DESCRI PTI ON EPOXY RESI N, HARDENABLE RESI N COMPOSI TI ON CONTAI NI NG THE SAME
AND USE THERECF Technical Field The present invention relates to a high

nol ecul ar wei ght epoxy resin that provides a curable resin conposition
that is useful for various conposite materials including electric and

el ectronic parts insulation materials such as for high reliability

sem conduct or sealing, lamnates (printed wiring boards and buil d-up
boards) and CFRPs (carbon fi ber reinforced(glastics) and further optical
materials, adhesives, paints, and PEECRIREIOMNnd a cured material of the
conposition. The present invention also relates to a resin conposition that
provides a cured material having a low dielectric constant, a | ow

dielectric t resi [ e, and
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conposition i i for lam nates, netal foil attached
Iaanates, Egﬁgggﬂéﬁﬁgﬁggﬁﬂﬂﬁﬁgﬁials for build-up board, and the I|ike.
Background Art Epoxy resin conpositions are widely used in the fields of
el ectric and electronic parts, structural nmaterials, adhesives, paints,

and the |ikeg.hgcawsgsof the workability, and the excellent electrical
properties, heat resistance, adhesiveness, noisture resistance (water

resistance), andThbgresériSnvedtioh R@htes &s Bidh HedI€dul A WeigHOMWRY G Fesid that he
electric and electronic fields, recently, with their devel opnent, further

i npr ovenent prévidggraapedtie asichaagp B thads nedy] fouedricas chingbsitquatetiyisof resin
conpositions, noisture resistance, adherence, dielectric property, |ow

vi scosi ty f orchidighelgctfic lahd ripcfrvhic prgs inanidtiom cragaimdosuck as fonhiigly refligpility
shortening the nolding cycle. In addition, materials that are |ight and
have excel | ssmicpedistarisealing lopantes Gyintediairengdwardsradiudd-upsbostdsyetdir e

materials in_the applications of aerospace materi al . .
CFRPs (caFr)lg)on gber reinforced glast?cs and further opt;ca?materlals, adhesives,

paints, and the like, and a cured material of the composition.

The present invention also relates to a resin composition that provides a cured
material having a low dielectric constant, a low dielectric tangent, and excellent heat
resistance, water resistance, and flame retardancy, and provides excelient workability,
the resin composition being suitably used for laminates, metal foil attached laminates,

and insulation materials for build-up board, and the like.

Background Art

Epoxy resin compositions are widely used in the fields of electric and
electronic parts, structural materials, adhesives, paints, and the like, because of the
workability, and the excellent electrical properties, heat resistance, adhesiveness,
moisture resistance (water resistance), and the like, of their cured materials.

However, in the electric and electronic fields, recently, with their
development, further improvements in properties have been desired, such as high
purity of resin compositions, moisture resistance, adherence, dielectric property, low
viscosity for highly filling fillers, and increased reactivity for shortening the molding

cycle. In addition, materials that are light and have excellent mechanical properties



and recreational and sports appliances and the |ike. Further, recently,

hal ogen- based epoxy resins and antinony trioxi de have often been used as
flame retardants, particularly for electric and electronic parts, however,
it is indicated that products using these contribute to generation of

t oxi ¢ substances such as dioxins by inproper treatnment after their

di sposal. As one nethod for solving the above descri bed problens, the use

of a phenol aral kyl resin having a bi phenyl skeleton and its epoxidized
material is haEsbedngleairehasarushe metauenn the aimAcatians 8 AHREPRCE 2VALEHIS t he

| i ke. However, the resin of this structuyre has rong crystallinity, so
t hat , depencwlﬁ@ecr%ﬁﬁiowénﬁéﬁﬁ%ffp%ﬁ%ﬁStapg ﬁheoIDWt- hzﬁtw%%ﬁa ﬁé%ﬁ*ﬁﬁ%%l%&ﬂm acture,
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recently, f ol dnPh@d MeiF HRGoBPAr AlS ofDMBed BNsFARP WcBibdve dEQFBYMI Cati on
equi pnent, and the li1 ke, high density and thin filhs have been pronoted,

and hi gh hegtoti@sd, shamgeranthehSswaRY1 redin PhORE A HipayEskdeassh sietigd red.
Further, materials having a | ow dielectric constant and a |ow dielectric

t angent havepotidgieed gesiriabtd destriteddii @siehnDokirgdnt dpBadniddckumegh 2f areigbiency  of
signals. Cyanate resins and BT resins (bisnmaleimde-triazine resins) are
resin mat er liké.s dowbvarj thg resm ghthisetituctues hat sirvng caystallnityowe thas deperding
property, and it is known that conmpounding an epoxy resin to these can
reduce a waPBiheaigmenpldosditioatad thenigsinfyriog enaaphiscsyrgeiiddle stargewerdsnn | ity.
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resin is dissolved in a solvent, crystals precipitate and deposit as well, which is a
significant problem for use as a composition.

From such background, in Patent Document 3, decreasing this crystallinity by
controlling orientation in molecules is discussed, but this cannot be said to be always
sufficient yet.

Further, recently, for printed wiring boards mounted on computers,
communication equipment, and the like, high density and thin films have been
promoted, and high heat resistance and insulation property have been required.
Further, materials having a low dielectric constant and a low dielectric tangent have
been desired for addressing high speed and high frequency of signals. Cyanate
resins and BT resins (bismaleimide-triazine resins) are resin materials combining
high heat resistance and a low dielectric property, and it is known that compounding
an epoxy resin to these can reduce a water absorption rate and improve adhestveness
and workability. Patent Document 4 describes varnish in which an epoxy resin

represented by general formula (7):



bOH20H20O) H (7 ) and a cyanate resin are mxed with a solvent. Patent
Docunent 1: Japanese Patent Application Laying Open (KOKAI) No. 11- 140277
Pat ent Docunent 2: Japanese Patent Application Laying Open (KOKAI) No. 11-
140166 Patent Docunent 3: Japanese Patent Application Laying Open (KOKAI)
No. 2003- 301031 Patent Docunent 4: Japanese Patent Application Laying Open
(KOKAI') No. 2002- 309085 Disclosure of the Invention It is an object of the
present invention to provide a phenol aral kyl type epoxy resin that is
useful for variqug conposite materials inc ing insulation materials for
electric and el e¢tronic parts (such as high/reliability sem conductor

seal i ng nateriaﬁzz, am nates (such as erEfe W ring boards and buil d-up
boards) and CFRP, ‘@dhesi ves, paints, and the |ilke, by suppressing crystal

precipitation, i ovi ng the_workability duging manufacture and quality
control of the c ATl 0 er Al Lo prop%ﬁfhes such as heat
resi stance. The y redi mudi/sclased i (n) h r\/é1 described Pat ent

Docunent 4 has excell'ent water resistance, but has the probl em of having
| ow sol vent solubility because of high symetry in the nol ecul ar structure

so that | owamdh egaflady reviiaghinixedonploundsemre |ikely to precipitate as
crystals once varnish is prepared. Further, if 3 the softening point is

i ncreased sPaphyDooimendildlapheese PpsnalAlpp héatipn pragirgedpencdVeAfidNy, 11-t he
solubility in solvents tends to worsen. It is also an object of the present
i nvention t &B7dvi de a resin conposition that has no precipitation of |ow

nmol ecul ar wei ght_conpounds and has excel. | ent ,
Patent Document 2: Japanese Patent Application Laying Open (KOKAI) No. 11-

140166
Patent Document 3: Japanese Patent Application Laying Open (KOKAI) No. 2003~
301031
Patent Document 4: Japanese Patent Application Laying Open (KOKAI) No. 2002-
309085

Disclosure of the Invention

It is an object of the present invention to provide a phenol aralkyl type epoxy
resin that is useful for various composite materials including insulation materials for
electric and electronic parts (such as high reliability semiconductor sealing materials),
laminates (such as printed wiring boards and build-up boards) and CFRP, adhesives,
paints, and the like, by suppressing crystal precipitation, improving the workability
during manufacture and quality control of the composition, and further improving
properties such as heat resistance.

The epoxy resin disclosed in the above described Patent Document 4 has
excellent water resistance, but has the problem of having low solvent solubility
because of high symmetry in the molecular structure so that low molecular weight

compounds are likely to precipitate as crystals once varnish is prepared.  Further, if



wor kability and that provides a cured material having excellent heat

resi stance, dielectric property, water resistance, and flanme retardancy.
As a result of diligently studying for solving the above descri bed

probl ems, the inventors have found that the above described problens can
be solved by controlling the polynerization conposition of a phenol

aral kyl type epoxy resin, to arrive at the present invention, |In other
words, the present invention relates to (1) an epoxy resin characterized by
conpri si ng dhgp$rdisoingaoaitkyincteppal epokytoragsidrthe prysiallindty paoklomt eentve(saly, area %
measured by gel perneation chromatography) of a bifunctional conmpound is
20% or | ess thg wjuliihiy iepelonts ée5idp teleeeenbed i n the above (1), wherein the
phenol aral kyl téﬁg epox% resin is of .a structure, represented hy general

formula (1): Ar Hipalso gn pbieppofhe pigsqnt invention fq provemiesin CePPortiPRBiksent s
o hor ot et AR BERBHENCT o m R Eay S vagh peimin e AR B TarIRYa (3): 4 o' o
For il as (2 ST RS PR SRR R el Ao ST e b edicn ™
avi ng 1 1o B SR R B e e PR BB ey Dt he camt of
different from each Q&  dlligently studying for solving the above described problems,

the inventors have found that the above described problems can be solved by

controlling the polymerization composition of a phenol aralkyl type epoxy resin, to

arrive at the present invention.

In other words, the present invention relates to

(1)  an epoxy resin characterized by comprising a phenol aralkyl type epoxy resin

in which a content (an area % measured by gel permeation chromatography) of a

bifunctional compound is 20% or less,

{2y  the epoxy resin described in the above (1), wherein the phenol aralkyl type

epoxy resin is of a structure represented by general formula (1):

o O-Oronearks 1

(in formula (1), n represents an average repetition number value of 1 to 10, Ar

represents a glycidyl ether moiety of general formula (2):

LY

Rm

or general formula (3):



(3) the epoxy resin described in the above (2), wherein the phenol aralkyl
type epoxy resin is of a structure represented by general fornmula (4): O
-0 0O CH, CHz- I-\ H(4) RmRm (in the fornula, mrepresents an
integer of O to 3, n represents an average repetition nunber value of 1 to
10, and R each represents any of a hydrogen atom a saturated or
unsaturated al kyl group having 1 to 8 carbon atons, and an aryl group, and
may be the same or different fromeach other.), (4) the epoxy resin
described in the above (2), wherein in general formula (1), all Rs are a
hydrogen atom (5) the epoxy resin described in any one of the above (1) to
(4), having a softeni bnt of 70C or nore, (6) the epoxy resin
described in any , the above A1) to (4), having a softening point of
60C or nore a —8&poXy equival ent of 270 g/eq or nore, 5 (7) a nmethod of
manuf acturing thg epoxy resin described in any one of the above (1) to
(6), characterized by extracting and renoving a bifunctional conpound from
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manuf act uri gy, fhe &R%e}fufa?e%iid”l'kﬂ%?&&ﬂ B&Shd Did H8arB8PUB s  dnd a [?ﬂoﬁ}ﬁ,t he good
solvent is a ketone-based sol vent or an ‘ester-based sofvent, (9) the nethod

of manuf act gid Yy bBeheRMYor®FtBnORsaIdablesthkn), t he above (7) or (8),
wherein the poor solvent is an al cohol,
(3)  the epoxy resin described in the above (2), wherein the phenol aralkyl type

«

epoxy resin is of a structure represented by general formula (4):

Y ¥
0 0 '
Rm Rm

(in the formula, m represents an integer of 0 to 3, n represents an average repetition
nmumber value of 1 to 10, and R each represents any of a hydrogen atom, a saturated
or unsaturated alkyl group having 1 to 8 carbon atoms, and an aryl group, and may
be the same or different from each other.),

(4)  the epoxy resin described in the above (2), wherein in general formula (1), all
Rs are a hydrogen atom,

(5)  the epoxy resin described in any one of the above (1) to (4), having a
softening point of 70°C or more,

(6)  the epoxy resin described in any one of the above (1) to (4), having a

softening point of 60°C or more and an epoxy equivalent of 270 g/eq or more,



(10) a curable resin conposition containing the epoxy resin described in
any one of the above (1) to (6) and a curing agent, (11) a cured materi al
obtained by curing the curable resin conposition described in the above
(10), (12) a resin conposition characterized by containing the epoxy resin
described in the above (1), and a cyanate conpound represented by general
formula (5): Q@ @ NCO-CIl CCN(5) b @@ Qb (in the formula, Qa
represents a direct bond, or a substituent or an atom selected from the
group of a @l hykerihet oimanufpctigeg tspppryeases dpseiifed ia any one of the above
hexaf | uor oi sopropyl i dene group, an ethyl ene group, an ethylidene group, a
bi s( et hyl i &Qﬁf@)(gi GRERECHESLYY, ©drasting Aad qumgﬁw%@ﬁwogw@ab@ figma

bi ph | hyl i , h | hyl i , . )
BT o e bt et R epciy BEgh Bh 8 i 5%%’;?%%%‘%&%&2%"%?%5{‘5 5I%1i%%&gen
d | fur . . . t
vt ng 1t o skl heiRd 2T innPUER ARl SRR AU St Y b P
each ot her. )e c?xaprre A 50(%{ Me?lt Qr@léss% u%oe (#H%%a‘ Ehrﬁ}fér}% a(s% oor Q@ QC Qo
nﬂ , EC repre% I y g

(in the for ents a cyclrc o% ear a I'dene group having 5
to 10 carbggatpns, or a fluorenylidene group. Qb is the same as in
general fornula ?5).) and/ or a prepolyner prepared fromthe cyanate

conpound as () I aecMRtRsd af makiBdtuling tHeeHoRy CRMPASLLbANIndBS ghdvRed) i n the
above (12), wherein the epoxy resin is the epoxy resin described in the
above (2), whereinthe good solvent is a ketone-based solvent or an ester-based solvent,

(9)  the method of manufacturing the epoxy resin described in the above (7) or (8),

wherein the poor solvent is an alcohol,

(10}  a curable resin composition containing the epoxy resin described in any one

of the above (1) to (6) and a curing agent,

(11)  a cured material obtained by curing the curable resin composition described in

the above (10),

(12) aresin composition characterized by containing the epoxy resin described in

the above (1), and a cyanate compound represented by general formula (5):

lob IOb
NGO /};\\ {}-—OON (5)
ab %7 b

(in the formula, Qa represents a direct bond, or a substituent or an atom selected from
the group of a methylene group, an isopropylidene group, a
hexafluoroisopropylidene group, an ethylene group, an ethylidene group, a
bis(methylidene)benzene group, a bis(methylidene)biphenyl group, a
biphenylmethylidene group, a phenylmethylidene group, a bis(isopropylidene)phenyl
group, a dicyclopentadienyl group, an oxygen atom, and a sulfur atom. Qb
represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, and each

Qb may be the same or different from each other.)



(14) the resin conposition described in the above (12) or (13), wherein the
cyanate conpound is a conpound having a bisphenol type structure, (15) the
resin conmposition described in any one of the above (12) to (14), wherein
in the cyanate conpound, Qa in general fornmula (5) is an isopropylidene
group, (16) the resin conposition described in any one of the above (12)
to (15), wherein Ar in general fornmula (1) is a glycidyl ether noiety
selected fromthe group consisting of a phenyl glycidyl ether noiety, an
or t ho- cr esolorgeyepldprmeleiel noiety, a neta-cresol glycidyl ether niety,
and a para-cresol glycidyl ether noiety, (17) the resin conposition
described in any one of the above (12) to (15), wherein Ar in general
formula (1) is an a-Gaapht hol p/ci dyl ether moiety or a (3-naphthol
gl ycidyl ether noie (18) t resin conposition described in any one of
t he above (12)Ng / wh [ ocngener af gfornmula (1), Ar is the glycidyl
et her noiety of gen (2), and R is a hydrogen atom or a nethyl
group, (19) a prepr ctejd zed by being obtained by inpregnating a
substrate with the resin conposition described in any one of the above
(12) to (18), and (20) a |lam nate obtained by using the prepreg descri bed
in the abov@“tggcﬁmu . Bisgervedes ¢ syclicar ipesgiliodidenmsrauperingdnioTi¥e pheno
aral kyl type oxy resin_of the present invention will be descriped . bel ow
General |y, 3ar§ﬁ%ﬁ%wmsam Ryprepylideng ganp. &4 1 thesapcsas iy g&ﬁ@féb@@ﬂ@&?-h t hat
is derived henol aralkyl resin of novol ak,structure conprising
uni s of "o BRUBCE BrBORDRY R R st B SinBree YOF BB TS BRI T of an
e a ook | e ResilTDLER fon FREBARIRAE and V%1 £ Wreh e bpbEPFSRER" o0 BY
the epoxy resin described in the above (2),

(14) the resin composition described in the above (12) or (13), wherein the cyanate
compound is a compound having a bisphenol type structure,

(15) the resin composition described in any one of the above (12) to (14), wherein
in the cyanate compound, Qa in general formula (5) is an isopropylidene group,

(16) the resin composition described in any one of the above (12) to (15), wherein
Ar in general formula (1) is a glycidyl ether moiety selected from the group
consisting of a phenyl glycidyl ether moiety, an ortho-cresol glycidyl ether moiety, a
meta-cresol glycidyl ether moiety, and a para-cresol glycidyl ether moiety,

(17)  the resin composition described in any one of the above (12) to (15), wherein
Ar in general formula (1) is an c-naphthol glycidyl ether moiety or a B-naphthol
glycidyl ether moiety,

(18)  the resin composition described in any one of the above (12) to (17), wherein
in general formula (1), Ar is the glycidyl ether moiety of general formula (2), and R
is a hydrogen atom or a methy! group,

(19)  a prepreg characterized by being obtained by impregnating a substrate with
the resin composition described in any one of the above (12) to (18), and

(20) alaminate obtained by using the prepreg described in the above (19).



n OOH2cH O H (7) (in the formula, n represents a repetition nunber) is a
phenol aral kyl type epoxy resin that has recently attracted attention
because it has excellent properties such as flanme retardancy, adherence,
and water resistance. The phenol aralkyl resin that is the raw material of
the epoxy resin of the present invention is generally synthesized by

nmet hods as described in Japanese Patent No. 3122834 and Japanese Patent
Application Laying Open (KOKAI) No. 2001-40053. Exanples of general

synt hesi s ré%%&@%%eﬁﬁdPEQQME@HH@ﬁiﬁﬁW@nnreact|on of a substituted

met hyl enebi phenyl conpound and phenol s, ' such as, spemﬂcall;g,p condensi ng
4,4~ bi smet hoxymBE RYF! BREAY EYPEEOsh 8351 of tha aeseH R dnEoR srllibeidsssibedr

condensi ng % 4' - bi shal ogenonet hyl bi phenyl and phenol s under acidic
condi tions. %@ gl ycidylating the thus obtained phenol aralkyl resin, the

d of th des 1) i t .
Comarci al - pr odub RS e e op RELThp a0 B sahdn SRe o0 e i
fact t f
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hydr oxyl gr@&epwhdtgaehag BRI Cortra Hmo@%ﬂﬁgﬂnhys%ﬁaée%&% Shianakhe phenolic
hydr oxyl group i n the aromatic ri g I nc rogen ton1 a saturated

or unsat ur aketkcalekyl group having | to 8 carbon atons, an aryl group, and
the Iike. Specific exanples of the above descri bed phenols i ncl ude, but not

limted to, ph&opkxantplertdsepoxyresinegabsenpedtyesaknal &rhylafrenol

n- pr opyl phenol , isopropyl phenol, t-butyl phenol, octyl phenol, nonyl phenol,
phenyl phenol , cyclohexylphenol xyl enol , rmet hyl propyl phenol ,
nethylbutylph , a-naphthol, 3- naphth and the like. In the present

i nvention, t hese phenols phenol resol, allylphenol, phenyl phenol,
and naphthol a e préferred. Wen the phenol ar al kyl type epoxy resin of
gener al fornula(Il) obt ai ned by

- Oone o

(in the formula, n represents a repetition number)

is a phenol aralkyl type epoxy resin that has recently attracted attention because it
has excellent properties such as flame retardancy, adherence, and water resistance.
The phenol aralky!l resin that is the raw material of the epoxy resin of the present
invention is generally synthesized by methods as described in Japanese Patent No.
3122834 and Japanese Patent Application Laying Open (KOKAI) No. 2001-40053.
Examples of general synthesis reaction include condensation reaction of a substituted
methylenebiphenyl compound and phenols, such as, specifically, condensing 4,4'-
bismethoxymethylbipheny] and phenols under acidic conditions, or condensing 4,4'-
bishalogenomethylbiphenyl and phenols under acidic conditions. By glycidylating
the thus obtained phenol aralkyl resin, the compound of the above described general
formula (1) is obtained. Commercial products include, for example, NC-3000 and

NC-3000-H manufactured by Nippon Kayaku Co., Ltd.



si npl e epoxi dation as described above is stored dissolved in a sol vent,
crystals precipitate, particularly when its purity is higher. Wen this is
used particularly in a liquid curable resin conposition, the organic
conponent that is uniformin the conposition during manufacture is

nonuni formy distributed by crystal precipitation during cold storage,
causing failures, such as poor curing, and curing property as designed
bei ng not obt ai ned. Accordlng to Patent Document 3, it is confirmed that
such crystal | i zaPheplvewednis theotndeabiof tharrdave Aescribed phesp! paka! msmdgei s

hi gher in the bond position relationship between the nethyle roup and
the hydr oxyICO@PBW%}W"mtg@e?ﬂ“?m:‘ﬁhyéir@fyl gmrlawh@r wpwalianpg) : S tl?@p&% o) H

8 he f f
Feported 1 Eg%he%ﬂgé[tﬁ“pﬁ%o?péﬁ oxH %t@ﬁg‘?‘rwﬁpet | 5%33%92%‘1"@5% Fheeriio ' of
para bonds in_th $ond OS] éq rel at onshI th e met hyl ene oup
bnd the o RyarBRstSLrsRET ERy GoRbagling e SgatRRa T o At R 8 Bhvever.
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suf fici ent ara epoxy resi esen |nvent|on is

characteriz t h n ASHA gel perneation
chronatogra%ﬂ&h%g%(?%&£%fﬁh&g??ﬁﬂg?%g%§?@ npouﬂ? ﬁﬂQnQN a conpound

having two apg P@p g:rh@hm& bht§1 @%Eoéct |p§§1$ol Iﬁgfymhlaﬁolcgmgwn@rf the above
descri bed genera fornul a the i functional conpound corresponds to a

conpound i neydhbledyiyhEnol iylterlitﬂ gehlyibp@bhddog héthulbetvidradl, eompatind an be
made to be 20 area % or |less, crystallization can be avoided even for

conpounds oudpithid, arhighe dkge lehé pedentnnRattien; anBorgutvesstph8nols hedtenpk,
conmpounds in which the ratio of the ortho bond and the para bond is 1.2 or
| ess. For ceoiepaudbdpherohiphety!phrachrnfsaplshel papeefesorid nolar ratio is nore

than 1.2,
When the phenol aralkyl type epoxy resin of general formula (1) obtained by

simple epoxidation as described above is stored dissolved in a solvent, crystals
precipitate, particularly when its purity is higher. When this is used particularly in a
liquid curable resin composition, the organic component that is uniform in the
composition during manufacture is nonuniformly distributed by crystal precipitation
during cold storage, causing failures, such as poor curing, and curing property as
designed being not obtained. According to Patent Document 3, it is confirmed that
such crystallization occurs noticeably when the ratio of para bonds is higher in the
bond position relationship between the methylene group and the hydroxyl group in

the structure of general formulfa (8):

Cler O

(in the formula, n represents a repetition number)
Therefore, it is reported that crystallization can be prevented by decreasing the ratio

of para bonds in the bond position relationship between the methylene group and the



crystallization can be avoided for a |onger period. A suitable nethod of
manuf acturing the phenol aral kyl type epoxy resin of the present invention
wi |l be described bel ow, but the nethod of manufacturing the epoxy resin
of the present invention is not limted to the suitable manufacturing

met hod of the present invention described below, as |ong as the content of
the bifunctional conpound can be nmade to be 20 area % or |ess. The point
of the suitable nmethod of manufacturing the epoxy resin of the present

i nventi on déwdraxyégrovelintheistuttoreed gaotial rputei@dy eHpwardr, irownnproveneitar

wei ght conpounds. An approach of selectively renoving | ow nol ecul ar wei ght
conpounds wi'k Bolmentsebibility 8aing yherppepachetneiellways spBicietie sol vent sol ubility
of the epoxy resin, generally, the epoxy resin has.  low solubility in

al cohol s and hydéféaegg%ﬁa@&@iéwp@owﬁémﬁw OB PEESefE dp waslen inehasatsilefi ty in
these solvents ig notjceapble as, the no|ecul ar wei ght becones hi gher. The
cpoxy T osi n Tt BRHEegHIsaL A Grere SBRHBR P 4o P BRRRCHEO T P EAY BOS)
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yl typ 1 g ev

renmoved, and phenol “ara . € epoxy fresi n§ 0 an ol {’"gomer el can
be easily t%ﬁ?o%corﬁﬁpéﬂ%% @E%Bé&m inhREE hi] esreanthagdrie the raw
material can also be renoved, and its curing property and cured nmateri al
property cabifbsctionpl @hgtbund ben Belkdadb k@b B hed 9obr E) ufvaedi Kifdting ckfée phenol
aral kyl type epoxy resin of the present invention roughly conprises the
fol | owi ng t hvaéedstepdor {a)pdunds stitefsleahe dings dtfitieddn BateapDoyumesidn thanisa

sol vent (good solvent), in which the epoxy resin is easily dissolved, and
uni form y néaipepndsén epwhyhe sgiorofahelottheborgigindae pargbpnd el 8togfesef mi xi ng

the m xture_obtained in st,eﬁ) (a) with a solvent (poor .
For compounds in which the ortho bond/para bond molar ratio is more than 1.2,

crystallization can be avoided for a longer period.

A suitable method of manufacturing the phenol aralkyl type epoxy resin of the
present invention will be described below, but the method of manufacturing the
epoxy resin of the present invention is not limited to the suitable manufacturing
method of the present invention described below, as long as the content of the
bifunctional compound can be made to be 20 area % or less.

The point of the suitable method of manufacturing the epoxy resin of the
present invention described below is to selectively remove {cut) low molecular
weight compounds.  An approach of selectively removing low molecular weight
compounds will be specifically described below.

For the solvent solubility of the epoxy resin, generally, the epoxy resin has
low solubility in alcohols and hydrocarbon-based compounds, and a decrease in
solubility in these solvents is noticeable as the molecular weight becomes higher
The epoxy resin tends to have lower solubility in aromatic hydrocarbons, ketones,
esters, and the like, as well, depending on its structure. By adjusting this solubility,

phenol aralkyl type epoxy resins of low molecular weight being lower than an

oligomer level can be selectively removed, and phenol aralkyl type epoxy resins of
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solvent), in which trifunctional or higher functional nolecules in the
epoxy resin and the good solvent are | ess soluble, to cause two-| ayer
separation; and (c) the step of separating the solution or suspension that
is separated into two |ayers, renoving the solvent fromthe good sol vent
| ayer, and recovering the epoxy resin. Wthout using the good solvent in
step (a), aliquid epoxy resin as is can be subjected to step (b), or a
solid epoxy resin can be heated and nelted and then subjected to step (b).
Even if the 3c0oser (ragk candepgaidl takpie OvtesiBy thisybproselatisgurities consdinesdn The
epoxy resin Ehat can be used here naé be commercial products or

synt hesi zed BhEY Mefegakean pdsuberamovabtangd dscrang aFapyrty and eegd merigdng as it
is of a phenol araIE | type . epoxy resin. Specific exanples include phenol
aral kyl type ORpE" ééwﬁégﬁﬁoduced by gl ycidyl ating pol ymers (pheno

| Kyl i h | d h h I d ht hol ith
E? §m¥i "5 koxymarhor sheiRALT a0 eb hebt R abuR e R Le‘s’m:df W| t
Foxy! A |
dea b1 o met oo ARt RS oty bes (RSAGMBIRTEIRNLY (i) benzene,
L, 4-bi's (et hoxy e fiyd Qt%gﬁﬁ%lwﬂgig?@ﬁlﬁﬁmﬁ PUTBRIVEDY schverk, sRLANENY!

and 1, 4-bi s(brononet hy enzene), as phenol "aral kyl type epoxy
resins prod oRY &y 13l @il yodtils 0v AR YA BRiSo b 6NGh e Aokl rhdin bESiHAS) Of
phenol conpounds, such as phenols and naphthols, and aromatic

di chl or onet kylvent( such as (x, a' -di chl oroxyl ene and bi schl or onet hyl bi phenyl ).
Good sol vents used in the above descri bed manufacturing nethod i ncl ude

ket one- based sol {henmtssstepef mpdipatednixolre ehtagied et biep {Dastida salvestripsor
non-protonic, polar, high boiling point solvents, or aromatic

hydr ocar bon&olvepbén pihichexifinstiesaliaidighge fungtiprs enchersiées 18 shevensesy resic Andis
acetone, nethyl ethyl ketone, t hyl isobutyl ket one, cycl opentanone, and
cycIohexanoH@ﬁ¥@§§ AL lpse 8Pty Rigt © wlsivipslagsgparabet A8, but yl

(c) the step of separating the solution or suspension that is separated into two
layers, removing the solvent from the good solvent layer, and recovering the epoxy
Tesin,

Without using the good solvent in step (a), a liquid epoxy resin as is can be
subjected to step (b), or a solid epoxy resin can be heated and melted and then
subjected to step (b). Even if the good solvent is used, the resin may be heated and
melted.

The epoxy resin that can be used here may be commercial products or
synthesized ones. The structure is not particularly limited, as long as it is of a
phenol aralkyl type epoxy resin.  Specific examples include phenol aralky! type
epoxy resins produced by glycidylating polymers (phenol aralkyl resins) of phenol
compounds, such as phenols and naphthols, with aromatic alkoxymethyl compounds,

hydroxymethyl compounds, and halogenomethyl compounds (such as 4,4'-
bis(chloromethyl)-1,1-biphenyl, 4,4'-bis(methoxymethyl)-1,1'-biphenyl, 1,4-
bis(chloromethyl)benzene, 1,4-bis(methoxymethyl)benzene, 4,4'-
bis(hydroxymethyl)-1,1'-biphenyl, and 1,4-bis(bromomethyl)benzene), as well as
phenol aralkyl type epoxy resins produced by glycidylating polymers (phenol aralkyl

I1



acetate, ethyl butyrate, carbitol acetate, and y-butyl ol actone, ether-based

sol vents such as tetrahydrofuran, dioxane, and propyl ene glycol nononethyl

et her, non- protonic, polar, high boiling point solvents such as

N- et hyl pyrrol i done, di net hyl sul f oxi de, di et hyl sul f one,

di met hyl f ormam de, and di net hyl acetam de, aromatic hydrocarbons such as

tol uene and xylene, and the |like, and anong these, ketone-based solvents

or ester-based solvents are preferred. These nay be used alone, or may be

used mi xed VEERS)Of RB¢NoS pmapyngds, igh as phenchvey reehthet avhaiomitibe sel ect ed
or solvent described bel ow as well.

erre s el oy ‘ |
ESPSQXSLLPS,M Ofg%%n}ﬁa@ﬁg%%@'-sgah&epwe@ peo1ychlasapptiyirgienibe used, a

i f | ut i be f d wi t hout forming two-| tion.
U orm S0l Ut op SaNRELBLIER L Lhout et er iR Lol Agnaseparat ion.
The good ol ViRE Begplchis, LaLTBRa (SR A b N Al Plyhic At S1 1

aPPT OPY | 3t el (i SEhERHAN, Of aihif R URRL oot G i 3N of the

bi functi onal T remal ni Ag I'n esi n. Poor ‘solvents‘used in the

above descrk@%ﬂe%@ﬂﬂ%@ﬁ%%&%ﬂﬂlﬁ?&ﬂﬂﬂmiH@hﬁﬁ&hyﬂhﬁ&ﬂ?h%ﬂnh%k%ﬁﬁdQ&%ﬁg
sol vents, ester-based solvents, and aliphatic and aromatiic hydrocarbons,

and these mayclbgenvaions, HaRyaloRtNGons enbised\WBRhRsublehng@hl Rente, begl vent
or not depends on the resin used, but the elution of the resin into the

poor sol veatetats, athgidotyaune, caddaisolaatbiaie, amdmpbatyldactpogthesbyedissivdsiscri bed
above, organic solvents are preferred. Specific exanples include al cohols
such as et heehals tetradiyfiepfiaran, diswpreopyd prapglehoklycblunamohethgt ¢ilgrenen-gl ycol ,
and propyl ene glycol, linear 12 ketones such as nethyl isobutyl ketone and
3- hexanone, P&, Pokiczl Sodingyoinisetvanis suclhys Nimetewpatrelidensd et hyl

P oponat e LRSI R 2SBnnns S LN RILEDF R

et or - basedt oAy SRFeCREB T B AR LB R SIAR AR BRI S e sol vent.

These may DEliehsed solvents or ester-based solvents are preferred.  These may be used
alone, or may be used mixed with other solvents. But, the good solvent should be
selected considering the combination with a poor solvent described below as well.
For example, if solvents having polarity close to each other are used, a uniform
solution can be formed without performing two-layer separation.  Alternatively,
depending on the combination, it is also possible that only a colloidal dispersion is
formed. Therefore, the combination of the resin, the good solvent, and the poor
solvent needs to be considered appropriately. This selection of the solvents
determines the amount of the bifunctional compound remaining in the resin.

Poor solvents used in the above described manufacturing method include
alcohols, ketone-based solvents, ester-based solvents, and aliphatic and aromatic
hydrocarbons, and these may be water containing solvents. Whether being a poor
solvent or not depends on the resin used, but the elution of the resin into the poor
solvent is important. Basically, among the poor solvents described above, organic
solvents are preferred.  Specific examples include alcohols such as methanol,

ethanol, 1sopropyl alcohol, butanol, ethylene glycol, and propylene glycol, linear
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al one, or may be used m xed with other solvents. The description of each
step in the above described manufacturing nethod w |l be added bel ow. Step
(a): The amount of the good solvent used is 500 weight % or |ess,
preferably 100 wei ght %or |ess, based on the resin. The heating
tenperature is fromroomtenperature to 200C. Resins that are dissolved or
are liquid at room tenperature need not be heated. Step (b): The anpunt of
t he poor solvent used is 50 to 1000 weight % preferably 50 to 300 wei ght
% based on KeHes ahs methyisghygyl ketone angp drsengsecestess SIﬁiﬁraﬁ@Fhﬁl AeAtENg,
stirring, and reflux, so at the resinp is sufficiently di spersed. The
purity and sbawéﬁf‘rtﬂ@aifmﬁﬁ%fowﬁaa% RYALHCRAFOGEROAS el e XBRE. PEHERGI | ed by
the conbination.of the gpod solvent in ste a nd .t he poor, solvent in
step (b andd e S S8R theEeaisrit BobRER: lrgaler nt i o

hi gher, if t . of Lf:unctional ¢ nd is. less. For the phenol
nralkyl ypeo BTN ol Sl R AR BRI B o T SrerPied ea, Pdue
to the specigfj, gt fo J r | t be

sel ectivel ySr ermIS/g%&gfo%ﬁgé%gg%ﬁézcggﬂggégﬁi i tasgﬁlgﬁéhar?&gggg@g??%g%net hod

of the pres@nhel AUENL bOMsed TRk e@XAAREor sWRERsMet hyl i sobutyl ketone is used
as the good sol vent,” nethanol is used as the poor solvent, and the phenol

aral kyl type epOxydésesiption 6f édt8 sRPAXhel BSV O d&fcried eaal fab@F Y haetksl) . the
nol ecul ar weight distribution of the epoxy resin contained in the nethanol

i s such thatill heatdegdimdiw.onal conpound is 60 area % or nore, Step (c): in
step (c), the standing tinme fromstep (b) is not particularly specified,
as | ong as the stage) ofhetampunaytihegopdsalyerdnised isddhivesight, Yolonlesst is
preferably 13 10 mnutes to 5 hours as a standard. Finally, the solvent is
recovered fPGHreME 109 srpigtidaeor s hagadray the &pfivi nhbe hratipe SIMREGIVENS | ayer

:[alhgg)eg)(;’ss} B?rg}r&égghpﬁggrg%rg&laé@éc’gl,vﬁegi%? tﬁaegz(eydigs%?\ife% oCr%?e 1(?1158 ng %io%ed. 't s
temperature need not be heated.

Step (b): The amount of the poor solvent used is 50 to 1000 weight %,
preferably 50 to 300 weight %, based on the resin.  In mixing, it is preferable to
perform heating, stirring, and reflux, so that the resin is sufficiently dispersed. The
purity and softening point of the epoxy resin obtained can be controlled by the
combination of the good solvent in step (a) and the poor solvent in step (b) and the
amount of use. For example, the softening point is higher, if the amount of the
bifunctional compound is less.  For the phenol aralkyl type epoxy resin to which the
present invention is directed, due to the specificity of its structure, the bifunctional
compound can be selectively removed by the above described suitable manufacturing
method of the present invention. For example, when methyl isobutyl ketone is used
as the good solvent, methanol is used as the poor solvent, and the phenol aralkyl type
epoxy resin is the epoxy resin of general formula (4), the molecular weight
distribution of the epoxy resin contained in the methanol is such that the bifunctional
compound is 60 area % or more,

Step (c): in step (c), the standing time from step (b) is not particularly

specified, as long as the stage of two-layer separation is achieved, but it is preferably
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nol ecul ar wei ght compounds by repeating these (a) to (c). The epoxy resin
obt ai ned as descri bed above is an epoxy resin mainly conprising a
trifunctional or higher conpound having low crystallinity, and its epoxy
equivalent is 270 g/eq or nore, preferably 280 g/eq or nore and 350 g/eq or
| ess. The softening point of the epoxy resin obtained is 60C or nore,
preferably 70C or nore, and, further, 130C or less, nore preferably 110C
or less is preferred in terns of easy use. Next, the curable resin

conposi t i on l@fninwEs pr &sewts 35 astandien Kinajly phe gelyentipeaovergh&oauihgbl e resin
conposition of the present invention contains the epoxy resin of, the
present i nvEHPHBIET AR aHCIIGRIONE 48R APOT SOR erhiBYdluthsnthy, HigdangelcRiivpelsi ti on

conprising th oxy resin,of the present .invention and curing agent as
essent | al - cOIION EREEPORRECSHL VDS SRS Tf i S5t RRSEIRLe (O ReTIPBIFCaR be usod
al one or in_conbinati W th ngﬁ; e&&xxtresigs. When used in conbination,
t he proportP%%mBFIPﬁEggﬁggvoP% i ISP %?8% ﬁP(?%vention in an epoxy
resin is prefera i % 0r Le,.: refer : ght % or

rore | The epoxy rdamnYSEalebt Rl TR Crin IRE G RELELROLY S MERATR 200

addi tive or cgmgidiheh triﬁl%tiér%?Bf‘hi%ﬁé}’ﬁt%%iﬁobﬁ@ﬁaﬂhb%w%{}gﬁlﬁd?@ Ghy @bl e resin

conposition of the present |nvention, ‘and can T npro flexibility, heat

resi stance, ¢@i§ dqiRaldnk B 27dsgiad bymodel preferaloN8OA e & AGE ahibBbeL/gaiyponent s
and a thernopl astic resin as nodifiers in order to inprove property such

as toughneskss.but it is a well known fact that this generally decreases
mechani cal properties such as heat resistance in exchange for toughness.
However, the epoky sofehmggfoidthd tier geentesimolgnined s 60 oradorfey pefogdyt y

Wi t hout decreasing heat resistance, even if it is used as an additive. 14
Speci fi c ex#ipl esnofe, anddurthgoldP Casiless, nbwtprefzrebbe 1 Lofbomest inprafertdde epoxy
resin of the present invention include glycidyl ether-based epoxy resins
produced by? terms of easy use.

Next, the curable resin composition of the present invention will be described.
The curable resin composition of the present invention contains the epoxy resin of
the present invention and a curing agent.

In the curable resin composition comprising the epoxy resin of the present
invention and a curing agent as essential components, the epoxy resin of the present
invention can be used alone or in combination with other epoxy resins. When used
in combination, the proportion of the epoxy resin of the present invention in an
epoxy resin is preferably 5 weight % or more, more preferably 10 weight % or more.
The epoxy resin of the present invention can also be used as an additive or modifier
for resin compositions other than the curable resin composition of the present
invention, and can improve flexibility, heat resistance, and the like. Usually, it is
general to add rubber components and a thermoplastic resin as modifiers in order to
improve property such as toughness, but it is a well known fact that this generally
decreases mechanical properties such as heat resistance in exchange for toughness.
However, the epoxy resin of the present invention can modify property without

decreasing heat resistance, even if it is used as an additive.
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gl ycidyl ati ng pol ycondensat es of bi sphenols (such as bi sphenol A, bisphenol
F, bisphenol S, biphenol, and bi sphenol AD) and phenols (such as phenol,
al kyl substituted phenol, aromatic substituted phenol, naphthol, alkyl
substituted naphthol, dihydroxybenzene, al kyl substituted

di hydr oxybenzene, and di hydroxynapht hal ene) w th various al dehydes (such
as fornmal dehyde, acetal dehyde, al kyl al dehyde, benzal dehyde, al kyl
substituted benzal dehyde, hydroxybenzal dehyde, naphthal dehyde,

gl ut ar al dehyde, Phthff akateplpslef otberotronakaaistliat caabd combmed mathddhyteyy

pol yners of phenols and various di ene conpounds (such as

di cycl opent agfiefbthepessgenasentipnnytlodesiopidxeriber-brsedeparadieneproduced by

vi nyl nor bor nene t et r ahydr oi ndene, . dj vi nyl benzene, divinyl bi phenyl,

di i sopr opengtsiPHag polvipndensatss of bispbenoddsrene bisgispooartishsaeldd” of

henol d k h tone, methyl. et t one, hyl isobutyl
Retone.  acebURiERORe DRI bBILRHENaHAD) pbp e phiaReIor PRyl | T ost n)
of phenol s ‘é%?]ﬁ@%@g@%g&ﬁ%‘éé’tﬁc@@%&‘ﬁedja%gﬁo UndS ol BT Y IR Y L SARBOUNdS,

and hal ogen

. 3 bi o( chrupdrekshetzens, AR Mbsie e anpUEbELURKY Mok Milpte deybasgh gRREY!
bi s(hydr oxy gefRMbibud allichRicR &Y bs ra3RAIdkh dé'a%ét?fd@%&@&i‘&%ia)&%géé“e) 1N
f abifun [ co d re than 20%

which the content o ctiona ound Is

pol ycondensgéesidehydd) s entitta@nsenraldeBu, BYdekysiasaldaly@ehol s, and the
| i ke; alicyclic epoxy resins; glycidyl am ne-based epoxy resins; glycidyl
est er - basedngpobatdetedendutasaddehiyie philiedaldetide, ablerlidebaley atiesi ns are not
limted to these as long as they are epoxy resins usually used. These may
be used al osiepamaldtiiegrpoloners of phéredeandmarives dad compotivls (sushalsl e resin
conposition of the present invention, the curing ggents_ i ncl ude, for
exanpl e, anflifEclpperser erspRsDengs, Vimdrrlolfrpae ingek B aadencs sy bioR nene,
am de- based conpounds, pheno| - based, conpouynds, and the |ike. ecific
exanpl es of fqrﬁgyﬁaﬁnﬁﬁ@ea &g‘@ﬂxlgewaﬁ EenyhEhsar dﬁ‘ﬁ%fﬁﬁ@,}’&b&ﬁie“b{gg’uﬁdﬂﬁr’t@ed to,
am ne 15 and isoprene), polycondensates of phenols and ketones (such as acetone, methyl
ethyl ketone, methyl isobutyl ketone, acetophenone, and benzophenone), polymers
(phenol aralkyl resins) of phenols with aromatic alkoxymethyl compounds,
hydroxymethyl compounds, and halogenomethyl compounds (such as 4,4'-
bis(chloromethyi)-1,1'-biphenyl, 4,4'-bis(methoxymethyl)-1,1*-biphenyl, 1,4-
bis(chloromethyl)benzene, 1,4-bis(methoxymethyl)benzene, 4,4'-
bis(hydroxymethyl}-1,1-biphenyl, and 1,4-bis(bromomethyl)benzene), in which the
content of a bifunctional compound is more than 20%, polycondensates of
bisphenols and various aldehydes, alcohols, and the like; alicyclic epoxy resins;
glycidyl amine-based epoxy resins; glycidyl ester-based epoxy resins; and the like,
but other epoxy resins are not limited to these as long as they are epoxy resins
usually used. These may be used alone, or two or more of these may be used.

In the curable resin composition of the present invention, the curing agents
include, for example, amine-based compounds, acid anhydride-based compounds,

amide-based compounds, phenol-based compounds, and the like. Specific

examples of the curing agents that can be used include, but not limited to, amine-
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based conpounds such as di am nodi phenyl net hane, di et hyl enetri am ne,
triethyl enetetrarnine, diam nodi phenyl sul fone, and isophoronedi am ne,

am de- based conpounds such as di cyandi am de, and pol yam de resin

synt hesi zed by dinmers of linolenic acid and et hyl enedi am ne, acid
anhydri de- based conpounds such as phthalic anhydride, trinellitic
anhydri de, pyronellitic anhydride, maleic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, nethylnadic anhydride,
hexahydr ophttiaatd eorapriwds butd, as alrdninediphénéxathyoe, opith Hendtgaraimby dr i de,
phenol - based conpounds such as pol ycondensates of bisphenols (such as

bi sphenol  Ariethyippistaming, dismsistidpisnyisulfenep hehsbpharptedinighetivideAByedand
phenol s (such as henol , al ky]. substituted phenol, aromatic substituted

| ! .
phenol , napKCREPUNG fgh as dighatdizmidedanlapmyarere refith§yaEssizadpy iaers 8f ky|
bstituted. di hyd b ._and. di hydroxynapht hal i th i
al dehydes ( HIFMLAT FHLT BURYURI Rectald ABHEC Dt progatygh o
oot nong LA Ry DA e SRR BBk e
i | deh . i i . ) h
¢l nnanal de é«g?%hggﬁ%hmé ﬁn}gfdn@?,ﬁrg?t'é@g?[g% §€J '(lal,ffqléﬁcqgl@{ﬁﬁld Omyfﬁqgm(suc as

di cycl opent t er penes, nor adi‘ene;

vi nyl nor bor ReRgiridet BA-LARKER RNy dABY iy oy hiydi LhpRervk
diisopropenyl%ﬁghghylﬁ %ﬁtgdiene, yand’ﬁsogggﬂ%§?&%%$?ggﬁggaga?§s of

phenol s and pkéatodnased sxghungs achtaopelycorddivitebiBitpHeationaich ABbphedsiobut yl
ket one, acet ophenone, and benzophenone), polyners (phenol aral kyl resins)
of phenol s W, bispheraridt bepldnodRyliphdndl, andiplings] Ay srdophenels iiycheanmpound,
and hal ogenonet hyl conpound (such as 4,4'- bis(chloronmethyl)-1,1"-biphenyl,
4, 4' - bi s( merhenoyredkHyshihstityted phénshemginatid substibitsi iehol oaptthnl] 3lkehzene,

1, 4- bi s( et hoxynet hyl ) benzene, 4, 4'- bis&h droxynethyl)- 1,1'-biphenyl, and
1, 4- bi s(br oﬁiﬂ%i%?‘i Pasbhebriiydropdiepemedelisbbstitgred pryLEREENSr Uit i C

Rt TE RN NN e SR S L]
these, im d%ﬁ?ﬂa?deh?de? 'ﬁ%ﬁ%ﬁ‘&e%?zd&%ﬁ@l Slostituted benzaldehyde, hydroxybenzaldehyde,
naphthaldehyde, glutaraldehyde, phthalaldehyde, crotonaldehyde, and

cinnamaldehyde), polymers of phenols and various diene compounds (such as
dicyclopentadiene, terpenes, vinylcyclohexene, norbornadiene, vinylnorbornene,
tetrahydroindene, divinylbenzene, divinylbiphenyl, diisopropenylbiphenyl, butadiene,
and isoprene), polycondensates of phenols and ketones (such as acetone, methyl
ethyl ketone, methyl isobuty! ketone, acetophenone, and benzophenone), polymers
(phenol aralkyl resins) of phenols with aromatic alkoxymethy! compound,
hydroxymethyl compound, and halogenomethy! compound (such as 4,4'-
bis(chloromethyl)-1,1'-biphenyl, 4,4'-bis(methoxymethy!)-1,1'-biphenyl, 1,4-
bis(chloromethyl)benzene, 1,4-bis(methoxymethyl)benzene, 4,4'-
bis(thydroxymethyl)-1,1-biphenyl, and 1,4-bis(bromomethyl)benzene),
polycondensates of phenols and aromatic dichloromethyls (such as o, o'~
dichloroxylene and bischloromethylbiphenyl), polycondensates of bisphenols and
various aldehydes, and modified ones of these, imidazole, a BFs-amine complex,

guanidine derivatives, and the like.
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guani di ne derivatives, and the like. 16 In the curable resin conposition of
the present invention, the anmount of the curing agent used is preferably
0.5 to 1.5 equivalent, particularly preferably 0.6 to 1.2 equival ent, per
1 equival ent of the epoxy groups of the epoxy resin. If the anmount is |ess
than 0.5 equivalent or nore than 1.5 equival ent per 1 equivalent of the
epoxy groups, in either case, curing is likely to be inconplete, so that
good curing property may not be obtained. In addition, in using the above
descri bed curi ng ladengusable msinmpmastiosraftter presaminviestiero ths aiselnt Cfitheng

accel erators that can be used include, for exanple, _imdazoles such as

2- et hyl i mi FH5ER8Ze Ui IPr§iPakbdl. e fo 2 il enkirggissiasly nipigraply 0.6 to

et hyl -4-nmethyl i mi.dazol e, tertiar i nes such as .

2- (di met hy! ;lln# ﬁ%%ﬂf}ﬁ% PP oy P?ﬂiewpéﬁémuaﬁpﬁ@? PPreiEnolGhEne, and

1, 8-di azabi cycl ol 5.,4. Q] u cene-.7, Organi osphines such as

tri phenyl phgsnp%%kg,lesa%%er}ﬂ§Ie%lﬁ&lsm ?{d’fqo%?ﬁga% f‘?ﬁﬂ?'wlﬁﬁto%eﬁﬂi Givalen phthe
conmpounds s .0 -octwl , i tut p I, U .
tetrasubstigﬁ?@ﬁgm%ggé?g&%ﬁghﬁﬁgﬁfé{gz%% H?ﬁ%ﬁ@%% o%?ﬁ%ﬂpgﬁgggﬁgﬁ9¥borate

and tetraphespeRhRSPRBE WMSiday! tri phenyl borate, tetraphenylboron salts
such as 2- ethyl-4-nethylimdazol e tetraphenyl borate, N-nethyl norpholine

t et raphenyl bor at & addieh, ihgsihd KR ablos dtREbaMmBHMg entsheurGurdcbdeese!l er at or
when it is used, 0.01 to 15 parts by weight of the curing accelerator is

used as requiayee, condsied. 0Cuting apesléatdry thayednghd usedl iddhalee fperamer] n.

Furt her, various conpoundi ng agents, such as inorganic fillers, silane
coupl i ng naireidaadlss suchlae dsecthgemidazornt-efiyimaddzsle, Antendimmasolevardbset ti ng
resins can be added as required to the curable resin conposition of the
present i nvewyl-grinethylipidgeaie.dertiary apines gethase-(duethslminpmethedpbeiol,powder s
of crystalline ﬁilicah fusﬁg silica, | um_.na, . zircon, calciumsilicate,

cal ci um car Bt encdignine dredapalpagie. and | SotiazipiorFlal-4 Obudseensr 1 o efaic
zirconia, o Shfied Such s SIS BIMSY, difhehfiphdupnicl S A osphise, 2N
metal compounds such as tin octylate, tetrasubstituted phosphonium tetrasubstituted
borate such as tetraphenylphosphonium tetraphenylborate and
tetraphenylphosphonium ethyltriphenyl borate, tetraphenylboron salts such as 2-
ethyl-4-methylimidazole tetraphenylborate, N-methylmorpholine tetraphenylborate,
and the like. For the amount of the curing accelerator when it is used, 0.01 to 15
parts by weight of the curing accelerator is used as required, based on 100 parts by
weight of the epoxy resin.

Further, various compounding agents, such as inorganic fillers, silane
coupling materials, release agents, and pigments, and various thermosetting resins
can be added as required to the curable resin composition of the present invention.
Inorganic fillers include, but not limited to, powders of crystalline silica, fused silica,
alumina, zircon, calcium silicate, calcium carbonate, silicon carbide, silicon nitride,
boron nitride, zirconia, forsterite, steatite, spinel, titania, talc, and the like, and beads
obtained by making these spheric, and the like. These may be used alone, or two or

more of these may be used. These inorganic fillers are preferably used in a

proportion of 50 to 90 weight % in the curable resin composition, in view of the heat
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obt ai ned by making these spheric, and the |like. These maybe used al one, or
two or nore of these may be used. These inorganic fillers are preferably
used in a proportion of 50 to 90 weight %in the curable resin
conposition, in view of the heat 17 resistance, noisture resistance,
mechani cal properties and the like of the cured material of the epoxy
resin conposition. Further, publicly known additives can be conpounded as
required to the curable resin conposition of the present invention.

Speci fi ¢ exdfpblesceoMmogide resseces Maghanamsl pepases aphikeldide oftheymieddi ene and
nodi fi ed pol ybut adi ene, nodified acrylonitrile copolyners, polyphenylene
et her, pol ydt3ieRHel thotppsy KSALFENPYHISH ni de, fl uororesin, nal ei m de-based
conpounds, cyanate ester-pased co unds, silicone el, silicone oil,

i nor gani ¢ fiIIeri:”gE%rhp‘é@wi‘YEﬁ‘%’&}a luvﬁsrf&P%&&PespaW?g%ﬁ&v@?ta tz

B U num i P e dapaiop SRR S pritaCivEeiier SrEnaSE-Ppis of G °°
nonwoven 1 i Gun BL LA RANGC KRB s SHE LAPROLBALIRAL ARRN! Aclitfegl 11 €7

such as sil ane coup ; ease agents, orants such as

car bon Dbl ack.~phihal QGXARKGE, Iﬁﬂwieﬁgl@ge %%ﬂﬁ;loggﬁ?%%e? oly8th§ fele é@]ﬁﬁﬁ% abl e

resin conposition of t'he presen ention’i's ned by’ unifornm y mxing

the above demefi-bed £ABRANERLSE th‘%th'&@'@%rﬁ]af@&ité?—kﬁ%mﬁdL@Bs, fcohbe
present invention can easily be turned into its cured material by nethods

simlar to gehviiobiosialihorghiiovenaibbds siliEgrahexaaplaisiuhhartousedquatzer i al
can be obtained by sufficiently m xing epoxy resin, a curing agent, and,
i f needed, a@owdes, agmimoo ebedat, @raphite, talvoclganiran dkifi¢, ertzniamconge ahdiimgnagent ,
and various thernmosetting resins, using an extruder, a kneader, a roll, or
the like, asitriéyushestds, wiai plasseovidont gless filies, glasstopwovenfabbeadieartag cur abl e
Composi {1 onTBgF: STHGF (TR R AETILHGH o SEeAoTIaRe FOIPUPRGEREE RGBS an |
2: Bjr te ﬁ; on rrgée%i’tsr,]%nggglgpa%’cs Sk ggpgrgcs)g %%@k,naltggfg%a%te%?ge’, 254 pﬁt?lglolc%/é(n?ﬁe and

green.

The curable resin composition of the present invention is obtained by

uniformly mixing the above described components. The curable resin composition

of the present invention can easily be turned into its cured material by methods

similar to conventionally known methods.  For example, the cured material can be

obtained by sufficiently mixing epoxy resin, a curing agent, and, if needed, a curing

accelerator, an inorganic filler, a compounding agent, and various thermosetting

resins, using an extruder, a kneader, a roll, or the like, as required, until the mixture

1s uniform, to obtain the curable resin composition of the present invention, molding

the curable resin composition by a melt casting method, a transfer molding method,

an injection molding method, a compression molding method, or the like, and further

heating it at 80 to 200°C for 2 to 10 hours.

The curable resin composition of the present invention may comprise a
solvent in some cases. The curable resin composition comprising a soivent can be

turned into the cured material of the curable resin composition of the present

invention by impregnating with it a substrate such as glass fiber, carbon fiber,
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heating it at 80 to 200C for 2 to 10 hours. The curable resin conposition
of the present invention nay conprise a solvent in sonme cases. The curable
resin composition conprising a solvent can be turned into the cured
material of the curable resin conposition of the present invention by
inpregnating with it a substrate such as glass fiber, carbon fiber, 18

pol yester fiber, polyamde fiber, alumna fiber, or paper, heating and
drying the substrate to obtain a prepreg, and heat press nolding the
prepreg. Theobwesteefiberppolythaledtieverttmim fibiei, or papabhatingshd dgompthei tion is
general ly about 10 to 70 weight % preferably about 15 to 70 wei ght %
based on’ t heubstag toabiame pofpreshand beaitiress medding theopropesit | dhe epnterelpr esent
invention and the solvent. In addition, the curable resin conp05|t|on
conpri si ng thesalng Enthiscarble &sinromRsiionds gatenstabosh I § EnT & wesdl tee,  f or

I - but m de-b I h lid
i L
di et hyl d I h | f
e e G

I | di I I I
Tty Syt v i i e

preferably I‘&V@FungIe%(Z—Ibﬁgﬁ%la&Io}I&o Iaﬁn(})er@ase@ﬁolg{:( fith QB as Al Ifr}'eIthﬁ{JfYII'%lsdo

ket one- based so as net et hy etone and neth i'sobut tyl

ket one, pref m?lmwumh&mfmmawhe I@MT)Q\IINldMUtH}I]ade\tde@I &dNgl.oups may be

t he sanme or erent, and aronati ¢c-based sol vents such as tol uene and

xyl ene. Thesdgnaylinhidatdeidhaleongfones siachnis xachnsohMardsulddnd wheobagedr e of

t hese may be used. A sheet-like adhesive can be obtained by applying the
above descr fdiechts sushms dietloriene gletdakmethy] ether irtyilang gl slodtvnd mthennder
heating, and achi eving B-stage This sheet-|ike adhesive can be used as an
i nt er - | ayer Piopglenaglysel mag@neﬁhml dheruprapyepe slycslibsremet@yhbetfier he | i ke.

monoacetate, and propylene glycol monobutyl ether, preferably lower alkylene
glycol mono- or di-lower alkyl ether, ketone-based solvents such as methyl ethyl
ketone and methyl isobutyl ketone, preferably di-lower alkyl ketone in which two
alkyl groups may be the same or different, and aromatic-based solvents such as
toluene and xylene. These may be used alone, or a mixed solvent of two or more of
these may be used.

A sheet-like adhesive can be obtained by applying the above described
varnish on a release film, removing the solvent under heating, and achieving B-stage.
This sheet-like adhesive can be used as an inter-layer insulation layer in a multilayer
substrate and the like.

The cured material obtained in the present invention can be used in various
applications. Generally, applications include various applications in which
thermosetting resins such as epoxy resins are used, for example, adhesives, paints,
coating agents, molded materials (including sheets, films, FRPs, and the like),
insulation materials (printed boards, wire covers, and the like), and sealants, as well

as additives for other resins and the like.
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The cured material obtained in the present invention can be used in various
applications. Generally, applications include various applications in which
t hernosetting resins such as epoxy resins are used, for exanple, adhesives,
paints, coating agents, nolded materials (including sheets, filnms, FRPs,
and the like), insulation materials (printed boards, wire covers, and the
like), and sealants, as well as additives for other resins and the I|ike.
19 Adhesives include adhesives for civil engineering, construction

aut orobi | es,  gereihgsivesmipeluge athespics foredvib engieeeriag, wositiionaautappaisisves f or
electronic materjals. Anong these, adhesives for electronic materials

i ncl ude i nt ¥V RAPCHUPE s ivFbEedigR! capgy g el yie AARaIHSE Fft SN a8 Y | d- up
boards, adhesives .for aenico ductors, such as . dje bondingﬁﬁgent and

under fills, ‘RS IGHs AP EaWAGFRGISTRITIAS RATEPicr ey ef fhespentor
canduct i ve AuutBILeRERERLERRISHaN B sondTopdi Lt PR R B g
Gonauetive o = 1 Re . " odes.
R e R e S T T s
O, TAB anbGRRsihickGrl i, 3810 dolorn dHIRE (AKD) LALoikdifogili ps and the

i
| i ke, sealing in packagi ng | C packages suc , and CSPs

(i ncludi ng yag®rfivé b@tésqrAmbbrm‘narm@Hp@t), and the |ike. Next, another kind
of the resin conposition of the present invention will be described. This

resin conpositi ofealant eamsiclulie pepoxydipesigharaf tri3ter picddimptsealingefot i on, and a
cyanate conpound represented by general formula (5): Q Qb NCO-~I OCN (5)
Q Qa i b (i sapakgofsoransissgrs,Qhodespligisentiging dddeacCspbBL, amt the likebsdtiingient or
atom sel ected from ) ) )

sealing for COB, COF, TAB and the like for ICs and LSIs, underfills for flip chips

and the like, sealing in packaging IC packages such as QFPs, BGAs, and CSPs

(including underfills for reinforcement), and the like.

Next, another kind of the resin composition of the present invention will be
described.

This resin composition contains the epoxy resin of the present invention, and

a cyanate compound represented by general formula (5):

.Ob Qb
NCO{{;\\ /(;]d/ OCN (5)
ab 9% Qb

(in the formula, Qa represents a direct bond, or a substituent or atom selected from
the group of a methylene group, an isopropylidene group, a
hexafluoroisopropylidene group, an ethylene group, an ethylidene group,
bis(methylidene)benzene group, a bis(methylidene)biphenyl group, a )
biphenylmethylidene group, a phenylmethylidene group, a bis(isopropylidene)phenyl
group, a dicyclopentadienyl group, an oxygen atom, and a sulfur atom. Qb
represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, and each

Qb may be the same or different from each other.)

20



the group of a nethylene group, an isopropylidene group, a

hexaf | uor oi sopropyl i dene group, an ethylene group, an ethylidene group,

bi s(met hyl i dene) benzene group, a bi s(met hylidene)bi phenyl group, a

bi phenyl net hyl i dene group, a phenyl nethyl idene group, a

bi s(i sopropyl i dene)phenyl group, a dicyclopentadi enyl group, an oxygen
atom and a sulfur atom Qo represents a hydrogen atom or an al kyl group
having | to 4 carbon atons, and each Qb may be the sanme or different from
each ot her. )orzenaspl fgendrdf) fornula (6): G G NCO-~I '}/ --OCN (6) Qb Q0
@ (in the fornmula, Q represents a cyclic or linear alkylene group having
5 to 10 carbon atons, or a fluorenylidene group. Qb is the sane as in
general formula (5).Qyand/ or gprepol yner prepared fromthe cyanate
conpound as a raw mdterial. The prepolyner can be obtai ned by heating the
conpound of g anp) - ﬂpgge cyanat e conpounds and their
prepol yners can be publicly known nethods. Specific exanples
of the cyanate conp sed by the above described formula (5) or

t he above descri bed that can be used in the above described
resin conposition of the present invention include conpounds having

bi sphenol t yipehsformotafegepresmits asyclic or linear alkylene group having 5 to 10 carbon

bi s( 3, 5-di et hyl - 4- cyanat ephenyl ) et hane, bis(4-cyanatepheny|Lnethane,

bi s( 3- met hy ktomse gan B eisheinany weeurand)b bithy Swes #pyin-ggnerel naladAeny| ) met hane,
4, 4-i sopropyl | denebi sphenyl i socyanate, 4, 4- )

i sopropy! i déWL,(B‘i & PRl PRPSRA fra damianage compopnd esi2 ByaRstesiBhentlld) et hane,

Lz bl cungeptend LA, oot e Btk Yenatephont) R
4, 4-di cyana o4 © ORR{AS - general formu 0 .
di (4-cyanat %RQS%Q&M&&Q%&%&%{&S adh (iﬁe"lrcﬁ/r%](%n%él%_can be obtained by publicly known

methods.

Specific examples of the cyanate compounds expressed by the above
described formula (5) or the above described formula (6) that can be used in the
above described resin composition of the present invention include compounds
having bisphenol type structures, such as bis(3,5-dimethyl-4-cyanatephenylymethane,
bis(4-cyanatephenyl)methane, bis(3-methyl-4-cyanatephenyl)methane, bis(3-ethyl-4-
cyanatephenyl)methane, 4,4-isopropylidenebisphenylisocyanate, 4,4-
isopropylidenebis-2-methylphenylisocyanate, 1,1-bis(4-cyanatephenyl)ethane, 1,2-
bis(4-cyanatephenyl)ethane, and 2,2-bis(4-cyanatephenyl)propane, 4,4-dicyanate-
diphenyl, di(4-cyanatephenyl)ether, di(4-cyanatephenyl)thicether, di(4-cyanate-3-
tert-butyl-6-methylphenyl)thioether, 1,4-bis(4-cyanatephenylmethyl)benzene,
4,4{1,3-phenylenebis(1-methylethylidene) } bisphenylcyanate, 4,4{1,3-
phenylenebismethylethylideneisopropylidene) }bisphenylcyanate, 4,4-bis(4-
cyanatephenylymethyi-1,1-biphenyl, 4,4-bis(4-cyanate-3-methylphenyl)methyl-1,1-
biphenyl, 2,2-bis(4-cyanatephenyi)-1,1,1,3,3,3-hexafluoropropane, di(4-
cyanatephenyl)ftuorene, 1,1-bis(4-cyanatephenyl)cyclohexane, 2,2-bis(4-

cyanatephenyl)adamantane, 9,9-bis(4-cyanatephenyl)fluorene, 9,9-bis(4-cyanate-3-
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tert-butyl-6-nethyl phenyl)thioether, 1,4-bis(4-cyanatephenyl nethyl)benzene,
4, 4{ 1, 3- phenyl enebi s(1- net hyl et hyl i dene) } bi sphenyl cyanate, 4, 4{1, 3-

phenyl enebi snet hyl et hyl i denei sopropyl i dene) } bi sphenyl cyanate, 4, 4-bis(4-
cyanat epheny] ) met hyl -1, | -bi phenyl,

4, 4- bi s(4-cyanat e- 3- net hyl phenyl ) net hyl -1, 1- bi phenyl

2, 2-bi s(4-cyanat ephenyl )-1, 1, 1, 3, 3, 3- hexaf | uor opr opane, di (4-

cyanat ephenyl ) fl uorene, 1, 1-bi s(4-cyanat ephenyl)cycl ohexane, 2, 2-bis(4-

cyanat ephenyP§adanemt Alverens, 3501 ¢ AYeymeratrhshidh v weresRed, O-bis(4-
o' 9 bi EE o g&g&z&&%@%@%@@g ‘XF%&%ﬁéﬁggﬁe@hm%@%byl)-1:1'-biph€ny1: and
Z3-al yl.phenyl )f _ . .
cyans & DI LSSLONE i bt i
fotr, ic nh i f | 1 4-tris(4-
coters o U o POPIEL L by T P bt O
these, the copRmONNGS.BaWinschbaphenAl PR ShENLYr e are preferred. Whi ch
d gt

cyanate conpou I's used arong ese cyanate conpounds can be selected as
appropri at e accopdiifigciarRRIngahd Assed hiBHY HIQS 8y AW O RRABEED RS

required for cured materials, and those having w de properties which are
liquid to sebdteld af appoopridte apRrdhy iCaghiRatichs! B theid MG tidREperadd is not
particularly limted, but wusing a cyanate cpnpound'conpr|5|ng _ _
2, 2- bi s( 4- cyapaté filrenyéd paepalseanl thbteshavprgepaleymeperass whieh ari liquidrponent i s
particularly preferred, because it is good in productivity, handling
property, afeldcasoomtemperdiure dwe togheipsinyatench,zindgs actayaiaialy looitpbbnt
(usual l'y producing a cyclic triner) previously is suitable for |owering the
di el ectric BUASH&RNAQERIMBIEY EERISHEehbistycyEeispaenyiirepane @h ithhen var ni sh
is prepared., In the resin conposition of the prese i nvention,, the
cyanatte cpnﬁrﬁaﬂgné?ﬁg?a}emﬂpﬁﬁiﬂp?ﬂ@}t Ii)?aéﬁ%\‘f]@_&i' PF%W?‘QLGW%‘&%WHH to;mfj as a
raw materia n ch_a _ range . proportion in e tota
we}Nght oflt rrog_gdg‘%&p%%%drl\% POPPYHH: &1 c%‘?%o;félr?ltd,dﬁmﬁ’hg eBB@ZV“F@ianCy&flatfhe
present I nVedhd fhd (Qﬁguggbﬁ&%{n@a"%c&ﬁﬁm ﬁQél%&’sy@nis%%ﬁ%mé?oﬂBweH}?é }h%”a'

conponent (her'ei nafter erref t S resin conponents) I's generafly 30 to
dielectric constant, and also for preventing recrystallization when varnish is prepared.

In the resin composition of the present invention, the cyanate compound and/or
prepolymer prepared from the cyanate compound as a raw material is used in such a
range that its proportion in the total weight of three components of this component,
the epoxy resin of the present invention, and another epoxy resin (below) used as an
optional component (hereinafter referred to as resin components) is generally 30 to
95 weight %, preferably 50 to 85 weight %.

In the present invention, a cured material that is more excellent in electric
property and the like can be obtained by combining a bismaleimide resin.
Bismaleimide resins that can be used in the present invention include polyfunctional
maleimide resins.  Specific examples include 1,3- or 1,4-dimaleimidebenzene, 1,3-
or 1,4-bis(maleimidemethylene}benzene, 1,3- or 1,4-dimaleimidecyclohexane, 1,3-
or 1,4-bis(maleimidemethylene)cyclohexane, 4,4'-dimaleimidebiphenyl, bis(4-
maleimidephenyl)methane, bis(4-maleimidephenyl)ether, bis(4-

maleimidephenyl)sulfone, bis(4-maleimide-3-methylpheny!)methane, bis(4-
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95 weight % preferably 50 to 85 weight % In the present invention, a
cured material that is nore excellent in electric property and the |ike
can be obtained by conbining a bisnaleimde resin. Bisnaleimnmde resins
that can be used in the present invention include polyfunctional maleimde
resins. Specific exanples include 1,3- or 1,4-dinaleimdebenzene, 1,3- or

1, 4-bi s(mal ei m denet hyl ene) benzene, 1,3- or 1, 4-dinmal ei m decycl ohexane,

1,3- or 1,4-bis(nmaleimdenethylene)cycl ohexane, 4,4'-dinmal ei m debi phenyl,

bi s(4- mal eirmlal@pﬁ@ﬁthjprélﬂ%ﬁéxeﬂwmg,(w(ﬂan@ﬁmid@ﬁh%ﬁwe)t@tlwwyl)me@h(me,

mal ei m dephenyl ) sul f one,, bi s(4-mal ei mi de- 3- net hyl phenyl ) net hane, bis(4 22
mal ei mi de- 3-?@%11)&(6151??3%9115*?-%@{]%%?6%1@(%1&?%% %7 Thig(d-malging e, -

B P e iR S ey P e R iy mBEHE s 4o opane.

bi 4- | ei m. deph | henyl h 3, 4- ) ..

e el e R A TR S enhrithane, 1,1 bigdaraleimfeasriidfieny! ) - 1-
h | th l.ei.m ] . j: it t f

phe et e Tl Skt 16, 10 AR By ol

benzene ringgq @ﬁiﬁnQQH%ﬂch MeBiniTBE hyd &frbe%ﬂﬁ%%ilir%%ﬁ%&ﬁfﬂﬂgﬁﬁre Bdhdthe resin

conposition of the present 1 nvention, the epoxy resin of the present

invention camn akholche ghsid 4l tgonké.nati on with other epoxy resins. Qher
epoxy resins that can be used include bisphenol A type epoxy resins,

bi sphenol F typhk thpoxyn teapmstiordéfrthe pakserityipeneipaxijie kpstyngsinpiieol novol ak
type epoxy resins, cresol novol ak type epoxy resins, triphenyl nethane type
epoxy resi ngresgtiemaintiandan disc e hegeintcadibaréioo opt! gtirer épay iresmst y ghapoxy
resins, and the like. Only one of these epoxy resins can be used, or two
or nore of EPRYdeEpdpt parshagsed airlide bigmdebphAdypd ¢poxkeesinss bisplesswpbsi ti on of
the present invention, epoxy resins conprising, the §$oxy resin of the

present i nvBRECBNOAIE NS HERENGHBRS PEsY Hrsins pisnal Mol LYPRERPPEESPd as total
epoxy resin%) gr.e UPEq in such a range thaE th%ir .
cresol novolak type epoxy resins, iriphényimethane type epoxy resins, phenol and

dicyclopentadiene copolymerization type epoxy resins, and the like. Only one of
these epoxy resins can be used, or two or more of these epoxy resins can be
combined. In the resin composition of the present invention, epoxy resins
comprising the epoxy resin of the present invention and other epoxy resins
(hereinafter referred to as total epoxy resins) are used in such a range that their
proportion in the resin component is generally 5 to 70 weight %, preferably 15 to 50
weight %.

The resin composition of the present invention can also contain a phosphorus
compound as a flame retardancy providing component.  The phosphorus containing
compound may be of reaction type or addition type. Specific examples of the
phosphorus containing compounds include phosphoric esters such as
trimethylphosphate, triethylphosphate, tricresylphosphate, trixylylenylphosphate,
cresyldiphenylphosphate, cresyl-2,6-dixylylenylphosphate, 1,3~
phenylenebis(dixylylenylphosphate), 1,4-phenylenebis(dixylylenylphosphate), or
4,4'-biphenyl(dixylylenylphosphate); phosphanes such as 9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide and 10(2,5-dihydroxyphenyl)-10H-9-oxa-10-
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proportion in the resin conponent is generally 5 to 70 weight % preferably
15 to 50 weight % The resin conposition of the present invention can al so
contain a phosphorus conpound as a flame retardancy providi ng conponent.
The phosphorus containing conmpound nmay be of reaction type or addition
type. Specific exanples of the phosphorus containing conpounds include
phosphoric esters such as trinethyl phosphate, triethyl phosphate,

tricresyl phosphate, trixylylenyl phosphate, cresyl di phenyl phosphat e,

cresyl - 2, 6- dibeyPRAPBeRANG KBRS Hirpside; DI splan goripiasicspakx o peings phtsssiiat e) |

i R e —

T0(2. 5. a1 ny a3 EREngT DRBREG 0 AIa 16 199 BRoR RN R h PR O 20 e

o The. act FoB e R o A B e sl nnee” red phosphor us,
apoxy comod i R R e, B B P R R aCbnat o)
1, 4- pheny! et&ﬁmeﬁ#@ai&yiyyé@mhbwﬁeq,hﬁﬁ hosfhdhus c&itm&%&agﬁ} wﬂnﬁg{a}é'ﬁ@%p

hate), and phosphorus  contai ni ng epoXy compounds aré& artic

preferred. bartichRrkgstRRre@NPRShé r&h &mpdiaidH FI8Obreké 8lenhn, thhoient ent
of the phosphorus containing conmpound i's preferably phosphorus contai ni ng
conpound/ t obéithegpoxpharesiantainilg tompodhdis phéfefhibly glioshesas chiginfdgame
retardancy is insufficient, and at 0.6 or nore, there is a fear that the
noi st ur e absempeyrshitopal eperit igsinam@l 1 de lcectAti®! pr Bpe itheyflahe tdiardenayad nat eri al
are adversely affected. The resin conposition of the present invention can
conpound a Hishtiienteyidrat Ofsonmaergi thee if @ fparghuvbe modstdre Rhsdrptiompiopartabi | ity

of the composjtion.. Binder resins .include, but not |imted to,
but yr al -bas@’?)‘J itj‘égjicﬁéc,pr&E‘aTya?ﬁE%%‘érﬁdP@é?r AKX Bt resi ns,

Xy- nyl on- resin NBR- ph | - resin Xy- NBR- :
epoxy-nylo base?he reessm cso’mpOSItlo o?gqe prgge%?gnvereltslon ga’n ceorr)r?p ndabl]fll3 e?‘?gsm

as required to improve the film formation ability of the composition. Binder resins
include, but not limited to, butyral-based resins, acetal-based resins, acrylic-based
resins, epoxy-nylon-based resins, NBR-phenol-based resins, epoxy-NBR-based
resins, polyamide-based resins, polyimide-based resins, silicone-based resins, and the
like. The amount of the binder resin compounded is preferably in such a range that
the flame retardancy and heat resistance of the cured material are not impaired, and
generally 0.05 to 50 parts by weight, preferably 0.05 to 20 parts by weight of the
binder resin is used as required, based on 100 parts by weight of the target resin
component.

A curing accelerator can be added as required to the resin composition of the
present invention. The curing accelerator is not particularly limited, but includes
organic metal salts or metal organic complexes of iron, copper, zinc, cobalt, nickel,
manganese, and tin, imidazoles, and the like. Organic metal salts or organic metal
complexes specifically include naphthenic acids such as zinc naphthenate, cobalt
naphthenate, copper naphthenate, lead naphthenate, and zinc naphthenate; octyl acids

such as tin octylate and zinc octylate; metal chelate compounds such as lead
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resins, polyam de-based resins, polyimde-based resins, silicone-based
resins, and the |ike. The anmpbunt of the binder resin conpounded is
preferably in such a range that the flane retardancy and heat resistance
of the cured material are not inpaired, and generally 0.05 to 50 parts by
wei ght, preferably 0.05 to 20 parts by weight of the binder resin is used
as required, based on 100 parts by weight of the target resin conponent. A
curing accel erator can be added as required to the resin conposition of the
present i nveselyRectonpe, eappengpelibassianpts epbalisachitacpignatecandaibytyl fithi t ed, but
includes organic netal salts or netal organic conpl exes, of ir?n copper,
zinc, cobal thalpatekelmidazalesiapude variaw midrzolessud s ouethylimidarale Rre.

O i t al | t. iC. | | ifically jnclud
napht heni ¢ REPB0TEURRIad-JTaRe) HERRENEr e RO ARphPRERTE,  Copper
ht henat e, | ead t t [ ht h , i h
i ooty at &LRa oA ok P b2 THab g Enenan b conpbbhae ool eati2,™
I >
AR S e S P s S

2- et hyl i m %}%hﬁnidgzolpdg3%@3}%@%9&%,451}&&98@(@%%&9@%9{1@azole(1*))

2- hept adecyl 1 m"dazol e, -4- methyl i mdazol e,

1- benzyl - 2- I‘e’ﬁiyh%{lhﬁfg—ﬂ_ﬁéﬂ'e,ez,41diéiﬂiﬁ6@2't&hyi%—ﬂi@iﬂ?ﬁlﬂidﬂz_@%_@ﬁj)@bh Ls-triazine, a
cyanoet hyl - 2- phenyl i mi dazol' e, 1-cyanoet hyl - 2-undecyl i m azoFe,

2, 4- di am no26(-&amimebinhicmydiaziahR(d 1) etigtBYthiaging r isé@iangric acid adduct, a 2-
2,4-di am no-6(2' -undecyl i m dazole(l"')) ethylethyl-s-triazine,

2, 4- di am nong!¥lingthzdle Boopmbyit boidda¥ edd(c1,' 8) J-phdmylimsdazpledsdayepurae acid
2,4-diam no-6(2' -nmethylimdazole(l'))etlryl-s-tiiazine isocyanuric acid

adduct, a 2adeustyphenytiddolibydrosppeinntimédageledamt 3 phenildtS-digyanoethoxy
AGMAIE S U TN 1 -
T e R o kRS SR B R
(oo L1 Bl MBI o oERBb s ol oph g, e
parts by weight, preferably 0.1 to 3 parts by weight of the curing accelerator is used
as required, based on 100 parts by weight of the resin component.
A filler may be used in the resin composition of the present invention.
Fillers include fused silica, crystalline silica, silicon carbide, silicon nitride, boron
nitride, calcium carbonate, barium sulfate, calcium sulfate, mica, talc, clay, alumina,
magnesium oxide, zirconium oxide, aluminum hydroxide, magnesium hydroxide,
calcium silicate, aluminum silicate, lithium aluminum silicate, zirconium silicate,
barium titanate, glass fiber, carbon fiber, molybdenum disulfide, asbestos, and the
like, preferably, fused silica, crystalline silica, silicon nitride, boron nitride, calcium
carbonate, barium sulfate, calcium sulfate, mica, tale, clay, alumina, and aluminum
hydroxide. One of these fillers may be used alone, or two or more of these fillers
may be used mixed.
A colorant, a coupling agent, a leveling agent, an ion scavenger, and the like

can be added as appropriate to the resin composition of the present invention

according to the purpose of use. The colorant is not particularly limited and
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parts by weight, preferably 0.1 to 3 parts by weight of the curing
accelerator is used as required, based on 100 parts by weight of the resin
conponent. A filler may be used in the resin conposition of the present
invention. Fillers include fused silica, crystalline silica, silicon
carbide, silicon nitride, boron nitride, calciumcarbonate, barium
sulfate, calciumsulfate, mca, talc clay, alumna, magnesium oxide,

zi rconi um oxi de, al um num hydr ox]| .hmagnesi um hydr %q de, . calciuym
silicate, al Fiigmiagons 8%%@%10 a5 ? ARing BRREAE 35 RUBAOCYANINEGHICURSEI% | cat e,

bariumtitanate, g?ass bon .fi ber, ’?ﬁ/bde um di sul.fi de, asbest os,

and the i k@maﬁp K %th’{f’qufqﬁ’gggﬁasvamhé%e BFYRPIE PPIAETE; Pé%m%i licon
Cul fate, Bl b E Rl it AR S BTG A B RO eg s
fillers may t&ﬁlf’a’t%eglr%gggll?@ rz;ﬁé'\’gelﬁ)rw @Fq@n@%rhhﬁ&? Bfeln%ggi grcﬁ)bam}/()l&edﬂﬁed

m xed. A col orant I'on scavenger,

and the Ilkq;;u&meb@u%ﬁgﬁﬁe%e 8PElaL ehidind 8ok RRldinGAIPARL Lhan of the
present invention according to the pur pose of “usé€. The colordant is not

particul arl yobalfkfeedl and 25 incl udes various organic- based coloring matters
such as pht hal ocyani ne, azo, disazo, quinacridone, anthraquinone,

fl avant hrone, pelCpnplirg; ageearsihengs sithinexazéidupliepngensedhazo, and
azonet hi ne; and inorganic pignments such as titanium oxide, |lead sulfate,

chrone yel l @Wcictdxmprogoeltﬂimmhosmmne, wgwmdokp}vropﬁaﬁrgaﬂhaxyscﬂabal% vi ol et, dark

bl ue, blue, ultramarine blue, carbon black, chrome green, chrom um oxide,

and cobal t Shicedorypopuimatingdmpskresilang, dddyddoapeminedydonphrrgilagent s

such as 3- léCIdOXyﬁgﬁﬁgltrlnEthox si | ane,

3- gl yci doxyg By RO %y@ﬂh&lﬁr@ne oxyi et dEKy BRORREEEhy |

di met hoxysi | ane, di net si | ane,

2- (3, 4- epox?%qpfi(?'f)é'%mytﬁgﬁiw_ %]Fﬂ%iﬁlﬁ“la%em%Z ani noet hyl ) 3-

am nopr opy| QEM%%H%&@W&' ‘Eh%Q?mIaINé,(BZ ar%rﬂogpc% lI]t}/u—‘:‘?h%xysﬂane 3-

mercaptopropyltrimethoxysilane, vinyltrimethoxysilane, N~(2~
(vinylbenzylamino)ethyl)-3-aminopropyltrimethoxysilane hydrochloride, 3-
methacryloxypropylitrimethoxysilane, 3-chloropropylmethyldimethoxysilane, and 3-
chloropropyltrimethoxysilane, titanium-based coupling agents such as isopropyl(N-
ethylaminoethylethylamino)titanate, titanium di{dioctylpyrophosphate)oxyacetate,
tetraisopropyldi(dioctylphosphite)titanate, and neoalkoxytri(p-N-(p-
aminoethyl)aminophenyl)titanate, and zirconium or aluminum-based coupling agents
such as Zr-acetylacetonate, Zr-methacrylate, Zr-propionate,
neoalkoxytris(dodecanoyl)benzenesulfonylzirconate,
neoalkoxytris(ethylenediaminoethyl)zirconate, neoalkoxytris(m-
aminophenyl)zirconate, ammonium zirconium carbonate, Al-acetylacetonate, Al-
methacrylate, and Al-propionate, and silane-based coupling agents are preferred.
By using the coupling agents, the moisture resistance reliability of a cured material is

improved, so that a cured material is obtained that has a small decrease in adhesion

strength after moisture absorption.
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am nopropyl nmet hyl tri net hoxysi | ane, 3-am nopropyl triethoxysilane, 3-

nmer capt opr opyl tri met hoxysi |l ane, vinyltrinethoxysilane, N (2-

(vi nyl benzyl am no) et hyl ) - 3- am nopr opyl tri met hoxysi | ane hydrochl ori de, 3-

met hacryl oxypropylitrinethoxysilane, 3-chl oropropyhnethyl dinethoxysil ane,
and 3- chloropropyltrimethoxysilane, titanium based coupling agents such as
i sopropyl (N- ethylam noet hyl ethylam no)titanate, titanium

di (di octyl pyrophasphat e) oxyacet at e,

tetrai sopropyl di 3&"6’&@%&% ﬁ%‘il@%))klmlaﬁaﬁl@vm&ﬁdnq{%léarwghtrqf(ﬁlﬁowc( ( 3-

' I I
agents  such 29005 girg;iséa o AR SIS RGP At 2D bt o,
neoal koxytri decano benzenesul fonyl.zj r copat e
neoal koxyt r 19CABHT BT OGS P%eﬁ%m@@l RucHifiess ety pleohol
am nophenyl) opongll nat a cet.opnat e
Al - methacry}ﬁ)(%;%H %gc%f progﬁgﬁg%fﬁggjg mn gggn §m %gﬁgﬁ%ﬁﬂgéﬁéﬁﬁé are
preferred. Byeusing the coupling agents, the noi sture resi stance
reliability of a cured material is inproved, so that a cured material is

obt ai ned that hagha r&wtdmpiasi@asant Praadiesicdlon 4 @é‘%tlalrﬁﬁ%?rfo'im' sture
absorption. 26 Leveling agents include oligonmers having a nolecul ar wei ght

of 4000 to <20PR, qumgna@@m&omﬁomraylﬁ@tr@?r@d;?ﬁn@@rewydl fragrkat e, butyl
acrylate, and 2- ethyl hexyl acryl ate, epoxidized soybean fatty acid,

epoxi di zed abuethydmpdundhsk rawhydendcnaépeoty cest compotent omdpfisisgltisi | i cone,

ani oni ¢ and nonionic surfactants, and the |ike. The resin conposition of
t he present eperpeissingn thepressat Ub@aiiwedmdyompomndlqupp@enm Xuohgpsa cyanat e

conpound and/ or a prepolyner prepared fromthe cyanate conpound as a raw
material, aR %ﬁ?éﬁvlspegﬁaﬁl%wm@@ng%chgratt%abewxyesm@norbf t he

present |nvent|on ndi ng conppnents, such, as a phosphorus
contai ni ng CGHERER 1 3 ﬂe Wﬂ ﬁépféfantaanﬁ lggslingcgent, aéFF‘Ii”HFn

using a mixing machine such as a Henschel mixer or a planetary mixer, and then,
uniformly dispersing them by a kneading machine such as 2 rolls, a kneader, an
extruder, or a sand grinder.

In addition, the resin composition of the present invention can be turned into a
varnish-like composition (hereinafter, simply referred to as varnish) by uniformly
mixing the above described components in a predetermined ratio in a solvent.
Solvents used include, for example, y-butyrolactones, amide-based solvents such as
N-methylpyrrolidone (NMP), N,N-dimethylformamide (DMF), N,N-
dimethylacetamide, and N,N-dimethylimidazolidinone, sulfones such as
tetramethylenesulfone, ether-based solvents such as diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, propylene glycol diethyl ether, propylene glycol
monomethyl ether monoacetate, tetrahydrofuran, and dioxane, ketone-based solvents
such as methyl ethyl ketone and methyl isobutyl ketone, and aromatic-based solvents
such as toluene and xylene. One of these solvents may be used alone, or two or
more of these solvents may be used mixed. The solvent is used in such a range that
the concentration of solids in the varnish (the concentration of components other than

the solvent) is generally 10 to 80 weight %, preferably 30 to 70 weight %.
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scavenger, a filler, a coupling agent, a colorant, and a |leveling agent, as
required, wusing a m xing machi ne such as a Henschel m xer or a planetary
m xer, and then, unifornmy dispersing themby a kneadi ng machi ne such as 2
rolls, a kneader, an extruder, or a sand grinder. In addition, the resin
conposition of the present invention can be turned into a varnish-1like
conposition (hereinafter, sinply referred to as varnish) by uniformy

m xi ng the above described conmponents in a predetermined ratio in a

sol vent. Sol ventl8 ofdsadp phiaingdalred pprteairhpfiphe resin eamyasiicncal sherreseiti de- based

solvents such as. N.nethyl pyrrolidone (NVMP), N, N-dinethylformam de (DVF),
N, N- di net h;}i“éf'é‘é’f’a»rﬁhaféf}a?&ngxwmiedwﬁﬁ@eiﬁw% Hcamiieg fodhmewals wslerpHesldbch as

t et ramet hyl enesul f pn et her - based.sol ven such as .di et hyl ene gl ycol

i et hy | ot HEFOUIE oIy ESHEP G GROMITH R DR &PPITHH OBy BREE GryRetnsdt et hyl
et her, propylene.,glycel thyl ether npnoacetate, tetrahydrofuran, and
di oxane, ke%ﬁgﬁég %g(g)gg%ég‘)%%s 0 gﬁ@ﬁsg%e HEEHY I et hyl ketone and net hyl

[ Sobutyl ket one. a0 ALoMRFo0Rs o AR VRIS, SHENSAB. PneANd X! ene.

One of these sol vent used one, or ese sol vents

may be usedifUexR6hn ishii8d S e Mtel By 4SEIAHnIGd? can bangGuiRAled t&
concentration of solids in the varnish (the concentration of components

ot her than ptbigclsehyefinethdsgaemhanauflifrdeFRetWed BhHot YartiehiRfigniadied, 30 to
70 weight % 27 In order to obtain a cured nmaterial of the resin

conposi t i onbufthe beilpuesering boanddnbbaimed bipeforakample] hehdingefestongiied ons
according to the curing systemshould be perfornmed. For exanple, assum ng
printed boargtdppl byng therrssinconippgtioonliheipoesnbinveién toa RddBrfioate about 0. 5
to 2 hours are general. A build-up wiring board in which the resin

conposi t i onth§feofhavigpg b gtchingwdmlpom, a@dgfpg@wgws.t he inter-1ayer

i nsul ation | ayer,_can be nufactuyred usin publicly known nethods, and the
manuf act uri ng et Ho§sP@Phbe W%#@’E?‘Hral }i}”]i%r‘iﬁ VEHE based Ir’t‘\ff’i\gc &9 ES%p wiri ng

board is Ob&oa}}l&)esﬂiol?yof tLg {Jregé(rﬁr{rll)\lfe%’tior? ?sntgsieg %oAné i qufaggﬁlnistﬁgtion layer can be
manufactured using publicly known methods, and the manufacturing method is not
particularly limited, but the resin-applied metal foil can be obtained by, for example,
applying the resin composition of the present invention to an electrolytic copper foil
by a comma coater, and removing the solvent by an in-line dryer. In addition, a
substrate such as glass fiber, carbon fiber, polyester fiber, polyamide fiber, alumina
fiber, or paper can be impregnated with the above described varnish, and heated and
half-dried to obtain a prepreg, and the prepreg can be laminated and heat press

molded to provide a lamination plate.

Examples

Next, the present invention will be further specifically described by way of
examples, but the present invention is not limited to these examples. In the
following, parts are parts by weight, unless otherwise specified. In the examples,
epoxy equivalents and softening points were measured under the following
conditions:

Iy epoxy equivalent: measured by a method according to JIS K-7236.
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metal foil using the resin conposition of the present invention to a hard

| am nate as the core, wiring by etching and plating, and formng vias. The
resin-applied nmetal foil for a build-up wiring board in which the resin
conposition of the present invention is used for the inter-layer insulation
| ayer can be manufactured using publicly known nmethods, and the

manuf acturing nmethod is not particularly limted, but the resin-applied
metal foil can be obtained by, for exanple, applying the resin conposition
of the preseht i moBRIN®ACIE Bgrsareddraongtipd aewppas 16 HiS K-By4a comma coat er,
and rennvinggthe olvent by an.in-line dryer, In addition, a substrate
such as gl as¥ fi DEFasSUEEHIRbRORGIHANS fopGPFent oy foflowar | pol yani de fi ber

alumna fiber,.or paper .ca i mr.egpat e j t he above descri bed

var ni sh, andn%%‘éﬁeetéfg%iﬁsg’(’d%g}/gg Y 1th&6‘5¥ gﬁﬁggéf!}p*f%%rs@é]r&%hd the prepreg
can be | am nat and he ress | ded t rovyj a |l am nation plate.
Exanpl es NeCQPfSEQ%GQU%’?e?fé[ﬁﬁetir%vgﬁ%@ﬁ?& F‘ﬁ/"g@- #{)Jégcteher. speci fi cal Fy .

descri bed bydey@yorpﬁvlg@ga@;{ ?gfﬁﬁm the present invention is not limted to

t hese exanples. In the g, parts are parts by weight, unless

ot her wi se spgghfd eshut bk herrexAIRLES0 L ISARY.SAUI val ents and sof t eni ng
poi nts were neasured under the following “conditions: 1) epoxy equival ent:

neasured by calitretioeurae GoadaROpdIPstvlede KrafrRBiure28y Bho®Rfit 8ang poi nt:
nmeasured by a nmethod according to JIS K-7234. 3) Measurenent conditions

for GPC are as follows: machine type: Shodex SYSTEM 21 col um:

KF- 804L+KF- 803L(x2) coupling eluent: THF(tetrahydrofuran); I nmL/mn. 40C

det ect or: U¥g2Bplenin UV-41) sanple: about 0,4% THE solution (20 ItL

injection) calibration curve: standard pol ystyrene nanufactured by Shodex

is used 100 parts of a phenol-biphenyl novolak type epoxy resin (manufactured by
Nippon Kayaku Co., Ltd., trade name: NC-3000-H, epoxy equivalent: 288 g/eq,
softening point: 68°C, ortho bond : para bond (molar ratio)=60:40 to 55:45) and 50
parts of methyl isobutyl ketone were added to a flask provided with a stirring
machine, a reflux cooling tube, and a stirring apparatus, and dissolved sufficiently at
100°C.  After cooling to 60°C, 200 parts of methanol was added, and the obtained
suspension was stirred under reflux for one hour, and then allowed to stand at 50°C
for 30 minutes to confirm two-layer separation. The upper layer part of the two
layers separated was extracted by decantation, and 25 parts of methyl isobutyl ketone
and 200 parts of methanol were further added to the residue, and stirred again under
reflux for one hour. ~ After this, standing at 50°C for 30 minutes was performed to
confirm two-layer separation. The upper layer part of the two layers separated was
separated by decantation.  This standing and separation operation was repeated two
more times,  The obtained residue was subjected to heating and reduced pressure
for solvent recovery to obtain 83 parts of the target epoxy resin (hereinafter, EP1).
The obtained EP1 had an epoxy equivalent of 294 g/eq and a softening point of 78°C.

Comparison of the data of the obtained epoxy resin EP1 and NC-3000-H is

described in the following Table 1.  Test results of storage stability are results of

cold storage at 5°C using a 70 weight % methyl ethyl ketone solution.

29



Exanple 1 100 parts of a phenol - bi phenyl novol ak type epoxy resin
(manufactured by N ppon Kayaku Co., Ltd., trade name: NC 3000-H, epoxy
equi val ent: 288 g/eq, softening point: 68C, ortho bond : para bond (nol ar
rati o) =60:40 to 55:45) and 50 parts of nethyl isobutyl ketone were added
to a flask provided wwth a stirring machine, a reflux cooling tube, and a
stirring apparatus, and dissolved sufficiently at 100C. After cooling to
60C, 200 parts of nethanol was added, and the obtained suspension was
stirred undef?®@f| ux for one hour, and then allowed to stand at 50C for 30

mnutes to CEPI)JQHE‘SI%"W( {@1%@% 1w TREWHPBESHp! gyerStBIadBE]@t%ﬂH]e tjwo

| ayers separate ct ed ecant at n
i sobutyl ketone and |2 £ re%{in [ hano (Ig&g? q?urther added to the
L |||v ar—o Pat il I\i’fnr

rES| due, an Dti i‘ red agai LI} UIIUCI ON O A4 |e huu | CT |. ]II S, qt. ndl ng

at 50C for BROMMtES Wes FErfoz_v,rred | 9614C0nRR T M 1 10- (%{yétﬁi HEPAIHSON. The
upper |ayer|lpart of tlhe twgd layers separated s __se mgébﬁfﬂivdd‘(&?&nt tion.

This standiing g sepgaraiqn opgratip S pgPeat tSteble forterotmanghks orThe
obt ai ned resi due was |subj edted to heafing and feducednqrreessure for sql vent

recovery toé&ﬁ@?ﬁﬂ 83 parts of the target epoxy resin (hereinafter, EPl).
The obt ai ne jad an epoxy equival ent of 294 g/eq and a softening point

of 78C. Conpar L§ou:if nd dgg data of the obtained epoxy resin EP1 and
e

NC- 3000-H i s descrl inthe following Table I. Test results of storage
stability angwr @whg@m@iecupaemlg%%@a@teatfmﬁmpﬁ ng a 70 weight % et hyl
et hyl ketone solution. 29 Tab | Epoxy resin SP(C) Bifunctional MNEEW

00/ pp St or aGE Vet @ixk ictjyivaledd S) corrpound (g/eq) ratio area NC- 3000-H 68 23
2614 288 1.76 Crystal precipitation during the third week

oo/pp ratio: indicating the molar ratio of co and pp, wherein "00" represents a

compound of formula (1), wherein n=1 in which both bonds of biphenylmethylidene

groups are bonded at the ortho position to two glycidyloxy groups existing in its

structure, and "pp" represents one in which both bonds are bonded at the para

position.

Example 2

100 parts of a phenol-biphenyl novolak type epoxy resin (manufactured by
Nippon Kayaku Co., Ltd., trade name: NC-3000, epoxy equivalent: 274 g/eq,
softening point: 54°C) and 50 parts of methyl isobutyl ketone were added to a flask
provided with a stirring machine, a reflux cooling tube, and a stirring apparatus, and
dissolved sufficiently at 100°C.  After cooling to 60°C, 200 parts of methanol was
added, and the obtained suspension was stirred under reflux for one hour, and then
allowed to stand at 50°C for 30 minutes to confirm two-layer separation. The upper
layer part of the two layers separated was extracted by decantation, and 25 parts of
methyl isobutyl ketone and 200 parts of methanol were further added to the residue,
and stirred again under reflux for one hour.  After this, standing at 50°C for 30
minutes was performed to confirm two-layer separation. The upper layer part of the

two layers separated was separated by decantation.  This standing and separation
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EPI 78 14 2682 294 1.69 Stable for two nonths or nore Remarks: SP:
softeni ng point MN average nol ecul ar wei ght cal culated from GPC EEW
epoxy equi val ent oo/pp ratio: indicating the nolar ratio of oo and pp,
wherein "00" represents a conpound of fornmula (1), wherein n=1 in which
bot h bonds of bi phenyl met hyli dene groups are bonded at the ortho position
to two gl ycidyl oxy groups existing in its structure, and "pp" represents
one in which both bonds are bonded at the para position. Exanple 2 100
parts of a pHeHOENBYASHepsRtedibEsInade tifss. eﬁgwbtae@dmesqdmnmsa@bm@d oy

Ni ppon Kayag]i Co., Ltd., trade name: NC 3000, epoxy equrvalent 274 g/ eq,
sof t eni ng poiEAins ewe)edarrdi reessmfpésqire%wwﬁryrt@@rbtﬁny’?’é Retovdharectadded t o
a flask provided w tir a reflux cooling tube, and a
stirring appAPatifsin ﬁtrm%rees‘é}t Yed %P trrftee#ﬁzwaétanfeee eyt G5 3F ng to
60C, 200 parts of, net:hanol was sqged and the obtai ned suspensi on was

stirred undé 3 PNEBRERIRSG and then allowed to stand at 50C for 30
mnutes to Conf'fﬂhtﬂﬂs#?theéﬁg%k egﬁayngpg SRR %én%%@ ndbﬂ? oQfs the two

| ayers separated wa rac ecan parts o neth

i sobutyl ketengnamsh %@%9@@&% %1&@ h?é%?tesﬁﬁ§§f§tb¥a%§§tﬁb1§gﬂﬁg rk 1tEB

residue, and stirred again reflux for one h ter t st andi ng
at 50C for 3@ srereaéess m;@grt@mtwmeaﬂt b k40ad @ylonsepar ation. The
upper |ayer part of the two | ayers separated was separated by decantati on.
Thi s standrﬁ@&a@d separatron 30 operatron mes repeated three nor e trnes

ne '\nﬁl r nr OQQLLE.O

Th bt sttt 1 \..L ed i t edu F-e—f-6
sofvgnt alr gc BEP@W déon )Q?QC; Sﬁl‘trg )M\{Vh %’]}\%ﬂ Q¢/pp’ \Stora e stability i

(JIS) compou ratio
(area %)
) Crystal precipitation on
NC-3000 57 34 1661 | 274 | 1.02 the fourth day
EP2 69 19 1932 283 | 103 Stable for one week or

more

Remarks: Symbols in the table are the same as in Table 1.

Example 3

Operations similar to those in Example 1 were performed using a flask
provided with a stirring machine, a reflux cooling tube, and a stirring apparatus, and
100 parts of (phenol, B-naphthol)-biphenyl novolak type epoxy resin (manufactured
by the method described in Japanese Patent No. 3575776,
naphthol/(phenol+naphthol)=0.34, epoxy equivalent: 284 g/eq, softening point:
69°C) to obtain 81 parts of the target epoxy resin (EP3). The obtained EP3 had an
epoxy equivalent of 299 g/eq, a softening point of 83°C, and a bifunctional

compound area % of 18%.

Example 4 and Comparative Example 1
For the epoxy resin of the present invention obtained in Example 1 (EP1) and
NC-3000-H, phenol novolak (manufactured by Meiwa Plastic Industries, Ltd., trade

name: H-1, hydroxyl group equivalent: 105 g/eq) as a curing agent and
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epoxy resin (hereinafter, EP2). The obtained EP2 had an epoxy equival ent of
283 g/eq and a softening point of 69C. Conparison of the data of the

obt ai ned epoxy resin EP2 and NC-3000 is described in the follow ng Tabl e
2. Test results of storage stability are results of cold storage at 5C
using a 70 weight % nmethyl ethyl ketone solution. Table 2 Epoxy resin SP(C)
Bi functional MV EEW oo/ pp Storage stability (JI'S) conpound (g/eq) ratio
area NGC-3000 57 34 1661 274 1.02 Crystal precipitation on the fourth day
EP2 69 19 198phamiphosphins{ i )asfacuriogecwdaskioomeragmepouRderhinks: Synmbol s in
the table are the sane as in Table 1. Exanple 3 Operations simlar to those
in Exanpl e 1COROENHBE i@ wisin e RllpwiraTalde dve aeapais a ¢prapositionr ansthe

machi ne, a refl ux. cooli ng .tubgkhand a stirring, apparatus, ,and. 100 parts of

(phenol , (3-SREEREWEP ) a5iSPREHGT IhEHsTARNQIgng tepbian melied resmmirieh Pas ed by

the method descri -0 Japanese Patent No. 39575776,
napht hoI/(pI‘?élﬁecglraiﬂgghdf E(HIW@ 0¥l @ effuidPat &pit ©128dWIEY eq, soft eni ng
point: 69C0)ytp pbtain Si parts of the target epoxy resin (EP3). The

obt ai ned EP an epoxy equivalent of 299 g/eq, a softening point of
83C, and a bifunctional conpound area %lkfan86¢ ExGoppaadvelichn@deparative

Exanpl e 1 Fdipokheestpoxy re&Ph of the present i4fention obtained in Exanple
| (EP1) and NG 3000-H, phsmpiootoMol ak (manufactured by Meigwa Pl astic

| ndustries, ddrighg.agbfitade NERAio] hbvblalhydr oxyl gnoup equi valsgnt: 105 g/eq) as
a curing ag%&in@%&celerator TPP 1.5 1.4

The results of measuring the properties of the obtained cured material are
shown in Table 4. Measurement of the property values were performed by the
following methods:

Glass transition point:

TMA thermomechanical measurement apparatus: manufactured by ULVAC-
RIKO, Inc., TM-7000

Temperature rise rate: 2°C/min.

DMA dynamic viscoelasticity measurement apparatus:

Bending strength; JIS K-6911
Fracture toughness (K1C): JIS K-6911

Table 4

Example 4 Comparative Example 1

Glass transition temperature (°C)

TMA 160 145
DMA 185 175
Bending strength (MPa) 110 106
Fracture toughness (K1C) (MPa) 26 24

Examples 5 to 6 and Comparative Example 2
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31 triphenyl phosphine (TPP) as a curing accel erator were conpounded in a
conpoundi ng ratio shown in the followng Table 3 to prepare a conposition,
and the conposition was subjected to transfer nolding to obtain nol ded
resin, which was cured at 160C for two hours, and further at 180C for
ei ght hours. Table 3 Exanple 4 Conparative Exanple 1 Epoxy resin EP1 147
NC- 3000-H 144 Curing agent Phenol novol ak 53 53 Curing accel erator TPP
1.5 1.4 The results of neasuring the properties of the obtained cured
material are shdvinpaiergbyase mixadesih thememposttiontskowr spErlily Svanmescaker e
performed by the follow ng nethods: G ass transition point: TMA
t her monechaniaess aﬁa@é}ﬁéﬁéﬁfepaﬁp\é@ﬂaﬁ@s Theaphiriaed M%rétfhWSLbI@W@a ROK@ | nc.
TM 7000 Tenper at ure r| se rate: 2C/ m n. DVA dynam ¢ viscoelasticity
measur enent ‘SPBERAREEST > %@ﬁéfhfg%vﬁf@rﬁ-‘@tqf crszﬁr%pr@cegtﬂloarﬁﬁertwwﬁghness (K1
O: JIS K—691 Tabl e 4 1 .Jd,ass transition
Comper at ur & TSR SHETTHE BRACIES BoolEsa LY FoHuURd V) 110 106
electrolytic copper foil (thickness: 35 pum, manufactured by The Furukawa Electric
Co., Ltd.) by a comma coater such that the thickness after drying was 75 um, and the
solvent was removed under heating and drying conditions at 150°C for two minutes
and further at 170°C for two minutes to obtain a resin-applied copper foil. This
resin-applied copper foil was bonded to both surfaces of a non-halogen FR-4
substrate (manufactured by Toshiba Chemical, trade name: TCL-W-555MU,
thickness: 0.4 mm) in which copper foil was removed by etching treatment, and
cured (one hour at a pressure of 1 Pa and a temperature of 170°C) to provide a
sample for a flame retardancy test. In addition, the remainder left after the above
described heating and drying was removed from the copper foil and subjected to
compression molding, and the glass transition point of the compression molded was
measured. The measurement results of the varnish storage stability, flame

retardancy test, and glass transition point are shown in Table 5.
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Fracture toughness (K1C) (MPa) 26 24 Exanples 5 to 6 and Conparative
Exanpl e 2 32 Conponents were m xed with the conposition shown in Table 5
(nunerical values are "parts") to prepare varni sh. The obtai ned varnish
was held at a constant tenperature of 5C, and the occurrence of crystal
precipitation after one-nonth storage was exam ned. In addition, the
obt ai ned varnish was applied to an electrolytic copper foil (thickness: 35
.tm manufactured by The Furukawa El ectric Co., Ltd.) by a comra coater
such that tHebihd ckness after drying was 75 m and the solvent was renoved
under heating and drying conditions at 150C for two mnutes anghfuid her at
170C for two minutes to obtain a resin-applpicsd coppeinpfe@i | . Thissple2

resi n- appl i edmeopfies raficopirtswascipanded t o both surfaces of a non- haI ogen FR-4
subst rat e ( nafmhactompedd piiFoshi ba Chemi cal 131 rade nané33 TCL- W 55304,

t hi ckness: 0.2romngsit n whi ch copper foil was renoved by etching treatnent,
and cured (on&hour at a pressure of 1 Pa a#fd a tenperature of 170Q) to
provide a sa PE for a flanme ret ardancy test. In addittbn, the remainder
left after thft,?1 apo Secomdoeus ribed heating and gyl ng was ermved froiﬁthe
copper foil ad@lp %f to conpression no d| ng, and Ohe gl ass transition

!
poi nt of the 2 §,§CS|on mol ded was rreasure The measwement resyj ts of

t he varni sh s;og,e,gmtabl lity, flame retardancy test, and gl ass tg@ansition
p0| nt are SMMretnaltI@bdse 5. 33 Table 5 Conparative Exarrpl e 5 Exanple 6
Exanpl e 2 Cdonpgusdiingofredn @mp@aiohs by Medghdl ) CyanNatrgiatonpoudgstdol ution

133 133 133(510&{3@m¢°¢)es in precipitation for  precipitation for  precipitation in
one month or one month or two weeks
more more

Evaluation of build-up wiring board
Flame retardancy (UL94 standard) V-0 V-0 V-0
Glass transition temperature (TMA) (°C) 211 217 202
Remarks:

Cyanate compound solution: cyanate resin prepolymer B-40S (manufactured by
Ciba-Geigy, a MEK solution of a bisphenol A dicyanate resin, trimer content; 40
weight %, solids: 75 weight %)

Phosphorus compound: FP-500 (manufactured by Asahi Denka Co., Ltd., a
phosphorus-based flame retardant)

Binder resin: BPAM-01 (manufactured by Nippon Kayaku Co., Ltd., a rubber
modified polyamide resin)

Curing accelerator: Nikkaoctics Zinc 8 %(manufactured by NTHON KAGAKU
SANGYO CO.,, LTD,, a zinc 2-ethylhexylate mineral spirit solution)

From the above results, the phenol aralky! type epoxy resin of the present
invention 1s not likely to cause crystal precipitation, even if it is dissolved in a
solvent and stored at low temperature, therefore, in a curable resin composition using
this, a decrease in performance after a long period of storage can be prevented,

contributing to an improvement in the storage stability of the resin composition.
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EP1 20 EP3 20 NC-3000 20 Phosphorus conpound 30 30 30 Curing accel erator
111 Binder resin 20 20 20 Solvent (DWF) 90 90 90 Measurenent results
Storage stability of resin conposition No crystal No crystal Crystal
(storage at 5C) precipitation for precipitation for precipitation in one
month or one nonth or two weeks nore nore Eval uation of build-up wiring
board Fl ane retardancy (UL94 standard) V-0 V-0 V-0 dass transition
tenperature (TMA) éqC) 211 217 202 Renmarks: Cyanate conpound sol ution:
cyanat e resilirprespot pied mptepbof the wbtaraduueb biesingopposiioghas senvErekol ut i on
of a bisphenol A dicyanate resin, trimer, content: 40 weight % solids: 75
wei ght %) PHG@WB%S@QC% thiprremdnecipricalprapeiiped HierHeEh hoeky Co. |
Ltd., a phosghor(KI - bas flame retarda t]% Bi nder resin: BPAMO?,

(rmnuf act ur S8 By RS POROREFARE OB oSOn g HepTeifBh N eIRSHTF VER Y 476 te
resin) Curin cel er.atgr: N kkaoctics..Zinc, 8. % manufactured . by. NI.HON
cacAkL - sancaer EEe o Fiftteng s SERSE LTy B i SR RE LR PR on)

From t he ab%ﬁeﬁﬁ?lﬂa}rﬁs aﬁﬁ'e%ix%@%%lre%t?l kyl type epoxy resin of the present
invention is not T'i'kel'y To cause crystal precipitation, even if it is
di ssolved in a naddition, the resin composition of the present invention using the epoxy

resin of the present invention (varnish) has excellent storage stability, and yet its

cured material exhibits excellent flame retardancy and heat resistance.

Industrial Applicability

The phenol aralkyl type epoxy resin of the present invention is not likely to
cause crystal precipitation, even if it is dissolved in a solvent and stored at low
temperature, therefore, in a resin composition using this, a decrease in performance
after a long period of storage can be prevented, contributing to an improvement in
the storage stability of the resin compaosition.  In addition, the cured material of a
curable resin composition containing the epoxy resin of the present invention and a
curing agent has more excellent heat resistance and mechanical strength than those
conventionally commercially available. Thus, the workability during manufacture
and quality control of the composition are improved, and further its curing property
can also be improved, therefore, it is useful for various composite materials including
insulation materials for electric and electronic parts (such as high reliability
semiconductor sealing materials), and laminates (such as printed wiring boards and
build-up boards) and CFRP, adhesives, paints, and the like.

In addition, a resin composition containing the epoxy resin of the present
invention and cyanate compounds has excellent storage stability, and yet its cured
material has excellent heat resistance, dielectric property, water resistance, and flame
retardancy. The resin composition is useful for the manufacture of copper attached

laminates used for electronic circuit boards, and as sealing materials, molding
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solvent and stored at |ow tenperature, therefore, in a curable resin
conposition using this, a decrease in performance after a | ong period of
storage can be prevented, <contributing to an inprovenent in the storage
stability of the resin conposition. 34 Further, the cured nmaterial of the
obtai ned curable resin conposition has very high heat resistance and al so
i nproved nechani cal properties. Therefore, the epoxy resin and the curable
resin conposition of the resent invention are very useful for a wde
range of apphiteadls, dﬁgu%@hteag Isnisihasines. sleesicrbipulatispaipignatatielsi andghe

| am nati on er| | s,, paints, adhesives, and resists. In addition, the
resin conpoéﬂgi gr ¢l r%ﬁ%ﬁ%ﬁﬂ i nvention using the epoxy resin of the
present invention (varnish) has excellent storage stability, and yet its
cured material exhibits excellent flanme retardancy and heat resistance.

I ndustrial Applicability The phenol aral kyl type epoxy resin of the present
invention is not likely to cause crystal precipitation, even if it is

di ssolved in a solvent and stored at low tenperature, therefore, in a
resin conposition using this, a decrease in performance after a |ong
period of storage can be prevented, contributing to an inprovenent in the
storage stability of the resin conposition. In addition, the cured nateri al
of a curable resin conmposition containing the epoxy resin of the present
invention and a curing agent has nore excellent heat resistance and
mechani cal strength than those conventionally commercially avail able.
Thus, the workability during manufacture and quality control of the
conposition are inproved, and further its curing property can also be

i nproved, therefore, it is useful for various conposite materials including
insulation materials for electric and electronic parts (such as high
reliability sem conductor sealing materials), and | am nates (such as
printed wiring boards and build-up boards) and CFRP, adhesives, paints,
and the like. In addition, a resin conmposition containing the epoxy resin
of the present
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i nvention and cyanate conpounds has excellent storage stability, and yet
its cured material has excellent heat resistance, dielectric property,

wat er resistance, and flame retardancy. The resin conposition is useful
for the manufacture of copper attached |am nates used for electronic
circuit boards, and as sealing materials, nolding 35 materials, casting
mat eri al s, adhesives, electrical insulation paint materials, and the 1|iKke,
used for electronic parts. 36 CLAIMS 1. An epoxy resin characterized by
conpri sing a phenol aral kyl type epoxyclrAB¥A in which a content (an area %
measured by gel permneation chromatography) of a bifunctional conpound is
20% or less. 2. The epoxy resin according to claim1, wherein the phenol
aral kyl typ epo resin. tructure, represen edggﬁggeneral f.ormul a

(1): ACH R 105 S BrEGB Ao PEEE BB “&favErge
v 0 et Vo o0 gyl G S0R0LE LG0T et
Rm and may %ﬁuh%rﬁ?@&nﬁéun@';gﬁﬁ%e@ BSfsrom each other. In general fornmulas

(2) and (3) mrepresents an integéer of 0 to 3, and R each represents any

of a hydr ogen at gm eﬁoxysi%tsl‘ﬂraéﬁgrgn%' toWNSAl ARG BleHendl RHRYNIYE BHxY tO 8

carbon atons, and an aryl gro
resin is of a structure represented by general formula (1)

Ao O Oonaebn (1

(in formula (1), n represents an average repetition number value of 1 to 10.  Ar

represents a glycidyl ether moiety of general formula (2):

G 0

~f*\ (2)

G
Rm

or general formula (3);

0 Q
i (3)

Q
_1//\‘

=

g

R

and may be the same or different from each other. In general formulas (2) and (3),
m represents an integer of O to 3, and R each represents any of a hydrogen atom, a
saturated or unsaturated alkyl group having 1 to 8 carbon atoms, and an aryl group,
and may be the same or different from each other.)

3. The epoxy resin according to claim 2, wherein the phenol aralkyl type epoxy

resin is of a structure represented by general formula (4):
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and may be the sanme or different fromeach other.) 3. The epoxy resin
according to claim2, wherein the phenol aral kyl type epoxy resinis of a
structure represented by general fornula (4): 37 00 00 613 CHZ 0 CHzZ- |
H(4) n f"XRmRm(in the formula, mrepresents an integer of 0 to 3, n
represents an average repetition nunber value of 1 to 10, and R each
represents any of a hydrogen atom a saturated or unsaturated al kyl group
having 1 to 8 carbon atons, and an aryl group, and may be the sanme or
different fromeach other.) 4. The epoxy resin according to claim 2,
wherein in general fornmula (1), all Rs are a hydrogen atom 5. The epoxy
resin accordinqifo any one of claims | to 45having a softening point of

70C or nore. The epoxy resin according tNd any one of clainms Ito 4,

havi ng a softenjing oi nt of 60C or nore and an\epoxy equival ent of 270

g/eq or nore. 7. CA thod of manufacturing t epoxy resin according to any

one of clains 1 6, characterized by extr ing and renoving a

bi functi onal cofrpolind Q t epoxy regiyn or a mxed

sol ution of the~epodx Cfr|—Lzs§|"|2s | yent , Husi ng gg's)ol vent in which
igher functional nolecul e nthe epoxy resin and the

a trifunctional or
good sol vent are | 6€% "sol ubl e (hereinafter ref ed to as a poor solvent.)

8. The nethod of manufacturing the epoxy resin according to claim?7,
Whler ei tn t h¢ingao thralla/ en teprSseats kB tiMBLerRADaE 359 Y4B BlenRr andR e B3E 84S S
sol vent.

number value of 1 to 10, and R each represents any of a hydrogen atom, a saturated
or unsaturated alkyl group having 1 to 8 carbon atoms, and an aryl group, and may
be the same or different from each other.)

4, The epoxy resin according to claim 2, wherein in general formula (1), all Rs
are a hydrogen atom.

5. The epoxy resin according to any one of claims 1 to 4, having a softening
point of 70°C or more.

6. The epoxy resin according to any one of claims 1 to 4, having a softening
point of 60°C or more and an epoxy equivalent of 270 g/eq or more.

7. A method of manufacturing the epoxy resin according to any one of claims 1
to 6, characterized by extracting and removing a bifunctional compound from a
phenol aralkyl type epoxy resin or a mixed solution of the epoxy resin and its good
solvent, using a solvent in which a trifunctional or higher functional molecule in the
epoxy resin and the good solvent are less soluble (hereinafter referred to as a poor
solvent.)

8. The method of manufacturing the epoxy resin according to claim 7, wherein
the good solvent is a ketone-based solvent or an ester-based solvent.

9. The method of manufacturing the epoxy resin according to claim 7 or 8,

wherein the poor solvent is an alcohol.
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9. The nethod of manufacturing the epoxy resin according to claim?7 or 8,
wherein the poor solvent is an alcohol. 38 10. A curable resin conposition
contai ning the epoxy resin according to any one of clains | to 6 and a
curing agent. 11. A cured material obtained by curing the curable resin
conposition according to claim10. 12. A resin conposition characterized
by containing the epoxy resin according to claiml1l, and a cyanate conpound

represent ed gener formula (5): Qb @ NCO~h\ JICCN (5 ) 1Q Q Qb
(in the for nlt@? a‘é’ﬁrf ¥R APPSR Eutaipgadhe epoxy relibasrtdisdio &1 @ttom

selected fro the p .,of a nethylene group, an isopropylidene group, a
hexafluor0|§g%?85§ﬂqﬁg {84 §ryips 2 ﬁ%ethylene group, an ethylidene group, a

SO SN B R o R Rl SR R LN
bls(lsopropy&bgggqbphenyl group, a dlcyclopentadlenyl group, an oxygen
atom and a sulfur atom Qo represents a hydrogen atom or an al kyl group

having 1 to ca from
AL )léor égggpgcfo ?lﬁgﬂghﬁ'@?l@nze%&%ﬁ’\%%nyﬁf SR (i di ofr%ggg)
the formul acla@s 1r @RS £8¢4HaSe @r@p@ha@ep?ésehtéa&@rg@kmmrﬁﬁmsgr oup havi ng 5 to

10 carbon atons, or a fluorenylidene group. Q@ is the sane as in general
formula (5).) and/or a prepol yrrer prepared fromthe cyanate conpound as a

raw materi al .
Nco—<x >’OON (5)
O

an

(in the formula, Qa represents a direct bond, or a substituent or atom selected from
the group of a methylene group, an isopropylidene group, a
hexafluoroisopropylidene group, an ethylene group, an ethylidene group, a
bis(methylidene)benzene group, a bis(methylidene)biphenyl group, a
biphenylmethylidene group, a phenylmethylidene group, a bis(isopropylidene)phenyl
group, a dicyclopentadienyl group, an oxygen atom, and a sulfur atom. Qb
represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms, and each
Qb may be the same or different from each other.)

or general formula (6):

Qb

NOO—<’ \1 )—OCN (6)
Qb

(in the formula, Qc represents a cyclic or linear alkylidene group having 5 to 10
carbon atoms, or a fluorenylidene group. Qb is the same as in general formula (5).)

and/or a prepolymer prepared from the cyanate compound as a raw material.
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39 13. The resin conposition according to claim 12, wherein the epoxy resin
is the epoxy resin according to claim2. 14. The resin conposition
according to claim12 or 13, wherein the cyanate conpound is a conpound
havi ng a bi sphenol type structure. 15. The resin conposition according to
any one of clains 12 to 14, wherein in the cyanate conpound, Qa in general
formula (5) is an isopropylidene group. 16. The resin conposition according
to any one of clainms 12 to 15, wherein Ar in general formula (1) is a
gl yci dyl et Hér nmdihedssineqrapqsdeprfacspmdingiogpleinpl b ovisrar theereky sesiphidhy |
glycidyl ether noiety, an ortho-cresol glycidyl ether noiety, a neta-cresol
gl yci dyl et ﬁB?XWS‘é]t%’C,COéH@tQ%WaZ--creSOI gl ycidyl ether noiety. 17. The
resin composi,tion,according to any one of claj o 15, wherein Ar in
Goneral for il a (15 10 BB RO PGyt | DonET "SIt §ieg SBiE 3- napht hol
| yci dyl ether | ety. . . esin sition. according to any one of
glgins 12 tSQ%W?Q@%gﬁépﬁ%ﬁﬁngggﬁgggpl %?%ﬂﬁg??%ﬁ?“%? is the glycidyl ether

moi ety of geger alryf oI A RrionddFo RirdeStoPuny DA LP BRI AL LM £ vihelBL BYinedr OUP
y being fe by

19. A prepreg characteriz I t al I "pregnati'ng a substrate

with the resimtCQMARInt] OR iRSGRIAHMIIL (]NY 2R pRpyGH&IBod® t0o 18. 20. A
| am nat e obtained by using the prepreg according to"claim19. 40
16.  The resin composition according to any one of claims 12 to 15, wherein Ar in
general formula (1) is a glycidyl ether moiety selected from the group consisting of a
phenyl glycidyl ether moiety, an ortho-cresol glycidyl ether moiety, a meta-cresol
glycidyl ether moiety, and a para-cresol glycidy! ether moiety.
17. The resin composition according to any one of claims 12 to 15, wherein Ar in
general formula (1) is an a-naphthol glycidyl ether moiety or a B-naphthol glycidyl
ether moiety.
18.  The resin composition according to any one of claims 12 to 17, wherein in
general formula (1), Ar is the glycidyl ether moiety of general formula (2), and Risa
hydrogen atom or a methy! group.
19. A prepreg characterized by being obtained by impregnating a substrate with

the resin composition according to any one of claims 12 to 18.

20. A laminate obtained by using the prepreg according to claim 19,
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