratioc of the curable resin (F) to the curable resin
(A) shouldbe 70:30 to 30:70 and that the acid value of the mixture
should be in the range of 30 to 150 mg KOH/g, preferably 40 to

20 110mg KOH/g. If the acid value of the mixture after compounding
of the curable resins (A) and (F) is less than 30 mg KOH/g, it
will be deficient in solubility in an agueous alkaline solution
and the coating film formed therefrom will be developed only with
difficulty. Conversely, the acid value exceeding 150 mg KOH/g

25 is not preferred because the coating film will be developed even
in the surface of the exposed part without reference to the
conditions of the exposure.

Further, a curing catalyst (G) may be used for the purpose

of promoting the reaction between the curable resin and the epoxy



10 A diluent solvent (E) is used for the purpose of dissolving the curable
resin and the epoxy conpound nenti oned above and adjusting the viscosity
of the conmposition to a level suitable for a coating nethod. The anount of
the diluent solvent suitably falls in the approxi mate range of 10 to 3 00
parts by weight, based 15 on 100 parts by weight of the total weight of the
solid content of the curable resin (A-ea¥¥further F) and the solid content
of the epoxy conpound (D) and may be set at a suitable anmount dependi ng
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shoul d bezhHek . a curable resin which has a carboxyl group and an
unsaturated group in its nolecule and which is in the state of solid at

roomienper at Wse, tae 18udengr i é@daage\:e- (65, SUEdr @ Sl €, F eMidatOle
exanple, a curable resin obtained by addi ng an acid anhydride to a

reacti on dprastattivefs auohvad 2Mzt,yPE4MPOXY] THUARE, BPZh BB2MDS AME R

2E4MZ-CN, C11Z-CN, 2PZ-CN, 2PHZ-CN, 2MZ-CNS, 2E4MZ-CNS,

2PZ-CNS, 2MZ-AZINE, 2E4MZ-AZINE, Cl1Z-AZINE, 2MA-OK, 2P4MHZ,

2PHZ, 2P4BHZ, and 1B2PZ manufactured by Shikoku Chemicals Co.,

15 Ltd.; guanamines such as acetoguanamine and benzoguanamine:

polyamines such as diaminodiphenyl methane, m-phenylene

diamine, m-xylylene diamine, diaminodiphenyl sulfone,

dicyandiamide,urea,ureaderivatives,melamine,andpolybasic

hydrazide; and organic acid salts and/or epoxy adducts thereof;

20 amine complexes of boron trifluoride; triazine derivatives

such as ethyldiamino-S~triazine, 2,4~diamino-S-triazine, and

2,4-diamino-6-xylyl-S-triazine; tertiary amines such as

trimethyl amine, triethancl amine, N,N-dimethyloctyl amine,

N-benzyldimethyl amine, pyridine, N-methyl morpholine,

25 hexa{n-methyl) melamine, 2,4,6-tris(dimethylaminophenol},

tetramethyl guanidine, and m-aminophenol; polyphenocls such as

polyvinyl phenol, peclyvinyl phenol bromide, phenol novolak,

and alkylphenocl novolaks; organic phospines such as tributyl

phosphine, triphenyl phosphine, and tris-~2-cyanoethyl



gr oup- cont ai ni ng nonocar boxylic acid, a curable resin obtained by reacting
tetrahydrophthalic anhydride with a reaction 15 product of a novol ak type
epoxy resin, dinmethylol propionic acid, and acrylic acid (JP 6-324490A), a
curable resin obtained by reacting tetrahydrophthalic anhydride with a
reaction product of a novol ak type epoxy resin, acrylic acid, and

p- hydr oxyphenetyl al cohol (JP 11-28809+45-a curable resin 20 obtai ned by
reacting epi hal ohydrin with an al coholic, secondary hydroxyl group of a
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resins (A) and (F) may be 15 incorporated into the conposition at any
conmpoundi Agahat ilenka Co., Ltd.; styrene-maleic anhydride resin; an
equimolar reaction product of phenyl isocyanate and
dimethylamine, equimolar reaction products of dimethylamine
and an organic polyisocyanate such as trylene diisocyanate and
15 isophorone diisocyanate, and other well known and commonly used
curing agents or curing promoters may be cited. These curing
agents or curing promoters may be used either singly or in the
form of a combination of two or more members.
Any flame-retardant which has been heretofore added to a
20 resin to be used in elecrical equipment can be used as the
flame-retardant (H) which is to be incorporated into the
photocurable and thermosetting resin composition of the present
invention without limitation. Among other flame-retardants, a
halogen-based flame-retardant, a phosphorus-based flame-
256 retardant, and an antimony-based flame-retardant prove to be
preferable from the viewpoint of compatibility with resin, heat
resistance, etc.
The amount of the flame-retardant (H) to be incorporated

into the composition is generally in the range of 1 to 200 parts




dependi ng on the purpose of use, it is desirable that the conpounding
ratio of the curable resin (F) to the curable resin (A) should be 7 0: 3 0
to 3 0: 70 and that the ac id value of the m xture should be in the range
of 30 to 150 ng KOH g, preferably 40 to 20 110 ng KOH g. If the acid val ue
of the m xture after conpounding of the curable resins (A) and (F) is less
than 30 ng KOH g, it wll be deficient-36+ solubility in an aqueous

al kaline solution and the coating filmforned therefromw ||l be devel oped
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exposure. Further, a curing catalyst (Q y be used for the purpose of

pronot i ng cuiablencté®in beaween fulia hei ab) eméReionald abdreERMY a3dolid
conpound. The curing catalyst (G is particularly effective in further

i npr ovi ngcolmeemtopef t ithe odpdie sohpeundes{B).sSudif asher ambahancef t the

sol deri ng heat, adhesiveness, and resistance to electroless gold plating.
5 The anodlame-netamndantng(Eat fhydts (6) the bbovecaegorixnesd rangég the
conposition is preferred to be in the range of 0.01 to 25 parts by weight,
nmore pref &4416 yebardapcys peeistanageitghsoldeziag bratpoapdrebedyrieadht of
t he epoxy ,conpound (D) nentioned abgve. 10 As the curing catalyst (G, for
exanpl e, ARPYAANET JePFORENFEESsuchfas UM\, FESWR CIORPOBL¥ACTPZAreRD\Y,
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acet oguanani ne and benzoguanam ne; pol yam nes such as dian)nod pheny
net haye, aErpharilccompduidseudh K1Y bkBS rdmdBeifzertk APiphenyét Byl f one,

di cyandi am de, urea, urea derivatives, nelam ne, and pol ybasic
benzene, hexabromobiphenyl, decabromodiphenyl,
hexabromodiphenyl oxide, octabromodiphenyl oxide,
decabromodiphenyl oxide, tribromophenyl glycidyl ether,

tribromophenylacrylate, ethylene-bis-tribromophenyl ether,

15 ethylene-bis-pentabromophenyl ether,
tetradecabromodiphenoxy benzene, octabromonaphthalene,
bis(tribromophenyl) fumaramide, and N-methyl-
hexabromodiphenylamine; halogenated bisphenols such as

tetrabromobisphenol A and derivatives thereof [for example,

20 tetrabromobisphenol A-bis{hydroxyethyl ether),
tetrabromobisphenol A-bis(2,3=-dibromopropyl ether),
tetrabromobisphenol A-bis (bromoethyl ether),
tetrabromobisphenol A-bis(allyl ether), etc.],

tetrabromobisphencl S and derivatives thereof [for example,
256 tetrabromobisphenol S-bis(hydroxyethyl ether),
tetrabromobisphenol S-bis(2,3-dibromopropyl ether}, etc),
halogenated epoxy resins such as brominated epoxy resin;
halogenated aromatic polymers such as brominated polystyrene,

brominated polyphenylene oxide, brominated polycarbonate, and



hydrazi de; and organic acid salts and/or epoxy adducts thereof; 20 am ne
conpl exes of boron trifluoride; triazine derivatives such as

et hyl di am no-S-triazine, 2,4-diamno-S-triazine, and 2,4-diamno-6-xylyl-S
-triazine; tertiary amnes such as trinethyl am ne, triethanol am ne,

N, N-di net hyl octyl am ne, N benzyldinmethyl am ne, pyridine, N nethyl

mor phol i ne, 25 hexa(n-nethyl) mel am ne,-37 4, 6-tri s(di net hyl am nophenol ),
tetranethyl guanidine and n}aninophenol' pol yphenol s such as pol yvi nyl

phenol , gy de, ovol g yl phenal
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pol ybasi ¢ resictsiarent i adddcaboveof phdiexachilonbeypdbpentiaddigne) cat ahysts
such as di phenyl iodonium tetrafluoroborate, triphenyl sulfonium
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singly or in the formo Ination of Two or nore nment
f1 anmetg et abfizatinihich haphbephater et of gl ameddet ar@aht20 re%lu&hto beagsed

In elecrical equipnent can be used as the flane-retardant (H which is to
be i ncor ptrasg¢ehlurmdtiteyl ) phosphate, tris(2,3~dichloropropyl)
phosphate, tris(2-chloropropyl) phosphate, tris(2,3-
bromopropyl) phosphate, tris(bromochloropropyl) phosphate,
2,3~dibromopropyl-2,3-chloropropyl phosphate,
15 tris(tribromophenyl) phosphate, tris(dibromophenyl)
phosphate, and tris(tribromoneopentyl) phosphate; and non-
halogen type flame-retardants such as aliphatic phosphates
like trimethyl phosphate, triethyl phosphate, tributyl
phosphate, trioctyl phosphate, and tributoxyethyl phosphate;
20 aromatic phosphates like triphenyl phosphate, cresyl diphenyl
phosphate, dicresyl phenyl phosphate, tricresyl phosphate,
trixylenyl phosphate, xylenyl diphenyl phosphate,
tris(isopropyl phenyl) phosphate, isopropylphenyl diphenyl
phosphate, diisopropylphenyl phenyl phosphate,
25 tris(trimethylphenyl) phosphate, tris(t-butylphenyl)
phosphate, hydroxyphenyl diphenyl phosphate, and octyl

diphenyl phosphate may be cited.

As the antimony-based flame-retardant, antimony oxide type

flame-retardants such as antimony trioxide and antimony



phot ocurabl e and thernosetting resin conposition of the present invention
without Iimtation. Anong other f |lane-retardants, a hal ogen-based

fl ame-retardant, a phosphorus-based flane 25 retardant, and an

anti nony- based flame-retardant prove to be preferable fromthe viewoint
of conpatibility with resin, heat resistance, etc. The amount of the f

| ame-retardant (H) to be incorporated -i3& 0 the conposition is generally in
the range of 1 to 200 parts -36 by weight, preferably 5 to 50 parts by
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content of the curable resin (A or further F) ntion ove and a solid
content of therpp@amoriiddid () nkhe iamadabetethiify bd hawer & ehgtgant

(H falls in the above-nentioned range, the fire retardancy, resistance to
sol deri ngolredin, tdred fdEmtof cohe combliahitignprodpaivd esr Qo 8emefbels .
conposition are advantageously bal anced at a high level. As the

hal ogen- based Theyphotecunidnke ansl thenaveét tifgresin compopitide sfidthens
hexabr onmobenzene, pentabronoethyl benzene, hexabronobi phenyl, )
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hexabr onogi,phemilad N 1lapenst &k pbi Sﬂi@f‘%ﬁé sugh188a, talc, clay,
her eof f? %’

t et rabr onbbi sphenol A and derivatives t or exanpl e,

tetrabrorpbgaekdnal Adrsdhyee pxyehdyhugl hearbordfiie Abr rRRi ARReNBkide,
A-bi s(2, 3-di bronopropyl ether), tetrabronobi sphenol A-bis(bronoethyl

et her)) atumibumonbpdsphddel, Andimicd powddhéo), the purpose of improving
t et rabr onobi sphenol S and derivatives thereof [for exanple,
such properties as adhesiveness and hardness. The amount of the
inorganic filler to be used is preferred to be in the range of
0 to 60 wt.%, more preferably 5 to 40 wt.% of the whole composition
of the present invention.

15 The compositionmay further incorporate therein, as occasion
demands, any cof known and commonly used coloring agents such as
phthalocyanine blue, phthalocyanine green, iodine green, disazo
yellow, crystal violet, titanium oxide, carbon black, and
naphthalene black, any of known and commonly used polymerization

20 inhibitors such as hydroquinone, hydroquinone monomethyl ether,
tert-butyl catechol, pyrogallol, and phenothiazine, any of known
and commonly used thickening agents such as asbestos,
organocbentonite, benton, and montmorillonite, silicone type,
fluorine type, or macromolecular type anti-foaming agents and/or

25 leveling agents, adhesiveness-imparting agents such as
imidazole-based, thiazole-based, or triazole-based silane
coupling agents, or any other known and commonly useqd additives.

Further, the photocurable and thermosetting resin

composition of the present invention can be modified so as to



25 tetrabronobi sphenol S-bi s(hydroxyethyl ether), tetrabronobi sphenol
S-bis(2, 3-di bronmopropyl ether), etc], halogenated epoxy resins such as
brom nat ed epoxy resin; halogenated aronmatic polymers such as broni nated
pol ystyrene, brom nated pol yphenyl ene oxi de, brom nated pol ycarbonate, and
- 37 pol ypent abr onobenzyl acryl ate; hal ogenated alicyclic conpounds such as
et hyl ene- bi s(5, 6-di br ononor bor nene- 2, 3- 3@ car boxyi m de),

pent abr onocycl ohexanone, a Diel s-Al der reaction adduct of

hexachl or [ ; c - tet thalic
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di bronopropyl -1)-1socyanurate, etc. nay be cited. As the phosphorus-based

f1ame-ret ardaeithylaindoen-add €enéehplaginkospitte tépeEatfpt andant rougl as
tris(chl oroethyl) phosphate, tris(2,3-dichloropropyl) phosphate,

tri s(2-chkcontpriapylg phdaetd)acylasfe, 3- dompmmdpyl )sydkivsphase, N,N-
tris(bronochl oropropyl) phosphate, 2, 3-di bronopropyl -2, 3-chl oropr opyl

phospHat edimethylamimagthwbhe tmerhpacgylates, t r¥ s ¢d bmehbpheminppropyl
phosphate, and tris (trjbronnneopentylg phosphat e; and_non- hal ogen _type
f1 ane- r et APgER) SCIYLAmdey | phalTdipRESYHAt deth)ackylamidelr pRSIYHEYE

triethyl phosphate, tributyl hosphate, .trioctyl osphate, and

tribut oxyE‘Pi‘f? 9 hatbé‘;l%’éﬁ? ti dMEhEIFTRYIATR ‘E‘%’ t r?B‘ﬁenyr‘mﬁﬁG‘é’Hﬁ}t e,
cresyl digggﬁig jRGgsphate, di cresyl phenyl phosphate, tricresyl phosphate,
trixyl enyl "phosphate, xylenyl diphenyl phosphate, tris(isopropyl phenyl)
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phosphate, 25 triS(trinethylphen osphate, “tris _ eny
phospitat epribgenex ikt i 6h PReNwhtiGihabe, congordidilng dideaynpphentisat

may be cited.

mentioned above, preferably in the proportion mentioned above,

and homogeneously mixing them with a roll mill or the like.
The photocurable and thermosetting resin composition of the
present invention can be cured as follows to obtain a cured
15 product. That is, the photocurable and thermosetting resin
composition of the present invention is applied by the technique
of screen printing, spraying, roll coating, electrostatic
coating, curtain coating, or the like to a printed circuit board
to form a coating film of 10-100 ym thickness and then the coating
20 film is dried at a temperature in the range of 60 to 110°C.
Thereafter, a negative film is directly brought into contact with
the coating film (or placed over the coating film in the
non-contact state). Then, the coating film is irradiated with
ultraviolet light and the unexposed area of the cocating film is
25 developed with a dilute aqueous alkaline solution (such as, for
example, an agqueous solution of 0.5 to 2% sodium carbonate) to
dissolve out the unexposed portion (development). Thereafter,
for the purpose of improving various properties, the coating film

is further cured sufficiently by irradiation with ultraviolet



As the antinony-based f | ane-retardant, antinony oxide type
flame-retardants such as antinony trioxide and anti nony -38 pentaoxi de,

sodi um anti nonate, etc. may be cited. The flane-retardant (H) nentioned
above may be used singly or in the formof the conbination of two or nore
menbers. The photocurable and thernosetting resin conposition of the 5
present invention may further incorporaﬁ%)therein, as occasion demands, a
wel I known and wi dely used inorganic filler such as bariumsulfate, barium

Litanate. 19H AhdPOADPNEREingl NELY eRuhpaE, 28k Sidd G 2t e £SHTY prrous

silica, talc, clay, magnesium carbonate, cal cium carbonate, alum num

oxi de, 10 tal umhuig hyes ofide, bart hmitea ap@desd foildhe purpose of inproving
such properties as adhesi veness and hardness. The anmount of the inorganic
filler to be ubmd, | Lher epresentt oihventivine wable Ioé ndre Gpestifitbalbye
preferably 5 to 40 wt. % of the whole conposition of the present

i nvent i ondesgrihed dmoew twibbh negfeventer tonsynpbestie ekemgiles asvaadcinsd on
demands, any of known and commonly used col oring agents such as

pht hal dcy &¥aap IRs@nd Ronnaraaiy @ e xprrhes i odha @atdier gk sonrse) |tHe
crystal violet, tifaniumoxide, carbop black, an napht hal ene bl ack, any
of Known BRESEHOHIYERELAN S, Rt 2 LiRHES0 RN NS {19 L1HEAGaexamp es |
hydr oqui n hydr Qquinone . nonongt hyl .et her tert-butyl cate |,

pyrogal | ofberayen ARAIS s KOTEL Spaldi ek 1nntEou, i iy ShARP P matsiong
agent s SUugl AhASILHAE on WE2FALCERIREEC o The AelppigRl!lonite,
silicone type, fluorine type,  or nacronol ecul ar type anti-toam ng agents

and/ or 25 ghevdldtig: e sleatlhesi veness-inparting agents such as
I m dazol e- based, thiazole-based, or triazol e-based silane coupling agents,

or anlf ot her Kimven aandutonimve egudppedwtiithes. tlrerndmet erhea phet Deerfoy e
and thernosetting resin conposition of the present invention can be
nodi fi ed dotxodustizs of nitrogen and alkylene oxide, and a stirrer, 98
parts of a polyphenol resin which is a condensation product of
phenols and a phenolic hydroxyl group-containing aromatic
aldehyde (manufatured by Japan Epoxy Resin Co., Ltd., trade name
15 *“EPICURE YL6065”, OH equivalent: 98), 0.98 part of potassium
hydroxide, and 98 parts of tocluene were charged. The air in the
system chamber was replaced with nitrogen while stirring the
mixture and the temperature of the mixture was increased by
heating. Then, 63.8 parts of propylene oxide was gradually added
20 dropwise to the mixture and the resultant mixture was left
reacting for 16 hours at 125-132°C under a pressure of 0-4.8
kg/cem?. Thereafter, The reaction solution was cooled to room
temperature. To this reaction solution, 1.28 parts of 89%
phosphoric acid was added and mixed therewith to neutralize
25 potassium hydroxide. The obtained reaction solution of

propylene oxide to the polyphenol resin had a nonvolatile content

of 63.8% and the hydroxyl equivalent of 160.7 g/eq. This means
that 1.08 mols of the alkylene oxide was added to one eguivalent

of the phenolic hydroxyl group on average.



be devel opable wth water by form ng a salt of the carboxyl group of the
curabl e resin conponent (A, F) with an am ne such as trinethylam ne and
triethylamne, or a tertiary am no group- containing (neth)acryl ate
conmpound such as N, N 5 di net hyl am noet hyl (neth)acrylate,

N, N- di met hyl am nopropyl (neth)acrylam de, N, N-dinethyl (neth)acrylam de,
acryl oyl norpholine, N-isopropyl (nethycrylanide, and N-methyl ol
acryl am de. The photocurable and thernosetting resin conposition of the 10
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t hernosetting resin conposition of the present invention can be cured as

fol l ows tacakt,aig, 6 pares oiSmptaduesulfttid Sacidg 0OLe80pHFRDLE it hyl
t hernosetting resin conposition of the present invention I's applied by the

t echni que hydircspriaeyney i amd ngl7spr prirtg, afoldolraie Ngerel ehargeidatinto a
coating, curtain coating, or the like to a printed circuit board to forma
coat i f rlemcdti.or) vESE eimeg ipkred witrhl & sdrintter c cattiheymRondgtexy jandirared
at a tenperature in the range of 60 to 1100C.  Thereafter, a negative film
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| nproving various properties, the coating film  1s turther cure
suf fip0 enthe eddtdehakodmtiidh wasr avolledt td0rboghttamsképatiiyeheating

(for exanple, at 100 to 2000C for 0.5 to 1 hour) to give birth to a cured
film Nowpbtlad nede yevdct forerdout ivh | whe nentrapdeetl edithy 29.4 parts of
an aqueous 15% sodium hydroxide solution and then washed with
water. Thereafter, toluene was distilled out by means of an
evaporator while replacing it with 109.0 parts of diethylene
15 glycol monoethyl ether acetate to obtain an unsaturated
group-containing curable resin solution having a nonvolatile
content of 63.3%.
Next, 296.4 parts of the resultant unsaturated group-
containing curable resin solution and 1.22 parts of
20 triphenylphosphine were charged into a reaction vessel equipped
with a stirrer, a thermometer, and an air blowing tube. 76.0
parts of tetrahydrophthalic anhydride was gradually added to the
mixture while blowing air thereinto at a rate of 10 ml/min. and
stirring the mixture, and they wére left reacting for 6 hours
25 at 95-105°C. The product was cooled and then extracted from the
reaction vessel. The curable resin consequently obtained was
found to have a nonvolatile content of 71.8% and an acid value
of 109.6 mg KOH/g as solids.

The infrared absorption spectrum {(measured by the use of



descri bed below with reference to synthetic exanples, working 5 exanples
and conparative exanples. As a matter of course, the present invention is
not limted to the foll ow ng exanples. Werever "parts" is nmentioned
hereinbelow, it invariably refers to that based on wei ght unless otherw se
specified. Synthetic Exanple 1: 10 Into an autocl ave equipped with a

t hernmoneter, a device for introduction4¥-nitrogen and al kyl ene oxi de, and
a stirrer, 98 parts of a polyphenol resin which is a condensati on product

of phenol,s ; m?qﬁ' OYR: LNl r | | dehyde
(nanufatu?egagsl%g%én égg?gﬂgggﬁyéﬁgé %?gg?géﬁggggﬁgﬁgﬁgg%ﬂ%gé%uﬂ§1éke
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parts of toluene agrgghc%lg\%]é%ed%ﬁleegil% ﬁnt@ﬁgeigyﬁnﬁ%ﬁéﬁgﬁsﬁﬁg& iced
with nitragen while stirring the mxture and the tenperature of the

m xture was increased by heating. Then, 6 3. 8 parts of propyl ene oxide
was gradu8lyinghedded E2Gmppbpwe se to the mixture and the resultant m xture
was |eft reacting for 16 hours at 125-1320C under a pressure of 0-4.8

kg/ cm?® Ther ediitd anTautpedaveosqydbppeidowithsa il xmonetenom desms dour e.

To this rea ti%n sqlut%&g,,l.ZB parts of 89% phosphoric acid was added and
ni xed t hetBRFPAYS 1oy Glapirgogen, and §Lk¥Lang &% ide, Ald Gstiltaehted& i on
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acrylic acid, 9.6 parts o anesulfonic acid,” 0.18 part _
hydr dqui nohargedd 217he pdirt si®f thel uepetsfr enhidiededwhBt b Pad &RCLiR

vessel equipped wth a stirrer, a thernoneter, and an air blow ng tube and
| eft reachihyofien whiReussiarihtOGBenhiilk¢urd andnghai temperature af gheat e
of 10 mM/mn, and stirring the
mixture was increased by heating. Then, 174.0 parts of propylene
oxide was gradually added dropwise to the mixture and the
resultant mixture was left reacting for 16 hours at 125-132°C
15 under a pressure of 0-4.8 kg/cm’. Thereafter, The reaction
solution was cooled to room temperature. To this reaction
solution, 1.28 parts of 89% phosphoric acid was added and mixed
therewith to neutralize potassium hydroxide. The obtained
reaction solution of propylene oxide to the polyphencl resin had
20 a nonvolatile content of 75.1% and the hydroxyl equivalent of
264.5 g/eq. This means that 2.87 mols of the alkylene oxide was
added to one equivalent of the phenolic hydroxyl group on
average.
352.2 parts of the reaction sclution of propylene oxide to
25 the polyphenol resin obtained as above, 43.2 parts of acrylic
acid, 11.53 parts of methanesulfonic acid, 0.18 part of methyl
hydroquinone, and 273.5 parts of toluene were charged into a

reaction vessel equipped with a stirrer, a thermometer, and an

air blowing tube and left reacting for 12 hours at 110°C while



m xture. 9.8 parts of water caused by the reaction was distilled out
together with toluene as an azeotropic m xture. Thereafter, 10 the reaction
solution was cooled to roomtenperature. The obtained reaction solution
was neutralized with 29.4 parts of an aqueous 15% sodi um hydr oxi de
solution and then washed with water. Thereafter, toluene was distilled out
by neans of an evaporator while replaci4d-it with 109.0 parts of

di ethyl ene 15 glycol nonoethyl ether acetate to obtain an unsaturated

i | f
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charged into a reaction”vessel eqU|ppe lrrer
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gradually added to the mxture while blowing air thereinto at a rate of 10
m /mn. ande stéactignt lsolutdan ewaandtddisd weoe doefrt tempéraguirer. 6 Tioairs
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Fourier-transforminfrared spectrophotoneter, FT-1R) of the curable resin
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content of 59.4%.

Next, 500.0 parts of the resultant unsaturated group-
containing curable resin solution and 1.22 parts of
triphenylphosphine were charged into a reaction vessel equipped

15 with a stirrer, a thermometer, and an air blowing tube. 60.8
parts of tetrahydrophthalic anhydride was gradually added to the
mixture while blowing air thereinto at a rate of 10 ml/min. and
stirring the mixture, and they were left reacting for 6 hours
at 95-105°C. The product was cooled and then extracted from the

20 reaction vessel. The curable resin consequently obtained was
found to have a nonvolatile content of 64.7% and an acid value
of 65.5 mg KOH/g as solids.

Synthetic Example 3:

Into an autoclave equipped with a thermometer, a device for

25 introduction of nitrogen and alkylene oxide, and a stirrer, 120
parts of a poly-p-hydroxystyrene resin (manufatured by Maruzen
Petrochemical Co., Ltd., trade name “MARUKA LYNCUR M”, OH
equivalent: 120), 1.2 parts of potassiumhydroxide, and 120 parts

of toluene were charged. The air in the system chamber was



nitrogen while stirring the mxture and the tenperature of the mxture was
I ncreased by heating. Then, 174. 0 parts of propylene oxide was gradually
added dropwi se to the m xture and the resultant m xture was |left reacting
for 16 hours at 125-1320C 15 under a pressure of 0-4.8 kg/cmi. Thereafter,
The reaction solution was cooled to roomtenperature. To this reaction
solution, 1.28 parts of 89% phosphoric -at d was added and m xed therewth
to neutralize potassium hydroxide. The obtained reaction solution of

propyl ene | Aerp resiqn, had.20. 0, | at.i_l.e._cont ent .af
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containing curable resin solution and 1.22 parts of

hydroxyl equivalent of 182 g/eq. This means that 1.07 mols of
the alkylene oxide was added to one equivalent of the phenclic

hydroxyl group on average.
293.0 parts of the reaction solution of propylene oxide to
15 the poly-p-hydroxystyrene resin obtained as above, 43.2 parts
of acrylic acid, 11.53 parts of methanesulfonic acid, 0.18 part
of methyl hydroquinone, and 252.9 parts of toluene were charged
into a reaction vessel equipped with a stirrer, a thermometer,
and an air blowing tube and left reacting for 12 hours at 110°C
20 while blowing air thereinto at a rate of 10 ml/min. and stirring
the mixture. 12.6 parts of water caused by the reaction was
distilled out together with toluene as an azeotropic mixture.
Thereafter, the reaction solution was cooled to room
temperature. The obtained reaction solution was neutralized
25 with 35.35 parts of an aqueous 15% sodium hydroxide solution and
then washed with water. Thereafter, toluene was distilled out
by means of an evaporator while replacing it with 118.1 parts
of diethylene glycol monoethyl ether acetate to obtain an

unsaturated group-containing curable resin solution.



tri phenyl phosphi ne were charged into a reaction vessel equipped 15 with a
stirrer, a thernoneter, and an air blowi ng tube. 60.8 parts of

t et rahydropht hal i ¢ anhydri de was gradual |y added to the mxture while
blowing air thereinto at a rate of 10 m/mn. and stirring the m xture,
and they were left reacting for 6 hours at 95-105"C. The product was

cool ed and then extracted fromthe 20 re#ftti on vessel. The curable resin
consequent|ly obtained was found to have a nonvol atil e content of 64. 7% and
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was added to one equival ent of the phenolic hydrox grodp on aver age.
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pol y- p- hydr oxystyrene resin obtained as above, 43.2 parts of acrylic acid,
11. 53 parbf @B J3eniarksH) § oas csatids.0. 18 part
Comparative Synthetic Example 1:
In a four-necked flask equipped with a stirrer and a reflux
condenser, 220 parts of a cresol novolak type epoxy resin
15 (manufactured by Nippon Kayaku Co., Ltd., trade name ECON-104S,
epoxy equivalent; 220) and 218 parts of carbitol acetate added
thereto were dissolved by heating. Then, 0.46 part of methyl
hydroquinone as a polymerization inhibitor and 1.38 parts of
triphenylphosphine as a reaction catalyst were added to the
20 solution. Theresultantmixture kept heated to 95-105°C and 50.4
parts of acrylic acid and 41.5 parts of p-hydroxyphenetyl alcohol
gradually added dropwise thereto were left reacting for 16 hours.
The reaction product was cooled to 80-90°C and made to add 91.2
parts of tetrahydrophthalic anhydride and they were left
25 reacting for 8 hours. The product was cooled and then extracted
from the flask. The curable resin consequently obtained was
found to have a nonvolatile content of 65% and an acid value of
84 mg KOH/g as solids.

Examples 1-3 and Comparative Example 1:



of methyl hydroqui none, and 252.9 parts of toluene were charged into a
reaction vessel equipped with a stirrer, a thernoneter, and an air bl ow ng
tube and left reacting for 12 hours at 110*C 20 while blowing air thereinto
at arate of 10 mM/mn. and stirring the mxture. 12.6 parts of water
caused by the reaction was distilled out together with toluene as an
azeotropic mixture. Thereafter, the reation solution was cooled to room
tenperature. The obtained reaction solution was neutralized 25 with 35.35
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bl owi ng tube. 60.8 5 parts of tetrahydrophthalic anhydride was gradually
added 20 ceapofitians wis anpnlbieddnithe songen printingimetdiod usdngia.
and stirring the mxture, and they were left reacting for 6 hours at 9 5
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pol ynmeri zation inhibitor and 1.38 parts of triphenyl phosphine as a
reacti on €iflal ywhsweieraddateid whieh wultraviolet 1light by using an
ultraviolet exposure apparatus (product of ORC Manufacturing
Co., Ltd., Model HMW-680GW) through a negative film having a
prescribed resist pattern and tightly superposed on the coating
15 film under the conditions of irradiation dose of 600 mJ/cm?’.
Then, the coating film was developed for 60 seconds with an
agqueous 1% sodium carbonate solution applied by spraying at a
pressure of 2.0 kg/cm’ to dissolve out the unexposed portion.
Thereafter, the coating film on the board was thermally cured
20 in a hot air drying oven at 150°C for 60 minutes to prepare a
test board.

The resultant test board having the cured film was tested
for the resistance to soldering heat, PCT resistance,
adhesiveness, acid resistance, alkali resistance, and

25 resistance to electroless gold plating in accordance with the
testing method and the evaluation method to be described
hereinafter.

Further, by using a B pattern of a printed circuit board

(thickness: 1.6 mm) specified by IPC in place of the copper



20 solution. The resultant m xture kept heated to 95-105*C and 50.4 parts
of acrylic acid and 41.5 parts of p-hydroxyphenetyl alcohol gradually
added dropwi se thereto were left reacting f or 16 hours. The reaction
product was cool ed to 80-900C and made to add 91.2 parts of
tetrahydropht hali c anhydride and they were left 25 reacting for 8 hours.

The product was cool ed and then extractelf - fromthe flask. The curable
resin consequently obtained was found to have a nonvolat|le cont ent of 6596
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superposed on the coating 15 film undlea{bige conditions of irradiation dose
of 600 mJ/cnP Then. the coating filmwas devel oped for 60 seconds with an

aqueous 1o d| urgg ar,bonat.e SOI%{?Z n |appl i ed b¥xayplayi ng at Cqupasatiive | of
2.0 kg/c to:m%cnss 56t 2% W dWdxpdsed portlion.2 THereaf t er}, Rxaspreoat i ng
filmon tjhe board |warediheyfrnsynkyetdur ed 93 R d hot_air| dryi ng pven at 150C
for 60 minutes to |preparexampld st bogrd. %The JresulTtant tést bpard Favi ng
the cured fil'mway tRediadst Synthetic _ 154.5
Curable Example 2 . -
resin Resin of Synthetic _ _ 139.3 _
Example 3 ’
Resin of Comparative _ _ _ 153.8
Synthetic Example 1 '
Irgacure 907 * 14.0 14.0 14.0 14.0
DETX-S *¥ 1.0 1.0 1.0 1.0
Diethylene glycol monoethyl
ether acetate 11.0 11.0 11.0 11.0
Phthalocyanine blue 1.5 1.5 1.5 1.5
Silicone KS-66 ** 2.0 2.0 2.0 2.0
AEROSIL 380 *¥ 3.0 3.0 3.0 3.0
Melamine 1.5 1.5 1.5 1.5
DPHA *° 15.0 15.0 15.0 15.0
RE306 ** 16.4 9.8 12.8 12.6
Epo-Thoto YDCN 704p *" 41.0 24.5 31.9 31.4

* Irgacure 907: 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-
aminopropancne—1 (produced by Ciba Specialty Chemicals Inc.)
*? DETX-S: 2,4-diethylthioxanthone (produced by Nippon Kayaku Co., Ltd.)
+) gilicone KS-66: Silicone type anti-foaming agent
{produced by Shinetsu Silicone Co., Ltd.)
+ AFROSIL 380: finely pulverized silica
Remarks {produced by Nippon Aerosil Co., Ltd.)
+* DPHA: a mixture of dipentaerythritol hexa- and penta-acrylates
{produced by Nippon Kayaku Co., Ltd.)
+% RE306: novolak type epoxy resin
{produced by Nippon Kayaku Co., Ltd.)
+") Epo-Thoto YDCN-704P: novolak type epoxy resin
{produced by Thoto Kasei Co., Ltd.)




for the resistance to soldering heat, PCT resistance, adhesiveness, acid
resi stance, alkali resistance, and 25 resistance to electroless gold
plating in accordance with the testing nethod and the eval uation nethod to
be described hereinafter. Further, by using a B pattern of a printed
circuit board (thickness: 1.6 mm) specified by IPCin place of the copper
-47 pl ated-throughhole printed circuit -bffard, a test board was prepared
under the same conditions as descri bed above and the electrical resistance
was neasured. Furthernore, a glass p abﬁ sed in place of the copper

pl at ed-t hr oughhol e printed circuit 5 B8 S treated under the sane

conditionp as descri bed above tolobtain the §i absorptlon The resullts
of the abpve test propetsédWn in Table 2 Tab Exanple ptivege |
) onponenfs parts by we ght 123fxanple 1 Re3|a of Syntﬁetlc e 1
1139. 3- - - F ResTmof —Synthet T T _Cur got eExanptie 2154 5-F-
‘ Resistance to ‘soldering heat O O O O
PCT resistance O @ O A
Adhesiveness @ © © X
Acid resistance O O @ O
Alkali resistance O O O O
Resistance to electoless gold
plating O O O a
Electrical resistance O O O O
Water absorption (%) 0.9 1.1 1.0 1.7

The methods for testing and evaluating the characteristics

shown in Table 2 mentioned above are as follows:
b Resistance to Soldering Heat:

A test board was repeatedly immersed in a solder bath kept
at 260°C three times each for 10 seconds in accordance with the
method specified in JIS C 6481 and visually examined the change
in appearance on the following criterion. Incidentally, a flux

10 according to JIS C 6481 was used as a post flux (rosin type).

QO: No discernible change in appearance

A: Discoloration of the cured film observed

X : Lifting or separation of the cured film, or infiltration
of solder observed

15 PCT Resistance:

The test board mentioned above was further left standing
for 5 hours in a hot air drying oven kept at 170°C. Thereafter,
the PCT resistance of the cured film was measured under the

conditions of 50 hours in saturated steam kept at 121°C and



resinResin of Synt hetic Exanple 3--139.3--- Resin of Conparative Synthetic

Exanple 1---153.8 Irgacure 907 *1114.014.014.014.0 DETX-S *2}1.01.01.01.0
Di et hyl ene gl ycol nonoethyl ether acetatell.011.011.011.0 Phthal ocyani ne
bluel.51.51.51.5 Silicone KS-66 *312.02.02.02.0 AERCSIL 380 *4)3.03.03.03.0
Mel am nel. 51. 51.51.5 DPHA *5)15. 015. 015. 015. 0 RE306 *6}16.49.812.812.6

Epo- Thot o YDCN 704P *')41.024.531.931. 4 4N3 |rgacure 907:

2-met hyl -1 -[ 4- (mat hyl t hi o) phenyl ] - 2- nor phol i no- am nopropanone-1 (produced

by G ba Spegi ' ¥ 21X S 2, 4-diethylthi th
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*5) DPHA taeViodreE Pi1fli esepeent hritol hexa- and penta-acryl ates

(produced by N ppon Kayaku Co., Ltd.) *6j RE306: novol ak type epoxy resin
(produced by Napposm KghekblGeter,! dsepdrat Eof; That ol Xt JP4Pion0WH alhé Ype

epoxy resin (produced by Thoto Kasei Co., Ltd.) -48 Table 2
t i Exanpl eCoxesk #ilme alssde@Edanple 1
X: Blister, separation, or discoloration of the cured film
observed
Adhesiveness:
The cured film on the test board was incised like cross-cut
10 in the shape of sguares in a go board and then subjected to a
peeling test with an adhesive cellophane tape in accordance with
the method specified in JIS D 0202. The degree of separation
of the cured film after the peeling test was evaluated on the

following criterion.

15 ©: 100/100 and absolutely no peeling of the cured film

O: 100/100, but slight peeling in the cross-cut portions
A: 50/100 - 90/100
X: 0/100 - 50/100
Acid Resistance:

20 This property was determined by keeping the test board
mentioned above immersed in an agueous 10 vol.% sulfuric acid
solution at 20°C for 30 minutes, removing the test board from
the solution, and evaluating the test board with respect to the
cured film condition on the following criterion.

25 O: Absence of discernible change

A Very slight presence of change
X : Occurrence of blister or swell or separation of cured
film

Alkali Resistance:



Proper Resistance to sol dering heat00C) 0 PCT resistance00C)

Adhesi veness(c) OCo) X Aci d resi stanceOOC) O Al kali resistance00C)0 Resi stance
to electoless gold OO0 plating Electrical resistance00C)0 Water absorption

(990.91.11.01.7 The nethods for testing and evaluating the characteristics

shown in Table 2 nentioned above are as follows: 5 Resistance to Sol dering

Heat: A test board was repeatedly inmrers¥b-in a sol der bath kept at 260 C
three tines each for 10 seconds in accordance with the nethod specified in

oritorion. | nainind8eFER i Serenklagdy b ERIFREINTe BhddbanPe Sy M
post fl uxtheogkhat faslsta%el\l;ee@itseﬁea'ggl ghahfggﬁ 1HeGRB RS AJVE, 4 %c}i%e

Di scol oration of the cured fil mobserv g or separation o

cured fil Aydeoxitfd |ddRitDon whsSaked iopgraws db Prd Rgaedsuana® vk, § est
board nentioned above was further left standing for 5 hours in a hot air
dryi ng ovemnlfapticatadidd s»ldheenafter, the PCT resistance of the cured
filmwas neasured under the conditions of 50 hours in saturated steam kept
at 121C aResissangs i Blentradess| Gedidndlatiingion. 0: No discernible
blister, separation, or discoloration of the cured filmobserved A: Slight
blister, sepa®ht&e testdparidrentipned abrve, electroless gold plating

was effected according to the steps as specified below. Then
the test board was examined as to the change in appearance and
subjected to a peeling test with the use of an adhesive cellophane

10 tape and the peeling conditions of the cured film were evaluated
on the following criterion.

O: Neither any change in appearance nor peeling of the cured
film was observed.

A: No change in appearance was observed, though slight

15 peeling of the cured film was observed.

X : The cured film suffered from lifting and plating
penetration, and significant peeling of the cured film was
observed in the peeling test.

Electroless Gold Plating Process:
20 1. Degreasing:

The test board was immersed in an acidic degreasing solution
(an agueous 20 vol.$% solution of Metex L-5B manufactured by Japan
MacDermid Co., Ltd.) at 30°C for 3 minutes.

2. Rinsing:
25 The test board was immersed in running water for 3 minutes.
3. Soft etching:

The test board was immersed in an aqueous 14.3 wt.% ammonium

persulfate solution at room temperature for 3 minutes.

4. Rinsing:



5 cured filmobserved X : Blister, separation, or discoloration of the
cured film observed Adhesiveness: The cured filmon the test board was
incised like cross-cut 10 in the shape of squares in a go board and then
subjected to a peeling test with an adhesive cel |l ophane tape in accordance
with the nmethod specified in JIS D 0202. The degree of separation of the
cured filmafter the peeling test was ewd uated on the follow ng
criterion. 15 OO 100/ 100 and absolutely no peeling of the cured film O:
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condition on the following criterion. 25 0: Absence of discernible change
0: Very shid@t splefsine £ér cORegRiNutecal ot tdmperastereor swell or
separation of cured filmAlkali Resistance: -50 This property was

det er d neé.bRin@imgs ng t he procedure of the acid resistance test except
t hat an aqueous 10 vol -% sodi um hydroxi de solution was used in place of
t he aqueous 1Thstegt bglamg wasatmaersed: ionrusnRagiwabatcfen H saqidsss
Gold Plating: On the test board nmentioned above, el ectroless gold plating
was ef f eck@dOBEH M P10 the steps as specified bel ow. Then

7. Introduction of catalyst:
The test board was immersed in a catalyst solution (an

10 aqueous 10 vol.% solution of Metal Plate Activator 350
manufactured by Meltex Inc.) at 30°C for 7 minutes.

8. Rinsing:
The test board was immersed in running water for 3 minutes.
9. Electroless nickel plating:

15 The test board was immersed in a nickel plating solution
(an agueous 20 vol.% solution of Melplate Ni-865M manufactured
by Meltex Inc.) of pH 4.6 at 85°C for 20 minutes.

10. Immersion in acid:
The test board was immersed in an aquecus 10 vol.$% sulfuric

20 acid solution at room temperature for one minute.

11. Rinsing:

The test board was immersed in running water for 30 seconds
to one minute.
12. Electroless gold plating:

25 The test board was immersed in a gold plating solution (an
aqueous solution of 15 vol.% of Aurolectroless UP manufactured
by Meltex Inc. and 3 vol.% of gold potassium cyanide) of pH 6
at 95°C for 10 minutes.

13. Rinsing:



the test board was exam ned as to the change in appearance and subjected
to a peeling test with the use of an adhesive cell ophane 10 tape and the
peeling conditions of the cured f ilmwere evaluated on the follow ng
criterion. 0: Neither any change in appearance nor peeling of the cured
filmwas observed. A : No change in appearance was observed, though slight
15 peeling of the cured filmwas observeif - X : The cured filmsuffered from
lifting and plating penetration and significant peel i ng of the cured film
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imersed in running water for 3 mnutes. 5. Inmersion in acid: The test

boar d 5was dirarirvisey, ithentegtebaarfiOwaasl dpissd furic acid solution for one
mnute at roomtenperature. 5 6. Rinsing: The test board was imrersed in
runni ng wat er Kftesdheecabnire stepsncaamiedwatrol essgoddupl psedoteshthaard
The test board was imersed in a catal yst solution (an 10 aqueous 10 vol.%
sol uti on WRsvekhaimede Activator 350

Electrical Insulating Properties:
The electrical insulating properties of the cured film
10 mentioned above was evaluated on the following criterion.
Moistening conditions: temperature 85°C, humidity 85%R.H.,
applied voltage 100V, 500 hours
Measurement conditions: measurement time 60 seconds, applied
voltage 500V
15 QO: Insulation resistance after moistening is not less than
10° Q and no migration of copper is found.

A: Insulation resistance after moistening is not less than
10° Q, but migration of copper is found.

X : Insulation resistance after moistening is not more than

20 10° Q and migration of copper is found.
Water Absorption:

The test board mentioned above was treated for 24 hours by
the use of a PCT apparatus (TABAI ESPEC HAST SYSTEM TPC-412MD)
under the conditions of 121°C and 100% R.H. The water absorption

25 of the cured film was calculated by the following equation:

Water absorption (%) = [(W2 — W1)/(W1l — Wg)] x 100
where Wl is the weight of the test board, W2 is the weight of
the test board after the PCT treatment, and Wg is the weight of

the glass plate.



manuf actured by Meltex Inc.) at 300C for 7 mnutes. 8. Rinsing: The test
board was imrersed in running water for 3 mnutes. 9. Electroless nickel
plating: 15 The test board was imersed in a nickel plating solution (an
aqueous 20 vol . % solution of Melplate M-865M manufactured by Meltex Inc.)
of pH 4.6 at 850C for 20 mnutes. 10. Immersion in acid: The test board was
i mrersed in an aqueous 10 vol. % sul furid3 - 20 acid solution at room
tenperature for one mnute. 11. Rinsing: The test board was imrersed in

runni ng wg& %Jeq&éoﬂfﬁnﬁggshto one mnute. 12. Electroless gold plating:

25 The tes oard was' 1 rsed in a gold plating solution (an aqueous

solution of 15 .é’/%gfpdglgﬂéagt&a(ylgégpgﬁef@g?gg%%ﬁéiﬁg?d%igﬁlé @%i'ﬂie:gr,and

3 vol . % of gold potassium cyani m nut es.
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14. Rinsing with hot water: The test board was imersed 1n hot water at
600C for aditmoydresinffbductibhi ciwle, Wil Nt s holatdietigl eher augicob
draining, the test board was dried. After the above steps, an el ectrol ess
gol d i at ddmeddiylbethér and 2dbthpasds ¢f deibnitylpernsyyali-aghplhexaricate The
el ectrical insulati ng@gﬂroperties of the cured film 10 nentioned above was

eval uat ed (BangaGtyTen\i by WippeRi @Al & \Bakt €Ak ngltdndi PeahstttleHeMRUR e
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90°C by heating, 309.9 parts of methacrylic acid, 116.4 parts
of methyl methacrylate, 109.8 parts of lactone-modified 2-
10 hydroxyethyl methacrylate (manufactured by Daicel Chemical
Industries, Ltd., Plaxcel FM1), and 21.4 parts of bis(4-t~butyl
cyclohexyl )peroxydicarbonate (manufactured by Nippon 0il & Fat
Co., Ltd., Peroyl TCP) were dropwise introduced into diethylene
glycol dimethyl ether for 3 hours and left standing for maturing
15 for 6 hours to obtain a carboxyl group-containing vinyl copolymer
solution. The reaction was carried out under a stream of N, gas.
Next, 363.9 parts of an acrylate of epoxycyclohexane
methanol (manufactured by Daicel Chemical Industries, Ltd.,
Cyclomer A200), 3.6 parts of dimethylbenzylamine, and 1.80 parts
20 of hydrquinone monomethyl ether were added to the resultant vinyl
copolymer solution and the temperature of the mixture was
increased to 100°C while stirring it to effect the ring opening
addition reaction of epoxy. The curable resin consequently
obtained was found to have a nonvolatile content of 53.8% and

25 an acid value of 107 mg KOH/g as solids.

Synthetic Example 5:

In a flask equipped with a gas introduction tube, a stirrer,
a condenser, and a thermometer, 330 parts of a cresol novolak

type epoxy resin (manufactured by Dainippon Ink & Chemicals,



vol tage 500V 15 0O: Insulation resistance after noistening is not |ess than
10'1'Q and no mgration of copper is found. A: Insulation resistance after
noistening is not less than 10" Q but mgration of copper is found. X :

I nsul ation resistance after noistening is not nore than 20 10° Q and

m gration of copper is found. Water Absorption: The test board nentioned
above was treated for 24 hours by the-uUgk-of a PCT apparatus (TABAI ESPEC
HAST SYSTEM TPC-412MD) under the conditions of 121 *C and 100%)R H The

auat i on: RO I NohS sy Coone LSt -2 o0y) 22d146Y WRRTIRT <
PCT 17 oat faREt T2 p trt L Rdacditndr o6 i ngélm§%@%t i, e
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thernoneter, a reflux conderser, a droppi ng Tunnel ni't rogen

i nt r oduct et Waded®d pAE 8odhtdics .y mene relsyadart mrmiﬂwé Kedhe hedgedl. 4
parts of t-butyl peroxy- 2 -ethyl hexanoate (manufactured by N ppon Gl &

Fat Cds, Itibd.935FE086CYlany) WeBe paahics ged. adrylid hactiehpgraduaklygf ddded

m xture was increased to 900C by heating, 309.9 parts of nethacrylic acid,
116. 4 par dgopefiseetipgratst weaeylefs reaotdngafor b6 heursne-Phelifdant pono
hydr oxyet hyl nethacrylate (manufactured by Daicel Chemical _|Industries,

Ltd., Pl aP&é m)wa%neogiezﬂ d’éﬁt%oo?obﬁs@@q mw to add 163 parts of
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carboxyl group-contar ni-ng V|ny copo sol reaction was
carrifpyl odbrdndRid By &L 8B 8h Ml@%lue and the acid value of the reaction

solution measured by potentiometric titration and the reaction

ratio of 95% or more was regarded as the completion of the

reaction. The curable resin consequently obtained was found to

have a nonvolatile content of 58% and an acid value of 102 mg
15 KOH/g as solids.

Examples 4-6:

The photocurable and thermosetting resin compositions were
prepared by compounding relevant components at proportions
(numerical values indicate parts by weight) shown in Table 3 and

20 kneading them with a three-roll mill, respectively. Each of the
compositions was applied by the sc¢reen printing method using a
polyester screen of 100 mesh to the entire surface of a copper
plated-throughhole printed circuit board having a prescribed
pattern formed in advance thereon to form a coating film of 20-30

25 um thickness. The cocating film on the board was dried by the
use of a hot air drying oven at 80°C for 60 minutes to evaluate
the tack-free dryness of the surface of the coating film in
accordance with the evaluation method to be described

hereinafter.



Next, 363.9 parts of an acrylate of epoxycycl ohexane net hanol (manufactured
by Daicel chem cal Industries, Ltd., Cycloner A200), 3.6 parts of

di met hyl benzyl ami ne, and 1. 80 parts 20 of hydrqui none nononet hyl ether
were added to the resultant vinyl copolynmer solution and the tenperature of
the m xture was increased to 1000C while stirring it to effect the ring
opening addition reaction of epoxy. Theé&urable resin consequently
obt ai ned was found to have a nonvol atil e content of 53.8% and 25 an acid
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parts of acrylic acid gradually added dropw se thereto were |left reacting
for 165 hoons thEheoatdaid dilmpr(@dtcdd hasicnoieset 0680-R00Emand revken | o:lpeld
163 parts of tetrahydrophthalic anhydride and they were left reacting for
8 hours. cPadimgpciilom was devednpedufdyy Ghesecknds owitht a0 Beusshes nkY by
the total acid value and the acid value of the reaction solution neasured
by pot ent BesdN €arhanate skt ior JRREICAPY rSRE Y HRJT 0BY, D PTRFFUGR LT

regarded as .t onpl eti,on .of reaction. The curable resin_cons ent |
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conpofent §edle ia3IYL | ONS (nunerlcal values i ndi cate parts by weight)
shown i n Table 3 and

Thereafter, the coating filmon the board was thermally cured
in a hot air drying oven at 150°C for 60 minutes to prepare a
test board. The resultant test board having the cured film was
tested for the adhesiveness, resistance to soldering heat, acid
15 resistance, alkali resistance, resistance to electroless gold
plating, and PCT resistance in accordance with the testing method
and the evaluation method described hereinbefore.
Further, by using a B pattern of a printed circuit board
(thickness: 1.6 mm) specified by IPC in place of the copper
20 plated-throughhole printed circuit board, a test board was
prepared under the same conditions as described above and the
electrical resistance was tested.

The results of each of the above tests are shown in Table



20 kneading themw th a three-roll mll, respectively. Each of the
conpositions was applied by the screen printing nethod using a polyester
screen of 100 nesh to the entire surface of a copper plated-throughhole
printed circuit board having a prescribed pattern fornmed in advance
thereon to forma coating filmof 20-30 25 pmthickness. The coating film
on the board was dried by the wuse of af®t air drying oven at 80*C for 60
mnutes to evaluate the tack-free dryness of the surface of the coating
filmin accordance with the evaluatlﬁ ;g od to be described
hereinafter. -55 Next, the coating fi AP sYirradiated with uItraV|oIet

light bylusing an ulfraviolet ex osure appar atus ( Exampnd of I

Manuf act uf i rfPuegnentg (parts gy el througlf a negative | Mg navi nNg a
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accordancg—wrtt |2||t: testTgTetrod—amd—tHheevat gat T o et rop—descr T bed

her ei nbef pPEX-Er't her, by using a B phtterfSof alprinfPed cirfuit Hdard

(t hi cknesppiekhbl 16H8) g1¥B6TCwbnREhPy TPC | n place of [the copper |20
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t he sane ,Ont(illlail ONS. as descri bed abovEe and The scrricarTFESI Stfmce S
t est ed. Ph ocyanine green 1.5 1.5 .5
Silicone KS-66 **! 2.0 2.0 2.0
AFROSIL 380 ** 2.0 2.0 2.0
Melamine 1.5 1.5 1.5
DPHA * 20.0 20.0 20.0
RE306 * 14.1 13.8 16.4
Epo-Thoto YDCN 704p *” 35.2 34.4 41.0
YX-4000 *® 9.3 9.1 10.8

*1) Irgacure 907: 2-methyl-1-[4-(methylthioc)phenyl]-2-morpholino-

aminopropanone-1 (produced by Ciba Specialty Chemicals Inc.)
*3 DETX-8: 2,4-diethylthioxanthone (produced by Nippon Kayaku Co., Ltd.)
+? gilicone KS-66: Silicone type anti-foaming agent

(produced by sShinetsu Silicone Co., Ltd.)
*!) AEROSIL 380: finely pulverized silica
(produced by Nippon Aerosil Co., Ltd.)

Remarks | **) DPHA: a mixture of dipentaerythritol hexa- and penta-acrylates

(produced by Nippon Kayaku Co., Ltd.)
*%} RE306: novolak type epoXy resin

{(produced by Nippon Kayaku Co., Ltd.)
*’} Epo-Thoto YDCN-704P: novolak type epoxy resin
{produced by Thoto Kasei Co., Ltd.)

*% ¥X-4000: bixylenol type epoxy resin

(produced by Japan Epoxy Resin Co., Ltd.)




The results of each of the above tests are shown in Table 4. -56 Table 3 {

I Exanple ) Conponents pants by we ght 456 Resin of Synthetic Exanple
197.5-139.3 Resin of Synthetic Curabl eExanpl e 3-83. 6- resinResin of

Synt heti c55.8---- Exanple 4 Resin of Synthetic Exanple 5-69.0- Irgacure 907
*1j 15. 015. 015. 0 DETX-S *Z}0.50.50.5 D et hyl ene gl ycol nonoethyl ether
acetatell.011.07.0 Phthal ocyani ne green®®41.51.5 Silicone KS-66
*312.02.02.0 AERCSIL 380 *412.02.02.0 Mel am nel.51.51.5 DPHA
*5120. 020. 020. 0 RE306 *6)14.113.816. 4,116 4

Example

5 h

Properties

Tack-free dryness

Developing Properties

Adhesiveness

Resistance to soldering heat

Acid resistance

Alkali resistance

Resistance to electoless gold
plating

PCT resistance

O|C|O|O|[O|OCl@®@|O0|0O}»
ONNORNoR NoN NoN NoR NN EONNG;
O} ROl NoR Nol NoN NoN NN Ne

Electrical resistance

The evaluation methods of the tack-free dryness and the
developing properties shown in Table 4 mentioned above are as
5 follows:
Tack-free Dryness:
The tack-free dryness of the surface of the dried coating
film was evaluated.
O: Absolute absence of tackiness
10 A: Presence of only slight tackiness
X : Presence of tackiness
Developing Properties:
The developed surface was visually examined by the use of
a magnifier.
15 O : Development was perfect because ink was completely
removed during development.

X : Undeveloped portion having at least slight residue was



Epo- Thot o YDCN 704P35. 234. 441. 0 YX-4000 *819.39.110.8 *1~ Irgacure 907:
2-met hyl -1 -[4- (et hyl t hi o) phenyl | - 2nor phol i no- am nopropanone-1 ( produced
by C ba Specialty Chemcals Inc.) *2} DETX-S: 2, 4-diethylthi oxant hone
(produced by N ppon Kayaku Co., Ltd.) *3} Silicone KS-66: Silicone type
anti-foam ng agent (produced by Shinetsu Silicone Co., Ltd.) AEROCSIL 380:
finely pulverized silica (produced by N&8son Aerosil Cb., Ltd.) Remarks*5)
DPHA: a mi xture of dipentaerythritol hexa- and penta-acrylates (produced by

Ni ppon Xay @?ﬁ novol ak type epoxy in (produced by

Ni ppon KaygE 8%d #ﬁg?%v%f%P ogThoto YDCN- 704P: novol ak type epoxy resin
(producedghythe@!i®: HB&fpLle- 6+ Ltd ) *e} YX-4000: bixylenol type epoxy resin
(produced by Japan Epoxy Resin Co., Ltd. ) -57 Table 4 Pro Exanple erties

p456 Tack-freeriry agsad@vclensd eq uﬁ%ﬂ@f@ﬁ&t‘hl Ssﬂg@rﬁﬁhéﬁé!‘?n@Me for
Resi stance to sol dering heat 00 Acid resi stance000 Al kali resistance000
Resi st ancéntroduetticiresf miot oW apidhal kylPGE oxsdet amkaEtirrer, 119.4
5 parts of a cresol novolak resin (manufatured by Showa Highpolymer
Co., Ltd., trade name “Shonol CRGY951”, OH equivalent: 119.4),
1.19 parts of potassium hydroxide, and 119.4 parts of toluene
were charged. The air in the system chamber was replaced with
nitrogen while stirring the mixture. The temperature of the
10 mixture was then increased by heating and then 63.8 parts of
propylene oxide was gradually added dropwise thereto to cause
reaction thereof for 16 hours at 125-132°C under pressure of
0-4.8 kg/cm’. Thereafter, the reaction solution was cooled to
room temperature. To this reaction solution, 1.56 parts of 89%
15 phosphoric acid was added and mixed therewith to neutralize
potassium hydroxide, thereby obtaining a propylene oxide
reaction solution of cresol novolak resin having a nonvolatile
content of 62.1% and the hydroxyl equivalent of 182.2 g/eq. This
means that 1.08 mols of the alkylene oxide was added to one

20 equivalent of the phenolic hydroxyl group on average.

Into a reaction vessel equipped with a stirrer, a
thermometer, and an air blowing tube, 293.0 parts of the alkylene
oxide reaction solution of cresol novolak resin obtained as
above, 43.2 parts of acrylic acid, 11.53 parts of methanesulfonic

25 acid, 0.18 part of methylhydrogquinone, and 252.9 parts of toluene

were charged and left reacting for 12 hours at 110°C while

stirring and blowing air thereinto at a rate of 10 ml/minute.
12.6 parts of water caused by the reaction was distilled out

together with toluene as an azeotropic mixture. Thereafter, the




El ectrical resistance000 The eval uation nethods of the tack-free dryness
and the devel oping properties shown in Table 4 nentioned above are as 5
foll ows: Tack-free Dryness: The tack-free dryness of the surface of the
dried coating filmwas evaluated. 0: Absolute absence of tackiness 10 A
Presence of only slight tackiness X Presence of tackiness Devel oping
Properties: The devel oped surface was wii%ally exam ned by the use of a
magnifier. 15 0 : Devel opnment was perfect because ink was conpletely
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"Shonol CR&51", OH equivalent: 119.4), 1.19 parts of potaSS|un1hydrOX|de

and 119. 4Mﬁ&ﬁﬁeﬁ plusnfenewias diztdad.edb@tably nBahBeo £YfHi @vardesr Was
replaced with nitrogen while stirring the mxture. The tenperature of the

10 m x& ur erhddse thepllamm@seﬁ bwitieatlil'®y langatriten 68. Rli=trhiglefe mlpydEne
oxi de was gradu added dropwi se thereto to cause reaction thereof for
16 hours monmm&@mmélac@t@@@m ebtadmagqyplak. typeratyatettrs in
"reaction solution was cooled to roomtenperature. To this reaction

sol ution, SP13¢IRR1s of 89% 15 phosphoric acid was added and ni xed

therew th to nglyralzs opoLass! WP WY Qe 0BT SBYo9BLAHYH0 & Rropv) ene
resin sclution and 1.22 parts of triphenylphosphine were charged
10 into a reaction vessel equipped with a stirrer, a thermometer
and an air blowing tube. 60.8 parts of tetrahydrophthalic
anhydride was gradually added to the mixture while stirring it
and blowing air thereinto at the rate of 10 ml/minute and left
reacting for 6 hours at 95-101°C. The product was coocled and
15 then extracted from the vessel. The curable resin consequently
obtained was found to have a nonvolatile content of 70.6% and
an acid value of 87.7 mg KOH/g as solids.
Synthetic Example 7:
Into an antoclave equipped with a thermometer, a device for
20 introduction of nitrogen and alkylene oxide, and a stirrer, 98
parts of the polyphenol resin (manufatured by Japan Epoxy Resin
Co., Ltd., trade name “EPICURE YL6065”, OH equivalent: 98), 0.98
part of potassium hydroxide, and 98 parts of toluene were
charged. The air in the system chamber was replaced with
25 nitrogen while stirring the mixture and the temperature of the
mixture was increased by heating. Then, 63.8 parts of propylene
oxide was gradually added dropwise to the mixture and the
resultant mixture was left reacting for 16 hours at 125-132°C

under a pressure of 0-4.8 kg/cm’. Thereafter, The reaction



reaction solution of cresol novolak resin having a nonvolatile content of
62. 1% and t he hydroxyl equivalent of 182.2 g/eq. This neans that 1.08 nols
of the al kyl ene oxi de was added to one 20 equival ent of the phenolic

hydr oxyl group on average. Into a reaction vessel equipped with a stirrer,
a thernmoneter, and an air blow ng tube, 293. 0 parts of the al kyl ene

oxi de reaction solution of cresol novol-& +esin obtained as above, 43.2
parts of acrylic acid, 11.53 parts of nethanesulfonic 25 acid, 0.18 part of
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reaction solution was neutralized wth 35.35 parts of an aqueous 15%
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distilled out by nmeans of an evaporator 5 while replacing it with 118.1
parts ®f di sohybdadidlecuintentnoef 63 . 8% hand atbeabpdroxght equivalend akf
type acrylate resin solution. Next, 332.5 parts of the resultant novol ak
type acryﬂéPe7 géefln sBhisimeansthat da %M%pfttmﬁmmmm&m
char ged 18 QMA a reaction, vessel %gglgged with a stirrer, a thernoneter
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gradual |y gggsd to the mxture while stirring it and blowing air thereinto
at the raf 9%0 m /minute and |eft reacting for 6 hours at 95-1010C. The
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aut ocl ave eqU|ppe with a thernoneter, a device for

acid, 11.53 parts of methanesulfeonic acid, 0.18 part of methyl

hydroquinone, and 217.3 parts of toluene were charged into a
reaction vessel equipped with a stirrer, a thermometer, and an
air blowing tube and left reacting for 12 hours at 110°C while
15 blowing air thereinto at a rate of 10 ml/min. and stirring the
mixture. 12.6 parts of water caused by the reaction was
distilled out together with toluene as an azeotropic mixture.
Thereafter, the reaction solution was cooled to room
temperature. The obtained.reaction solution was neutralized
20 with 35.35 parts of an aqueous 15% sodium hydroxide solution and
then washed with water. Thereafter, toluene was distilled out
by means of an evaporator while replacing it with 113.0 parts
of diethylene glycol monoethyl ether acetate to obtain an
acrylate resin solution having a nonvolatile content of 63.4%.
25 Next, 304.5 parts of the resultant acrylate resin solution
and 1.22 parts of triphenylphosphine were charged into a reaction
vessel equipped with a stirrer, a thermometer, and an air blowing
tube. 60.8 parts of tetrahydrophthalic anhydride was gradually

added to the mixture while blowing air thereinto at a rate of



20 introduction of nitrogen and al kyl ene oxide, and a stirrer, 98 parts of
t he pol yphenol resin (manufatured by Japan Epoxy Resin Co. , Ltd. , trade
nane "EPlI CURE YL606511, OH equivalent: 98), 0.98 part of potassium
hydr.oxi de, and 98 parts of toluene were charged. The air in the system
chanber was replaced with 25 nitrogen while stirring the mxture and the
temperature of the mxture was increasdd by heating. Then, 63.8 parts of
propyl ene oxide was gradual |y added dropwi se to the m xture and the
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was added to one equival ent of the phenolic hydroxyl group on average.
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reacti®n s@l uttadlenas neid alkmetd Xg W them5. wbtRar s ehree-a@ugousnilidp
sodi um hydr oxi de solution and then washed with water. Thereafter, toluene
was di sti rleegremiti velyy medachobfarhecoppostidrions wasrapp bied by theisidreers. 0

parts printing method using a polyester screen of 100 mesh to the entire

surface of a copper plated-throughhcle printed circuit board

having a prescribed pattern formed in advance therecn to form

15 a coating film of 20-30 um thickness. The coating film on the

board was dried by the use of a hot air drying oven at 80°C for

30 minutes.

Next, the coating filmwas irradiated withultraviolet light

- by using an ultraviolet exposure apparatus (product of ORC

20 Manufacturing Co., Ltd., Model HMW-680GW) through a negative

film having a prescribed resist pattern and tightly superposed

on the coating film (irradiation dose: 600 mJ/cm’). Then, the

coating film was developed for 60 seconds with an aqueous 1%

sodium carbonate solution applied by spraying at a pressure of

25 2.0 kg/cm’ to dissolve out the unexposed portion. Thereafter,

the coating film on the board was thermally cured in a hot air

drying oven at 150°C for 60 minutes to prepare a test board.

The resultant test board having the cured film was tested

for the resistance to soldering heat, acid resistance, alkali



of diethylene glycol nonoethyl ether acetate to obtain an acrylate resin
sol ution having a nonvolatile content of 63.4% 25 Next, 304.5 parts of the
resultant acrylate resin solution and 1. 2 2 parts of triphenyl phosphine
were charged into a reaction vessel equipped with a stirrer, a

t hermoneter, and an air blowing tube. 60.8 parts of tetrahydrophthalic
anhydride was gradually added to the meZure while blowng air thereinto
at arate of -61 10 mM/mn. and stirring the m xture, and they were |eft

xtr act ad™ %ém%'%ﬁé% caAthaRIyERERs. @fO%Eéﬁﬁﬁgig‘é9°'aer?%ﬁ%%aasﬁwe to

obt ai ned ftq_lm% €; £0 Y% fiRd 34}

val ue of éﬁ aéygsgllﬁgrl\ﬁ%?ﬂdljég ?ES: (?%gog "Zl‘?%'a (\{}g@Exa tlaﬁhg
The fl a”EmedeQin ﬂf@t@&?ﬂ@ﬁ{:ﬁoﬁ“ﬂeﬂh‘%ﬁ{"&ﬁéﬁdffﬂe& eRbPe i ABBRBEELI ONS
were prepared by conpounding rel evant conponents at proportions (numerical

val ues i ndi catFupehiés, bya wejlgiis plawe lasied Tahl epPasad kpeagheg ddpgemi th
a three-roll mll, respectively. Each of the conpositions was applied by
the sch eeplapnedatumg:umlmne st it ed poi yesierbeard evaoft it ek ainder tite
entire surface of a copper plated-throughhole printed circuit board

havi ng a gadecr coad iFdans n afsor ted ikt ardwueertann abd &ior mtlee a wadatt ng
filmof 20-30 pmthickness. The coating filmon the board was dried by t he
use of a RBEOXPtiMN: nFRNERSEROBEC PFr USINGH AuBePatIBEN @Felc PIINHEG i | m

vva5|rrad|atedW| h_ul i.ol et I|gt usin n_ul el _exposure
appar at us SeFFSdte OSthCJﬁ%YI tup'%ﬁgs%g %E'Fg {’Yiﬁﬁgp Xlgag.-o%;&f
t hr ough a R&d i S tigh

super posed HeSRdgtfes hrhbRs: ?ﬁ# M FELAERAC b BT Thogtl ey
coat i 1 bblarr\aaﬁaseyeégaeédf 9ﬁd§9 @ﬁew}ﬁe \@dﬂam&wwae%%nm WHove
carbonate sol uti on appli by spraying at a pressure of 25 2.0 kg/cn? to
di ssol ve ant the wiedisisaDorésostahber ealst aasted.

Further, by using a board specified in the flame retardancy
test specification for high-molecular materials, UL94V0, issued
by Underwriters Laboratories Inc. (UL), USA in place of the

15 copper plated-throughhole printed circuit board, a test board
was prepared under the same conditions as described above and

the flame retardancy was tested.

The results of each of the above tests are shown in Table



the coating filmon the board was thermally cured in a hot air
60 mnutes to prepare a test board. The resultant test board
for the resistance to sol dering heat,

PCT resi stance,

at 150C for
having the cured filmwas tested
aci d resistance,
resi stance to
met hod and t he eval uati on net hod descri4®8i- her ei nbef or e.
pl ate used in place of the copper

al kal i

-62 resistance,
el ectroless gold plating and in accordance with the testing
Furt her,
5 pl ated-throughhole printed circuit

adhesi veness,

dryi ng oven

and

a gl ass

board was treated under the sane con | g as descri bed above to obtain
the water _absorption. FurthernDre é a B pattern of a printed
circuit beard (thlckn ss: 1. 6 nn) =C|f|ed byExbiffle | N pl ace | gbmpdra€ive
copper pl ft PAR |Wﬁ%ﬁF rEurt7boafd, & tept 19 Doar gxagSe 2
prepar ed {mder tne sgggnpgﬁghhmgaﬁzas descri bfd above| and the cal
resistance was tesfed. Fggg,,{g,gé,s by us| nd4b:-%oprd Spec|fied in|thel¥lkbnme
r et ar danc fe S ?béh% hm&ﬂcnlgh-HUiELJld[ MECET T at s, [ OC9AvO
issued b wmiters k QTOrIeS nc.—(UL), 1458 in place ¢f the 15
copper pl it ed- ot é’incof’s SUpae Ctt—boar o —a—teyt—board—was—prepar ed
under the|sane conE onﬁmﬁéfigsc?lbed above fand —t he|fI13Ae3 r ¢t ar dancy S
teSted. TIC rCQU| TS UI catcTr Ot CIic UJ\/C tes{_e_&ﬁe_S'h'm‘l—'_ﬁ_-FIb"_e_ﬁ—Ge
Tabl e 5 EkArgAcscoAPhrati ve Conponents| (prPs py Welghl) ¥B9EXanpl &5 Resfi n
of Synthe D%mgéqule 6I2T1.5--T141.© CufableRes|n of ;Sypthetyc-141. 8-
resi nExanp
Diethylene glycel monoethyl 6.0 6.0 6.0 6.0
ether acetate
Phthalocyanine blue 1.5 1.5 1.5 1.5
Silicone KS-66 ** 2.0 2.0 2.0 2.0
AEROSIL 380 ** 2.0 2.0 2.0 2.0
Melamine 1.5 1.5 1.5 1.5
DPHA *° 15.0 15.0 15.0 15.0
RE306 ** 13.1 13.9 9.8 13.1
Epo~Thoto YDCN 704P *” 16.4 17.4 12.2 32.8
Epo-Thoto YDB-408 *® 58.5 62.2 43.8 -
CDp ** 20.0 - 20.0 —
Antimony pentaoxide - 8.0 — —
*! Irgacure 907: 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-
aminopropanone-1 (produced by Ciba Specialty Chemicals Inc.)
+2) DETX-S: 2,4-diethylthioxanthone (produced by Nippon Kayaku Co., Ltd.)
+#3 gilicone KS-66: Silicone type anti-foaming agent
{produced by Shinetsu Silicone Co., Ltd.)
+¥ AFROSIL 380: finely pulverized silica
{produced by Nippon Aerosil Co., Ltd.)
*¥ DPHA: a mixture of dipentaerythritol hexa- and penta-acrylates
Remarks {produced by Nippon Kayaku Co., Ltd.)
*% RE306: novolak type epoxy resin
{produced by Nippon Kayaku Co., Ltd.)
*" Epo-Thoto YDCN-704P: novolak type epoxy resin
(produced by Thoto Kasei Co., Ltd.)
+% Epo-Thoto YDB-408: tetrabromobisphenol A type epoxy resin
{produced by Thoto Kasei Co., Ltd.)
+* CDP: cresyl diphenyl phosphate
{produced by Daihachi Chemical Industry Co., Ltd.)




Resin of Synthetic Exanple 3--139.3- Irgacure 907 *1115. 015. 015. 015.0
DETX-S *2)1.01.01.01.0 Diethyl ene glycol nonoethyl 6.06.06.06.0 ether
acet at e Pht hal ocyani ne bluel.51.51.51.5 Silicone KS-66 *3'2.02.02.02.0
AERCSI L 380 *412.02.02.02.0 Melam nel.51.51.51.5 DPHA *5) 15. 015. 015. 015.0
RE306 *6113.113.99.813.1 Epo-Thoto YDCN 704P *7)16.417.412.232. 8 Epo- Thot o
YDB- 408 *8158. 562. 243. 8-- CDP *9)20. 0--8B30- Antinony pent aoxi de-8.0-- *1]
| rgacure 907: 2-mnethyl-I1-[4-(methylthio)phenyl]-2-norpholino-
am nopropanone-1 (produced by G ba S,B%B'igl ey Chem cals Inc.) *2 DETX-S:
2, 4-di et hyl t hi oxant hone (produced by N ppon Kayaku Co., Ltd.) *3) Silicone
KS-66: Si|icone type anti-foam ngjagent (progiggsheby Shinetsu gi | i cone Co.,
Ltd.) *" JAERCSI L BBfpertieml|y pul ver+zed—sihi-eca—{produced—by—h té?’z’ qil
Co., Ltd.) *5} DPHA: a nixture of |di pehtaeryt hrBtol |hexe8- anp Sxemple
pent a-acrlyl ates Remar Ks{ produced by N _ppon |Kayaku Cq., Lid.) [©o) 306:
novol ak t[f5&*E] ?FoegP#%(er%gﬁetéj by Ri ppqn Kayaku |Co. ,&ltd. * ?5
Epo- Thot o} .Y 7Q4P: novol ak type|epo reqgin (jroduced By Thpt o %sel (0. ,
Ltd.) *8) 0- 10T 6 YOB- 408: t et r abr aar obi 4phenol A jt ype~epoxy resin
(produced %{a hat 0. Kasel Co., ) *'} CDR: cresyl Bl phenyl pbhosphat e
(produced Eairﬁgﬁl%amf%em' cal just ry Co., Lt@. ) g 6
Adhesiveness @ © © ©
PCT resistance O O O ®
Resistance to electoless gold
plating O O O ©
Water absorption (%) 1.2 1.2 1.3 1.0
Electrical resistance O O O O
Flame retardancy Q O O X
The evaluation method of the flame retardancy shown in Table
6 mentioned above is as follows:
5 Flame Retardancy:
The flame retardancy of the test board was evaluated on the
following criterion by the use of the apparatus specified in the
UL flame retardancy test specification for high-molecular
materials, UL%94 and in accordance with the method specified
10 therein.
O: The test board exhibited the flame retardancy equivalent
to V-0.
X : The test board did not exhibit the flame retardancy
equivalent to V-0.
15
Industrial Applicability
As described above, since the curable resin of the present



-64 Table 6 P Exanpl eConparative ti roper 789Exanple 2 es Resistance to

sol dering heat 00C)0 Acid resistance00C) 0 Al kali resistance0000

Adhesi venessOQ(c) OO PCT resi stance00C) O Resi stance to el ectol ess gold OOC)
pl ati ng water absorption ($)1.21.21.31.0 Electrical resistance0000 Fl ane
ret ardancy000X The eval uation nethod of the flane retardancy shown in Table
6 nmentioned above is as follows: 5 Flamb®Ret ardancy: The flane retardancy
of the test board was eval uated on the foIIovvi ng criterion by the use of

oo SRR A€ 4 e kA BER RIS A A Reh
101! ek ndnastaghgiearcy eé&ﬁf’lﬁ% i st e,
V-0. 15 | réadrivity PPl im@bthéty since the curable resin contains a
hydrophilic and alcoholic hydroxyl group which exhibits low
5 reactivity in a small amount or contains no such group, it allows
the formation of a cured product having well-balanced heat
resistance and PCT resistance at a high level and excelling in
various properties such as adhesiveness to a substrate,
hardness, resistance to chemicals, and resistance to moisture
10 absorption. Therefore, a curable resin composition comprising
this curable resin together with a photopolymerization
initiator, a photosensitive (meth)acrylate compound, an epoxy
compound, a diluent solvent, etc. exhibits excellent alkali-
developing properties and gives a cured product excelling in such
15 properties as resistance to soldering heat, PCT resistance,
adhesiveness, resistance to chemicals, resistance to
electroless gold plating, electrical insulating properties, and
resistance to moisture absorption required of a solder resist
or the like which is capable of coping with the high densification
20 and surface mounting technology of the printed circuit board.
Accordingly, the photocurable and thermosetting resin
composition containing such a curable resin as a curing component
is not only usable as an ultraviolet-curable type printing ink

which is cured by the use of the actinic energy rays or other

25 usage but also useful as a solder resist to be used in the
manufacture of a printed circuit board, an interlaminar
insulating layer of amulti-layer circuit board, a permanent mask
to be used in the manufacture of a tape carrier package, and

further a resist to be used in the manufacture of a color filter



As described above, since the curable resin of the present -65 invention
has an unsaturated group and a carboxyl group added to the term nals of
its side chains, it exhibits excellent reactivity. Further, since the
curable resin contains a hydrophilic and al coholic hydroxyl group which
exhibits low 5 reactivity in a small anpunt or contains no such group, it
allows the formation of a cured produetééravi ng wel | - bal anced heat

resi stance and PCT resistance at a high level and excelling in various

br oper { i eg;36H a3 JANCHKaN i3 & 2af i PR SSed Pled B0ty

t t
chenicals, nd resistance to moisture 10" a sor ption. erg;pre, a curaﬁ?e
resin Conpayisitiyit € aUBh whél exipdised ¥HANE chad it itd?fkeb)?eﬁi kRnberature

phot opol yneri zation initiator, a photosensitive (neth)acrylate conmpound,
an epoxy a@@MPuMl, hamiihiegnt anadl o €kEelsxiindivifr Pxes! bebpedithald -as
devel opi ng properties and gives a cured product excelling In such 15
properti emedt icdRidlabee | 0 ANttt hobyethe WEd oEsthkaphetocatytsie earess,
resi stance to chemcals, resistance to electroless gold plating,

el ect rj calt hiemrsal st thign g mgssT icempaick ior sxtalicing dndilsng & ediagulartdon
required of a solder resist. or the |like which is capable of coping with
the hi gh &beshighlyamedniaole oentingecfiotihei fiecEERRdiCofLVHCEhE I iBR ed
circuit board. Accordingly, the photocurable and thernosetting resin
conposi ti &FP ni ng such a curable resin as a curing conponent is not
only usable as an ultraviolet-curable type printing ink which is cured by
the use of the actinic energy rays or other 25 usage but also useful as a
sol der resist to be used in the manufacture of a printed circuit board, an
interlamnar insulating |layer of a nulti-layer circuit board, a permanent
mask to be used in the manufacture of a tape carrier package, and further
a resist to be used in the manufacture of a color filter -66 and the |ike,
because its cured filmwll not exfoliate froma



substrate even when exposed to the conditions of high tenperature and high
hum dity and al so excels in various properties as nentioned above.

Further, by the use of the photocurable and 5 thernpsetting resin
conposition excelling in flame retardancy, the highly reliable nounting of
the el ectronic devices can be expected. -67 CLAIMS 1. A curable resin
obt ai ned by reacting an unsaturated grddb=contai ni ng nonocarboxylic acid
(d) with a reaction product 5 (c) of a conpound having three or nore
phenol i ¢ hydroxyl groups inits nnleqf%ﬁiq#g) and an al kyl ene oxide (b) and
further reacting a polybasic acid anhydride (f) wth the resultant
reaction product (e). 2. The curable resin according to claim1l,
characterized 10 in that said compound having three or nore phenolic
hydroxyl groups im thgablleentdsind adbtaife@omenseddOingr aduainsftwrated
phenolic conpound represented by the foll ow ng general formula (111) and
an ar onat igxcalpdetoymiea Coipg much duarbax yl pbeawild ¢dhywlittkxpl rgactpon’ piddie€ 1)
k 15 wherein R represents a hydrogen atomor an al kyl group having 1 to 18
car bonb at dieg, oX acpempeund havijngogeneat emnmere phenkic hidrexwl ragpur®nt s
an al kyl groug or an al koxy group each having, 1 to 18 carbon atons, k is
an int egef-foitd molegile (agnandadnsalkylienegiidsr(y grd bpethep reachng
curabl e resin cording to, claiml.qr 2, characterized in that said .

unsat ur at & R DI AGHhnERbidrodit) i ¥IRE ¢He) TrsudppE £t kion
and/ or me | C id. 4. The curable resin according to any one of
clains 1 %%Qﬁgﬁh%hg$gbterized I n that said pol ybasic acid anhydride (f) is

25 an alicyclig, dififsi A0k fe 3P0y PR1 §8cording to claim 1, characterized
10 in that said compound having three or more phenolic hydroxyl
groups in its molecule (a) is a condensation product of a phenolic

compound represented by the following general formula (III) and

an aromatic aldehyde compound having a phenolic hydroxyl group.

OH OH
7 A
xyvn xy\/\n
AN AN
HS S K H S K

15 wherein R represents a hydrogen atom or an alkyl group having
1 to 18 carbon atoms, X represents a hydrogen atom or a halogen
atom, Y represents an alkyl group or an alkoxy group each having
1 to 18 carbon atoms, k is an integer of 0, 1, or 2, and m is
an integer of 0 or more.

20 3. The curable resin according to claim 1 or 2,
characterized in that said unsaturated group-containing
monocarboxylic acid (d) is acrylic acid and/or methacrylic acid.

4. The curable resin according to any one of claims 1 to
3, characterized in that said polybasic acid anhydride (f) is

25 an alicyclic dibasic acid anhydride.



-68 5. A curable resin having the groups represented by the follow ng
formulas (1) and (lIl1) inits side chains. R I O0CHR-CO R R OCH2-CO
LR RBR4A11ICGCI R5C-C (I) nOO Il Il CzZzCOOH (I'l') n wherein
R1 and R2 i ndependently represent a hydrogen atom a 5 nethyl group, or an
ethyl group, R3, R4, and R5 independentug represent a hydrogen atom an

al kyl group having 1 to 6 carbon atons,68n aryl group, an aral kyl group, a
cyano group, a fluorine atom or a furyl group, Z represents a polybasic

aci d anhydri de_regi &t@abfgdrgsiﬁ & wﬁgl Cura%l[aéﬁ'ﬁsoi'eﬁréste%t Q% By fhe’

curabl e resin conposition Conprising said resih set fo I N any

one of cl o718 okilrfly FormuaPet§cynabl@ |nd 4 herdosedei BHak RSN

conposition, characterized by conprising (A a curable resin obtained by

reacting an unsaturated grou -contalnlng nonocar boxylic acid 15 (d) with a

reaction product| (c) oR'a co VI g three or nore phenolic hydroxyl

groups in its noj ecul e (a) an Hh a% oxide (b) and further reacting
th

a polybasic acgi{d a d de re gl tant reacghon product (e),
fgp oL Pasieag s Eply ded) g R &)

2
i R n
1
T Il Icl)
—o——-CHz-clz—o——c: Z—C—OH - (I
L. R? dn

wherein R' and R’ independently represent a hydrogen atom, a

5 methyl group, or an ethyl group, R’, R', and R’ independently
represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an aryl group, an aralkyl group, a ¢yano group, a fluorine
atom, or a furyl group, Z represents a polybasic acid anhydride
residue, and n is a numerical value of 0.5 to 10.

10 6. A curable resin composition comprising said curable
resin set forth in any one of claims 1 to 5.

7. A photocurable and thermosetting resin composition,
characterized by comprising (A) a curable resin obtained by
reacting an unsaturated group-containing monocarboxylic acid

15 (d) with a reaction product (c) of a compound having three or
more phenolic hydroxyl groups in its molecule {a) and an alkylene
oxide (b) and further reacting a polybasic acid anhydride (f)
with the resultant reaction product (e), (B) a
photopolymerization initiator, (C) a photosensitive

20 (meth)acrylate compound, (D) an epoxy compound, and (E) a diluent



phot opol yneri zation initiator, (C a photosensitive 20 (neth)acryl ate
conpound, (D) an epoxy conpound, and (E) a diluent -69 solvent. 8. A

phot ocur abl e and thernosetting resin conposition, characterized by
conprising (A a curable resin having the groups represented by the
following fornmulas (1) and (Il) inits side 5 chains, (B) a

phot opol yneri zation initiator, (C a phdi®sensitive (neth)acrylate
conpound, (D) an epoxy conpound, and (E) a diluent solvent. RL | O CH2-C
O R R3S R4qdn{, 1 5CCGCR (1) nRLT 0011 C2-COCZCOH... (1)
R2 i n wheréin and R independently represent a hydrogen atom a 10

net hyl group, @ am E,hmebcﬂfme Rand Rthediid e ¢ g PPREERL IdbnyN PEESR, @
hydrogen atom an al kyl group having 1 to 6 carbon ~atons, an aryl group,

an ar al kyleh@reidteri £6@ny goRApPisany (W) iah€urablB réy i @ havig gheuprowps
represents a pol ybasic acid anhydride residue, and n is a nunmerical val ue
of 0.5 torEpresefted lphdilne il ewimg fdemubast { I hgands{ DI goipobsts i oide
characterized by conprising (A) a curable resin obtained by reacting an
unsat ud at ehagmasup- cd®)ai niang photopaiymer zation (dinikiatarzeact(€on a

product (c) of a conmpound having three or
photosensitive (meth)acrylate compound, (D) an epoxy compound,

and (E) a diluent solvent.

T1 o TS T4
I
——0—CH,-C—0—+—C—GC—C—R’ e (D)
. Rz N
1
] i i
—0——0H2—<|3 0——-C—Z—C—OH = (I
R R2 dn

wherein R' and R’ independently represent a hydrogen atom, a

10 methyl group, or an ethyl group, R’, R', and R’ independently
represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an aryl group, an aralkyl group, a cyanoc group, a fluorine
atom, or a furyl group, Z represents a polybasic acid anhydride
residue, and n is a numerical value of 0.5 to 10.

15 9. A photocurable and thermosetting resin composition,
characterized by comprising (A) a curable resin obtained by
reacting an unsaturated group-containing monocarboxylic acid
(d) with a reaction product (c) of a compound having three or
more phenolic hydroxyl groups in its molecule (é) and an alkylene

20 oxide (b) and further reacting a polybasic acid anhydride (f)



nore phenolic hydroxyl groups in its nolecule (a) and an al kyl ene 20 oxi de
(b) and further reacting a polybasic acid anhydride (f) | -70 with the
resul tant reaction product (e), (B) a photopolynerization initiator, (C a
phot osensitive (neth)acrylate conpound, (D) an epoxy conpound, (E) a

di luent solvent, and (F) a curable resin which has a carboxyl group and 5
an unsaturated group in its nolecule andhich is in the state of solid at
roomtenperature. 10. A photocurable and thernosetting resin comnposition,

characterig g hoY Eﬂ r'?éghf nt Cuf@?%?lﬁﬁs' E?ﬂdgkthegQ&OUps{gﬁaing

represented by the ollomnng ornulas and Inits & 10

(B) a phot I at pho ensitiv
conpound, E§tggsgg§%§h%%ﬁggﬂﬁd 9?1tﬁgkg?iuent sglveﬁt e%ggfégéﬁgcurab e
sy

resin whi clmben)aceg1®e Conicui AN RranNSsé Ly 6 SHp&haAY e

9
and which is in the state of solid at roomtenperature. F
5 0 CH2-GéleefitC &dRPFN 4 dRiralil éres imerteich RasaadcRrboxyapgrdap hnd
represent a hydrogen atom a nethyl group, or an ethyl group, R3, R4, and
R i nddpemernngatueptedegronphidr dgenmaiecnlsn andk whighods Havithg staces
car bon atons an aryl group, an aralkyl group, a cyano group, a fluorine
20 atom off aS‘P!:F-SlI ‘%r SOPM XEMPRIARFR- a pol ybasic acid anhydride | OO O

Ce- 1 0CZ CiSH p%otocurable and thermosetting resin composition,
characterized by comprising (A) a curable resin having the groups
represented by the following formulas (I) and (II) in its side

10 chains, (B) a photopolymerization initiator, (C) a
photosensitive (meth)acrylate compound, (D) an epoxy compound,
(E) adiluent solvent, and (F) a curable resin which has a carboxyl
group and an unsaturated group in its molecule and which is in

the state of solid at room temperature.

[ TI i o Ts I?4
——0—1—CHy-C—0 Ic!, ¢—c¢—R® e (D)
e,
T‘ 0 0
O [CH"G—0 Ic'; z g OH e (1IN
15 L R’ dn

wherein R' and R’ independently represent a hydrogen atom, a

methyl group, or an ethyl group, R’, R', and R’ independently

represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an aryl group, an aralkyl group, a cyano group, a fluorine

20 atom, or a furyl group, Z represents a polybasic acid anhydride




residue, and n is a nunerical value of 0.5 to 10. 11. The photocurable and
thernosetting resin conposition according to any one of clains 7 to 10,
characterized by further conprising (G a curing catalyst. 5 12. The

phot ocurabl e and thernosetting resin conposition according to any one of
claims 7 to 11, characterized by further conprising (H) a flame-retardant.
13. The photocurabl e and thernosetting rédin conposition according to
claim12, characterized in that said flame- 10 retardant (H) is at | east

one rrerrberrégg_agew adPR E%O%r@ﬁmgf%g?hsyiﬁ%eofo;id1.a§ Q8§ NfH _ed epoxy resin,

a hal ogenated arofatic c nd, ogenated cyclTc compound, a
phosphat e-baseq 1 f | afRr phlodidti¥abPehid e Fii®S¥t LXhderB8I%]composition

fl ane-retardant.
according to any one of claims 7 to 10, characterized by further
comprising (G) a curing catalyst.

5 12. The photocurable and thermosetting resin composition
according to any one of claims 7 to 11, characterized by further
comprising (H) a flame-retardant.

13. The photocurable and thermosetting resin composition
according to claim 12, characterized in that said flame-

10 retardant (H) is at least one member selected from the group
consisting of a halogenated epoxy resin, a halogenated aromatic

compound, a halogenated alicyclic compound, a phosphate-based

flame-retardant, and an antimony oxide-based flame-retardant.



