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the Invention] This invention relates to an epoxy resin, an epoxy resin

conposition and a hardened product thereof, which are useful in 4l HCe )
and electronic parts-insulating materials, including sem conduct?r??g;?i%d J
materials with high reliability, and various conposite naterials, including

| am nat ed sheets (printed circuit boardg) and CFRP (carb fi ber reinforced

pl astics), as well as adhesives, paints and the |ike. rior Art] Epoxy

resin is lppogdl aESING dEPOXY RESTiNECOMIISITTON L AND- HARD: ERODUCT THEREOF
structural materials, adhesives, paints and the |ike because of its high
wor kabi lity and excellent properties of its hardened products such as

el ectric characteristics, heat resistance, adhesive property, noisture

resi st anc¢rFieid ef thei Fventdpnind the |i ke. However, further inprovenent of
the .epoxy resin, in terns of its high purity, heat resistance, nvisture

resi stance, adh&biweinvenpion relapes e @nepPxy oresinghanepaxy Ee8iRi ng and
the |ike various characteristics, has been called for in the elegtric and
el ect r oni €ompesitign and e haxdened prpsughnehgreot, which a3z, uek: dPnent of a
| i ght wei ght epoxy resin which has excel|ent nechanical properties and al so
has | ow vied€eEFiS angs electrondc parksningrlabing Fareria slBS&'fiJ&ﬂ led for as

a structural ,materiial in the area of aetospace and. , .- .
semiconductor sealing materi%ls w:ru?h agﬁ rgflablllty, and various

composite materials, including laminated sheets (printed circuit
boards) and CFRP (carbon fiber reinforced plastics), as well as

adhesives, paints and the like.

[Prior Art]

Epoxy resin is broadly used in the field of electric and
electronic parts, structural materials, adhesiﬁes, paints and the
like because of its high workability and excellent properties of its
hardened products such as electric characteristics, heat resistance,
adhesive property, moisture resistance (water resistance) and the
like.

- However, further improvement of the epoxy resin, in terms of
its high purity, heat resistance, moisture resistance, adhesive_.
property, low viscosity for high filler charging and the like various
characteristics, has been called for in the electric and eléctronic
field with the recent development. In addition, development of a
light weight epoxy resin which has excellent mechanical properties
and also has low viscosity for the improvement of workability has been

 called for as a structural material in the area of aerospace and




2 aircraft materials, .leisure and sports tools and the like. In response to
t hese denmands, a Iarge nunber of epoxy resin conpositions have been
proposed, but they are not satisfactory yet. [Disclosure of the Invention]
Wth the aimof finding an epoxy resin having the aforenenti oned
characteristics, the inventors of the present invention have conducted

I nt ensi ve studi es and acconplished the present invention as the results.
Accordingly, the present invention relates to (1) an epoxy resin

r epr esent gilrdnafthpatetiade, nYeisuraibad (sportisetodld iandt bhefhikeul aI( 1), each P
represent's a hydrogen atomor a nethyl group and P in the nolecule are

nut ual | y tréspomsesto Bhesedesands, a Iardequmbeztafirepoxypnesik gompesitiionavi ng 1
to 5 carbon atons, and n is a positive nunber of 0.1 to 20 on average),
wher ei n thevg;llmanoprmaedn bubsthey efeseotd sapdsfactorynyfbasured at
150[err]C by a cone plate nethod (variable, y; unit, poise) vs. the ratio
of the total weight of 3 to 6 nucleus bodies in said epoxy resin (variabl e,
X; unit, %by weight) satisfies the followi ng conditions: (a) when Pis

hydr ogen &Pmbﬂﬁfﬁ ‘Bf dihe Inpertion] within the area
With the aim of £inding an epoxy resin having the aforementioned

characteristics, the inventors of the present invention have
conducted intensive studies and accomplished the present invention
as the results.

Accordingly, the: present invention relates to

(1) an epoxy resin represented by the following formula (I):

o A
0CH2CRCH2 ocuzcncﬂ2 OCHZCRCHZ

G O %@r

(in the fornmmla (I), each P represents a hydrogen atom or a methyl
group and P in the molecule are mutualiy the same, R represents a
hydrogen atom or an alkyl group having 1 to 5 carbon & , and n is
a pésitiv'e number of 0.1 to 20 on average), wherein the plot of melt
viscosity of said epoxy resin measured at 150°C by a cone plate method
(variable, y; unit, poise) vs. the ratio of the total weight of 3 to
6 nucleus bodies in said epoxy resin (variable, x; unit, % by weight)
satisfies the following conditions: |

(a) when P is hydrogen atom, said plot is present within the area
surrounded by the lines of:



surrounded by the |ines of: 3 1) y =60e[err], 2) y = 1000e[err], 3) x =
10 and 4) x = 70, or (b) when P is nethyl group, said plot is present
within the area surrounded by the lines of: 1) y = 500e[err], 2) y =
10000e[err], 3) y = 400 and 4) y = 0.1, (2) the epoxy resin according to
the aforenentioned item (1) wherein the epoxy resin is an epoxy resin
represented by the following formula (13): [err] (in the formula (Il), Ris
as defined in the fornmula (1)), (3) the epoxy resin according to the

af or ement hgned= igoaM4,) 2yherLi1p0Beld™y gyogen 10t and oy % Be70) @r of y vs. X
Is present wthin the area surrounded by the lines of 1) y = 70e[err], 2) vy

= 1000e[ eb) . when ® islfietthyd 4roup; sdid pIot tilsepeesent wdthin adwoadieag to the
aforenentioned item (1) or (3) erei n P is hydrogen atom.and an epoxy
resin comsunrolndmhbyltlmi]]mea éfaction which constitutes the top peak (the
hi ghest peak) obtai ned by GPC (gel perneation chromatography) is a 3
nucl eus bddyyor @Oleb"dvx.\/\ﬂt)hyrrar]@mﬂaﬂ ,ndglpi= 409) andheﬁ)eﬁofyofbm n
according to any one of the aforementioned itens

(2) the epoxy resin according to the aforementioned item (1) wherein

the epoxy resin is an epoxy resin represented by the following formula

(II): .
O 0

OCHZCRCHZ OCHZCRCHZ OCH,CRCH,

'@@@@

(in the formula (II), R is as defined in the formula (I)),

(3) the epoxy resin according to the aforementioned item (1) wherein
P is hydrogen atom and the plot of y vs. X is present within the area
surrounded by the lines of 1) y = 70, 2) y = 1000e™™*, 3) x =
10 and 4) x = 70, |
(4) the epoxy resin according to the aforementioned item (1) or (3)

- wherein P is hydrogen atom and an epoxy resin component contained in -

a fraction which constitutes the top peak (the highest peak) obtained
by GPC (gel permeation chromatography) is a 3 nucleus body or a body
with more than 3 nuclei,

- (5) the epoxy resin according to any one of the aforementioned items
(1), (3) and (4) wherein P is hydrogen atom and its melt viscosity
is 0.1 to 400 poises,

(6) the epoxy resin according to the afoxfanentioned item (1) or (2)



(1), (3) and (4) wherein P is hydrogen atomand its nelt viscosity is 0.1
to 400 poises, (6) the epoxy resin according to the aforenentioned item (1)
or (2) 4 wherein P is nethyl group and the concentration of hydrolyzable
hal ogen is 600 ppmor |less, (7) the epoxy resin according to _
the. aforenentioned itens (1), (2) and (6) wherein P is nethyl group and the
plot of y vs. x is present within the & ea surrounded by the lines of 1) y
= 500e[err], 2) y = 5000e[err], 3) y =100 and 4) y = 0.2, (8) the epoxy
resin accqhéiéih b 9s @yhpl grédp ahd thé evbacemtravied afthydrolyzablehalogeh and

(7) wherein P-is nmethyl group, and the ratio of c/dis 2.0 or less, the c
(% by wei gt §00pmgorhbessat e of an epoxy resin conponent contained in a
fraction which constitutes the top peak (the highest peak) obtained by GPC
to the tot(d) e epoxysresinnacedrding( t6 herafgheneridongd titemsa( ) of(2an epoxy
resin conponent contained in a fraction which constitutes the second peak
(t he secomndh(@hvwbereimP) is sethyl ignoup apdtherplathof Wysark dfoRxesesd n
conposi tion which conprises the epoxy resin of any one §f L.he _
af or ement Wakbin jkhearea )surgyoppgded bynthenbingsoof b T 8fgosi ri dh ¥alcor di ng
to the afareneptioned item

20606251 3 L5700 and 4) y = 0.2,

(8) the epoxy resin according to any one of the aforementioned items

(1), (2), (6) and (7) wherein P is methyl group, and the ratio of c/d

is 2.0 or less, the c (% by weight) being the rate of an epoxy resin

component contained in a fraction which constitutes the top peak (the

highest peak) obtained by GPC to the total epoxy resin and the d (%-

by weight) being the rate of an epoxy resin component contained in

a fraction which constitutes the second peak (the second highest peak)

to the total epoxy resin,

(9) an epoxy resin composition which comprises the epoxy resin of any

one of the aforementioned items (1) to (8), |

(10) the epoxy resin composition according to the aforementioned item

(9) wherein it is prepared for use in semiconductor sealing, and

(11) a hardened product which is obta:.ned by hardening the-epoxy resin

composition of the aforementioned item (9) or (10).

[Brief Description of the Drawings]

Fig. 1 is a graph showing a relationship between the melt
viscosity of the. epoxy resin of the present invention and the ratio
of 3 to 6 nucleus bodies to the total epoxy resin (% by weight), when
P in the fornula (I) is hydrogen atom. The epoxy resin of the present



(9) wherein it is prepared for use in semiconductor sealing, and (11) a

har dened product which is obtai ned by hardeni ng the epoxy resin conposition
of the aforenentioned item (9) or (10). [Brief Description of the Draw ngs]
Fig. 1 is a graph showing a relationship between the nelt viscosity of the
epoxy resin of the present invention and the ratio of 3 to 6 nucl eus bodi es
to the total epoxy resin (% by weight),gwhen P in the formula (I) is
hydrogen atom The epoxy resin of the present 5 invention is present

wi thin t henvétGons 18predent wiAAItREtdrye shovn @s A sidded Por€ich §haph
showi ng a rel ationship between the nelt viscosity of the epoxy resin of the
present ipignti.on and the ratio of 3 to 6 nucleus bodies to the total epoxy -
resin (% by weight), when Pin the formula (I) is methyl group. The epoxy
resin of the prEignt2 isvangraph shopimsarelationshipebetuwsem thewelts a
shaded portion in Fig. 2. Fig. 3 is a graph showng a relationship between
the nmelt viscesityyofirkthe Bpoxyiresinfof3the mresenteinventdonsand theaatdpal
epoxy resin (% by weight) in each of the inventive and conparative epoxy

resins. TRE I§atonucleusbedies $octhe potakiepoxy EESino( ¥ by)wesight)e when

P in the formula (I) is methyl group. The epoxy resin of the present
invention is present within the range shown as a shaded portion in
Fig. 2.

Fig. 3 is a graph showing a relationship between the melt
viscosity and the ratio of 3 to 6 nucleus bodies to the total epoxy
resin (% by weight) in each of the inventive and comparative epoxy-
resins. 'The symbol © represents epoxy resins (El) to (E3) of the
present invention, and X repreéents comparative epoxy resins (R1) and
(R2). The shaded portion in the drawing has the same meaning as in
Fig. 1.

Fig. 4 is a graph showing a relationship between the melt
viscosity and the ratio of 3 to 6 nucleus bodies to the total epoxy

.resin (% by weight) in each of the inventive and comparative epoxy
resins. The symbol ® represents epoxy resins (E4) to (E6) of the
present invention, and X represents comparative epoxy resins (R3) to
(R6). The shaded portion in the drawing has the same meaning as in
Fig. 2.

[Detailed Decriptioh of the Invention]
In the epoxy resin described in the aforementionéd item (1),

the term “m nucleus bodies” (m is an integer) means a molecule of the



preseht invention, and X represents conparative epoxy resins (Rl) and (R2).
The shaded portion in the drawing has the sane neaning as in Fig. 1. Fig. 4
is a graph showing a relationship between the nelt viscosity and the ratio
of 3 to 6 nucleus bodies to the total epoxy resin (% by weight) in each of
the inventive and conparative epoxy resins. The synbol . represents epoxy
resins (E4) to (E6) of the present invention, and X represents conparative
epoxy resins (R3) to (R6). The shaded portion in the drawi ng has the sane

meani ng aspbily Nedin2repredentbd bhyPener Fdimaa ?)i)tﬂ?whﬂéﬁrﬁij&“hmf bz epoxy

resin described in the aforenentioned item ( the term "m nucl eus bodi es”

(Mmis an apbearic riRgdare BBhEgined h éhe molebul® Qther Same shabl egpliyed by
the formula (I) in ich min nunber of aromatic rings are contained in one

nol ecul e hebeissfiterjbalin shel follewingaidwwlak typé hresfin| | chve tgrmotwel ak type
resin, the term"w nucl eus bodies" (wis an integer) neans a nol ecul e of
t he novol akcleysbodiest (w ishar inteder )nmedns a oleculaof dhe mapolaketypent ai ned
in one nolecule (the sanme shall apply heréinafter). According to the epoxy
resin of meeiprinsahichiwa ingmbexiafh aromatic rings are contained in one
molecule (the same shall apply}hereinafter).
| According to the epoxy resin of the present invention, when
P in the aforementioned formula (I) is hydrogen atom, the plot of melt
vis\cosity of the epoxy resin meésured at 150°C by a cone plate method
(variable, y; unit, poise) vs. the % ratio of the total weight of 3
to 6 nucleus bodies in said epoxy resin (variable, x; unit, % by weight) -
is present within the area surrounded by the lines of 1) y = 60e™™>,
2) y = 1000e™**, 3) x = 10 and 4) x = 70 (see Fig. 1), preferably
within the area surrounded by the lines of 1) y = 70e™%, 2) y =
1000e™*, 3) x = 10 and 4) x = 70, more preferably within the area
surrounded by the lines of 1) y = 70e®1%, 2) y = 600e™>"*, 3) x = 10,
4) x =70, 5) y = 50 and 6) 'y = 0.5. |
Also, when P in the aforementioned formula (I) is methyl group,
simihu:phn:ofyrvs.::isfnnsentvﬁthﬁntheauma:ﬂnnnunmzibytme
lines of
1) y = 500e™%*™, 2) y = 10000e™*, 3) y = 400 and 4) y = 0.1 (see Fig.
2), preferably within the area surrounded by the lines of
1) y = 500, 2) y = 5000¢*=, 3) y = 100 and 4) y = 0.2, more
preferably within the area surrounded by the lines of

1) y = 800%™, 2) y = 3000e?*, 3) y = 0.5 and 4) y = 50.

The epoxy resin of the present invention can be obtained for



Pin the aforementioned formula (1) is hydrogen atom the plot of nelt
viscosity of the epoxy resin neasured at 150[err]C by a cone plate net hod
(variable, y; unit, poise) vs. the %ratio of the total weight of 3 to 6
nucl eus bodies in said epoxy resin (variable, x; unit, %by weight) is
present within the area surrounded by the lines of 1) y = 60e[err], 2) vy
1000e[err], 3) x = 10 and 4) x = 70 (sge Fig. 1), preferably within the

area surrounded by the lines of 1) y = 70e[err], 2) y = 1000e[err], 3) x =
10 and 4) examplé :&@Qé;ﬁmambu afn{yfbfé&wﬁmégnémnﬁ&d:ﬂaxﬁésenl i nes
of 1) y = 70e[err 600e[err] 3) x =10, 4) x =70, 5) vy 50 and

6) y = 0. br oilesol n&venalPre@mhmai Qsmatinedlbyl renoirihdg cOmponentaritihelr gr oup,
simlar plot of y vs. x is present within the area surrounded by the |ines

of 1) y =thafie3 [ter 6] nudeupg bodidi)ebgrméans 8f § cold trehtileny or (heht(see-
Fig. 2), preferably within the area surrounded by the lines of 1) y =
500¢[ er r] dig¥illatisoOdadesr hiigh 3jacnum, 106om adnayolak-tgpe  resincprepsnedabl y
within the area surrounded by the lines of 1) y = 800e[err

3000¢] er r by @ndgnsabien pelymerization of phensdony creatplnwath t&@@@i@@mde

I nventi on can be obtai ned _for 7 exanpl e by all ow ng epihal ohydrins to
react wit NSAngrahGcidSMadystesin -

The total content of 3 to 6 nucleus bodies in such a phenol
novolak resin or cresol novolak resin is generally 30 to 90% by weight,
preferably 35 to 85% by weight.

With regard to the cresol described above, o-cresol, m-cresol,
p-cresol or a mixture thereof can be exemplified, but a cresol novolak
resin obtained from o-cresol alone is desirable.

Illustrative examples of the epihalohydrins to be used in the
epoxidation reaction include epichlorohydrin, fB-
methylepichlorohydrin, epibromohydrin, p-methylepibromohydrin,
epiiodohydrin, p-ethylepichlorohydrin and the like, of which
epichlorohydrin is desirable because it can be easily obtained
iﬁdustrially' and .18 inexpensive. The epoxidation reaction may be
carried out by a known method.

The epoxidation reaction is carried out for example at 20 to
120°C for 0.5 to 10 hours by adding solid foi:m of sodium hydroxide,
potassium hydroxide or theilike alkali metal hydroxide in one portion
or gradually in small portions to a mixture consisting of the
aforementioned novolak type resin and epihalohydrins. In this
connection, the alkali metal hydroxide may be used as its agqueous
solution, and, in that case, the reaction may be effected by a method



or crésol novol ak resin which is obtained by renoving conponents other than
3 to 6 nucleus bodies, by neans of a columm treatnent or heat distillation
under high vacuum from a novol ak type resin prepared by condensati on

pol yneri zati on of phenol or cresol with fornmal dehyde using an acid
catalyst. The total content of 3 to 6 nucl eus bodies in such a phenol
novol ak resin or cresol novolak resin ig generally 30 to 90% by wei ght,
preferably 35 to 85% by meight Wth regard to the cresol described above,

o-cresol, it ghiRdPlsail- 8116849 metaP Hydrbitide tiecontimiusly addehininled, but a
cresol novol ak resin obtained fromo-cresol alone is desirable.

|11 ustr at isismEraiconely distitl iy watahusd epihd Iohydrins ¢onbimisusdyofoat i on
reaction include epichlorohydrin, [err]- methylepichlorohydrin,

epi br onohyliei readtdon] mivtuire| wpledy anreindet npressurednh pedingary pressure,
[err]-ethyl epichlorohydrin and the |ike, of which epichlorohydrin is

desi rabl e andcthe dlistitbatedsc partitismed bedramoveswates lapdapetwus the

| nexpensi ve The epoxi dation reaction may be carried out by a known nethod.
The epoxi @pdh opontinuensly dindg: therreackipnanixture.t o 120[err]C for
0.5 to 10 hours by addi ng solid form of sodi ym hydroxi de, -potassium

hydr oxi de or thd&nj the afiorsmentigned pethods gpihal Q;B@rﬂﬁﬁt?% “@Pdg%%cﬂlhl ly in
smal | portions to m xtuyre_consj sting of the afore ned ga type

resin and a@ﬁpﬂﬁl%ﬁﬁ?ﬁﬁl ¥ §T0R; & Sc bR A Peles, Preter i de
may be usedlgg |tss

a’lon ' equivalent of hydroxyl group of the novolak type
resin. The alkali metal hydroxide is used in an amount of generally
from 0.5 to 1.5 moles, preferably from 0.7 to 1.2 moles, based on 1
equivalent of hydroxyl group of the novolak type resin. In addition,-
an epoxy'resin having low concentration of hydrolyzable halogen which
will be defined later can be obtained by adding dimethyl sulfone,
dimethyl sulfoxide, dimethylformamide, 1,3-dimethyl-2-
imidazolidinone or the like aprotic polar solvent, and such a type
of .epoxy resin is suitable for use in the sealing of electronic
materials. The aprotic polar solvent is used in an amount of generaliy
from 5 to 2008 by weight, preferably from 10 to 100% by weight, based
on the weight of epihalohydrins. The addition of an alcohol suck as
methanol or ethanol , or a cyclic or chain ether such as 1,4-dioxane
other than the aforementioned solvents renders possible smooth |
progress of the reaction and reduction of hydrolyzable halogen
concentration which is still higher than the case of the use of aprotic
polar solvents but lower than the case of no solvents. Toluene, xylene
and the like solvents can also be used. The hydrolyzable halogen
concentration can be measured for example by putting the epoxy resin



soluti'on, and, in that case, the reaction may be effected by a nethod 8
I n which said al kali netal hydroxide is continuously added while

simul taneously distilling water and epi hal ohydrins conti nuously fromthe
reaction m xture under a reduced pressure or ordinary pressure, and the
distillate is partitioned to renove water and return the epi hal ohydrins
.continuously into the reaction mxtureg In the aforenenti oned net hod,

epi hal ohydrins are used in an amount of generally fromO0.5 to 20 nol es, -

Pr et 1 81 Xokb oDl Tk 85 Syl G4 VBt R e 0P

t he novol type resin ydroxi de 1's use ~amount of-

gener al | y mfi k@i ubdéP refRulDisS sePefd tahs Yof hofutes’ ahf theh tRtAfingased on

1 equival ent of hydroxyl group of the novolak type resin. In addition, an
epoxy resiif wish 2gshidver qriteate adolartioh. hydrol yzabl e hal ogen which will be
defined | ater can be obtained by adding di nethyl sulfone, dinethyl

sul f oxi de, di neAbyérfmatinelyle the epoxry nidsiyl of -theripitesent dinvention dane | i ke
aprotic polar solvent, and such a type of epoxy resin is suitable for use
i n the sebei obtained| byta awithoduirewhith.a Tixtupe wansigbing afohvaoroliak used
in an anount of generally from5 to 200% by weight, preferably from 10 to
100% by wi¥BRtresinsaed @ excesscAyount ofeepihalohydring isTaebiestedith lof an
al cohol s%gh'lg Shours of reaction at 50 to 150°C using tetramethylammonium

chloride, tetramethylammonium bromide, trimethylbenzylammonium

chloride or the like quaternary ammonium salt as a catalyst, and the

thus obtained halohydrin ether of novolak type resin is mixed with

solid form or aqueous solution of sodium hydroxide, potassium

hydroxide ‘or the like alkali metal hydroxide and subjected to 1 to

10 hours of reaction at 20 to 120°C to effect cyclization of the

halohydrin ether. In this case, the qtiaternary ammonium salt may be

used in an amount of generally from 0.001 to 0.2 mole, preferably from

0.05 to 0.1 mole, based on 1 equivalent of hydroxyl group of the novolak

type resin. 'I'hé alkali metal hydroxide may be used in an amount of

generally from 0.8 lto 1.5 moles, preferably from 0.9 to 1.1 moles,

based on 1 equivalent of hydroxyl group of thé novolak type resin.

In general, an epoxy resin having low hydrolyzable halogen
concenfration can be obtained by heating the epoxidation reacfion
product under a reduced pressure after washing with water or without
washing, thereby removing excess epihalohydrins and the solvents used
in the reaction, dissolving the thus treated product in toluene, methyl
isobutyl ketone, methyl ethyl ketone or the like solvent and then

carrying out the reaction again by adding an aqueous solution of sodium



met hanol or ethanol , or a cyclic or chain ether such as 1, 4-di oxane other
than the aforenentioned sol vents renders possible snmooth progress of the
reaction and reduction of hydrol yzabl e hal ogen concentration which is stil
hi gher than the case of the use of aprotic polar solvents but '

| ower t hant hecaseof no sol vents. Tol uene, xylene and the |ike solvents can

al so be used. The hydrol yzabl e hal ogen ggoncentrati on can be measured for
exanple by putting the epoxy resin 9 into 1 N KOH et hanol sol ution

together ydiodigeAtRealifin hyakbRide BrUthe WIkY aliglliVietal Hyarekidel ens of

m nut es an en titrating It -w a sil.ver nitrate solution.

Al ternat i VG Xhikh@agiO¥kke! £Btd) iOetE HyaeoRide |18/ @BEH Olh GANakéustbiod ned by
a method in which a m xture consisting of a novolak type resin and an :

excess a 11%10&@ 0boTrtion 9. 2 sl peéperablyl fram 10 060ts 0 .4f mobect i on
at 50 to 150[err] C using tetranethyl amoni um chloride, tetranmethyl anmoni um
bronm de, thdsed byl besmytrabertniofnhpdiaxyldgroup tdfethe kovwplaketype yesimoni um
salt as a catalyst, and the thus obtained hal ohydrin ether of novol ak type
resin i s ribedeactions teinperatureois ganeraltly G0uLo ok205¢, andi the mpactienle,

pot assi um hydroxide or the like alkali nmetal hydroxide and subjected to 1
to 10 hourtimg iscgenerahlyi0.50te @ howiser rjttarcanplationof theinesctaen, he

by-produced salts are removed by filtration, washing with water or
the like means and toluene, methyl isobutyl ketone, methyl ethyl ketone
and the like solvents used are evaporated off, thereby obtaining the
epoxy resin of the present invention having low hydrolyzable halogen
concentration. '

In the thus obtained epoxy resin of the present invention, when
P in the formula (I) is hydrogen atom, an epoxy resin component
contained in a fraction which constitutes the top peak (the highest
peak, the same shall apply hereinafter) obtained by GPC (gel permeation
chromatography, the same shall apply hereinafter) is preferably a 3
nucleus body or a body with more than 3 nuclei. Also, its melt
viscosity measured at 150°C by a cone plate method is preferably 0.1
to 400 poises. ' -

In the epoxy resin of the present invention, when P in the
formula (I) is methyl group, the resin represented by the formula (II)
is desirable. In such a type of epoxy resin, the ratio between the
rate of an epoxy ieéin component contained in a fraction which
constitutes the top peak obtained by GPC to the total epoxy resin (c; %
by weight) and the rate of an eboxy resin component contained in a
fraction which constitutes the second peak (the second highest peak,



hal ohydrin ether. In this case, the quaternary amonium salt nmay be used in
an anount of generally from0.001 to 0.2 nole, preferably from0.05 to 0.1
nol e, based on 1 equival ent of hydroxyl group of the novol ak type resin.
The al kali netal hydroxide may be used in an amount of generally fromO.8
to 1.5 noles, preferably from0.9 to 1.1 noles, based on 1 equival ent of
hydr oxyl group of the novol ak type resiXlL In general, an epoxy resin having
| ow hydrol yzabl e hal ogen concentration can be obtai ned by heating the

epoxi dat | @Rel S hﬁalpr@ﬁgtn&aﬁafeefﬁ%ceﬂe R:"o%&i%pp’oh lgﬁéﬁrﬁgﬁhi@ i th

wat er or w thout washi ng, Thereby renoving excess epi § and the

sol vents uggghty, felgoid eatidi GAD) YbnEréfrablys2 1o Gt adssf afbiel i1
ne e

t ol uene, yl i sobutyl ketone, methyl ‘ethyl one or the like solvent
and then gpaefgrallyodl.8tée Yedacti on agai n by addi ng an aqueous sol ution of
sodi um 10 hydroxi de, potassium hydroxide or the like alkali netal

hydr oxi de. | n tRAlsogasethe lvasel éfilan epdxy repin an dhicls Pusndhenfarmerount of
generally from0.01 to 0.2 nole, preferably from0.05 to 0.1 nole, based on
1 equi val 3t) b$ mgthydxgroup,oipsohydiedyzaebbe dialiogpn cendemtrahion dasct i on
tenperature is glenerally 50 to 120[err]C, and the reaction tine is

gener al | y 9ensrably 600upem o tless ¢ dpaferably A50 ppmre’ckassn, by- produced

salts are renoved b¥ filtration, washing with water or L.
. The following describes the epoxy resin composition of the

present invention.

According to the epoxy resin composition of the present
invention, the epoxy resin of the present invention may be used alone
or together with other epoxy resins. When used together with the other-
epoxy resins, the epoxy resin of the present invention may occupy
preferably 30% by weight or more, more preferably 40% by weight or
more, of the total epoxy resins.

The other epoxy resins which can be used jointly with thé €poxy
resin of the present invention are not particularly limited, with the

' proviso that they are generally used epoxy resins, and their
illustrative examples include polycondensation products of
bisphenols or phenols (phenol, alkyl-substituted phenol, naphthol,
alkyl-substituted naphthol, dihydroxybenzene, dihydroxiymaphthalene
and the like) with various aldehydes, polymers of phenols with var;'.ous
diene compounds, polycohdensation products of phenols with an
aromatic dimethylol, glycidyl ether epoxy resins obtained by
glycidylation of b_iphenols or alcohols, alicyclic epoxy resins,
glycidylamine epoxy resins, glycidyl ester epoxy resins and the like.

These epoxy resins may be used alone or as a mixture of two or more.



the |li'’ke means and tol uene, nethyl isobutyl ketone, nethyl ethyl ketone and
the li ke solvents used are evaporated of f, thereby obtaining the epoxy
resin of the present invention having | ow hydrol yzabl e hal ogen
concentration. In the thus obtai ned epoxy resin of the present invention,
when P in the fornmula (1) is hydrogen atom an epoxy resin conponent
contained in a fraction which constitutes the top peak (the highest peak,
the sane shall apply hereihafter) obtained by GPC (gel perneation

chr omat ogr aphy, Ihkepsefaerredalddespiie/epmtyeresin eopposs tjoniof thie presehtnucl eus
body or a body with nore than 3 nuclei. Also, its nelt viscosity neasured
at 150[ er Apgenticn contajpnsitae hardening agenti eAabthe hardening®@geotsean | n t he
epoxy resin of the present invention, when Pin the fornula (1) is nethyl
group, thamipgermpoyndscn agigyanhydiridengempqund), ag aisler gempound: guch a
type of epoxy resin, the ratio between the rate _of an epoxy resin conponent
cont ai ned ali¢ sompaund pr dthe: dike icap: ke ugad- ( SplpeatdNe2%ABPR1es afPC t o

e o B, b 4% bl o0t PSRttt o5 1 e

second N deshy Pafiriamubde SRBIAL cRPB S r AR ol HIPESLS!

| ess, MOr §gophoronediamine, dicyandiamide, a polyamide resin synthesized from
linolenic acid dimer and ethylenediamine, phthalic anhydride,
trimellitic anhydride, pyromellitic anhydride, maleic anhydride,
tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride,
methylnadic anhydride (General Name: Methyl endo methylene
tetrahydrophthalic anhydride), hexahydrophthalic anhydride,
methylhexahydrophthalic anhydride, polycondensation products of
bisphenols or phenols (phenol, alkyl-substituted phenol, naphthol,
alkyl-substituted naphthol, dihydroxybenzene, dihydroxynaphthalene
and the like) with various aldehydes, polycondensation products of
phenols with various diené compounds, polycondensation products of
phenols with an aromatic dimethylol, biphenols and modified products
thereof, imidazole_, BF,-amine complex, guanidine derivatives and the-
like. The hardening agent may be used J.n an amount of preferably from
0.5 to 1.5 equivalents, more preferably from 0.6 to 1.2 equivalents,
based on 1 equivalent of epoxy group of the epoxy resin. When the
amount is smaller than 0.5 equivalent or larger than 1.5 equivalents
based on 1 equivalent of epoxy group, hardening becomes incomplete
so that proper properties of hardening products may not be obtained

in both cases.



preferably 1.8 or less. Also, in the case of an epoxy resin in which P in
the formula (1) is methyl group, its hydrol yzabl e hal ogen concentration is
generally 600 ppmor |ess, preferably 450 ppmor |ess. The foll ow ng

descri bes the epoxy resin conposition of the present invention. According
to the epoxy resin conposition of the present invention, the epoxy resin of
the present invention may be used al on rt oget herw t hot her epoxy resins.
When used togetherw ththe other epoxy résins, the epoxy resin of the

‘ t i ti ; ' |
present inventi Egevvel eOﬁfM&%ﬁ%@%@;?ﬁ%&g&ﬁt% uQédggﬁQﬁtg&g -

preferably 40% ght or nore, epoxy resi

epoxy I esigggeldifidrCasn 1 'ﬁ%‘iﬂtil?iﬂﬁédyw%ﬁm& BPéns. ' £Flust2htihe present

i nvention are not particularly ITmted, wth The proviso that they are

gener al | y exafpl &P @£y the hdrdenin§ ddtilerhtodrto Bei tied idenbae 2-ncl ude
pol ycondensati on products of bisphenols or phenols (phenol,

al ky! - subsieithyl fmidaizehe) ,2-ethil hnidazolley| 2-setinli-tuhethyldmidazole and

di hydr oxybenzene, di hydroxynapht hal ene and the |ike) with various

al dehydes theol yke: rimidazples)o2s (diméthyd aminemetihyidéphengiquid8-diaza-
pol ycondensati on products of phenols with an aromatic dinmethylol, glycidyl
et her epobicyele (b 400)undeceney7gand ithe diketeytibryamisies,or al cohol s,

al icyclic epoxy resins, glycidylanmne epoxy resins, glycidyl ester epoxy
resins andripbenylphos &%a@soél}e ﬂé&er@qwéw @pdatin estybate and thet ure

of two or 11ke ietal compounds. The hardening accelerator may be used as
occasion demands in an amount of from 0.01 to 15 parts by weight per
100 parts by weight of the epoxy resin.

In addition, the epoxy resin composition of the present
invention may further contain silica, alumina, talc and the 1ike
fillers and a s:i.;l.ane coupling agent, a release agent, a pigment and
the like various blending agents as occasion demands.

The epoxy resin composition of the present invention can be
obtained by uniformly mixing éredetermined amounts of the
aforementioned respective components and is desirably used as a
sehiconductoi‘ sealing material. The epoxy resin composition of the
present-invention can be made easily into a hardened product by a
generally known method. For example, the hardened product of the
present invention can be obtained by a method in which the epoxy resin
of the present invention and a hardening agent, as well as a hardening
accelerator, -a filler and a blending agent as occasion demands, are

‘mixed thoroughly until they become a uniformmixture if necessary using
an extruder, a kneader, a roller or the like means, thereby obtaining

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



12 In'a preferred node, the epoxy resin conposition of the present

I nvention contains a hardeni ng agent. As the hardeni ng agent, an am ne
conpound, an acid anhydri de conpound, an am de conpound, a phenolic
conmpound or the like can be used. Illustrative exanples of the hardening
agent to be used include di am nodi phenyl met hane, diethyl enetri am ne,
triethyl enetetram ne, diam nodi phenyl sualaf one, i sophoronedi am ne,

di cyandi am de, a pol yam de resin synthesized fromlinolenic acid diner and

et hyl enedirggin@ompBsMEdif 18 hel indfded by 'Relt bhst AY)Y EraskferPMbRIRIg, i C
anhydri de, mal ei c anhydride, tetrahydrophthalic anhydri de,

met hyl t et daheekRphnbading A eomgresEion Rbidimp&rC theyikd AeanéE amdalifName:
Met hyl endo net hyl ene tetrahydrophthalic anhydride), hexahydrophthalic
anhydr i de necessarynheatimly dithaba8d ccr209%. de, pol ycondensati on products of
bi sphenol s or phenols (phenol, al kyl-substituted phenol, naphthol,

al kyl - substi t ut Alitexngttivelly, dilley Haxdsredhproductdofi yheo pyesgritt havemtsiomnd t he
like) with various al dehydes, pol ycondensation products- of phenols wth
vari ous dic@nebe whtained by sligsolvitng Aheoeperd desin eomposdhior ofi thean
aromatic di methylol, bjphenols and nodified products thereof, im dazole,

BF[ er r | - aPrREER dpvention, in; tplnenge r¥vieney cacationey feethyll; ethyltketong deni ng
agent may m%%h# eigowtﬁ kg{r.pﬁjenér% epf' feeéoalt%rle%tt r1‘(1)7(tr{>]re<_;nating glass fiber, '
carbon fiber, polyester fiber, polyamide fiber, alumina fiber, paper
or the like base material with the thus prepared solution, drying the
resulting material with heat and then subjecting the thus obtained.
pre-preg to hot press molding.
In that cése, the solvent is used in such an amount that it
occupies generally 10 to 70% by weight, preferably 15 to 65% by weight,
of the total weight of the epoxy resin composition of the present

invention and the solvent.

tExamples]

The present' invention is described more illustratively with
reference to the following examples . In this connection, the present -
invention is not restricted by these exémples. In the exanlpleé, the-
ratio of the total weight of 3 to 6 nucleus bodies in the epoxy resin
(X3 % by weight), the ratio between the rate of an epoxy resin component
contained in a f;ac_tion th.ch constitutes the top peak obtained by
GPC measui:ement to the total epoxy resin (c; % by weight) and the rate
of an epoxy resin component contained ina fraction which constitutes

the second peak to the total epoxy resin (d; % by weight), epoxy



0.5 to 1.5 equivalents, nore preferably from0.6 to 1.2 equival ents, based
on 1 equival ent of epoxy group of the epoxy resin. Wien the anount is
smal l er than 0.5 equivalent or larger than 1.5 equival ents based on 1
equi val ent of epoxy group, hardeni ng becones inconplete so that proper

properties of hardening products may not be obtained in both cases. 13
When t he af orenentioned hardeni ng agent16s used, a hardeni ng accel erator
can be jointly used with no problens. Illustrative exanples of the

har deni ng pAeheémt Yei Eﬁtbexdis%isé&ﬂéfgg? £8itnlihg gt 8nd

2-ethylim dazole, 2-et 4-methylim eandthellkelmdazoles

2- (dlnEtfUHYﬂfbM?ﬁﬁﬂﬁ@%ﬁlﬁf&ﬁéhbnéeﬁtfhﬁi6%1ﬁﬁﬁ¥héas&ﬁéd%nahﬁ%ﬂéQEHE d the

like tertiary am nes, triphenyl phosphine and the |ike phosphines and tin
octyl ate anﬁmmhﬁomske met al conpounds. The hardeni ng accel erator may be
used as occasion demands in an anount of fromO0.01 to 15 parts by wei ght
per 100 pafl)s Rapiowofi3t tof 6 trhuelens xhodiesi; naforemedioned , x,t adepoxy resin
conposition of the present invention may further contain silica, alumna,
talc and t(¥ K(wkight Y ofstompeaksi ¢phe wedght i hpfagenond peall;edpe agent, a
pi gmrent and the |ike various blending agents as occasi on demands.

Each sample was analyzed by a GPC analyzer, and each ratio was
calculated from the area percentage of the peak of respective
component. |

* GPC analysis conditions

Column: Shodex KF-803 (2 columns) + KF-802.5 (2 columns)
Column temperature: 40°C
Solvent: tetrahydrofuran
Detection: UV (254 nm)
Flow rate: 1 ml/min.
(3) Epoxy equivalent weight

Measured in accordance with the procedure of JIS K-7236.
(4) ICI viscosity; aforementioned y

Melt viscosity at 150°C by a cone plate method

Measuring apparatus: cone plate (ICI) high temperature
viscometer (manufactured by RESEARCH EQUIPMENT (LONDON) LTD.)

Cone No.: 3 (measuring range, 0 to 20 poises)

Amount of sample: 0.15 x 0.01 (g)

(5) Softening point

Measured in accordance with the procedure of JIS K-7234

(6) Hydrolyzable chlorine concentration

. A value obtained by adding 1 N KOH ethanol solution to dioxane



The epoxy resin conposition of the present invention can be obtained by
uni formy m xing predeterm ned anounts of the aforenentioned respective
conponents and is desirably used as a sem conductor sealing material. The
epoxy resin conposition of the present-invention can be nade easily into a
har dened product by a generally known nmet hod. For exanple, the hardened
product of the present invention can bggobtained by a nmethod in which the
epoxy resin of the present invention and a hardening agent, as well as a

har deni ng sa3G€idH difOkach danp18, RéktihgPtRE dhiidudeCiidals regtaR | & demands,
are m xed thoroughly until they becomé a uniformm xture if necessary using

an extr Ud;ﬁﬁnuﬁe&ﬁ@q%dﬁﬁru@% laRioufit 6f theethhkeraTeased ¢hierdhy BPisilverg t he
epoxy resin conposition of the present invention, and the epoxy 14 resin

conposi t i eiitiraté dtravictedndythenl dividtingrithe meanafed vaDiell bghe weigtit on
nmol di ng, conpression nolding or the |like nmeans, and if necessary heating it
at 80 to 2¥Opamplle;. Alternatively, the hardened product of the present

i nvention can be obtained by dissolving the epoxy resin conposition of the
present invention in toluene, xylene, acetone, nethyl ethyl ketone, nethyl

| sobutyl ketone or the |like solvent, inpregnating glass fiber, carbon
fiber, poBra®pl® Xiber, pol yam de flber, alum na fi ber, - paper

A reaction vessel was charged with 105 parts by weight of a’
phenol novolak resin in which the total weight ratio of 3 to 6 nucleus
bodies had been adjusted to 59% by weight by a column treatment, 400
parts by weight of epichlorohydrin (ECH, the same shall apply
hereinafter) and 40 parts by weight of methanol, the materials wére-
heated, stirred, dissolved and kept at 75°C, and then 41 parts by weight
of flaky sodium hydroxide was added to the solution in small portions
over 2 hours. After coiqpletion of the addition of sodium hydroxide,
the reaction was éontinued for additional 2 hours at 75°C. Next,
washingiﬁuﬂ1vﬁnxn:wasxxmﬁmtedix>remove:ﬁnmmxisaltsanuinmmhanol,

- excess ECH was evaporated of from1ﬂm=o£1layerkwrheating:ﬂ:under
a reduced pressure and then the resulting residue was dissolved in
300 parts by weight of methyl isobutyl ketone. - -

The methyl isobutyl ketone solution was heated at 70°C and mixed
with 10 parts by weight of 30% by weight sodium hydroxide aqueous
solution, and the mixture was subjected to 1 hour of reaction and then.
repeatedly washed with water until the washing solution became neutral.
Thereafter, methyl isobutyl ketone was evaporated from the oil layer
by heating it under a reduced pressure to obtain 145 parts by weight
of the epoxy resin (El) of the present invention. The thus obtained



or the like base material wth the thus prepared solution, drying the
resulting material with heat and then subjecting the thus obtained pre-preg
to hot press nolding. In that case, the solvent is used in such an anount
that it occupies generally 10 to 70% by wei ght, preferably 15 to 65% by

wei ght, of the total weight of the epoxy resin conpositi-on of the present

I nvention and the solvent. [Exanples] qfe present invention is described
nore illustratively with reference to the follow ng exanples. In this

connecti o B i i ' el Q8 e lgs. In
t he exarrplrégso?yteﬂéeglrﬁgglﬂ%)o t he ?@t%@%mﬁ%éng fﬁgl%*nh’?l 2335 %Ogil eg i n the
epoxy resighfténing pYiN€bedoPc anbtar &1 ¥iBeSIRSN (¥)BL RAlBepSiserdt AB0XY, resin

] . ¥ ( ;
conponent contained in a fraction which consti tu*es the top peak obtained

by GPC neamdr €@ tbtaD velight % 8F 380X nheteus bodids l{x) wash8} yndeldie rat e
of an epoxy resin conponent contained in a fraction which constitutes the

second peaind the lepoky tres iapromponent nin the %opypeak birtGEC mpasyrement5(to
equi val ent weight, ICl viscosity (y), softening point and hydrol yzabl e
chl ori ne denreferred simplky toasatop qeaknbereinaften) wegi ad nuekeus body .

Example 2

The procedure of Example 1 was repeated except that the total
weight ratio of 3 to 6 nucleus bodies of the phenol novolak resin of
Example 1 was changed to 51% by weight, thereby obtaining 141 parts
by weight of the epoxy resin (E2) of the present invention. The thus-
obtained epoxy resin (E2) showed an epoxy equivalent weight of 197
g/eq, a softening point of 60°C and an ICI viscosity (y) of 1.9 poises
at 150°C, and the total weight % of 3 to 6 nucleus bodies (x) was 36%

by weight and the epoxy resin component in the top peak was a 4 nucleus
body. |

- Example 3

The procedure of Example 1 was repeated except that the total
weight ratio of 3 to 6 nucleus bodies of the phenoi novolak resin of
Example 1 was changed to 47% by weight, thereby obtaining 152 parts
by weight of the epoxy resin (E3) of the present invention. The thus
obtained epoxy -resin (E3) showed an epoxy equivalent weight of 200
g/eq, a softening point of 69°C and an ICI viscosity (y) of 4.2 poises
at 150°C, and the total weight % of 3 to 6 nucleus bodies (x) was 31%

by weight and the epoxy resin component in the top peak was a 5 nucleus



(1) Ratio of 3 to 6 nucl eus bodies; aforenentioned x, and (2) (weight % of
top peak; c)/( weight % of second peak; d): Each sanple was anal yzed by a
GPC anal yzer, and each ratio was cal culated fromthe area percentage of the
peak of respective conponent. GPC anal ysis conditions Colum: Shodex KF-803
(2 colums) + KF-802.5 (2 colums) Colum tenperature: 40[err]C Sol vent:
tetrahydrofuran Detection: W (254 nm Rigow rate: 1 m/mn. (3) Epoxy

equi val ent wei ght Measured in accordance with the procedure of JIS K-7236.
(4) 1C vj sity, aforenentioned y Melt viscosity at 150[err]C by a cone
pl at e nmet hod Measuring apparatus: cone plate (1C) high tenperature

vi sconeter (manufactured by RESEARCH EQUI PMENT (LONDON) LTD.) Cone No.: 3
(measuring range, 0 to 20 poises) Amount of sanple: 0.15 [err] 0.01 (g) (5)
Sof t eni ng Egample Measured in accordance with the procedure of JIS K-7234 (6)
Hydrol yzabl e chl ori ne concentration A val ue obtained by adding 1 N KOH

et hanol sol uti oA reactiionavessel was charged with 120 parts by weight of an

o-cresol novolak resin in which the total weight ratio of 3 to 6 nucleus
bodies had been adjusted to 76% by weight by a column treatment, 555
parts by weight of ECH and 52 parts by weight of dimethyl sulfoxide,
the materials were heated, stirred, dissolved and kept at 45°C while
keeping the reaction system at 45 'I'oﬂ:, and then 35 parts by weight
- of 40% by weight sodium hydroxidé aqueous solution was continuously
added dropwise to the solution over 4 hours. In this case, the
reaction was carried out by cooling and partitioning ECH and water
evaporated by azeotropic distillation and returning only ECH as the
organic layer into the reaction system. After completion of the
dropwise addition of sodium hydroxide aqueous solution, the reaction
was continued for 2 hours at 45°C and then for 30 minutes at 70°C. Next,
washing with water was repeated to remove by-produced salts and
dimethyl sulfoxide, excess ECH was evaporated from the oil layer by
heating it under a reduced pressure and then the resulting residue -
was dissolved in 400 parts by weight of methyl isobutyl ketone.
-The methyl isobutyl ketone solution was heated at 70°C and mixed
with 7 parts by weight of 30% by weight sodium hydroxide aqueous
solution, and the mixture was subjected to 1 hour of reaction and then
repeatedly washed withwater until i:he washing solution became neutral.
Thereafter, methyl isobutyl ketone was evaporated from the oil layer
by heating it under a reduced pressure to obtain 160 parts by weight



16 sol'ution of each sanple, heating the m xture under reflux for 30

m nut es, neasuring anount of the thus released chlorine by silver nitrate
titration and then dividing the measured val ue by the weight of sanple.
Exanple 1 A reaction vessel was charged with 105 parts by weight of a
phenol novol ak resin in which the total weight ratio of 3 to 6 nucl eus
bodi es had been adjusted to 59% by wei gt by a columm treatnent, 400 parts
by wei ght of epichlorohydrin (ECH, the sanme shall apply hereinafter) and 40

parts by wei g 310(na)! BF tHR! GFdsnt Wfentieal edheStids jesol ved
and kept at 75[3?{)] , and {he)n 41 parts by weiéaht of f gky soglgﬁ?nﬂtydroxide

was added epexy hfesial 4 PrsHowedNah eyt EQivalent Weidit of 194 &j/egni! etion
of the addition of sodium hydroxide, fhe reaction was continued for

addi ti onalsofténirng point dfe58iC,. ahedI, vigsouity (¥} bLWRl 2poiBes raapesoed to
renove formed salts and net hanol, excess ECH was evaporated of fromthe oil
| ayer by landta hydrolyzabde ehlerxinecdopreastyationmd 85@ ppn;cand thet €ot@mlr esi due
was di ssolved in 300 parts by weight of nmethyl isobutyl ketone. The nethyl

i sobutyl Medight %eifuditen 6naeclens bddiss 18) ewasg 61% by veightandhite @k ts by
wei ght of 30% by wei ght sodi um hydr oxi de aqueous solution, and the m xture
was subj e@@Edotwas] Indur of reaction and then

Example 5

The procedure of Example 1 was repeated except that an o-cresol
novolak resin having 67% by weight of total of 3 to 6 nucleus bodies
was used, thereby obtaining 156 parts by weight of the epoxy resin-
(E5) of the present invention. The thus obtained epoxy resin (E5)
showed an epoxy equivalent weight of 200 g/eq, a softening point of
68°C, an ICI viscosity (y) of 2.8 poises at 150°C and a hydrolyzable
chlorine concentration of 370 ppm, and the total weight % of 3 to 6

nucleus bodies (x) was 54% by weight and its c/d ratio was 1.2.

Example 6

. The procedure of Example 1 was repeated except that an o-cresol
novolak resin having 58% by weight of total of 3 to 6 nucleus bodies
was used, thereby obtaining 152 parts by weight of the epoxy resin
(E6) of the present invention. The thus obtained epoxy resin (E6)
showed an epoxy equivalent weight of 204 g/eq, a softening point of
83°C, an ICI viscosity (&) of 8.8 poises at 150°C and a hydrolyzable
chlorine concentration of 400 ppm, and the total weight % of 3 to 6
nucleus bodies (x) was 41% by weight and its c/d ratio was 1.3.



repeatedly washed with water until the washing sol ution became neutral .

Thereafter, methyl isobutyl ketone was evaporated fromthe oil |ayer by
heating it under a reduced pressure to obtain 145 parts by wei ght of the
epoxy resin (E1) of the present invention. The thus obtained 17 epoxy

resin (E1) showed an epoxy equival ent wei ght of 193 'g/eq, a softening point
of 49[err]C and an ICl viscosity (y) ofa¢.8 poise at 150[err]C, and the
total weight % of 3 to 6 nucleus bodies (x) was 43% by wei ght and the epoxy
resin conponent in the top peak by GPC neasurenent (to be referred sinply
to as top peak hereinafter) was a 4 nucl eus body. Exanple 2 The procedure
of Exanpl eotpsrstivepEgamsiecacept that the total weight ratio of 3 to 6

nucl eus bodi es of the phenol novol ak resin of Exanple 1 was changed to 51%

by wei ght, ther #b¢ pxocedure ofEkampdetlswhy nepegbed ekcepe that the plienol( E2) of
t he present invention. The thus obtained epoxy resin (E2) showed an epoxy
equi val enmovelahresin of Expinpde lawas changerd)tp@ phensil Bofadak] x@sdmawtaich Cl
viscosity (y) of 1.9 poises at 150[err]C, and the total weight %of 3 to 6
nucl eus b&@EdAPt(sUbIREted tnthe oalugm: treatment and hag haska gofbepingprintn t he

top peak was_a, 4 nucleus body., Exanple 3 ) )
of 79°C, thereby obtaining an epoxy resin (R1). The thus obtained

epoxy resin (Rl) showed an epoxy equivalent weight of 191 g/eq, a
softening point of 48°C and an ICI viscosity (y) of 0.8 poise at 150°C,
and the total weight % of 3 to 6 nucleus bodies (x) was 35% by weight
and.the epoxy resin component in the top peak was a 2 nucleus body.

Comparative Example 2
The procedure of Example 1 was repeated except that the phénol
novolak resin of Exampie 1 was changed to a phenol novolak resin which
was not subjected to the column treatment and had a softening point
of 110°C, thereby obtaining an epoxy resin (R2). The thus obtained
epoxy resin (R2) showed an epoxy equivalent weight of 195 g/eq, a
softening point of 65°C and an ICI viscosity (y) of 4.9 poises at 150°C,
and the total weight % of 3 to 6 nucleus bodies (x) was 25% by weight -
and the epoxy resin component in the top peak was a 2 nucleus body.

Examples 7 to 9 and Comparative Examples 3 and 4

Each of the epoxy resins (El) to (E3) obtained in Examples 1
to 3 and epoxy resins (Rl) and (R2) obtained in Comparative Examples
1 and 2 was blended with a hardening agent (phenol nowvolak resin

(manufactured by Nippon Kayaku Co., PN-80, 1.5 poises in ICI viscosity



The procedure of Exanple 1 was repeated except that the total weight ratio
of 3 to 6 nucleus bodies of the phenol novol ak resin of Exanple 1 was
changed to 47% by wei ght, thereby obtaining 152 parts by weight of the
epoxy resin (E3) of the present invention. The thus obtained epoxy resin
(E3) showed an epoxy equival ent wei ght of 200 g/eq, a softening point of
69[err]C and an ICl viscosity (y) of 4.21 poises at 150[err]C, and the total
wei ght % of 3 to 6 nucl eus bodies (x) was 31% by wei ght and the epoxy resin

conponent at M54, t §ePcP e soktening %ﬂs.l:eaﬁd 1061 8/89%n HyGRBRYE dofip’ eact i on
vessel was charged with 120 partsS by wel ght of "an”o-crésol nhovol ak resin in

whi ch t heefra@ivdlefnti @8ightdt if & amohfit M UChgdEoadigesu ho8Temsljpest ed to
76% by wei ght by a col%nta treatment, 555 parts ﬂt??/. ﬁg%?élgf ECH aJr?(?i.SZ

parts by Weemidy gfoup eghivdlent! 60 thecepdxyeremircand/further Bleated withi rred,

di ssol ved and kept at 45[err]C while keeping the reaction system at 45

Torr, andathmandedingadcelbyatmr | lbriplienidhbgphizie)htin sod amountily exfok ipdartaqueous

sol ution was continuously added dropwi se to the solution over 4 hours. In

t hi s casebytweighfaper dip0\parts by seight dfy thectpoxry zesimeaand: theithyisECH and

wat er evapor ated by azeotropic distillation and returning only ECH as the
prepared mixture was made into a molded resin article by transfer
molding and then hardened at 160°C for 2 hours and then at 180°C for

'8 hours.

Results of physical property measurement of each of the thus
obtained hardened products are shown in Table 1.

In this case, the physical properties were measured by the -
following methods. ‘
* Glass transition temperature (TMA): TM-7000 mfd by Sinku Riko Co.

Programming rate 2°C/min

* Water absorption: Weight increasing ratio (%) of a disc-like test
piece of 5 cm in dJ.ameter and 4 mm in thickness after its boiling in

water of 100°C for 24 hours.

- Table 1
Ex. Comparative Ex.
7 8 9 3 4
Epoxy resin El E2 E3 Rl R2
Glass transition temp. (°C) 150 162 181 139 173

Water absorption (%) 0.99 1.17 1.38 0.97 1.54



organi'’c layer into the reaction system After conpletion of the dropw se
addi tion of sodi um hydr oxi de aqueous sol ution, the reaction was conti nued
for2 hours at45C and then for 30 minutes at 70[err]C. Next, washing with
wat er was repeated to renove by-produced salts and di net hyl sulfoxide,
excess ECH was evaporated fromthe oil |layer by heating it under a reduced
pressure and then the resulting residuggwas dissolved in 400 parts by

wei ght of nethyl isobutyl ketone. The nethyl isobutyl ketone solution was

heat ed at Eé%ﬁié‘; G o23dd™M X SfhdVebi &%.%SEQ%\n%ﬂsggtaﬂé 0% by wei ght sodi um

hydr oxi de ous solution, and the m xture S subjected to 1 hour of

reaction and t heachegeabpokpSABIna! [Br Yl () Idbthlified st ptinaRbt | On

becanme neutral. Thereafter, nethyl i1sobutyl ketone was evaporated fromthe

oi | layer 1baynd8aindéboxy rExias m?%imcgdz PoBESitied frocaipaiative Bxampiss by

wei ght 19 of the epoxy resin (E4) of the present invention. The thus

obt ai ned dpaxi 2 asmsblédded hdthda diardeaing egjénta(Psojeighin cimobfib @of eq, a
softening point of 58[err]C, an ICl viscosity (y) of 1.2 poises at

150[ er r ] C lJahpdroxyldgudupy edph Evailent rpere1 epoxy rdroapi equivh186© ofiprhe epolky he
total weight %of 3 to 6 nucleus bodies (x) was 61% by weight and its c/d
rati o was ¥esin, Eednpartsby weight of a hardening accelerator
(triphenylphosphine), 0.8 part by weight of a silane coupling agent
(KBM 403, manufactured by Shin-Etsu Chemical Co.), 0.5 part by weight
of a releasing agent (Fine Carnauba Povﬁder, manufactured by Toa Kasei
Co.), 2.0 parts by weight of antimony trioxide and 6.0 parts by weight
of a brominated epoxy resin (BREN-S, manufactured by Nippon Kayaku-
Co.), and a filler (FB-48, manufactured by Denki Kagaku Kogyo Co.)
was blended with 20 parts by weight of the thus prepared mixture at
the ratio (part by weight) shown in the column, Compositidn of Blends,
of Table 2. The resulting mixture was kneaded using a biaxial roller,
pulverized and then made into tablets to measure fluidity (spiral flow
value) of the thus obtained samples under the following conditions.
The results are shown in Table 2.
¢ Fluidity measuring conditions
Mold: based on EMMI-1-66
Mold temperature: 170°C.
Transfer pressure: 70 kg/cm’ _
Also, hardened products were obtained from the aforementioned
tablets in the same manner as described in Examples 7 to 9, and their
characteristics were measured under the following conditions. The

results are shown in Table 2.



The procedure of Exanple 1 was repeated except that an o-cresol novol ak
resin having 67% by weight of total of 3 to 6 nucleus bodi es was used,

t her eby obtaining 156 parts by weight of the epoxy resin (E5) of the
present invention. The thus obtained epoxy resin (E5) showed an epoxy

equi val ent wei ght of 200 g/eq, a softening point of 68[err]C, an ICl
viscosity (y) of 2.8 poises at 150[errp@ and a hydrol yzabl e chl ori ne
concentration of 370 ppm and the total weight %of 3 to 6 nucl eus bodies
(x) was 5¢%inss\eiailitaB téfpdratural ithe'dame s iR @ANSLE Theops ocedure of
Exanple 1 was repeated except” that an o-cresol novol ak Tesin having 58% by

wei ght of « typitRlr Abscrptdoh: "Mt ameDasli & veed, toheteby obtaining 152
parts by weight of the epoxy resin (E6) of the present invention. The thus

obt ai ned ependingestirength) Miaearddaat 80X inamtordaned withailie pfocittre/ eq, a
softening point of 83[err]C, an ICl viscosity (y) of 8.8 poises at

150[ er r ] CofindiiS»648dr ¢(bemtimge sthémgthne concentrati on of 400 ppm and the
total weight % of 3 to 6 nucleus bodies (x) was 41% by weight and its c/d
rati o wase*I1Caefficient efthemal expansidne Meaberest bycTMA awidhipxarangel was
repeat ed except that the phenol novol ak resin of Exanple 1 was changed to a
phenol no®8l && e dilA°Gvhi ch - R

Table 2
Ex. Comparative Ex.
10 11 5 6 '
Composition of blends
Epoxy resin | El E3 Rl R2
Filler (parts by weight) 80 60 80 60
Spiral flow value (cm) 55 60 56 58

Physical properties of hardened products

Glass transition temp. (°C) 152 183 140 173
Water absorption (%) 0.16 0.31 0.17 0.39
Bending strength (kgf/mm’') 18 17 17 15

Coefficient of thermal

expansion (x 10°/°C) 1.3 1.6 1.4 1.7

Examples 12 to 14 and Comparative Examples 7 to 9
Each of the epoxy resins (E4) to (EG) obtained in Examples 4
to 6 and a cresol novolak resin (EOCN-1020 manufactured by Nippon

Kayaku Co. ) used in Comparative Examples was blended with a hardening



was not subjected to the columm treatnent and had had a softening point of
79[ err] C, thereby obtaining an epoxy resin (Rl). The thus obtained epoxy
resin (Rl1) showed an epoxy equival ent wei ght of 191 g/eq, a softening point
of 48[err]C and an ICl viscosity (y) of 0.8 poise at 150[err]C, and the
total weight % of 3 to 6 nucleus bodies (x) was 35% by wei ght and the epoxy
resin conmponent in the top peak was a z4nucl eus body. Conparative Exanple 2
The procedure of Exanple 1 was repeated except that the phenol novol ak
resin of (PnI80'P$n ERAEAG Lt 8F A 1"@MUpPEqi Rl en¥iiei ot

subj ected to tr(le co%rm treatment and had™a Softening point of \f%%f‘grr]c,

t her eby oftoup iequivalatOvE thé i epoxi’res i @ndhétretsrblesdePwithr 8si n (R2)
showed an epoxy equi val ent wei ght of 195 g/eq, a softening point of

65[ er r | C hardemingGicedlerator | triphaiylphosphinmes)s intanlathmt 6£1 parck bge t ot al
wei ght % of 3 to 6 nucl eus bodies (x) was 25% by wei ght and the epoxy resin
conponent weighthper H@0 parks by weiglit afi the epoliy des i) ang hasdéheadprodnats

Conpar ative Exanples 3 and 4 Each of the epoxy resins (El) to (E3) obtained
i n Exanpl were qhfaingd gine fheysane mADNER19s sescribed gix Examples 7 ConPar ati ve
Exanples 1 and 2 was bl ended with a hardeni ng agent @&phenol novol ak resin
(manuf act ur ed b§esglsoRE Rhysigatpropextyreasusements of each of the ddust y

21 . .
obtained hardened products are shown in Table 3. In this case, the

physical properties were measured in the same manner as described in

Examples 7 to 9.

Table 3

Ex. Comparative EXx.
12 13 14 7 8 9
Epoxy resin E4 E5 E6 R3 R4 RS
Glass transition temp. (°C) 167 174 180 159 168 177
Water absorption (%) 1.01 1.13 1.21 . 1.12 1.26 1.35

The epoxy resins for comparison use (R3) to (R5) shown in Table

3 are as follows (the same resins are used in Table 5).

g

EOCN-1020 1ICI viscosity (150°C), 1.2 poises

3 to 6 nucleus body content, 43% by weight
R4

EOCN-1020 ICI viscosity (150°C), 2.8 poises

3 to 6 nucleus body content, 36% by weight

G

EOCN-1020 ICI viscosity (150°C), 8.8 poises

3 to 6 nucleus body content, 28% by weight



at 150[err]C, 86[err]C in softening point and 106 g/eq in hydroxyl group
equi val ent weight) in an anount of 1 hydroxyl group equival ent per 1 epoxy
group equi val ent of the epoxy resin and further blended with a hardening
accel erator (triphenyl phosphine) in an amount of 1 part by weight per 100
parts by weight of the epoxy resin, and the thus prepared m xture was nade
into a nolded resin article by transfe25nol di ng and then hardened at
160[err]C for 2 hours and then at 180[err]C for 8 hours. Results of

physi cal k&:ﬁﬂé@llsﬁééwga%ﬁatc&ﬁpﬁ%%& & ekdn1eBUFo A agned hardened
products are shown in Table g thlg casde?@the physical properties were

neasured by thegiéh IoPVhE epoixk Oﬁésn{seF() 4) @AY86) robtalihb@nis ERRAHRds 4e
(TMA): TM 7000 nfd by Sinku R ko Co rogramming rate 2[err]Cmn [err]

Wat er abseo[d amhEOEI 1920 inConpagative BRikampl el war blertietiowith@harddnipigece of
5 cmin diameter and 4 nmin thickness after its boiling in water of

100[ err ] Caggent Z{APNhMrm afiamoant df 1 hydroxyl dimupeegiivadehk.petr 1 efoxy 9
3 4 Epoxy resin E1l E2 E3 R1 R2 d ass
transi t i ogroepequivalentt the(epoxgzresial 0.2 part bpweight ofiza bardgnisgpt i on

(%9 0.99 gcézléra%:%r (trlphen())rllg)goslphSJ.lrlle) , 0.8 part by weight of a silane
coupling agent (KBM 403, manufactured by Shin-Etsu Chemical Co.), 0.5
part by weiéht of a releasing agent (Fine Carnauba Powder, manufactured
by Toa Kasei Co.), 2.0 parts by weight of antimony trioxide and 6.0
parts by weight of a brominated epoxy resin (BREN-S, manufactured by
Nippon Kayaku Co.), and a filler (FB-48, manufactured by Denki Kagaku -
Kogyo Co.) was blended with 20 parts by weight of the thus prepared
mixture at the ratio (part by weight) shown in the column, Composition
of Blends, of Tables 4 and 5. The resulting mixture was kneaded using
a biaxial roller, pulverized and then made into tablets to measure
fluidity (spiral flow value) of the thus obtained saniples in the same
manner as described in Examples 10 and 11. The results are shown in
Tables 4 and 5. Also, hardened products were obtained from the
aforementioned tablets in the same manner as described in Examples
7 to 9, and their characteristics were measured in the same manner

as described in Examples 10 and 11.



22 Exdnples 10 and 11 and Conparative Exanples 5 and 6 Each of the epoxy
resins (E1) and (E3) obtained in Exanples 1 and 3 and epoxy resins (Rl) and
(R2) obtained in Conparative Exanples 1 and 2 was bl ended with a hardening
agent (PN-80) in an anount of 1 hydroxyl group equival ent per 1 epoxy group
equi val ent of the epoxy resin, 0.2 part by weight of a hardening

accel erator (triphenyl phosphine), 0.8 §art by weight of a silane coupling
agent (KBM 403, nmanufactured by Shi nl?ﬁatl u4Cheni cal Co.), 0.5 part by weight
of a releasing agent (Fine Carnauba Powder, manufactured by Toa Kasei Co.),
2.0 partsERgmpbe glot, of antinony trioxideisind §60 parts bygwei gig of a

brom nat ed epoxy resin (BREN-S, manufactured by N ppon Kayaku Co.), and a
filler (FRoffositiomf eftblerflsby Denki Kagaku Kogyo Co.) was bl ended with 20
parts by weight of the thus prepared mxture at the ratio (part by weight)
shown i n t hé&EpoxyunesinConposition of Bl er4s, oESTablBE62. Ede reBiul ting

m xture was kneaded using a biaxial roller, pulverized and then made into
tabl ets to rdddere(pamtisibyyweigitdal f| owblal udLl of She tI95s ob8&i ned

sanmpl es under the following conditions. The results are shown in Table 2.
[err] Flui diSRArARaSIoW Y@luentm) ons Mol H5 baddd on &M - 966 MR d

t t : 170 C
enpera url’%ys%cai [p%isgrties of hardened products

Glass transition temp. (°C) 168 174 181 169 175

Water absorption (%) 0.26 0.28 0.31 0.16 0.22
Bending strength 30°c 16 17 17 21 19

(kgf/mn’) 240°C 2.2 2.4 2.5 2.9 2.7
Coefficient of thermal 1.8 1.8 1.8 1.0 1.3

expansion (x 10%/°C)

Table 5
Comparative Example No. 10 11 12 13 14
Composition of blends
Epoxy resin R3 R4 R5 R4 R6
Filler (parts by weight) 51 51 51 80 63
Spiral flow value (cm) . 147 - 114 55 65 60

Physical properties of hardened products
Glass transition temp. (°C) 159 167 178 167 176

Water absorption (%) 0.27 0.31 0.34 0.25 0.32
Bending strength 30°c 15 16 17 18 16

(kgf/mm’) 240°C 2.1 2.3 2.5 2.6 2.5
Coefficient of thermal i.8 1.8 1.8 1.3 1.6

expansion (x 10°/°C)



Transf-er pressure: 70 kg/cnferr] Al so, hardened products were obtained from
the aforenentioned tablets in the same manner as described in Exanples 7 to
9, and their characteristics were neasured under the follow ng conditions.
The results are shown in Table 2. 23 [err] dass transition tenperature:
The sane as in Exanples 7 to 9. [err] Water absorption: The sane as in
Exanples 7 to 9. [err] Bending strength:gMeasured at 30[err] C in accordance
with the procedure of JIS-6481 (bending strength). [err] Coefficient of

L her | eXpa”S'Qﬁea%’o'iﬁui'@gﬂyfog\w&nauéé”gﬁ)%hé@ntfh mapierslig Table

ratrve Conposi tion of
bl ends Ep@gyf{,m RL R2 Filler
(parts by weight) 80 60 80 60 Spiral flow value (cm
55 60 R69OEOCN-1826Y ST aFigiosieyt (mmj, Mamdpames)r oducts d ass
transition tenp. ([err]C) 152 183 17

The aforementioned plot of y vs. x w;.th regard to the epoxy
resins (E1l) to (E3) obtained in Examples 1 to 3 and the epoxy resins
(R1) and (R2) of Comparative Examples is shown in Fig. 3, and the
aforementioned plot of y vs. x with regard to the epoxy resins (E4) '
to (E6) obtained in Examples 4 to 6 and the epoxy resins (R3) to (R6)
of Comparafive Examples is shown in Fig. 4. The epoxy resin of the
present invention wherein melt viscosity and the total ratio of 3 to
6 nucleus bodies are within the specified ranges can have more higher -
heat resistance than that of the known epoxy resin whose properties
are outside the above ranges when thef have similar level of fluidity,
and renders possible increment of fillers in the composition because
of the low viscosity when similar level of heat resistance is required

and, as is evident from Tables 1 to 5, its hardened products have high

heat resistance.

[Effect of the Invention] -

In comparison with the case of the use of the conventional
novolak type epoxy resin; the epoxy resin composition which contains
the epoxy resin of the present invention can have more highc_ar heat
fesistance when they have similar level of fluidity and renders
pdssible increment of fillers in the composition because of the low
viscosity when similar level of heat resistance is required, and ¢ @s

the results, low expansion, low moisture absorption, high strength



Wat er ‘absorption (% 0.16 0.31 0.17 0.39 Bending strength
(kgf/nnferr]) 18 17 17 15 Coefficient of thermal
expansion (x 10[err]/[err] Q) 1.3 1.6 1.4 1.7 Exanples 12
to 14 and Conparative Exanples 7 to 9 Each of the epoxy resins (E4) to (E6)
obtained in Exanples 4 to 6 and a cresol novol ak resin (EOCN- 1020

manuf act ured by Ni ppon Kayaku Co.) use@8 n Conpar ati ve Exanpl es was bl ended
wi th a hardening 24 agent (PN-80) in an amount of 1 hydroxyl group

equi val enang¢hell Hopyopertiesccan bel sbtiainbdl haleppwhehethe epoty frestihier

bl ended wth a hardening accel erator (triphenyl phosphine) in an anount of 1
part by wi$ dissglsrediiiDa pelventyitevigdositytsimidanty thasiof, knowd phendined
products were obtained in the same manner as described in Exanples 7 to 9.
Resul t s oRoyMiaki epexypirepin cpannbeobtained with awse sialiler anawntsmfithed

har dened products are shown in Table 3. In this case, the physical

propert i eSokyant, ﬁéﬁ@&r!@cpnqﬁmnblgan@nﬁhﬁmﬁmeM@men@mm@g 7 to

9. Table 3 Ex. arative Ex. 12 13 14 7 8
n consequence, the epoxy resin of the present invention is markedly

valuable when used in electric and electronic parts insulating

materials (such as high reliability semiconductor sealing materials
and the like) and various composite materials including laminated
sheets (printed circuit boards and the like) and CFRP, as well as

adhesives, paints and the like.



Epoxy ‘resin E4 ES E6 R3 R4 R5 d ass
transition tenp. ([err]C -167 174 180 159 168 177 Water
absorption (% 1.011.131.21 1.12 1.26 1.35 The epoxy resins
for conparison use (R3) to (R5) shown in Table 3 are as follows (the sane
resins are used in Table 5). R3: ECCN-1020 IC viscosity (150[err]C, 1.2
poises 3 to 6 nucleus body content, 4328by wei ght R4: EOCCN- 1020 |Cl
viscosity (150[err]C), 2.8 poises 3 to 6 nucleus body content, 36% by
wei ght Rog1 EHfd\F 1020 1 Cl viscosity (150[err]C), 8.8 poises 3 to 6 nucleus
body content, 28% by wei ght 25 Exanples 15 to 19 and Conparative -
Examples 10 to 14 &8t leRS &fin A (1 .
Exanples 4 to Giarﬁﬁg&lﬁ\%l%m ¥ E@%&;ﬁgﬁii%%atﬁgfgs vvadsjligl endeéI\rX/i'th a
har deni ng agent (PN-1) in an amount of 1 hydroxyl group equival ent per 1
epoxy group equivalent of t epoxy resiz,) 0.2 part wei ght of a
har deni ng accel erator (trighehyl phosphi nlg\ 0. 8 par wei ght of a silane
coupl i ng agent (KBM 4 R HBaCREH - @REMzcal Co.), 0.5 part
by wei ght of a rel easj Cargayba vvdeg, manuf act ured by Toa
Kasei Co.), 2.0 part éﬁny {1 d anch?.o

2
n

tu

(in the formula (I), each P represents a hydrogen atom or a methyl
group and P in the molecule are mutually the same, R represents a
hydrogen atom or an alkyl group having 1 to 5 carbon atoms, and n is
a positive number of 0.1 to 20 on average), wherein the plot of melt"
viscosity of said epoxy resin measured at 150°C by a cone plate method
(variable, y; unit, poise) vs. the ratio of the i:otal weight of 3 to
6 nucleus bodies in said epoxy resin (variable, x; unit, % by weight)
satisfies the following conditions:
(a) when P is hydrogen atom, said plot is present within the area
surrounded by the lines of: _ |
1) y = 60e™™, 2) y = 1000e™"*, 3) x = 10 and 4) x = 70, or
(b) when P is methyl group; said plot is present within the area

- surrounded by the lines of: |

1) y = 500e™%*, 2) y = 10000e™**, 3) y = 400 and 4) y = 0.1.

R



parts by weight of a bronmi nated epoxy resin (BREN-S, manufactured by Ni ppon
Kayaku Co.), and a filler (FB-48, manufactured by Denki Kagaku Kogyo Co.)
was bl ended with 20 parts by weight of the thus prepared m xture at the
ratio (part by weight) shown in the colum, Conposition of Blends, of.
Tables 4 and 5. The resulting m xture was kneaded usi ng a biaxial roller,
pul veri zed and then made into tablets to3%easure fluidity (spiral flow

val ue) of the thus obtained sanples in the sanme manner as described in
Exanpl es 10 and2ifTheTepoxyeresinsaccerdingio chaiinblwhereinthesepodysresimr dened
products were obtained fromthe aforementioned tablets in the same manner
as descri B&dan epoxynpeein repyegented hynshe foldowingrfoxmuda ¢BFks measured in
t he sane manner as described in Exanples 10 and 11. 26 Tabl e 4 Exanpl e
No. 0 15 19 Conposi tion of bl ends
Epoxy resin ' ES Filler (parts by

7
wei ght) 51 oC RC 1 bh@ W vaI ue (cm 145
115 60 59 62 SI aI ro | e§ 0 products G ass
transition tenp. 175

(in the formula (II), R is as defined in the formula (I)).

3. The epoxy resin according to claim 1 wherein P is hydrogen
atom and the plot of y vs. x is present within the area surrounded-

by the lines of 1) y = 70e™"*, 2) y = 1000e™*, 3) x = 10 and 4) x
=70.

4. The epoxy resin according to claim 1 or 3 wherein P is hydrogen
atom and the epoxy resin component contained in a fraction which
constitutes the top peak (the highest peak) obtained by GPC (gel
permeation chromatography) is a 3 nucleus body or a body with more

. than 3 nuclei.

5. The epoxy resin according to any one of claims 1, 3 and 4
wherein P is hydrogen atom and its melt viscosity is from 0.1 to 400

poises .

* c L M s *



WAt er "absorption (%

0.26 0.28 0.31 0.16 0.22 Bending strength

30[err]C 16 17 17 21 19 (kgf/mierr]) 240[err] C
2.2 2.4 2.5 2.9 2.7 Coefficient of thernal 1.8 1.8 1.8
1.0 1.3 expansion (x 10[err]/[err]C) Table 5 Conparative Exanple No.

10 11 12 13 14 Conposition of blends Epoxy resin

R3 R4 R5 R4 R6 Filler (partXl by weight) 51 51 51

80 63 Spiral flow value (cm 147 . 114 55 65 60 Physi cal
properties of héc ddaxding onsldinol ore'whexXéir P i€)methido 167
178 167 176 Water absorption (% 0.27 0.31 0.34 0.25 0.32

Bendi ng sgrewugtand thélotréLy vs. x 1is preseht witivin théGarea S@rxdugidedni err])
240[err] C 2.1 2.3 2.5 2.6 2.5 Coefficient of thermal
1. gby1tige lines Df 1). % =5p0e38n 2X v16[8000e T8F, BO) Y = 190 amd 49poxy
resin foryc_c_mgazrison use (R6) shown in Table 5 is as follows.

1.8

7. The epoxy resin according to any one of claims 1, 2 and 6

wherein P is methyl group and the concentration of hydrolyzable halogen

is 600 ppm or less.

8. The epoxy resin according to any one of claims 1, 2, 6 and"
7 wherein P is methyl group, and the ratio of ¢/d is 2.0 or less, the
c (% by weight) being the rate of an epoxy resin component. contained
in a fraction which constitutes the top peak (the highest peék)
obtained by GPC to the total epoxy resin and the d being the rate of
an epoxy resin component contained in a fraction which constitutes

the second peak (the second highest peak) to the total epoxy resin.

9. An epoxy resin composition which comprises the epoxy resin

of any one of claims 1 to 8.

10. The epoxy resin composition according to claim 9 wherein

it is prepared for use in semiconductor sealing.

11. A hardened product which is obtained by hardening the epoxy

resin composition of claim 9 or 10.

‘A ) O A



R6: EOCN- 1020 ICl viscosity (150[err]C, 4.4 poises The aforenentioned pl ot
of y vs. x with regard to the epoxy resins (E1) to (E3) obtained in
Exanples 1 to 3 and the epoxy resins (Rl) and (R2) of Conparative Exanples
is shown in Fig. 3, and the aforenentioned plot of y vs. x with regard to
the epoxy resins (E4) to (E6) obtainedzhbn Exanples 4 to 6 and the epoxy
resins (R3) to (R6) of Conparative Exarrpl es is showmn in Fig. 4. The epoxy
resin of the present invention wherein nelt. viscosity and the total ratio
of 3 to 6 nucl eus bodies are w t hi nABBERAGRCi fi ed ranges can have nore

hi gher heat f xy_resin whose properties
are outside thwggm[a %&W WM y, and

renders possible increnment, of fillers in the conposition beca se of the | ow

vi scosity when SPfF|HVEntjen pyoviidss 4m%%msmrﬁ§w ch hag g
evident from T to, 5, i.ts_harden oducts have h, he t
reS|stance.L aﬂéc‘{lsgpsf'ﬁ% t?%éh??’% q?‘nh GF t e%hgafie;@%f t he

Conposi & ??ﬁ*&ﬁ&?ﬁ*ﬂ% i REBRES ool o RS BFBG %@oﬁfpe%%ﬁﬁxhﬁfﬂowgzan

h J di
and r ender a5 enalfiy pkesal Ty BEUSIBKE oF T 406 hifendboaldd O 1Y
| ow Vi SCOSid/ LHESHeY Fibhbe ) GablrdPly hoShm Hatel felipll bt othopnd. as

the results, |ow expansion, I ow nol st ur absorp trength
satisfies specified conditions, an epoxy resin composition containing

the same and hardened products thereof.

No appropriate figure



28 and the |ike properties can be obtained. Al so, when the epoxy resin is
dissolved in a solvent, its viscosity simlar to that of known phenol
novol ak epoxy resin can be obtained with nore smaller anobunts of the
solvent, which is profitable fromthe viewpoint of working environnment. In
consequence, the epoxy resin of the present invention is markedly val uable
when used in electric and electronic ppydas insulating materials (such as
high reliability sem conductor sealing materials and the |ike) and various
conposite materials including | am nated sheets (printed circuit boards and
the Iike) and CFRP, as well as adhesives, paints and the |iKke. 29 Clains
1. An epoxy resin represented by the followng formula (1): [err] (in the
formula (1), each P represents a hydrogen atomor a nethyl group and P in
the nolecule are rgitually the sanme, R represents a hydrogen atom or an

al kyl group havinggl tq 5 carbon atons, and n is a positive nunber of 0.1
to 20 on average) @ whéh gt ptot—of—wett T =

102

10"

RN R L i}}nnu !ijjy%

Melt viscosity (Cone Plate Method; 150°C)

S,
~»

100 %

Ratio of Total Weight of 3 to 6 Nucleus Bodies (%)

FIG. 1



viscosity of said epoxy resin neasured at 150[err]C by a cone pl ate net hod
(variable, y; unit, poise) vs. the ratio of the total weight of 3 to 6
nucl eus bodies in said epoxy resin (variable, x; unit, % by weight)
satisfies the following conditions: (a) when Pis hydrogen atom said plot
is present wwthin the area surrounded by the lines of: 1) y = 60e[err], 2)
y = 1000e[err], 3) x = 10 and 4) x = 702/ar (b) when P is nethyl group,
said plot. is present within the area surrounded by the lines of: 1) y =
500e[err], 2) y = 1000e[err], 3) y = 400 and 4) y = 0.1. 30 2. The epoxy
resin according to claiml wherein the epoxy resin is an epoxy resin
represented by the followwng formula (11): [err] (in the formula (Il), Ris
as defined in the formula (1)). 3. The epoxy resin according to claim1
wherein P is hydrogen atomand the plot of y vs. x is present within the
area surrounded by the lines of 1) y = 70e[err], 2) y = 1000[err], 3) x =
10 and 4) x = 70. 4. The epoxy resin according to claim1 or 3 wherein Pis
hydrogen atom and the epoxy resin conponent contained in a fraction which
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constitutes the top peak (the highest peak) obtained by GPC (gel perneation
chromat ography) is a 3 nucl eus body or a body with nore than 3 nuclei. 5.
The epoxy resin according to any one of clains 1, 3 and 4 wherein Pis
hydrogen atomand its nelt viscosity is fromO.1 to 400 poises 31 6. The
epoxy resin according to claiml1l or 2 wherein P is nethyl group and the
plot of y vs. x is present within the agpp surrounded by the lines of 1) vy
= 500e[err], 2) y = 5000e[err], 3) y =100 and 4) y = 0.2. 7. The epoxy
resin according to any one of clains 1, 2 and 6 wherein P is nethyl group
and the concentration of hydrol yzabl e hal ogen is 600 ppmor |less. 8. The
epoxy resin according to any one of clains 1, 2, 6 and 7 wherein P is

nmet hyl group, and the ratio of c/dis 2.0 or less, the ¢ (@6by wei ght)
being the rate of epoxy resin conponent contained in a fraction which
constitutes the topzpeak (the hi ghest peak) obtalned by GPC to the total ,
epoxy resin and th%:d 08 spnponent cont ai ned
in a fraction which_consNtptes the second. pea pnd hi ghest peak)
to the total epoxygyesin:
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9. An‘epoxy resin conposition which conprises the epoxy resin of any one of
clains 1 to 8. 10. The epoxy resin conposition according to claim9 wherein
it is prepared for use in sem conductor sealing. 11. A hardened product
whi ch i s obtained by hardening the epoxy resin conposition of claim9 or
10.
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