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

hi gh ol 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 wring boards and buil d-up
boards) and CFRPs (carbon fiber regypforpedpiastics) and further optical
mat eri al s, adhesives, paints, and the like, and a cured material of the
conposi tion. The present invention also relates to a resin conposition
that provides a cured material having a low dielectric constant, a | ow

di el ect ri ¢ HrayIe RESTEN HARDENABIIE RESIN CONVROSHEN GANFANNG Tiice, and
flame retardancy, and provides excellent workability, the resin conposition
bei ng sui t #ANMEUSED USE THHEREQF es, netal foil attached | am nates, and
insulation materials for build-up board, and the |ike. Background Art

Epoxy resin conpositions are widely used in the fields of electric and

el ectronic parts, structural materials, adhesives, paints, and the [|ike,
because of TenknigtdMieldi |ity, and the excellent electrical properties, heat

resi stance, adhesiveness, npisture resjstance (water,.resistanc and t he
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properties ructure materials in the applications of
aerospace REiesd @iboR Rler RATSREN pRsfics)and Sptter sprqapliaturiabs adindivehie | i ke.
Further, recently, hal ogen-based epoxy resins and antinony tri oxi de have
of ten been paffd ans ifel IERaided auirdd Riaseriap af thecwhgokiyiofor el ectric and

el ectronic parts, however, it is indicated that products using these
contribute to gahepeisemtrinedntionelso relatss toacesin eempesitondbeharA¥ideya fyst oper

treatment after thej'r di sposal .. As one nethod for sol vi gg t he abave
descri bed pnastiiaheying adovwslkielegtria comgiars) 2 mafiglpriricdangsnh f*ﬁﬁceéleﬁ‘ﬁ}?ﬂfenw

skel eton and its epoxidized materjal is described in Patent C 1,

Pat ent Doc URBHENCE, WaleH rftsﬁéaqcﬁk"é‘% m@rga‘lcﬁem}f Pﬁﬁﬁ e)fc}g?ﬂeé‘nt?orrgéﬁgt&e has
strong crystallinity, so that endi r i1 SQRALS R Rds t he
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precipitate, i [ 2 15805 l.Ad agdid on, when the resin is

di ssol ved iaﬁdé&g}({)ﬂl?@gn ,e@%/g%r\zﬁugﬁp ebz:oi)éIpc}’taate and deposit as well, which is
a significant problemfor use as a conposition. From such background,
in Patent Docunent 3, decreasing this crystallinity by controlling
orientati orgdcRgimh&@w es is discussed, but this cannot be said to be always

sufficient yet. )
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



Further, recently, for printed wiring boards nounted on conputers,

communi cation equi pnent, and the like, high density and thin filns have
been pronoted, and high heat resistance and insul ation property have been
required. Further, materials having a low dielectric constant and a | ow
di el ectric tangent have been desired for addressing high speed and high
frequency of signals. Cyanate resins and BT resins (bisnaleimde-triazine

resins) ar g, [asl N URLATLE HrichRTRBiA id¥nghpprakionest st epece madialsl ow
dielectric property, and 1t 1s known that compoundi ng an epoxy resin to

- these can PRLA sRREUpPlArREs fil Bedikd. | Fxtkef credethigshalegass and
wor kabi | i té@%gfegﬁ? Docu?rent Epdescri bes varnish in which an epoxy resin

repr esent eg,hy cgEREIRShs b MtldoryAtioxidendvaofiymbaneaisedsd flame eetardxge, with a
sol vent. Patent Docunent 1: Japanese Patent Application Laying Open (KOKAI)

No. 11- 14pZGéulRdy estelddndeiamhiledroniapmtsebewsear chts ingipsted ttal produglyi ng Open
(KOKAI') No. 11- 140166 Patent Docunent 3: Japanese Patent Application
Layi ng Qpensifieiedd porlikibut2 6 ZeneBib0 L tdc ewlistaDoeusueh s dioxing PABPEONAL ent
Application Laying Open (KOKAI) No. 2002- 309085 Disclosure of the
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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 adhesiveness

and workability. Patent Document 4 describes varnish in which an epoxy resin

represented by general formula (7):



the softening point is increased sinply to avoid the crystallinity problem
conversely, the solubility in solvents tends to worsen. It is also an
obj ect of the present invention to provide a resin conposition that has no
precipitation of |ow nol ecul ar wei ght conpounds and has excel | ent

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 ens, the K®Wwentors have found that t above descri bed probl ens can be
sol ved by contrjol ling the polynerization ¢onpdsition of a phenol aralkyl
type epoxy resi tg arrive at the present~invention. In other words, the
present inventio lates to esiin characterized by
conprising a phefrs /- S whi ch ontent (an area %
measur ed by gel Wi f unct gh conmpound is
20% or less, ( n he above (1), wherein the
phenol aralkyl type epoxy resin is of a structure represented by general

formula (1) g n f.ormul a §§3 resents an average repetition number
val ue of lalidoa fpn Wrref’lgﬁfee‘gﬁ‘r‘? ith zbf n&yl ether moiety of general formula
(2): Patent Document 1: Japanese Patent Application Laying Open (KOKAI) No. 11-

140277

Patent Document 2: Japanese Patent Application Laying Open (KOKATI) 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 aralky! 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



or general formula (3): (3) Rmand nmay be the sanme or different from each
other. In general fornmulas (2) and (3), mrepresents an integer of 0 to 3,
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.), (3)the epoxy resin described in the
above (2), wherein the phenol aral kyl type epoxy resin is of a structure

represent e&e%}ﬂﬂ&ﬁﬁﬁ &ht {5 R s8d G ly to avoid the crystallinity problem, conversely,
P

the solubility in solvents tends to worsen.

Tt is also an object of the present invention to provide a resin composition that
has no precipitation of low molecular weight compounds and has excellent
workability and that provides a cured material having excellent heat resistance,
dielectric property, water resistance, and flame retardancy.

As a result of diligently 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,

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

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

Ar CHZCHZ“Ar};H (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):

o/\/o

=,

Rm

or general formula (3):



(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 nay be the sane or different fromeach other.), (4)
t he 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 70C or nore, (6) the epoxy
resin described in any one of the above (1) to (4), having a softening
poi nt of 60C or nDre(§ﬂd§ﬁn epoxy equi val ent of 270 g/eq or nore,

~ 3)
=

Rm

and may be the same or different from each other. In general formulas (2) and (3),
m represents an integer of 0 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 described in the above (2), wherein the phenol aralkyl type

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

Y ¥
0 o |
Rm Rm

(in the formula, m represents an integer of 0 to 3, n represents an average repetition
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 described in the above (2), wherein in general formula (1), all
Rs are a hydrogen atoin,

(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,



(7) a nmethod of manufacturing the epoxy resin described in any one of the
above (1) to (6), characterized by extracting and renoving a bifunctional
conmpound from a phenol aral kyl type epoxy resin or a m xed solution of the
epoxy resin and its good solvent, using a solvent in which a trifunctional
or higher functional nolecule in the epoxy resin and the good sol vent are
| ess soluble (hereinafter referred to as a poor solvent), (8) the nethod

of manuf acwr@ NPmbMABd P A% Yufa8Rire d8S &dxh e6kih BedchBedinoig oné)of thehubbed n t he
good sol ve I s a ketone-based sol vent or an ester-based solvent, (9) the

met hod of (RRYIACEHAFdcRE izl By QRO inbeHH Rerdesiag albéfinetivnahenmjmomd Kom aor (8),
wherein the poor solvent is an alcohol, (10) a curable resin conposition

cont ai ni ngpHdasl ﬁﬁlk?ytyfpe%ﬁx;dﬁsi@lrdrbﬁdixieﬂ selngiomogthefepirheresinemd itg gpod o (6) and
a curing agent, (11) a cured material obtained by curing the curable resin
conposi t i osplekas arsideedsdlvent rewhish\aegrifir@)ipnal Ot Righer fusstional mefrssletin de
characterized by containing the epoxy resin described in_the above (1), and
a cyanat e epmxyoesinandfeaverselrettyargtaseselnble therpinaftgrgpieried ¢pas a poor

solvent),

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

wherein the 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):

IQb T)b

/N % N

NGO—<|=/\0/L]j/>’OC (5)
Qb 2% Qb

(in the formula, Qa represents a direct bond, or a substituent or an atom selected from
the group of a methylene group, an isopropyhidene 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 dicyclopentadieny! 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.)



AOCN NCO-11 \=1=Q Q@ a b ( 5) (in the formula, Qa represents a direct

bond, or a substituent or an atom selected fromthe group of a nethyl ene

group, an isopropylidene group, a hexafl uoroi sopropylidene group, an

et hyl ene group, an ethylidene group, a bis(nethylidene)benzene group, a

bi s( et hyl i dene) bi phenyl group, a bi phenyl net hyli dene group, a

phenyl met hyl i dene group, a bis(isopropylidene)phenyl group, a

d|cyclopean?&QHMkngﬁgyﬁa:an oxygen atom and a sulfur atom Qb represents
a y

a hydrogen omor an a | group having 1 to 4 carbon atons, and each Qb
may be the sanme or different fromeach other.) or general fornmula (6):
i}b IGb '
Nco—<|_ \P—OGN (6)
R CE

(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,

(13) the resin composition described in the above (12), wherein the epoxy resin is
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 o--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 methyl 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) a laminate obtained by using the prepreg described in the above (19).



(in the formula, Q represents a cyclic or linear alkylidene group having 5
to 10 carbon atons, or a fluorenylidene group. Qo is the sane as in general
formula (5).) and/or a prepolyner prepared fromthe cyanate conpound as a
raw material, (13) the resin conposition described in the above (12),
wherein the epoxy resin is the epoxy resin described in the above (2),

(14) the resin conposition described in the above (12) or (13), wherein the

cyanat e COgRQWASHd for B2 9MR@IRAndBVERGA bi sphenol type structure, (15) the
resin conposition describéd in any one of the above (12) to (14), wherein

in the cyanate TRpRUOCaralRR tyPe ged6 rabinfoftiaprasehbinvestianwillsopdespybaddene
group, (16) the resin conposition described in any one of the above (12)
to (15), whaswin Ar in general fornmula (1) is a glycidyl ether noiety

sel ected fromthe group consisting of a phenyl glycidyl ether noiety, an
ort ho-cresol gl Geiethily, etphenol auillet] yypeaepmey aesin eafess thty epaty|resie Hk isnoi et y,
and a para-cresol glycidyl ether noiety, (17) the resin conposition
descri bed derivadyfraame pbéndl healig esin pfingvolak gtnsiure Gprapiasing WRits of aghsaela
formula (1) is an cc-naphthol glycidyl ether poiety or a fl-naphthol

gl yci dyl  eearepoungdisuelyas phengls of Raphthels And BRitHQ 41 BHIERARAOUBLY # 0 any one of
the above (12) to (17), wherein in general formula (1), Ar is the glycidyl
et her noi e®9leshlegeneral fornula (2), and Ris a hydrogen atomor a nethyi

group, (19) a_prepre aracteri.zed b hn } .dnpregnating a
substrate mﬁthFBﬁggyﬁg? %@ﬁﬁgg???Hﬁwﬁ%gggﬁggﬁggﬁﬁgﬁéﬂgﬁzlof the above (12)
to (18), and (20) a |lam nate obtained by using the prepreg described in

t he above (19).

¢

¢

(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 aralkyl 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 (KOKAIT) No. 2001-40053.
Examples of general synthesis reaction include condensation reaction of a substituted
methylenebipheny! compound and phenols, such as, specifically, condensing 4,4"-
bismethoxymethylbiphenyl 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.



Best Mbde for Carrying Qut the Invention The phenol aral kyl type epoxy
resin of the present invention will be described bel ow. Cenerally, a
phenol aral kyl type epoxy resin refers to an epoxy resin that is derived
froma phenol aral kyl resin of novolak structure conprising units of a
phenol conpound such as phenols or naphthols and units of an arene conpound
In a nolecule. For exanple, the epoxy resin represented by general formula

(7): (in t heprkRrTuka inhé SRTIRSRVIheabRReeidriben pherddaralkyl sesin eenol
aral kyl type epoxy resin that” has recently attracted attention because it

has excel | ginREEPRIVIAEEnSHRoRS hidrory dret@indthe asomaskihimge nSebstamshtwat er
resi stance. The phenol aral kyl resin that is the raw material of the epoxy

resin of tRefth&sgRiphcholtstyidedkyl gragprankd irpnmtioting siched, byydeighneionms

descri bed in Japanese Patent No. 3122834 and Jaganese Pat ent Application
Layi ng Opensdik@tealor ubketu®diall40@ssip Havengpl ts8 efrborertomal ansariik grewp.sinfleact i on

i ncl ude condensation reaction of a substituted nethylenebiphenyl,conpound
and phenol the likec hSpesific panipéscaflthy abaverdesmibied ghgnofs include, but not limited

bi smet hoxynet hyl bi phenyl and phenol s under acidic conditions, or condensing
4,4' - bi shiel pegeab wetrhsalonsresel P-eraeplptayiahen ﬁhﬁﬁopﬁ@ﬂﬁ? > condi tions. By

Sbove. deockpHe GbHSLar RPNk CONPFaobBP R LT HRPERAT. products
ICcn,Cl uEte d. fc(:)yrclo )o(egjr/rl?)lqgﬁol,l\lx%lgn% ,Omgﬂyglprl\cla%y p%%géfjm%%qy%qultpﬁéfoq, &%aﬁﬂtﬂ&?ﬁ- Kayal cu
naphthol, and the like. In the present invention, among these phenols, phenol,

cresol, allylphenol, phenylphenol, and naphthol are preferred.

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 formula (8):

SO

(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



Phenol s used in the synthesis of the above described phenol aral kyl resin
are conpounds havi ng one phenolic hydroxyl group in the aromatic ring.
Substituents other than the phenolic hydroxyl group in the aromatic ring
i nclude, a hydrogen atom a saturated or unsaturated al kyl group having 1
to 8 carbon atons, an aryl group, and the like. Specific exanples of the
above descri bed phenols include, but not limted to, phenol, o-cresol,

mcresol, Rokb hhnd fRRRARE of BeraMyinlie ®) . Heapenaylippevenent
t - butyl pheﬁ%l 15?%?{31'1;%%6”0' , honyl %henol , phenyl phenol, cycl ohexyl phenol,

xyl enol , npidadat salvbiRfianglg theappyhéiuisophieags suffieieapht hol , 3- napht hol, and
the like. In the present invention, anong these phenols, phenol, cresol,

al | yl phenol , phEnyphrhenahikybtyge sp@it fesih oftle presheimvention is chatwétenizedhe phenol
aral kyl type epoxy resin of general fornmula (1) obtained by single

epoxi dat i o thst ttie somtbietheabon/% measstedbygelipagshtienchramatogsiphy {EPCRY yst al s
precipitate, particularly when its purity is higher. \Wen this | S used
parti cul ar bfa bifumctiongjigotpound shas i, asiomnpeundbaiing BYC epaiy BPYEnISE % Mponent
that is uniformin the conmposition during panufacture i onuni formy

di st ri but el¢spy Farfhe enmpsuad op theaboys deﬁﬁﬂg%g%ﬁ@%%%ﬁ%&@g &E&@Pﬁwﬂ i | ures,
such as poor curing, and curing property.as desigped bei ot obt ai ned.
Accor di ng SR fOTORTAR IR 2 POm ‘?uni%s‘n 8%%% T ed I?ﬂ'ﬁtco %@ﬂgfctﬂf’/st al lization
occurs notjceably when the ratio_of par ngs. JiS..ni ] ond

posi tion ré‘%%‘f‘ﬁ?‘é’\ﬁérﬁ"ﬁ‘l’ﬂﬁ’{‘% abe[ Wg&f%ft?'?yﬁ) e%ga g°r%ljt}%ssalrzlg § Hlezjaﬁgl%!r;hglxg%l group in
the structure.o | f L8 ' gphesents a
repetiti ona‘ﬁod%ge?‘%g?‘E‘re(’?og}pgg[é&y‘%‘?s@gll}eergré%e'g %%n%ﬁ%f’%&fﬁi?gﬂnﬁb; gt’l on can be

prevent ed ' -at i v opRsd.t i on
Ptymgcg.tﬁfd? ﬁ?%ﬂ%hﬁﬁ@raﬁ?}dé‘ﬁ%@%rﬁ%&x&%%ﬂ ?l?]ee;bd?a bb&d Ronglop

rel ati onship ween t he net hydr oxyl group in the
structure phr @aRiuals iOVEh the(dhho BINERIEES bordMmolaprativasamie than 3@, vent

solubility using the approach is not always sufficient.
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 aralky! type epoxy resins of

10



The phenol arallcyl type epoxy resin of the present invention is
characterized in that the content (the area % neasured by gel perneation
chromat ography (GPC)) of a bifunctional compound, that is, a conpound
havi ng two epoxy groups, is 20%or |ess. For the conpound of the above
descri bed general fornula (1), the bifunctional conpound corresponds to a
conpound in which n=1. If the content of the bifunctional conpound can be

made to be,?2QigHiRé 140 Car E@éasil?!ié{é‘ch@!u{.i 78§ ieNappecacheingueitide dorryiaad fror
conpounds outside the range defined in Patent cunent 3, that .is,

conpounds g rakiredleridi@asi alsb Ge @émdid, and incbinpdropdtytdnd quesdambterisl i s 1.2 or
| ess. For conpounds in which the ortho bonclipara bond nolar ratio is nore
than 1.2, gfopsitatdd Beimmoven be avoi ded for a |onger period. A

sui tabl e nethod of manufacturing the phenol aral kyl type epoxy resin of the
present i nvent i Bie suitableeetbad of mbmdadietinghetphenelisalkdttpriensixy resmuphict ur i ng
the epoxy resin of the present invention is not limted to the suitable
nmanuf act ur thegresentiodersfontrheghly cemprisdsibefaliopingidsee stensd bel ow, as | ong as
the content of the bifunctional conmpound. can be nade to be 20, argea % or

| ess. The(apBierstenstt disselvang FHeRaxy Fesih 4t ﬁfﬁV%fa&ﬂOé’dog‘ﬁ" gmt%’@%époxy
resin of the present inventjon descrjbed below.is.to selectively renove
(cut) | ow HEISBERY HFnie Pl ‘h%ﬁ?’b"(? nﬁb‘f.m’»ﬁg?n& OnGaRg, thsepgRY e Ityerem)vi ng
IOM/nDIecuugr wei ght conpounds wi Il be specifically described bel ow.

For the sof¥¥H solubility of the epoxy resin, generally, the epoxy resin

has | ow sol ubi I} i ﬁﬂ‘? z m’%ﬂ &hd a
decrease in soli?ﬁ)l}/}feis?‘ipaﬂkn ﬁﬁ%@@gf‘{%%@g?‘%@%g??@%‘e as t e%?'r%l ecul ar

wei ght becQiBs,NidR8Ich tiRBICABRN br hhefitBidlH] d1dba1s ih eRposP il dndty i n
aromatic h%gfocgfgong, ﬁetgnes, gs?%#s, aﬁd the Iike, as &Elf, dependi ng on
i ts structife@ooBY¥olRlitlbss ie8Psdlibls, t5Watidd thiot yerpbpaiatiomaad kyl type epoxy
resins of |ow nol ecul ar wei ght being | ower than an oligonmer |evel can be
sel ectively rengydd stepnsl spperaiidg theablyibn by pespegsionythaess iseparated o twb | goner

| evel can be easily taken out. By this approach, inpurities contained in
t he raw nalegensatermoaimgzihe sollyentrfeam ¢hergoodrsalvientlayer antyregevigetihe epkycur ed
material property can be inproved. The suitable nmethod of

manuf act ur¥98%- t he phenol arallcyl type epoxy resin of the present invention
hi [ t he fol i t.h t Dy t he .st f

(i 5901 Vi g an cBoHguTSuiE{bF A0 SRR SeB 0 LaTaReSY 1ot S EAl Rhe epoxy
>H | ; I ved . i . d th

Goi vent . - atjected gRRR (5 3y 235y YpplocBh e S HRed R FRAKYaRER BEE O

Wi th @ SOl 4Rl ABYerSB.V GBokir 12 oMBUSBIVEA! i MOLE bRIYLin Moy icRfedtadCt | Onal

nol ecul es Tn the epoxXy fesin an good solvent are |less soluble, to
cause two-},akgf separation; and (c) the step of separating the
solution or suspension that is separated into two |ayers, renoving the

sol vent from t hpheggely sedinvthat cdrtbyalised hord meCby eshmgrdid @rapersyorr esi n.
synthesized ones. The structure is not particularly limited, as long as it is of a
phenol aralkyl type epoxy resin.  Specific examples include pheﬁol aralkyl 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(hydrokymethyl)»l,1'-biphenyl, and 1,4-bis(bromomethyl)benzene), as well as

phenol aralkyl type epoxy resins produced by glycidylating polymers (phenol aralkyl

11



Wt hout 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 nelted
and then subjected to step (b). Even if the good solvent is used, the resin
may be heated and nelted. The epoxy resin that can be used here may
be commercial products or synthesized ones. The structure is not
particularly limted, as long as it is of a phenol aral kyl type epoxy
resin. SpegiihiCorphanilcBmpbitdsustechrpheholabad KaphtHojpene pematicesi ns pr oduced
by gl ycidylati'ng polyners (phenol aral kyl resins) of phenol conpounds, such
as phenol sqigger a1 HEuEh a¥\b o dadhieraikylenadkiobiydtidropetiythiplangt)s,

hydr oxynmet hyl conpounds, and hal ogenonet hyl conpounds (such as 4,4'-

bi s(chl or onet hytdodlsolventsiysbdityihe aBovk ddstrieteninmnfyored gy tpthod inclidepheny | |

1, 4- bis(chl oromnethyl)benzene, 1, 4-bis(nmethoxynethyDbenzene, 4, 4-

bi s( hydr oxiyeetiehlydsyd doliéntd)iestenhyded sahvents, ether-based ertverds, mpnjpsetapieneglar, as wel |
as phenol aral kyl type epoxy resins produced by glycidylating polymners
(phenol arkigkpbiling geinh sylverts,shanehaticokssesiaonss ugnecaéc BrraHdesinglHac

napht hol s, and aromatic di chl oronet hyl s

(,such. as a,ce-%@p | or.qxyl ene and
bi schl or orkestenerbaspheaiyents such as acgigae, srathud pity! ketoge. eth s&mi«: 0€cri bed
facturi t hod i ncl ket - based I t t er ; based I ts,
ot hor - bas Y LBFVBRES; HGRLISTEIITE: <Bg S5ed FUTPEb SR GU BB R Gl ot o, or
tic hyd b : i I i ngl Kk - t h
25 et ondeTHER DT BN RS ar T T eb Bk BT Al one:

and cycl ohexan ¥ - ' but yl

acet at e, é?ﬁ@ﬁgBﬁ?@ﬁ%b@?mg3%%9?%3*@3@%@?§#ﬁ2%§§9?%§¥§?§?g%?%ﬁ?? et her - based
sol vents sylhs phieh Al BGiRh bafhe scllaitasn AN rigmYRRIopk,y cOl - monomet hy|
et her, no -protéﬁlcf pol ar, high boiling point solvents such as

N- et hyl pydigfbdyiimexide deicmyisitfone xdidrthytioraihides ad dinethydicerintiyd,f or mani de,
and di nmet hyl acétam de, aromati c hydrocarbons such as tol uene and xyl ene,
and the |iiematotydotaboishesk as i arent aykde, soidtbanlise, and eswsg thras ed
solvents are preferred. These may be used al one, or may be used m xed with
ot her sol Vienore-baBed solvénss goeterduisedsnivestivuedreferred| cbhose mayvgiuget i ng t he
conbi nation with a poor solvent described below as well. For eﬁﬁggle, if

sol vent s halone@r gy eiused mibeslovitly odge splvemier Bitethg£oad salventishe 8ol ut i on

be f d wi t hayt . perf or m.ng .t wo-| tively,
Gependi ng. BlrctiasHITEE GambrRol S b SER S dsRledhddh AEWRIT o) ta
di ion.is f Theref ore, i nat i f im th d
oi vent . oy AR o oL B gy SREBH il Sl g il £hibrm 10 TP
sel ecti on &)ﬁut}&ecag%:e\gg%e% WELGH 'Fe%ﬁnihg‘%w@wgeﬁ}aﬁdﬁe Rifesgiegnal

conpound renal nin er SI%. oor solvents used in the above
descri bed gmapdiag ot thd @mBhira, it16 hle posisle bt Snlykeidiotibaipetswalivent s,
ester-based sol vénts, and aliphatic and aromatic hydrocarbons, and these
may be wat®imednt Bheréfoee, siod soanbinatidthsftithereshe thegroadpolyvents ahd thetpoor  not
depends on the resin used, but the elution of the resin into the poor

sol vent i ssolvampnéeisto bBamisideréd/appaopiegely he Thiscelestion efths selzews i bed above,
organi c solvents are preferred. Specific exanples include alcohols such as
met hanol , dstéranings the swpuepfithabifetesionalnomnesnd remaipingie th jeBl | and

propyl ene glycol, linear ketones such a t hyl isobutgk &etg&e and

3- hexanone, estRqos selyens needdnribe abpvedssaived mappaghung methgd, pcidgy |

propi onate, aliphatic, hydrocarbons such, as hexane, .. t ane, and.

cycl ohexardicohelh llfﬁtopﬁ’gﬁ%gﬂéf’ SRt estelResht 89 V?)'E‘%fagﬁ Fggﬁaqﬁra@ﬁg%%g

conbi nati ons, i ncl ude caonbi natipons _using ket one-base 3

est er - based d§‘6‘f351é‘?ﬁs’sa“gistﬁ%ﬁén@’o@%w ﬁqr \%ﬁfung}%s Og e(% %oﬁgﬁgégﬁgeégp%g%rsol vent .
These may be used al on r ' ;I 2O eSILS - The
descr.ipti o???‘befn%glég‘% @Pgﬂﬁsg’ﬁ tﬁﬁ}éesgﬁ%éég, é?(lzgr(‘l9 é(‘éﬁ Er’rf‘l}rlllg?ga!s?ghr?ngeﬂrer)et hod wi ||
be added below i P Gl At p8ir sofRnBUSLrRlWBBIe, Wsdslid S 500
wei ght % os(r%}féeﬂéés,lmﬁjrog?@f agg%llci%%vvel IL’I{'[ 5% orrs_ I egs, be{sed on Efthg@?hesi n. The
heating t efpall HE@rdtSirdd. O@erefﬂ@é&ﬁefers@ﬁaﬁ& f1eoM0GchRe sidimnbhat are

di ssolved or are Iiquid at roomtenperature need not be heated. Step
(b): The agmiM, i9b rB%sﬂ aRPA61, BN ethyfn@ glytobAntl prdfdéhevty@itiitar pref erabl y
50 to 300 wel ght 9% ased on the resin. In mxing, it is preferable to
perform heating, stirring, and reflux, so that the resin is sufficiently

di spersed. The purity and softening point of the epoxy resin obtained can
be controlled by the conbination of thgrgood solvent in step (a) and the
poor solvent in step (b) and the anmobunt of use. For exanple, the softening

~point is higher, if the anount of the bifunctional conpound is |ess. For
t he phenol aral kyl type epoxy resin to which the present invention is




compound is 60 area %or nore. Step (c): in step (c), the standing tine
fromstep (b) is not particularly specified, as long as the stage of

two-| ayer separation is achieved, but it is preferably 10 mnutes to 5
hours as a standard. Finally, the solvent is recovered fromthe renai nder

|l eft after renoving the poor solvent |ayer, thereby, the target phenol

aral kyl type epoxy resin can be obtained. It is also possible to further
reduce | owgBh&GUEREs #Righisob@PIRdpisard)3-hepashd, kgeishasieay ehyltaelats) .

The epoxy resin obtained as deScri bed above is an epoxy resin mainly

conpri si ngb@eyt sdetdté, @l iy propioratey Aphatio Mpdraearbbavsucl ak bexaneypingdnkj ni ty,

and its epoxy equivalent is 270 g/eq or nore, preferably 280 g/eq or nore
and 350 g/ gfH efcldirasne. Amongthems alcbhols ag mastprefafred. hPrefsmbe r esi n obt ai ned
is 60C or nore, preferably 70C or nore, and, thrther, 130C or |ess, nore

pr ef er abl ycdibiationslinsiadé sombishionsedingrketanerhasest sobeenis angdeester-basedNext , t he
curabl e resin conposition of the present invention wll be describhed. The
curabl e r esélmentoapibsigopdsolugntiand alsobels as theripor sol¥entc o Ahasefaak Prls6Boxy resin
of the present invention and a curing qgent. In the curable resin
conposi t i oaloasrAyMay begrseh Eigerbith OB solEEtne present invention and a

curing agent as_essenti al cpnponents, the epoxy, resin of t.he esent '
i nvention can b&hg ﬁﬁr‘ﬁq‘%‘é{(}@?g?ﬁ?pé‘b%iaﬂa‘ﬁ @?FC(%P?{“‘S?‘#@?“E%@B}"?si ns. \Wen
used in combipation,. the proportion of the epoxy resin of the present
i nvention %ﬁﬁﬁﬁa‘é‘gegﬁ?h%si nis preferably 5 weight %or nore, more

preferably 10 \é@épg(gs, fﬁeo&rg‘ﬁ?’? \8/2,(%%%0&9&?&%%?%{% 50b vhdigni®% @8 &RE, | nvention.

can al so be us ‘ana nodi f 1 er resin comnpositions other

than the ¢ MAS bk fdel f SeMe hdauphtd tareds can
gf;(d?%%@_y 198 vﬁbégr?%%ﬂésk,%séﬂ orf A€ réNieS EMhe P tdn@eratands

i nprove fl ty, resistance, and the like. Usually, it is general

to add rubBgfn &RHPRAPELSur8 A 20070 € RBaNs Akt iage digsdivedas ar@tiiid et momn order to
i nprove property such as toughness, but it is a well known fact that this

general |y ¢egfeeasencs®aboln oakedor operti es such as heat resistance in

exchange for toughness. However, the epoxy .resin of the present invention
can nodi fy projSeen §)vTherronound of thepoonsplyraipsedisS8tta AL weighh®e.f it is used
as an additive. Speci fic exaqr}gcl)es of .ot her epoxy .resi.ns that can be

conbi ned wprdierebly 98300 weeight Yobaseeoniigsetit %F@ﬁf%h“? REaferaledPy i dy!

e Shhel S, BorBh P S oM K DERER BRI e

bi sphenol AD). | | ' l,

arommt1c s BEk R sBHERRE Rett U (e APaBl R0 pfthe fareXThir Sy ache

di hydr oxybengeagionblatk 3HIFShEMRSed (ANAHANY RESZBRRN: Nkp (b) and the
aphtha Wi

di hydr oxyn ene various a hydes (such as fornal dehyde,

acet al dehydgouad dfhsé@! desydamphe treloftehivd oind iKyibhailfshé dmbad oféirzal dehyde,
hydr oxybenzal dehyde, napht hal dehyde, gl utaral dehyde, phthal al dehyde,

cr ot onal debjfdgstioancophpriadad Rehy dey thysHepobaralkgt typhepatysresindo vanichahie  di ene
conpounds (such as dicycl opent adi ene, terpenes, vinylcyclohexene,
nor bor nadi eresentinvepkinoibdineie], doetorthbyercifigityeofdts struvturs; thdifmetional
di vi nyl bi phenyl, diisopropenyl bi phenyl, butadi ene, and isopr enf) ..
pol ycondensainpsursk capfherselestivaiyl remavsddy the ahavedeseihed suiablepagyfacturing
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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et hyl ketone, nethyl isobutyl ketone, acetophenone, and benzophenone),

pol ymers (phenol aral kyl resins) of phenols with aronmatic al koxynet hyl
conpounds, hydroxymnet hyl conpounds, and hal ogenonet hyl conpounds (such as
4,41- bis(chloronmethyl)-1, |I'-biphenyl,

4, 4' - bi s(met hoxymet hyl )-1, 11- bi phenyl, 1,4- bis(chloronmethyDbenzene,

1, 4- bi s( et hoxynet hyl ) benzene, 4,4'- bis(hydroxynethyl)-1,1"-biphenyl, and
1, 4- bi s( br gRERLEEVL)DRNEFERE) standardhi Kihally) eheMe@bis reovardd fiemeld onal
conmpound is nore than 20% pol ycondensates of bisphenols and vari ous

al dehydes, retl 230 e affth FerthB€in keSioonbbloyttlayer.ahexehy, ithstanget phencdi dyl

am ne- based epoxy resins; glycidyl ester-based epoxy resins; and the |iKke,
but ot her gamyYiybeepmsy REi@ daatbelobminedd fids tlse pessisle kofigthasredneyloar e epoxy
resins usually used. These may be used al one, or two or nore of these may
be used. molechlar tveizht vompbuends bgirepeating these (apko 6. t he present invention,
the curing agents include, for exanple, am ne-based conpounds, acid

anhydr i de- basedlecspoaynehsy obirindd abdesstibedbrhnyantian epspyresio BEEEY conpounds,
and the like. Specific exanples of the curjng agﬁgts tE@; ca%.be used

i ncl ude, beamprésing 3 Hifteetiong! onhighrs.compgurthbasdng OTherystatiay.And iis

di am nodi phenyl net hane, di et hyl enetri apine, i et hyl enete 1 he,

di ami nodi peROFYIquIvRISHELS QH&’?%@%WPOW@%% ﬁgé &H &%ﬁ%‘&gﬂ%gaﬁds such
as di cyandj am de, and pol yam de resin synthesized by dinmers of linolenic
acid and effY| enedi ani ne, acid anhydri de-based conmpounds such as phthalic
anhydride, tringllitic. anhydri-ge I.fd ﬂﬂﬁy I I nhydri de,
t et r ahydr opht hanﬁ?ecsogﬁﬂvgrpl%g,c’f#ee{ fﬁ’?f’%{[ g{@aﬁé}%frn %% t aléi dcr qlgonr ﬁ{ﬁ%ﬁ%ﬁeﬁ ’lf

met hyl nadi Yiflbded y i ' r less is preferred

met hyl hex aﬁ%@%pﬂ?%a??dd %‘ﬁégdﬁ(ﬁg%gﬁ g’n%?%gﬂggggdbgg%%%d Sesg usc as
poIyconden§qkﬁﬁs@ﬁaﬁ@ﬁgbenols (such as bi sphenol A, bisphenol F, bispheno
S, bi phenol, and bi sphenol AD) and phenols (such as phenol, al kyl
substituted phexelt, tharcombld @sinbaipobitibe df Heqmedent inapiitdnokill tz degtribed.
substituted naphthol, dihydroxybenzene, alkyl substituted di hydroxybenzene,
and di hydr Bhey aapbit hedie negpodititn ofthe prasentlindnjign sonigins hheepory réfin akhy de,
acet al dehydé, al kyl al dehyde, benzal dehyde, al kyl substituted benzal dehyde,
hydr oxybenthgIpteseytdayeriopiand & @eng @8sntgl ut ar al dehyde, pht hal al dehyde,

cr ot onal dehyde,_ and ci hnamal dehyde).,, pol yners ,of phenol s d various diene
conpounds ( g uchindle garableresin ﬁ?’éé?‘?é Qi gqrgﬁlr%@’e e\‘?BWT‘*&VC‘f%H%R@ﬁ%F

b di . Vi nyl b -ah [ L\ Ny
Gi vi myl bi pRGEHon T LCEPEGER0N b SREES) SolsEinaSafe bl L AERE een
POl yeondenab Ol RSAE 330G KELANETCAUG heRBREGRBIID LY Bty

ket one, ne I'sobuty one, acetophenone, and ‘benzophenone), polyners

(phenol ar ﬁ' %ﬁ\‘ﬁbiﬁ:ﬁﬁnﬂﬁﬁe Rbpdensf fehbly REMBEIhE pRbdsERtiGY In fOMOUN,
hydr oxynet hyl conpound, "and hal ogenonet'hyl conpound (such as 4,4'-

bi s(chl or ogRixybsin Is prefepAti 8 ydight44 4 morr (ot poefymiblyndd Weightl%e-dyimdreny |
1, 4- bis(chloronethyl)benzene, 1, 4-bis(nmethoxynethyl)benzene, 4,41-

bi s( hydr oxyhetpuply)resin b tHei prheny investiv candddoi te(Used ppamedditiyoenmediéyr

pol ycondensat es of phenols and aromatic dichl oronethyls (such as

di chl or oxyfoemesimneinpositidrisatberghanth cptableyeyin cpmpysitad ehdgmesesf bi sphenol s
and various al dehydes, and nodified ones of these iqidaz e,. a.BF3-am ne
conpl ex, gumaeitiin éndiean imprpveBexibigy, ket nesigtance, and the likg. + Ksudlly, #95 e resin

conposition of the present invention, the a nt of the.,.curi.n nt used

i s pref er a@ingra) ta a‘tifgm%. 8F GRpapQRENsFd aﬁéefrﬂog&%ﬁ? f%?mp?sé'fl%qlﬁﬁﬁsﬂn 8.“%9?00 1.2
equi val ent, per 1 equival ent of, the, epoxy gr s of e in. If the
anount i s 1JEEVe H‘E?rl?gﬁy U toughmgS; B?ﬁﬁﬁrae%?]ﬁgﬁo‘@ £ %Q‘ it \;ﬁgféé’nl}eizag@'r 1

equi val ent ,of the_ epox I ok niejt - i I i gh% o0 be

i nconpl et e‘?ec%as?s}w‘ﬁl?a}fg}o/c&ge%ﬁgﬁiges ;S)‘?%’pdé’r ?ﬁ%gt% ﬁ%‘% flSIL)lE'régCo fglg??llleﬂgi.ﬁ st I'n

addi tion, {n_usi t e j TN alsE-Tal=Ye) s LRgRecel erators
may be congPﬁgg&Pgﬁf%ﬁﬁég%ﬁgﬂgﬁgﬁg%§ﬁ3ﬁ§%h2anmge ugzgnﬁﬁg?ude, for exanpl e,
i m dazol es . Ld B,807N B usat &ldiddiwazol e, 2-phenylim dazol e,
and 2- ethgég%gﬁgﬁﬁ%fﬁﬁ$§§zdle, terthry am nes such as

2- (di et hyl am nonet hyl ) phenol ,- tri et hyl enedi am ne, triethanol am ne, and

1, 8-di azabi cycl o[ 5. 4. 0] undecene-7, organi ¢ phosphi nes such as

tri phenyl phosphi ne, di phenyl phosphi ne, and tri butyl phosphi ne, netal
conpounds such as tin octylate, tetrasubstituted phosphoni um
tetrasubstituted borate such as tetraphgnyl phosphoni um tetraphenyl borate
and tetraphenyl phosphoni um et hyl tri phenyl borate, tetraphenyl boron salts
such as 2- ethyl-4-nethylimdazole tetraphenyl borate, N-nethyl norpholine
tetraphenyl borate, and the like. For the anount of the curing accel erator




Further, various conmpoundi ng agents, such as inorganic fillers, silane
coupling materials, rel ease agents, and pignents, and various thernosetting
resins can be added as required to the curable resin conposition of the
present invention. Inorganic fillers include, but not limted to, powders
of crystalline silica, fused silica, alumna, zircon, calciumsilicate,

cal cium carbonate, silicon carbide, silicon nitride, boron nitride,

zi rconi a, fOrSt%{?kﬁﬁ’exﬁﬁlﬁféﬁio?gthé%&S{Iresiﬁi fhané bel ehntbinedngith Be dpbke, and

beads obt ai ned makl ng ese spheric, and the |ike. These may be used

al one, or ftum PihdBRefnPinveh§SLintRiie B itE2eiher-be®a epboy Gains prddukcedby are
pr ef er abl ylteuse In a pl)lronportion of ?gto 90 weight %in the curable resin

conposi t i 0fycidfiauh@poigtorideasdiends bisphesdls (woh es bisphatoliAe bisplsérst Ence, _
mechani cal “properties and the |like of the cured nmaterial of the epoxy resin
conposi t i Ofisphenol S, BiptienbE fand pisphém] WIKramdrphenisls (suck es phanoballybnpounded as
required to the curable resin conposition of the present invention,

Speci fi ¢ esbsiuesl pdkneldationiatie subdidated pherip naghihol, syl bspbisdnaphthiobne and
modi fi ed pol ybutadi ene, nodified acrylonitrile copolyners, polyphenyl ene

et her, pol gibydnosplesnzerns, y&wh%@h@}ewﬁwfﬁﬂﬁﬁzﬂ%6‘?%?1‘& THFYWI(I@IE‘I)E“HIE- based

[ nor Gani o Wikivenasssthves Gheh exioraRdRRS, e TAP CHRIORERSE quar t »

B o num b ey dgsmiset ssidperg Bt oo b RALBRAE. ' oMace honvoven
R R S S A
Comosi 11 o E5e RO ARRR A8 AfE Miene pomp s BB i hg T he

above descyipaehaMRARSRfenc NinA AGI R A€ SbibozRIEAR] Vinglotioridie, pr esent
invention cah easily bé turned into its cured material by nethods simlar
to convent jgamdryiniBmmaivigfibadene, kivingloiphehyl, diifwpropmgtbiptengl befadicas, be
obtained by sufficiently m xing epoxy resin, a curing agent, and, if

needed, a @i isogrendspdlpcatdensatarnfiphengjamidkdtphesdpuchasgepaunmithy agent, and
various thernosetting resins, using an extruder, a kneader, a_ roll, or the
li ke, as rethyllkretohe, methyll isohetyhkstone.cicptophenongrand beazepherome ) Ol BEfP abl e
resin conposition of the present invention, | di ng t he curl?bl e resin

conposi t i oPheyolarafisylresingqfphenrls Mo arematiGa KPRV FORPOHETod, an

i njecti di t hod, i | di he |ike, d
(vt her - hehtdrag etk caopRds GR naEes TR (roRtholRs Glen Hakle | Lo A
conpositio the pr t,.] t . i S i/l Sone cases.
The our abi BsRalREBRASET bfEl e PR EATRE A RISARKERL 14 SO O he

cured nat eﬁiisecIlﬂo(?%m;IeI[I'ﬁgﬁéSHZ%m’ g L%&tﬁat%@ﬁﬂﬁét:hyi)péhz@ﬁe,um present invention by

H 3 >

i npregnati ng - wt ubstrate such as gl ass fiber, carbon fiber,

pol yester §ihetiroRali-0a'-bipheayl, alduniibis(biokemetioy)trapar), ihedidhnge and
drying the substrate t'o obtain a prepreg, and heat press nol ding the
prepreg. ThateRriranifuaétidrabcsmpmantis noré tias 2004, polyeondsisatesofposi tion is
general | y about 10 to 70 weight % preferably about 15 to 70 wei ght %
based on t higphiaiot andrvatints afielyles,aleciolse andethedikeopplsasiie eRAXYdLSiRtie present
invention and the solvent. In addition, the curable resjn conpogjtion
conpri si ngglybidybahinerhtasedhepaxlysesins g@ml&%tevhﬁﬁidseBPXEEﬂSV’éirﬁ@rIBﬁﬁI‘%de, f or
exanpl e, y-butyrol actones, am de-based, sol vents such as N—mst.hgl pyrrolidone
(NVP), N, Nbwti otereppry faviyiaaengtiipyed 1Q thesgi %ﬁs&g@t Yricaesy 'Sig

N, Ndi et hyl i m dazo] i di none, %ul fopes such as tet rﬁg&%h rInenﬁsuéefdone,

et her - basedsugly ¥estt s FehmIE bGUSEhIPRAHEET HV0 OO O5F Y RePS™%i et hyl ene

I | di hyl , £ l.vcol - I I
Tomonet hyl o helh i ruableaRn SOgneiPops PR REb ke Rldicthe RERENoRE o1 Voo
f bly.| | kvl ] I - j .= : ’
et one. basiitieh: HE srmTRcating thad Oag s Soid AURnde bleeasbiibbunds
ket one. _pr eferabl vs dhsLAURK, Myl bdsed e0RchihddinE o2l Sty oups ey  be

the sane of™ eren ase solvents such as tol uene and
xyl ene. Th%ﬁa‘f‘nﬂf@ﬁ’oﬂﬁe a5k 2ANGhat0landeBs¥Ethchfdey Bitinop limited t)faniils-€ of these

may be used.
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A sheet-1|i ke adhesive can be obtained by applying the above descri bed
varnish on a release film renoving the solvent under heating, and

achi eving B-stage. This sheet-like adhesive can be used as an inter-|ayer
insulation layer in a nmultilayer substrate and the |iKke. The cured
material obtained in the present invention can be used in various
applications. Generally, applications include various applications in which

t her moset t{,ngq E&i'g&ﬁuﬁ YGeh e?ssdiﬁrﬁ%ﬁiﬁh;%ﬁ}}rlﬁl%ﬂﬁhé, digBelendtasmaranpl e, adhesi ves,
pai nts, coating agents, nolded materials (including sheets, filnms, FRPs,

and the 'iif%lhyléd&?éﬂﬁaﬂﬁﬁ@@idﬁh@dibﬁér’ﬁrlﬁ%hﬂta@d iophodacdinmire, oniderimsednd t he
like), and sealants, as well as additives for other resins and the |iKke.

Adhesi ves iggpdinhes adhesidigandiamids, uhd pelpginitearesingynthesiet byctimers,of
aut onobi | es, general paperwork, and nedical care, as well as adhesives for
el ectroni clinglésit aeidsind Athyhepetinades, acidreabydrads-Hased edrepeundnbuchmast eri al s
include inter-layer adhesives for nmultilayer substrates such as build-up
boar ds, adplebilicemhydride; énmelbitiduohydrale, pyromeligicinhydrides medpiageimdsidand
underfills, adhesives for packaginq, such as_underfills for B%?
r ei nf or centstrahydinphsbalicohpdridm asshyiteerahydraghtharernhy drdsy metideadiopi ¢
conductive pastes (ACPs), .and the |ike. eal.ants .can. i ncl ude potting,
di ppi ng, aﬁﬁlYﬂﬂﬁﬁéﬁé?hYﬁB?Rhﬂfﬁm%BY‘?rﬁg’ pift m@%ﬁ@?‘?@' ?phtﬂl’aa\’ﬁ?in&%? > di odes,
light emttin iodes, ICs, LSls nd the |ike,. tihn ealy: r COB,
COF, TAB aHlEPnghgaqu I?QmPB?nqséé‘aéﬁ%p‘?a_}g(@,deﬁsr? 8 rQ?ibeBgé i g“l@} %’ Bé%ﬁlﬁé&and t he
l'i ke, sealing. in aqi I C Psd oBGRss (sabi 2 LSPs
(includingAuﬂﬁgyﬁﬁffgm%g%gfgﬁﬁﬁ%$%§%§ﬁ??gggﬁgfﬁﬁﬁE@F@e. _s@ h%xt, anot her
ki nd of thg, 61, flf QERARIE] Hfent of et EBARLIBYER Aokl descr i bed.
Thi s resin‘conposrtion contal ns’the epoxy resin of thée present invention,
and a cyanghgticeRyithol, ARiREORbERzAY, ARYIRLB Ithied Ailydrdx§béenzene, and

dihydroxynaphthalene) with various aldehydes (such as formaldehyde, acetaldehyde,

alkylaldehyde, benzaldehyde, alkyl substituted 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 isopfene), 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 compound,

hydroxymethyl compound, and halogenomethyl compound (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),

polycondensates of phenols and aromatic dichloromethyls (such as o,

dichloroxylene and bischloromethylbiphenyl), polycondensates of bisphenols and

various aldehydes, and modified ones of these, imidazole, a BF3-amine complex,

guanidine derivatives, and the like.
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(in the formula, Qa represents a direct bond, or a substituent or atom
sel ected-fromthe group of a nethylene group, an isopropylidene group, a
hexaf | uor oi sopropyl i dene group, an ethyl ene group, an ethylidene group,

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

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

bi s(i sopropyl i dene) phenyl group, a dicycl opentadi enyl group, an oxygen
atom and a sul fy4he 3t@Bk rbdin LERHESAGH 5f fhe PysheMdavertionthe tmalniadfkd gr oup
having 1 to 4 carbon atons, and each Qb may be the sane or different from

each ot her cﬁrir? agent hedfiopretirably QS foeh$ eqsindlsntapayicilady preférabledrs wl kyl ene
group havi ng to 10 carbon atons, or a fluorenylidene group. Qo is the

sane as i nigeagialent,grerilequifalen) ofahe bpoxyagrpugspditherepoxyrespar eld the om t he
cyanate conpound as a raw material. The prepol yner can be obtai ned by

heati ng t hemocontoelessithah Ogfeepiedlerft@r mdra thad)l. bequiGilent Pee s equiyalpeitad thonpounds
and their prepolymers can be obtained by publicly known nethods.

Speci fic expomy groups it ditier qasaatusingdprbbeln de be ispaiblese seyhatigeodBée descri bed
formula (5) or the above described fornmula (6) that can be used in the
above descPranesy mayinet boAP8eli on of the present invention include

ds havi bj sph | . .£S, h .
b1 5( 3, 5- i et hy i 2A<BRRn N sineo i Sesfoods 2l AeP oA BRSO ane,
2. 211 sopr OBy BGRERT GO nyl ne Beapletdcns (P s Red ubrudeYRRRAARIEN ) et hane

4,4-isopro
i sopropyl i 118z &= i Y4l . b S64+0 aayf ! et hane,
12 b e B TR P B B A e

4, 4- di cyangpefli iddid14-texRRRAMARIE BYIN RtNRfimethylaminomethyl)phenol,

di (4- cyana?@%ﬁg%'ﬁwm}lgg%ﬂér , d%- cyanat e- S-RﬁHle ylaminomethyl)phen

t ert - but y 1y@thatmsdidamien tidthbhdl@hhRl and 1 8-diabityclpphrathmdeskTebipahicbenzene,
4, 4{ 1, 3- phenyl enebi s( 1- net hyl et hyl i dene) } bi sphenyl cyanate, 4, 4(1, 3-

phenylt enﬁbphcls?hhri&l; agdh;ldsiidlﬁm' * '?]zkpdnpf}ﬂmyé,idq&e' ey phosphhrenyhdyringtiphosghide,bi s( 4-
cyanat ephen nme -1, 1- bi phenyl,

4?14- bi s F4- Uémlabmpéumbtsmh @ﬁaérnygmhtaawraﬁuhsﬂnwbnwmnium tetrasubstituted
2,2-bis(4-cyanategheny1)-1,1,1,3,3L3-hexafluoropropgne, di (4-

cyanat ephehgiaje ugh ae i aphenyindospheniymm SeirapprRiby ey @iohexane, 2, 2- bi s( 4-
Rl gy O B R S BN

292;}2!{ Zf g’: g%ggﬁ%ﬁ%ﬁg}?@ﬁ%ogé) %ﬁlte?ﬁéhg[{))lﬁjo(}&%pﬁkmgth?fn?drﬁﬂcﬁine tetraphenylborate,

4, 4-bis(is ph s fthd cilbh P ReB atoARHkd B bk @ 0QeAnAt € esters
of tri hydr?‘g&lg’ﬁg’tﬁgl ?ﬁ%ﬁ%%‘%?ﬂgégﬁmé; T d-tris(a

cyanat epheﬁéﬁkseﬁme%ht dr 16y i ERieeRYakodis Lisdd 4 fegilieedaBaketiion 100karts Hrong

t hese, the conpounds havi ng bi sphenol type structures are preferred.

Wi ch cyanafefsht ofpewpexy Rsissed anong these cyanate conpounds can be

sel ected as appropriate according to applications, fromthose having
properties requFurtterfariossicadpormding agests, suvh as hogeathefillexs, silade properties
which are liquid to solid at roomtenperature due to their structures, and
i s not par touplingmhaperialrirelease agents.andmismenty.andtvarnovhibhsUrePeH BgIETRS ng

2, 2- bi s(4-cyanat ephenyl ) propane or _its prepol yner g§¥$he maj n conponent is
par ti cul ar £an by addsd petpquised tuthe cpfableTegiH @ MPLSEHPB QL 1S RIFIEP! INSHAN: ng

ty, d In additi . Pr. I i Zi A . d
proverty. Todesestigh DAl bhan, reROIEA D S KIS Somald
o el oL i hbon SAE LS ob. RS T STEEAbA gD oot

d . ; .
commound agd e RUEPALYTT CPIRE il MLIEEnaE SIS o

three corrpggtﬁglteg Rgzr%atﬁﬂgsth&%@ﬁﬂ&%]tan?%@fl(i)%pox%egéﬁfﬂ? blusdd Mok, B 8RS or

i nvention, er “epoxy resi’n used as” an optional conponent

(herei naf t giord &f @E{cEHay Be @d! ©ThEseGATRARRTIRYs 48 pIGBABRI Uskd B2 t O

proportion of 50 to 90 weight % in the curable resin composition, in view of the heat

L
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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 |Iike can
be obtai ned by conmbining a bismaleimde resin. Bismaleinmde resins that can
be used in the present invention include polyfunctional maleimde resins.
Specific exanples include 1,3- or 1,4-dinal ei m debenzene, 1, 3- or

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

1,3- or 1, Ashiscaahskmidremsihv, enthemnied pheyaia, and tHellill sfzhetwredebi phenyl
bi s(4- nal ei m dephenyl ) nmet hane, bi s(4-mal ei m dephenyl)ether, bis(4-

mal ei m dephgtia) s£dhE @pexy fekifi (cAmipakieibAal de- 3- net hyl phenyOret hane, bi s(4-

mal ei m de- 3- chl or ophenyl’) net hane,

bi s(4- nal ei M deF@tierdiulitiyinpharnytjives banks compounded as required to the

2, 2T- bi s(4- mal ei m de- 3- et hyl phenyl ) propane, 2, 21-bi s(4-nal ei m de- 3, 5-

di br omopheaymbleapsineompositich oftthe prasere phresnyibip h 8padifietiaarpdes o additives

di mal ei m depheny1-4'-nal ei m dephenyl net hane, 1, 1-bi s(4-nal ej m dephenyl) - 1-
pheny! net htiaecamisd wiediinhbsdet todybusadiengeandraetlified polablefadices mrdbett s of

f ormal dehyde and aniline, in which nelamne and two ?r mre anj Line benzene
rings are Bunleairils epabmeys eabyphewilps ethergdrelyeyrengpolyethyleqe, ppiyimidgsi n
conposition of the present inyention, the epox esi,n of th .esent

i nventi on SHAOFSEL Mide1nidsbashd comBovMs; ‘c‘?ﬁn%%teﬁ%f)'i’ﬁ%fl CSB"Q?E}“cfsegFlﬁ%qe Q her

[ . .b incluyd . sph | DS,
R R T S T G L

t i G . i 3 I t
epoxy T o) ORI B EhEE Ao B Bl R B o B Ry /e

resins, angythe iRy ANaYalR0& AW del, ARE MR Blask AShWEvEREAbRE dieon0r two or

nmore of these époxy resins can be conbined.” Tn the resin conposition of the
present i ngget kkihce @RAMYenk BSnSToE Billefs, fudhtasisiienee@uipling agdnts, oéledsae pr esent

i nvention and other epoxy resins (hereinafter referred to as total epoxy
resins) ar ggansednd Bolstimts sach angebomblack, hpdithralgoyapioe bivenandphithdocyesine
conponent is generally 5 to 70 weight % preferably 15 to 50 wei ght %

The resin gmeposition of the present invention can also contain a
phosphorus conpound as a flame retardancy providi ng conmpane EY The
phosphor us cont Bheurable sessoentapaniioned the PreseRtINGRIPY Hed ﬁungcg tion type.

Specific exanpl es of, the phosphoruys, contai ni ng .gonpoynds i ncl ude. phosphoric
esters sucHufymly P}%‘Pﬁﬂlepﬁ%’é’ﬁ ﬁﬁ%"é‘?""g FP@PHW%OS%W&%&%%I? Fqsglrcé)%oﬁﬁ)t%gphat e,
trixylylen hosphat.e, cresyl di ph I :

cresyl- 2, egﬁﬁ%ﬁyr‘g%fﬁ%ﬁg}?‘fdﬁ‘%6%%?%5%%%98‘%&3@}9?{3%85?5 aeriel B e P Shosphat e)

1, 4-phenyl gpapi 54 & , le, the cured material can b

2 4 "o pherg e ey SaORARLRhaY 2or sxampls i oured material can e

9, 10-di h_ydB&‘a&‘e@Bﬁ‘s&ﬁfci&lﬂg%ﬂﬁﬁﬁ%ﬂﬁﬁhbsh?,&Q:ulﬁg@ btCarf) ¢ needed, a curing

10( 2, 5- di hydr oxypheny1l) - 10H 9- oxa- 10- phosphaphenant hr ene- 10- oxi de;
phosphor us ;&eRFabAiaf InpaRy filanpeumgsustinghgad, dnd vaeiacs ihegnesettaEoxy resin
and the active hydrogen of the above described phosphanes, red phosphorus,
and the |iksinshusingirosphaler,a knsider,s rablh os tiiedikesas mauiresh oaipltbe pixtvont ai ni ng
epoxy conpounds are preferred, and 1,3- phenyl enebi s(di xyl yl enyl phosphate),
1, 4- pheny| sneifostdioobitain threyduptbe pasiax edmpasition of the present invention, molding

bi phenyl (di xyl yl enyl phosphate), and phosphorus contai pi ng. epoxy conpounds
are parti cteanurapleesmaompgsitipp by anele s3sting 2 iERs TW@“&)F"@M

i nvention, the content. of the phosphorus co1 tai nitrﬂg conpound iggﬁ{eferably
phosphor usa%m%omrwﬂd%%ﬁﬂ?@ﬂﬁ&ff@ﬁ%ﬁ&@o Hﬁﬁfﬁe_ @).quﬁeol > &nd AT 1 )
| ess, the flanme._ret rd%n Y ES AN ldffiCi ent, and at 0.6 or nore, there is a
fear that PHENFDYre 9@5%1%0&2”83 gi°8Ferty and di el ectric property of the
cured materi al & %ug%\ig%)%gnl o fc}casﬁgo;[nﬁ%‘the Preserﬁhﬂvern‘tlﬁh %a&é%ﬁ?p?ofs& Lon of the

present inventi oun er fesin as requl I nprove the

filmformal o dPkdmd Yol 1R GEIRO R Rinodifidelont Rl didu dgn bOUt not

limted to, yral-based resins, acetal - esi'ns, —acrylic-based

resins, epgxys - ' NBRs a?@qi thS pre€éi@ Xy - NBR- based
resins, poﬁ}%ergﬁéle(?@gge e?%%??ldslta?éhol yi n?gg%}’g{age res({n??, s?l i cone- based
resins, anghybhgod bykRnpr Qﬁtiﬂgwtit ekubdpatdiutd ek glaesfibercoarbonfidad i s
preferably in such a range that the flame retardancy and heat resistance of
the cured nmaterial 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 wei gt of the target resin conponent.

A curing accel erator can be added as required to the resin conposition of
the present invention. The curing accelerator is not particularly limted,
but includes organic netal salts or netal organic conpl exes of iron,



acetyl acetonate, copper acetylacetonate, cobalt acetyl acetonate, and
di butyl tin nmaleate. | m dazoles include various imdazoles such as
2-met hyl i m dazol e, 2- phenylim dazol e, 2-undecyli m dazol e,

2- hept adecyl i m dazol e, 2-phenyl-4- methylim dazol e,

1- benzyl- 2- et hyl i m dazol e, 1-cyanoet hyl-2-nethylim dazole, 1-
cyanoet hyl- 2- phenyl i m dazol e, 1-cyanoet hyl-2-undecyli m dazol e,

2, 4- di am noélg%sgér:ﬁlﬁ,%gép%mgﬁm gﬁxﬁﬁﬁé %&Y{)x’ﬁaﬁ&r{, haatirgeand drying the

2, 4- di am nb? I'm dazof e(1l)) ethylet -s-triazine,

2,4-diamn ' i s [died Bk hddd) et thy lpreprég | dltiervonteat of

2,4-di am n%bgér%nﬁﬁ%?ﬁ%aﬁn&g%%%ﬂ%e% %t hyl - s-ﬁi a?ier;])é gi:socyanuri c acid
adduct, a gp BRERhiIHE 988l chif REMPBYITLE isdnerally abautdidab, 70aveight %,
2-phenylim gazol e isocyanuric acid adduct, )

2- pheny! - 3pRrdibly dbouyIsas Tlvieigidas Based amthe2etehemgint Bf Sreiugatdstssinhoxy

met hyl i m dazol e, and salts of these im dazol es and pol yval ent carboxylic
aci ds suchc@ipgiitidnadfithe prebeht inveatibn had the sabvent, e epdgitiondhe eurgelegesin
trinellitic acid, pyronellitic acid, naphthal enedi carboxylic aclug, mal ei c
acid, and cxmpositicciompringthalsplyes.@n alse bs used assvapgishhei HPARVENtHIEEFabl y 0. 1
to 3 parts by weight of the curing accelerator i uied %s rygl‘%llli red, based
on 100 par fos emgmple;j yrhutyoslactpees; amide-basehenheans such as N-mefylnyzioligle he used

i h i it f th LNy, ion. Fi.ll FRcl ude f d

B T

- nitride, [ arb te, bagi |_f I | 2 hca, talc,
g e I
e UM AL UL B oy LA, BRI it Bl

nol ybdenugg%??ﬁlnféigg%gll @69&%&1‘?@1 etB&d pidp9lent kBscoPmehamatylethdrused silica,

crystalli Icon nitride, boron nitride, calciumcarbonate,

bari um sul fal6acefié, Gnd Prspil drdtgycolinthobiitgl ehers baeferabily loweraalkydet al uni num
hydroxi de. One of these fillers may be used alone, or two or nore of these
fillers maglybsl memsk orididsiver alkyl ether,detarednsed solemtpiichgs mpetl ethyl | evel i ng
agent, an 1on scavenger, and the like can be added as appropriate to the
resin conpksiohe aml methyhisopstybletons, praferablyrilidever alkylketeneon @it t99se of use.
The colorant is not particularly lLimted and includes.variou

or gani c- baskul groups may bashe wme o iffersat, 6ﬂ$ﬁ%’l‘%‘é‘§“§?ﬁ SOLVER(S § ﬁé‘%zo,

gui nacri done, anthragui none, flavanthrone, peryno e i Zi ne,
condensed kecneid Xy <Hfet ﬂﬁ??&m%?’n H558 2, ’i‘gr ap%ﬁbxﬁg%f) !s‘;%gtéc/ tg}a%sdrtﬁrgé?um

oxi de, | eao%tssul fa'tbe, c(ﬂr one yellow, zinc yellow, chrome vermlion, Bengal a,
cobal t vi of®8¢ ™%’k "5¥%e, blue, ultramarine blue, carbon black, chrone
green, chrom ”mAOsfﬁb&Qike%ﬂeﬁ{?@@a{ bXbiRERed by applyine YRS hbte@aaibedi ncl ude

si | ane- based coupling agents such as 3- glycidoxypropyltrinethoxysil ane,
3-glyci doan?s‘ﬁyc}r}z[ JIBED AN SchRRhe tBe salvdit e iRatingy | and tabhibvding®-stegey si | ane,
3-gl yci doxypr opyl net hyl di met hoxysi'l ane, )

2- (3, 4- epoxyeydkanmeHaatdive tdd vedseday an irmeelayétif@latmiapertiy &dsltilayer

am nopr opyl met hyl di met hoxysi | ane, N-(2-am noet hy1l) 3-

am nopr opy kiteitiad dndithelikoxysi | ane, 3-am nopropyl tri et hoxysil ane, 3-

mer capt opr opyl tri met hoxysi | ane, vinyl trinmethoxysilane, N- (Bﬁ% )

(vi nyl benzy| ani b} etrey natSiak wbtainedan yhe nreseat HygyHon ederiipsd SLYATOUS de, 3-
met hacryl oxypropylitrinet hoxysil ane, 3

rop | -chloro ropgtcrrel hyl di éhoxysi | ane,
and 3- chl eppipratipys. t rGenstailyx grplicatiens include VARUS 20BYCALGYH WWEI% gents such as
i sopropyl ( Net hyl am noet hyl et hyl am no)titanate, ti tani UMk e .

di (di octyl plwygn@g%ge@@)s&%ﬁsequgg resins are used, for example, adhesives, paints,

i | di (di hite).ti :
e o B SR B U BE o s, PRy g Bl o
al um num baseii tﬁﬁﬁ@%@g&fﬁﬁ@%@%@g@%ﬁ% Qé&cﬁfdythﬁﬁg%% Soalarlts HBLRACT Yl at e,

Zr - pr opi on&ts¥2 enzenesu ["zi rconat e,

neoal koxytris(et.hyl enedi am I.r conat e,
neoal koxyt A E‘éﬁhﬁ%’%@bﬁ@‘ﬁ%ﬁﬁ?%ﬁﬁ%@%mm um zi r coni um car bonat e,

Al -acetyl acetonate, Al nethacrylate, and Al -propi onate, and sil ane-based
coupling agents are preferred. By using the coupling agents, the noisture
resistance reliability of a cured material is inproved, so that a cured
material is obtained that has a small decrease in adhesion strength after
noi st ure absorption. Level i ng agents include oligonmers having a

nol ecul ar wei ght of 4000 to 12000 which consi st of acrylates such as ethyl
acrylate, butyl acrylate, and 2- ethyl hexyl acrylate, epoxidized soybean
fatty acid, epoxidized abiethyl alcohol, hydrogenated castor oil, nodified



The resin conposition of the present invention can be obtained by, for
exanpl e, m xing a cyanate conpound and/or a prepolynmer prepared fromthe
cyanat e conpound as a raw material, an epoxy resin component conprising the
epoxy resin of the present invention, and conmpoundi ng conponents, such as a
phosphorus contai ni ng conpound, a curing accelerator, a binder resin, an
ion scavenger, a filler, a coupling agent, a colorant, and a | eveling
agent, as requi AgResiwsiMdudt Ah¥ding forehilnpgmhvaing somstidetiag hatonabiles, or a

pl anetary m xer, and then, uniformy dispersing themby a kneadi ng nachi ne
such as 2 @@fﬁelrﬁ,paﬁeﬂﬁﬂtﬁ‘la,%ﬂ medicat xireugtewell o adhes aesdogelecmianc materials. | n
addition, the resin conposition of the present invention can be turned into
a var ni sh- lAinkmgabeseosdhiesioes foneleeiroait eaterials impluyle ingérlay exchdhesives foar ni sh) by
uni formy m xing the above descri bed conponents in a predetermined ratio in
a sol vent . nfbilapertssbsimbes supl hailbia]d-ip boasda rmghesivey fon sepienndueiore such as

am de-based sol vents such as N-net hyl pyrrolidone (NW)

N, N- di met hyllef tandimgi agents BnvipndecfiNgiadbesivasdeepaskiging, suefyas underfills for

N, N- di et hyl i mi dazol i di none, sul fones sugh a§$éﬁéra thylenesulfone,

et her - baseBGbrejelierement netrgpisCh ‘§W€3§P9% nRAANSOTORYY | di et hyl ene

gl ycol diethy| ether, pr en | ycol diethyl ether, propylene glycol
mononet hyl ¢&¢ P"W&eéc(é?%t,angé%r ydr of uran, and -di oxane, ketone-based
sol vents such a t hyl .et.hyl  k ne. a t I , and
aromat i c- based Sgﬂ55%¥§11E%ﬁegg§%§1%gﬁ@%a%@tg%%%%ggm%ﬁéggﬁﬁ%ggge sol vent s
may be used, al-00S; «Hsisd S d?édé??fi@ﬁ%{mi%t@gscﬁod%@,' IC8NE SIsEhd RE 1iks qebridlgxed. The

solvent is Used inh such & range concentration of solids in the
varni sh (t ?&liﬁ BGEAORACOIN TR SRIEINRE ES: Wishad UShaundéralis @nmpichips S
generally 10 t0 80 weight % preferably 30 to 70 wei ght % I n order
to obtain andiealtenhBig &l pakadihg IC patkageonphas QORPs, BGAshendCEReNt

i nvention, thermal curing under conditions according to the curing system
shoul d be paclomgradetfitls fexe@inforeemastandribe ké.nt ed board applications,
curing conditions at 160 to 240C for about 0.5 to 2 hours are general.

A bui | d-up wi ri Nextberatberikindf hh resie compositianonibe presem ifentine wall b ent
invention is used for the inter-layer insulation |ayer can be manufactured
usi ng publ descfibRhown net hods, and the manufacturing method is not
particularly limted, but the build-up wring bo i.S_obtain for
exanpl e, bondi ng]“é r?sé%f’?fp%?fb?‘?ne%?%{l%ﬁ‘ef%ﬂw %glinnogltg%%reﬁ%ng illﬁ’egﬁgr%(%éflti on of
the present invention t rd d.am core, wiring by etching and
pl ati ng, aﬁ&y?r@?%oﬁngpo\ﬂngsrepljg%nged %&géagf@é%%ﬁ ed netal foil for a

buil d-up wiring board in which the resin conposition of the present

i nvention is used f@E the inggy-layer insulation |ayer can be manufactured
usi ng publicly kno nethodsi and the manufacturing nmethod i s not
particularly |imtgd\ but t "}e i Rappl i nmetal foil can be obtained by,
for exanple,’ﬁﬁﬁ%ﬁi 5 t he [&Si/ gggﬁositiég)of the present invention to an
el ectrolytic copper|foi conmma coater, and renoving the solvent by an
in-line dryer. In a@®ition, &Bubstrate such as glass fiber, carbon fiber,
pol yester fiber, polyam de fiber, alumna fiber, or paper can be

i mpr egnat ed(initkdfothalanQavepreentyd diestt bend)ios b sulsstitidne at atdmesetbctea Fordri ed to
obtain a prepreg, and the prepreg can be |am nated and heat press nolded to
provi de a kengroag obmmpilglene gfxemph ésopropylideregroup.lfe present invention wil |
be further specifically described by way of exanp|es, but the present

i nventi on hexafloprdisapropstidere gioupeanesthiphearoup.an #bylidsne 8taWRg, parts are
parts by weight, unless otherw se specified. ép t he exanpl es, epoxy

equi val ent bishnethelidensiheneensaronr afeH@ethyAdgRabiPhFmd 8790 2f gl | owi ng
diti 1 qui val ent : . t hod.. i to E
K T936. > pinberaeldges soupieelSny ety P St QTR PR 7234,

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.)
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3) Measurenent conditions for GPC are as follows: machi ne type: Shodex
SYSTEM 21 col um: KF-804L+KF-803L(x2) coupling el uent:

THF(t et rahydrofuran); 1 ma/mn. 40C detector: UV(254 nm UV-41) sanple:
about 0.4% THF solution (20 uL injection) calibration curve: standard

pol ystyrene manuf actured by Shodex is used Exanple 1 100 parts of a
phenol - bi phenyl novol ak type epoxy resin (manufactured by N ppon Kayal cu
Co., Ltd., - 3000-H, epoxy equival ent: 288 g/eq, softening
poi nt : 680?}%@?ﬁ‘(1)ﬁggﬁéa@§para bond (nolar ratio)=60:40 to 55:45) and 50
parts of nethyl isobutyl ketone were added to a flask provided with a
stirring machine, a reflux cooling tube, and a stirring apparatus, and _
di ssol ved sufficiefbly at 108€. After cooling to 60C, 200 parts of nethanol

was added, and th bt ai ned~suspensi on wgs gti rred under reflux for one
l;'d‘%QNSOCf 30 minutes to confirm two-Iayer
p

hour, and t h8&0atq o\
separation. The upper r part of the two | ayers separated was extracted

by decantation, antb2 t s@bf net hyl isobutyl ketone and 200 parts of
nmet hanol were further added to the residue, and stirred again under reflux

for one hour. ter, thi [ : f ] dto
confirmt 9Itlé?ﬁ‘(??mglélpé‘fz%ﬂrggﬁﬁ&%n‘gghgtgérﬁ %éf/lery l%glgt% lg#maﬁﬁleél\? a%ﬂf‘gggﬂsm
separ at ed S t aly Thi taoehdigl fenRuIg ey at i on
operation %gns‘r%gdgg‘?%%ﬂ%n%gﬁgti tr(riebg.glthl‘}hgfea'h%bat%611i %ed resi due@%/\)n?s subj ect ed

to heati ngm{w&m@ﬂaﬁﬂlepﬁ&%wﬂ%@m A0 compemEdsy fat mieidn §heparts of
the target epoxy resin (hereinafter, EPl1). The obtained EP I had an epoxy

equi val ent p@hoRfer g4Lbe dbtdinad spheaiigfe pompoumf of Heeral formula@oypaf)son of

the data o? t he obtained epoxy resin EP1 and NC-3000-H is described in the

fol | owi ng Thédeeydnatdeshpounss bhdtheir eprlpgerssanbi bbtajnedrby publiclytkaovr col d

st orage at 5% l(Jisi ng a 70 wei ght % net hyl ethyl ketone solution. Table 1
methods.

Specific examples of the cyanate comppunds 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-cyanatephenyl)methane,
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)thioether, 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-
cyanatephenyl)methyl-1,1-biphenyl, 4,4-bis(4-cyanate-3-methylphenyl)methyl-1,1-
biphenyl, 2,2-bis(4-cyanatephenyl)-1,1, 1,3,3,3-hexafluoropropane, di(4-
cyanatephenyl)fluorene, 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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Epoxy resin SP(C) (BS) Bifunctional conpound (area %9 MWV EEW (g/eq) oo/ pp
rati o

methylphenyl)fluorene, 9,9-bis(4-cyanate-3-phenylphenyl)fluorene, 9,9-bis(4-
cyanate-3-allylphenyl)fluorene 4,4-bis(isocyanatephenylmethyl)-1,1'-biphenyl, and
thelike. Cyanate esters of trihydric phenol include, for example, 1,1,1-tris(4-
cyanatephenylethane)-4-cyanatephenyl-1,1,1-ethane and the like. Among these, the
compounds having bisphenol type structures are preferred.

Which cyanate compound is used among these cyanate compounds can be
selected as appropriate according to applications, from those having properties
required for cured materials, and those having wide properties which are liquid to
solid at room temperature due to their structures, and is not particularly limited, but
using a cyanate compound comprising 2,2-bis(4-cyanatephenyl)propane or its
prepolymer as the main component is particularly preferred, because it is good in
productivity, handling property, and cost. In addition, prepolymerizing a cyanate
compound (usually producing a cyclic trimer) previously is suitable for lowering the
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 (hereinafier 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-methylphenyl)methane, bis(4-
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Storage stability NC 3000-H 68 23 2614 288 1.76 Crystal precipitation
during the third week EP1 78 14

maleimide-3-chiorophenyl)methane, bis(4-maleimide-3,5-dimethylphenyl)methane,
2,2'-bis(4-maleimide-3-methylphenyl)propane, 2,2'-bis(4-maleimide-3,5-
dibromophenyl)propane, bis(4-maleimidephenyl)phenylmethane, 3,4-
dimaleimidephenyl-4'-maleimidephenylmethane, 1,1-bis(4-maleimidephenyl)-1-
phenylmethane, maleimides that are derived from addition products of formaldehyde
and aniline, in which melamine and two or more aniline benzene rings are bonded
via methylene groups, and the like.

In the resin composition of the present invention, the epoxy resin of the
present invention can also be used in combination with other epoxy resins.  Other
epoxy resins that can be used include bisphenol A type epoxy resins, bisphenol F
type epoxy resins, biphenol type epoxy resins, phenol novolak type 'epox_y resins,
cresol novolak type epoxy resins, triphenylmethane 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-

23



2682 294 1.69 Stable for two nonths or nore Remarks: SP: softening point
MA average nol ecul ar wei ght cal cul ated from GPC EEW epoxy equi val ent
oo/ pp ratio: indicating the nolar ratio of oo and pp, wherein "oo0"
represents a conpound of formula (1), wherein rr=1 in which both bonds of
bi phenyl nmet hyl i dene groups are bonded at the ortho position to two

gl yci dyl oxy groups existing in its structure, and "pp" represents one in

whi ch bot hsiapkiphanititend esloride! fifospRdras BeRhihingepokx adipeunds obtained

by reacting an epoxy resin and the active hydrogen of the above described
phosphanes, red phosphorus, and the like, but phosphoric esters, phosphanes, and
phosphorus containing epoxy compounds are preferred, and 1,3-
phenylenebis(dixylylenylphosphate), 1,4-phenylenebis(dixylylenylphosphate), 4,4'-
biphenyl(dixylylenylphosphate), and phosphorus containing epoxy compounds are
particularly preferred. In the resin composition of the present invention, the content
of the phosphorus containing compound is preferably phosphorus containing
compound/total epoxy resin = 0.1t0 0.6. At 0.1 or less, the flame retardancy is
insufficient, and at 0.6 or more, there is a fear that the moisture absorption property
and dielectric property of the cured material are adversely affected.

The resin composition of the present invention can compound a binder resin
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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100 parts of a phenol - bi phenyl novol ak type epoxy resin (nmanufactured by
N ppon Kayaku Co., Ltd., trade nanme: NC- 3000, epoxy equivalent: 274 g/eq,
softening point: 54C) and 50 parts of nethyl isobutyl ketone were added to
a flask provided with 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 UnQu%tyih_&ftbﬁb?te,fc@Fp&&@etblﬁbétonﬁ&&oﬁ)hlelacaj(lhmnﬂthtd;(anéﬂﬁmwmim 50C for 30
m nutes to confirmtwo-layer separation. The upper |ayer part of the two
| ayers sepaiaddatsl Viagdeslesdedede \tnyiodehaidamlémmchama-rﬂﬁﬁld'amdgﬂdﬁ, Zret hyl
i sobutyl ketone and 200 parts of nethanol were further added to the
resi due, apHeslinideclggaimecyiteidazadé, uketatecyinidagale, 2-phegk-4t hi s, st andi ng
at 50C for 30 nminutes was performed to confirmtwo-|ayer separation. The
upper | aye!rneﬂadnnldazotl@é—hwﬂ-%@t@@@éa@@%édcmgﬁgﬂp?aﬂﬁly nyGazeéednt at i on.
This standi ng and separation operation was repgat, d Ehree .ot e pes. The
&

(r) te)t(:: gi/g red { Gsﬁrﬁ?ﬁl_ws?ig@aﬂﬁ@@@é@@t locyragethilyZamdey : ep?é“s'g'ﬂ?lénq‘% “sol vent
e et i SR
R 5550 1 oot IR bR A A B IR R Ep B
thyl ket onddbTae bR PruieERRE YRRl st e Sra G Sk T
compound ( %{eﬁﬁrlfﬁidazole isocyanuric acid 2:3 adduct, a 2-phenylimidazole isocyanuric acid

adduct, 2-phenyl-3,5-dihydroxymethylimidazole, and 2-phenyl-3,5-dicyanoethoxy

methylimidazole, and salts of these imidazoles and polyvalent carboxylic acids such

as phthalic acid, isophthalic acid, terephthalic acid, trimellitic acid, pyromellitic acid,

naphthalenedicarboxylic acid, maleic acid, and oxalic acid. Generally 0.01 to 5

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, talc, 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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EEW(g/ eq) oo/pp ratio Storage stability NC 3000 57 34 1661 274

includes various organic-based coloring matters such as phthalocyanine, azo, disazo,
quinacridone, anthraquinone, flavanthrone, perynone, perylene, dioxazine,
condensed azo, and azomethine; and inorganic pigments such as titanium oxide, lead

* sulfate, chrome yellow, zinc yellow, chrome vermilion, Bengala, cobalt violet, dark
blue, blue, ultramarine blue, carbon black, chrome green, chromium oxide, and
cobalt green.

Coupling agents include silane-based coupling agents such as 3-
glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropylmethyldimethoxysilane,
2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, N~(2-aminoethyl)3-
aminopropylmethyldimethoxysilane, N-(2-aminoethyl)3-
aminopropylmethyltrimethoxysilane, 3-aminopropyltriethoxysilane, 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-
ethylanﬁnoethylethylamino)titanate, titanium di(dioctylpyrophosphate)oxyacetate,
tetraisopropyldi(dioctylphosphite)titanate, and neoalkoxytri(p-N-(f-
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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1.02 Crystal precipitation on the fourth day EP2 69 19 1932 283 1.03 Stable
for one week or nore Remarks: Synbols in the table are the sane as in
Tabl e 1.

Leveling agents inchude oligomers having a molecular weight of 4000 to
12000 which consist of acrylates such as ethyl acrylate, butyl acrylate, and 2-
ethylhexyl acrylate, epoxidized soybean fatty acid, epoxidized abiethyl alcohol,
hydrogenated castor oil, modified silicone, anionic and nonionic surfactants, and the
like.

The resin composition of the present invention can be obtained by, for
example, mixing a cyanate compound and/or a prepolymer prepared from the
cyanate compound as a raw material, an epoxy resin component comprising the
epoxy resin of the present invention, and compounding components, such as a
phosphorus containing compound, a curing accelerator, a binder resin, an ion
scavenger, a filler, a coupling agent, a colorant, and a leveling agent, as required,
using a rhixing 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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Exampl e 3 Operations simlar to those in Exanple 1 were perforned
using a flask provided with a stirring machine, a reflux cooling tube, and
a stirring apparatus, and 100 parts of (phenol, 11-naphthol)-bi phenyl

novol ak type epoxy resin (manufactured by the nethod described in Japanese
Patent No. 3575776, naphthol/(phenol +napht hol ) =0. 34, epoxy equi val ent: 284
g/ eq, softening point: 69C) to obtain 81 parts of the target epoxy resin

(EP3). The obt ainnpderktP3blaatla atire@ pRkstiat afiiheabsn tomposBh ¢f thelpresertof t eni ng
poi nt of 83C, and a bifunctional conmpound area % of 18% Exanple 4 and

Conpar at i vavexagipkierhal curinghmdert dtadipax yedoeding tothetchgng syssemtshoubd bat i on
obtained in Exanple 1 (EP1) and NC-3000-H, phenol novol ak (manufactured by
Mei wa Pl aspérforimedusFoi esmpld, cissuming geinied oardHpplicatipds,aayihg goudiporscdi val ent :
105 g/eq) as a curing agent and triphenyl phosphine (TPP) as a curing
accel er at ot60ner 24086 ifpoabodtd. Sitn 2doooegentiralg rati o shown in the fol | owi ng
Table 3 to prepare_a conposition, and the conposition was subjected to
transfer mol di ndybudd-optvaring berdda whieh the redin eempesstionefdhe Bieser$0C for two
hours, and further at, 180C for ei Tabl e 3 arTrpI e 4 Epoxy

actured using

r esi nEP114ipveRtion gsrdorthes intFrieys nBHGR Ty Gesans
publicly known methods, and the manufacturing method is not particularly limited,
but the build-up wiring board is obtained by, for example, bonding a resin-applied
metal foil using the resin composition of the present invention to a hard laminate as
the core, wiring by etching and plating, and forming vias.

The resin-applied metal foil for a build-up wiring board in which the resin
composition of the present invention is used for the inter-layer insulation 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 efectrolytic 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. Inthe
following, parts are parts by weight, unless otherwise specified. In the examples,
epoxy equivalents and softening points were measured under the following
conditions:

1} epoxy equivalent: measured by a method according to JIS X-~7236.
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Curing accelerator TPP1.5 Conparative Exanple 1 144 53 1.4 The
results of measuring the properties of the obtained cured material are
shown in Table 4. Measurenent of the property values were perfornmed by the
foll owi ng nethods: d ass transition point: TMA t her nonechani cal

measur enent apparatus: manufactured by ULVACRI KO, Inc., TM 7000 Tenperature
rise rate: 2C/ mn. DMA dynam c viscoel asticity nmeasurenent apparatus:

Bendi ng st bengt bfieliRghsofft e uréd B £ niefiédioesingltd GIS KHB3HY: 6911
3) Measurement conditions for GPC are as follows:
machine type: Shodex SYSTEM-21 column: KF-804L+KF-803L(x2)
coupling eluent: THFE(tetrahydrofuran); 1 mL/min. 40°C
detector: UV(254 nm; UV-41)
sample: about 0.4% THF solution (20 pL injection)

calibration curve: standard polystyrene manufactured by Shodex is used

Example 1

100 parts of a phenol-biphenyl novolak type epoxy resin (manufactured by
Nippon Kayaku Co., Lid., 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.
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Tabl e 4 Exanple 4 Conparative Exanple 1 dass transition tenperature (C)

TVAL60145
( MPa) 2624

m xed wth the conposition shown in Table 5 (nuneri cal

DVA185175 Bendi ng strength (MPa) 110106 Fracture toughness (KL O
Exanples 5 to 6 and Conparative Exanple 2 Conmponents were
val ues are "parts")

to prepare varni sh. The obtai ned varnish was held at a constant tenperature

of 5C, and the occurrence of crystal
was exam n_qdblelln addition, the obtained varnish was applied to an

preci pitation after one-nonth storage

el ectrol yti-e—eopperfoit(ihi-ekness—3brumranufagturgd—by—The—furukawa

El ectric QEPOXYIEH (Ej( ©) EBHHECtopat| VL | HEWH AP ¢ hPRRIgESEDTY o dr yi ng
was 75 um| and the soll®n{ sREPorBSgved yREED |hEHI ng and drying cond|tions
at 150C fdr_two minltes and(drea¥der] at 170C flor t mnutes to obtaih a
resi n-appl|i r fQill Thi,s regdij-appligd pefr¥stil presgdtabionded| t o

bot h surfec}gg'@w’ﬁfnon@nal ogerﬁFR-él %&%et#gfe g nuadigithe dhibd wdeks hi pa
Chem cal , ftrade namg: TCLIW555MJ; [t hi ckness:| 0.4 nRlabld¥oRié hos@RRel foi |
was renoved b¥EPt chind® reat mht, Jri@38yrdY (oAdShayy,.at a pressure pf 1 Pa
and a tenperature of 170C to provide a sanpte for a ftame retardancy test.

I n additi oRematks: remai nder |eft after the above described heating and -

drying was renoved fromthe copper foil

afll: safte

nmol di ng,
nmeasur ed.

nt he var
ret ar dancyMWs @Yer%&mngﬁa%@r VELRAL P%I?‘Bﬁeﬁgfioﬁi G§

( . and subj ected to conpression
NHEPEIntt r ansiti on point of the conpression nol ded was
results of t i sh storage stability, flane

The neasure
pe shown in Table 5.

EEW: epoxy equivalent

oo/pp ratio: indicating the molar ratio of 0o and pp, wherein "oo0" 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 separatton

30



Tabl e 5 Conpounding ratio (parts by weight) Cyanate conpound sol uti on Epoxy

resin EP1 EP3 NC- 3000 Phosphorus conpound Curing accel erator Bi nder
Sol vent (D1VIF) Measurenent results Storage stability of resin
conpositionNo crystal No crystal Crystal

operation was repeated three more times. The obtained residue was subjected to
heating and reduced pressure for solvent recovery to obtain 76 parts of the target
epoxy resin (hereinafter, EP2). The obtained EP2 had an epoxy equivalent of 283
g/eq and a softening point of 69°C.

Comparison of the data of the obtained epoxy resin EP2 and NC-3000 is
described in the following Table 2. Test results of storage stability are results of

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

Table 2
Epoxy resin | SP(°C) | Bifunctional | MW | EEW | oo/pp Storage stability
(J1S) | compound (g/eq)| ratio
' (area %)
Crystal precipitation on
NC-3000 57 34 1661 274 1.02 the fourth day
EP? 69 19 19321 283 | 1.03 Stable for one week or
more

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

Example 3

Oper;dtions 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, sofiening 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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(storage at 5C)precipitation for precipitation for precipitation in one
nont h orone nonth ortwo weeks norenore Eval uation of build-up wiring board
Fl ame retardancy (UL94 standard)V-0V-0V-0 d ass transition tenperature
(TMA) (C) 211217202 Remarks: Cyanate conpound sol ution: cyanate resin
prepol ynmer B-40S (manufactured by G ba-Ceigy, a MEK sol ution of a bisphenol
A dicyanate resin, trimer content: 40 weight % solids: 75 weight %
Phosphor us tgpiggiphdsptnt GOP) éﬁaewﬁ%@mé@ehtbywé%&hin beided ifg. , Ltd., a
phosphor us- based flane retardant) Binder resin: BPAM 01 (manufactured by
Ni ppon KayabapoGiding tdtid. shown intHeabllowiigi Tabitk P prepirda cot®bsiliofund ik

accel erator: N kkaoctics Zinc 8 % manufactured by N HON KAGAKU SANGYO CO. ,
LTD., a zi mompesitiby aexuytjedtel witremsfer neydding to slothintrholdd resin, which was

cured at 160°C for two hours, and further at 180°C for eight hours.

Table 3
Example4  Comparative Exampie 1
Epoxy resin EP1 147
, NC-3000-H 144
Curing agent Phenol novolak 53 53
Curing accelerator 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-
RIKOQ, 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

Example4 = 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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From t he above results, 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 |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. Further, the cured
material of theCohpahaieswery alieé withstha conppisor stowniaTavrr Y (dhnghickieat

resi stance and al so i nproved nechani cal properties. Therefore, the epoxy
resin and whleccamedphres") espreparovmassht i dthe obtaiied vardstewts heldand comstak e very
useful for a wi de range of applications such as nolding materials, casting
mat eri al s, téraparatatd ofit°Cabed thaloscurpmica v crysidhprecipastionsaftbr vesinsinth In
addition, the resin conposition of the present invention using the epoxy
resin of tHeragesvasrexaminednt lwerdditiern, thesebtaingd varrishiwasnppkedioage stability,
and yet its cured material exhibits excellent flame retardancy and heat

r esi st ance eleriigliytie eppper Apb(thicknss: 35yum, manufygfurediynbie Ruvkapa %&fifé‘élcepoxy
resin of the pr nt invention ig not likely to, cause crystal

pr eci pi t at Con Ltdy By aicpmma Gastetisudiibaieite thclses Ay AB eSS 2 tow
tenperature, therefore, jn esin c asitiop.usin {s, . .a decrease in
ber For mmncsstupitarssaete ey hifiog <67 dRage comfian B abeneado BBRIET but | ng
to an inpr t ] ' tahilj f.t L eS] oSfqf:Lon. In
addi tion, ?%ogﬁl%glre e nlr;}nglta grflglfaﬁ o?ﬁ&g?egﬁ?g%{aﬁely% ges?}nﬁgbg’gﬁ%g&%éhe?gﬁpcg% 1%“ ning the

ePOXy 1 €1 sl afiq ROBIEI WY BENdelto Bith Qrfabid d1G, AU RATIIRr & excell ent

heat resistanc ani cal strength than those conventionally
commer ci al kybsauel b Ronfiis: TédhbAORIHR irhde lkthd: NTIIWSS Oy ¢ and
quality control of the conposition are inproved, and further its curing
property cetickales Obemin)j osédh, copparfefl avas, reibvddshyaeliitip tieatmengrandus
conposite materials including insulation materials for electric and

el ect r oni ccyad {ene(lwuc bt apreksughofl EPa atd b itdiypesatnTeoadfid (o€ pto medle ng
materials), and | am nates (such as printed w ring boards and buil d-up
boar ds) an8RIERREOr BB refurdangydesit sIn additian, ghe sepaginder left afier thegboven, a

Cyanat o CoMPSUGLOTHARE SE DTy S Tarcygd FErAThac Pyt T ang Sioisardd Burcd
terial h | I ent . heat .resi st . diel ect.r] t

asi st ancecoma kR Apa Ry RaSHiol phink ok pisdroPint oo RHRLFES o 1 ne

manuf act ur %eQJur&é?pPﬁ-fe ﬁéésﬁ&?rf‘eﬁf FRffk Jﬁé VvHSEE si&ﬁ%ﬁeéstﬁﬁ ifyOhfpeC! M CUI T

boards, and as sealing materials, nolding mteri cavétlng mat eri al s,

adhesi ves, re@zlregﬁc&ite%' arld"3aks MahQHoP pbint arBhEWh3h Tabi@nd the like, used for
el ectronic parts. al s '
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1. An epoxy resin characterized by conprising a phenol aralkyl type epoxy
resin being of a structure represented by general fornula (1): wher eby

in formula (1),

n represents an average repetition nunber value of 1 to 10,

while Ar represents a glycidyl ether noiety of general formula (2): ( 2)
Pm or general formula (3): :

Table 5
Comparative
Example 5 Example 6 Example 2
Compounding ratio (parts by weight)
Cyanate compound solution 133 133 133
Epoxy resin
EP1 20
EP3 20
NC-3000 20
~ Phosphorus compound 30 30 30
Curing accelerator 1 | 1
Binder resin 20 20 20
Solvent (DMF) 90 90 90
Measurement results
Storage stability of resin composition No crystal No crystal . Crystal
(storage at 5°C) 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 NIHON KAGAKU

SANGYO CO,, LTD.,, a zinc 2-ethylhexylate mineral spirit solution)

From the above results, 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 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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and may be the sane or different fromeach other, whereby in general
formulas (2) and (3), mrepresents an integer of 0 to 3, 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 sane or
different fromeach other, and having an epoxy equival ent of 294 g/eq or
nore and 350 g/eq or less and in which a content (an area % neasured by gel
per neat i onFahh@ ik egredphatiridfof shdplitsined tanble restmpoupakiticn 2A%eor higkss. 2.
The epoxy resin according to claim1l1, wherein the phenol aral kyl type epoxy
resin i s ohea redistart uné alse impseed aechanicpd peopattiesor Wherafard,)the ¢paxyt he
formula, mrepresents an integer of 0 to 3, n represents an average
repetiti onresimdrgrthy alableoésin compdgitiomofthRpeeaet imepies eret wransefigffoaa hydr ogen
atom a saturated or unsaturated al kyl group having 1 to 8 carbon atons,
and an ar ywidgrrange ofzapglinaiiond sughhas meldingonatanigls. aging mpisprsalemivatioar . ) 3.
The epoxy resin according to claiml wherein in general fornmula (1), all Rs
are a hydr Bgtsaialy papts, adhesives, apdispistesi n according to any one of clains 1

to 3, having a softening poi.nt of 70C o nore. .5. The epoxy, resi n accordi ng
Lo any one of cIPEAMHEIOD. {hg Fasin GerEPeition pEtheREDI IAYeRtiRy o fie Spoxy

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 composition. 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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epoxy resin is manufactured by a nethod conprising the follow ng steps (a)
to (c): (a) the step of dissolving a phenol aral kyl type epoxy resin
in a solvent in which the epoxy resin is easily dissolved (hereinafter
referred to as a good solvent), and uniformy mxing the epoxy resin and

t he sol vent; (b) the step of mxing the m xture obtained in step (a)
with a solvent in which trifunctional or higher functional nolecules in the
epoxy resi matdnidlst Batige athtG iy @dhesiles, di&dscas dlsulakion phiat slateaihisesind wkerred to
as a poor solvent), to cause two-layer separation; and (c) the step
of separ at likg usébfos eleotrbmin parts.suspensi on that is separated into two |ayers,
removi ng the solvent fromthe good sol vent |ayer, and recovering the epoxy
resin. 6. A nmethod of manufacturing the epoxy resin according to any one of
claims 1 to 5, characterized by extracting and renoving a bifunctional
conpound from a phenol aral kyl type epoxy resin or a m xed solution of the
epoxy resin and its good solvent, using a poor solvent. 7. The nethod of
manuf acturi ng the epoxy resin according to claim®6, wherein the good
solvent is a ketone-based solvent or an ester-based solvent. 8. The nethod
of manufacturing the epoxy resin according to claim6 or 7, wherein the
poor solvent is an alcohol. 9. A curable resin conposition containing the
epoxy resin according to any one of clains 1 to
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5 and a curing agent. 10.A cured nmaterial obtained by curing the curable
resin conposition according to claim9. 11. A resin conposition
characterized by containing the epoxy resin according to claiml, and a
cyanat e conpound represented by general thrnula (5): Q@Q (in the
formula, Qa represents a direct bond, 2{.a substituent or atom sel ected
fromthe group of a nethylene group, an‘€8propylidene group, a

hexal | uor oi sopropyl i dene group, an ethylene group, an ethylidene group, a

bi s(met hyl i deﬁ?é{?&&% gsﬂ;? dngl 9('5!91‘1/0% bz c% ntphls 1% § é)ql%n(?l dlE)bletg{%{c!z el%rx())/lil‘gsin geing of a

blphenylneth I rou
b|s(|so@mwﬁvwwq3ﬁ@y éwymngmb nu (dicyclopentadlenyl group, an oxygen
atom and a sulfur atom Qb represents a hydrogen atom or an al kyl group
having 1 to 4 carbon atons, and each Qb may be the sane or different from

each other.)
A{GHZHGHZ Ai’" (1)

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

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

O/\\QQ

| =
a Sy (2)
Rm

or general formula (3):

and may be the same or different from each other, whereby in general formulas (2) and (3), m
represents an integer of 0 to 3, and R each represents any of a hydrogen atom, a saturated or
unsaturated alkyl group having 1 to § carbon atoms, and an aryl group, and may be the same or
different from each other, and having an epoxy equivalent of 294 g/eq or more and 350 g/eq or less
and in which a content (an area % measured by gel permeation chromatography) of a bifunctional

compound 1s 20% or less.

2. The epoxy resin according to claim 1, wherein the phenol aralkyl type epoxy resin is of a
structure represented by general formula (4):

(in the formula, m represents an integer of 0 to 3, n represents an average repetition 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.)

3. The epoxy resin according to claim 1, wherein in general formula (1), all Rs are a hydrogen
atom.
4. The epoxy resin according to any one of claims 1 to 3, having a softening point of 70°C or
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38 or general formula (6): (in the formula, @ represents a cyclic or
l'inear al kylidene group haying 5 to 10 carbon atoms, or a fluorenylidene
group. Q@ is the sane as in general fornmula (5).) and/ or a prepol yner
prepared fromthe cyanate conpound as a raw nmaterial. 12. The resin
conp05|§{gp according to claim1l, wherein the cyanate conpound is a
conpound aving a bisphenol type structure. 13. The resin conposition
according to é?gnnnmlc®mdqQMhmmEX@nwnmNﬂ@h@ntyanéﬂ@ué@nﬁbuﬂﬁmggﬁa&ﬁi@@ﬁera

formul a 4,8}y f3inBl niaﬁgﬁ(:@tpé@ Wj?ﬂ%t BHQHEH risih tthtIBﬁoﬁvﬁﬁj s@cﬁ?@ﬂ%s(b)t i on
according to any one of clalms erein Ar. &enera

1)
is a glycidy® @Fﬁ@ﬂ’ GFeisselyge Iél?t’%]oﬁlfﬂ%(éihﬁy%@PWd&%“ &Ebﬁé ¥eig Wé}fc%émfjﬂ |
gl yci dylesat Ih@éslryﬁllﬁbwcd Anereint i@-refepe0ko @ ¥ goddydohehhemdmiiRiinly aixigt eepespl
glycidyl eth ery nnletx and a para-cresol 0)/641 ether noiety.
Tesin and the SOIVLE
(b) the step of mixing the mixture obtained in step (a) with a solvent in which trifunctional or
higher functional molecules in the epoxy resin and the good solvent are less soluble (hereinafter
referred to as a poor solvent), to cause two-layer separation; and
(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 resin.
6. A method of manufacturing the epoxy resin according to any one of claims 1 to 5,
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 poor solvent.

7. The method of manufacturing the epoxy resin according to claim 6, wherein the good

solvent is a ketone-based solvent or an ester-based solvent.

8. The method of manufacturing the epoxy resin according to claim 6 or 7, wherem the poor

solvent is an alcohol.

9. A curable resin composition containing the epoxy resin according to any one of claims | to

5 and a curing agent.
10, A cured material obtained by curing the curable resin composition according to claim 9.

11, A resin composition characterized by containing the epoxy resin according to claim 1, and

a cyanate compound represented by general formula (5):

!Qb iG)b

NCO‘<_\ [ / QCN (5)
\ <.
gb @2 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 hexafiuoroisopropylidenc group, an ethylene group, an
cthylidene group, a bis(methylidene)benzene group, a bis(methylidene)biphenyl group, a
biphenylmethylidene group, a phenylimethylidene 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.)
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15. The resin conposition according to any one of clainms 11 to 13, wherein
Ar in general fornmula (1) is an a-naphthol glycidyl ether noiety or a
13- napht hol glycidyl ether noiety. 16. The resin conposition according to
any one of clainms 11 to 15, wherein in general forrmula (1), Ar is the

glyc
met h

idy%rﬁ&%ﬁﬂﬂ%ﬁhﬁ}&spf general formula (2), and Ris a hydrogen atomor a
yl group. A 6r

epreg characterized by bei ng obtai ned by

i npregnating a substrate with the resin conposition according to any one of
clainms 11 to 16. G#8. A | ambate obtained by using the prepreg according to
claim17. e

NCO \|/ OCN (6)

/ﬁ m\
|Qb @ 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.

[2. The resin composition according to claim 11, wherein the cyanate compound is a

compound having a bisphenol type structure.

13. The resin composition according to claim 11 or 12, wherein in the cyanate compound, Qa

in general formula (5) is an isopropylidene group.

14, The resin composition according to any one of claims 11 to 13, 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.

15. The resin composition according to any one of claims 11 to 13, wherein Ar in general

formula (1) is an a-naphthol glycidyl ether moiety or a B-naphthol glycidyl ether moiety.

16. The resin composition according to any one of claims 11 to 15, wherein in general formula
(1), Ar is the glycidyl ether moiety of general formula (2), and R is a hydrogen atom or a methyl

group.

17. A prepreg characterized by being obtained by impregnating a substrate with the resin

composition according to any one of claims 11 to 16.

18. A laminate obtained by using the prepreg according to claim 17.
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