Description EPOXY RESIN, EPOXY RESIN COVPCSI TI ON AND CURED PRODUCT THEREOF
5 Technical Field The present invention relates to an epoxy resin that is
in a formof crystalline having a relatively high nelting point. The epoxy
resin and an epoxy resin conposition containing the sane provide cured
products with flexibility and optical 10 anisotropy. Background Art
Cenerally, diglycidyl ethers of bisphecvnol Ain aliquid state are widely
known as epoxy resins, while 15 high-npl ecul ar-wei ght epoxy resins

synt hesi zed by condensation of thge%?gbﬁgﬁ8p A epoxy resins in a liquid
state with additional bisphenol A are used as solid epoxy resins. However,
such hi gh-nol ecul ar-wei ght epoxy resins generally have a softening point
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known. A bisphenol F epoxy resin in which a concentration of a specific
i somer is enhanced, is known as such a crystalline epoxy resin, which is

the nmost versatile bisphenol F epoxy resin (Japanese Patent Application 25
Layi ng® Opert (RAERD ¢&§l£-73563 (hereinafter sometimes referred to as

"patent docunent 1")). The .crystalline _epoxy resin - 1 descriq§gg:n t he
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containi n%naahfo%:rr]n 8 nccre;sttraafiioﬁe having a relatively high melting point.
The epoxy resin and an epoxy resin composition containing the

same provide cured products with flexibility and optical

10 anisotropy.

Background Art
Generally, diglycidyl ethers of bisphecvnol A in a liquid
state are widely known as epoxy resins, while
15 high-molecular-weight epoxy resins synthesized by condensation
of the bisphenol A epoxy resins in a liquid state with additional
bisphenol A are used as solid epoxy resins. However, such
high-molecular-weight epoxy resins generally have a softening
point of 50 to 100°C and are liable to cause blocking during
20 storage thereof. As epoxy resins without blocking during
storage, crystalline ones are known. A bisphenol F epoxy resin
in which a concentraticn of a specific isomer is enhanced, is
known as such a crystalline epoxy resin, which 1s the most
versatile bisphencl F epoxy resin (Japanese Patent Application
25 Laying Open (KOKAI) No. 8-73563 (hereinafter sometimes referred

to as “patent document 17)). The crystalline epoxy resin



4, 4" -i sonmer having good nol ecul e symretry, which is rep resenLed by the
following fornmula (1): O OH O HZ HCHZCO CHZ OCHZCHCH20O CHzZ OCHz HCH2 (1)
5 wherein n = 0. However, the above crystalline resin has a nelting point
substantially in the range of 50 to 70C, which is not necessarily
satisfactory for preventing blocking during storage. 10 Exanpl es of
crystalline epoxy resins al so include diglycidyl et hers of tetranethyl
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appl yi ng physi cal rceto the resin conp05|t|ons to orlentate t he
same in 28° '%$%c$?1§ wﬁ?geﬁ?F%H gi 'éxanpl e, Japanese Patent Laid-Qpen
No. 2003-268070 di scl oses that cured products of epoxy resins containing a

mesogeni ¢ group in their nol ecul es showhi ghthermal conductivity. Japanese
Patent Application Laying Open KAl 34 - 2  No. 2004-175926 digscl oses that
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5
whereinn=0. However, theabovecrystallineresinhasamelting
point substantially in the range of 50 to 70°C, which is not
necessarily satisfactory for preventing blocking during
storage.
10 Examples of crystalline epoxy resins also include

diglycidyl ethers of tetramethyl biphenol (Japanese Patent No.

2566178) and triglycidyl isocyanurate {Japanese Patent No.

3465743). Though these crystalline epoxy resins have high

melting points and good storage stability, the cured products
15 thereof have high elastic modulus and lack flexibility.

On the other hand, attempts have been made in recent vears
to improve the characteristics of cured epoxy resins by, when
curing epoxy resin compositions, externally applying physical
force to the epoxy resin compesitions to orientate the same in

20 a specified direction. For example, Japanese Patent Laid-Open
No. 2003-268070 discloses that cured products of epoxy resins
containingamescgenicgroup intheirmolecules showhigh thermal

conductivity. Japanese Patent Applicatiocon Laying Open {(KOKAI)



field to epoxy resins to orientate the sanme, followed by curing. Further,
inthe field of thernoplastic resins, Japanese Patent 5 No. 2664405

di scl oses that when polynmers having liquid crystalline properties are
processed at tenperatures higher than their nelting points, nolded
products having an excellent nechanical strength can be obtained. 10

Di scl osure of the Invention Wth the recent trend of mniaturization and
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10 Disclosure of the Invention
With the recent trend of miniaturization and weight

reduction of electrical/electronic components, there have been
increasing demands, as a base material, for flexible substrates
such as one using polyimide instead of conventional rigid

15 substrates using glass fiber. In the applications of epoxy
resins for the electrical/electronic components, the epoxy
resins used as adhesive layers are required to have sufificient
flexibility. Further, fromthe viewpoint of storage stability,
there is a demand for epoxy resins that are crystalline and have

20 a high melting point. Although crystalline epoxy resins are
also used as a thermosetting ingredient for sclder resist, the
above described crystalline epoxy resins, such as triglycidyl
isocyanurate, have a lowepoxyequivalent, andhencebeinghighly
toxic. Thus, use of such crystalline epoxy resins tends to be

25 avoided these days, with the increasing concern for environment

protection.



nmol ecul ar structure is generally conplicated. Further, when applying
magnetic field to the whol e epoxy resin conposition, 5 they pose a problem
of requiring |large-scale apparatus. Still further, thernoplastic liquid
crystalline polynmers usually have a nelting point of 250 to 350C, and thus
conditions under which they are nolded are very severe conpared with those
of thernosetting resins. 10 In view of the foregoing, the inventors of the
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amelting point of 250 to 350°C, and thus conditicns under which
they are molded are very severe compared with those of
thermosetting resins.

10 In view of the foregocing, the inventors of the present
inventicon accomplished the present invention through a diligent
study. That is, the present invention provides:

(1) An epoxy resin represented by the following

formula (1):

HZCHCHZCO—<<:::>»— —d<::::>w<%CHZCHCH20~<:::>>~ —<<:::$>——OCH20HCH2 (1)

15
wherein n represents the number of repeating units,
a component with n = 0 of the formula (1) accounting for
25% or less in terms of the area corresponding to the component
in a gel permeation chromatcgram;
20 (2) the epoxy resin according to (1) mentioned above

wherein the component with n = 0 of the formula (1) accounting
for20% or less interms of the area corresponding to the component

in a gel permeation chromatogram;



(4) the epoxy resin according to (1) nmentioned above, having a nelting
point in a range of 80C to 150C, 5 (5) an epoxy resin conposition
conprising the epoxy resin according to any one of (1) to (4) nentioned
above and a curing agent; (6) an epoxy resin conposition conprising the
epoxy resin according to any one of (1) to (4) nentioned above and 10 a
cationic polynerization initiator; (7) the epoxy resin conposition
according to (5) or (6).,mentioned above havin i,d

properties: (8)'a varn%gﬁ'%@%%%5e§lﬂyaﬁ?afﬁbng 3%' mgﬁ%@%ﬁéééﬁﬁBE”t i on

accordlng to (5 or ( nmenti pned and a solvent 15 (9) a sheet
havi ng a S%H@?}%i%gp?%%?ﬁea?w§¥ﬁ:Qflgﬁﬁﬁ(s) of the epoxy resin
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wherein the planar substrate is a g yi m de f|| Sll% 1 he sheet
accor di ng %' 9 Geit + ohed %%b@% i mﬁeF@Pﬂetﬁg a%aF subStriate is netal
foil; (12) the Eﬂeet accordln %9% nentloned above i,n the | anar
substrate is a | ease Fﬁﬁ?o 356 r%od?peogsb%%c%%r“%@lm? FatHTg t he
varni sh 25 accordin (8 nentloned ahave | e erlal an
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curing the epoxy resin
a curing agent;
(6) an epoxy resin composition comprising the epoxy

resin according to any one of (1) to (4) mentioned above and
10 a cationic polymerization initiator;
(7 the epoxy resin composition according to (5) or
(6) mentioned above having liguid crystalline properties;
{8) a varnish produced by mixing the epoxy resin
compositionaccordingto (5) or (6) mentionedabove andasolvent;
15 (9 a sheet having a planar substrate provided with
a layer(s) of the epoxny resin compcsition according to (5} or
(6) mentioned above on one or both sides of the planar substrate;
(10) the sheet according to {9} menticned above,
wherein the planar substrate is a polyimide film;
20 (113 the sheet according to (92) mentioned above,
wherein the planar substrate is metal foil;
(12) the sheet according to (9) mentioned above,
wherein the planar substrate is a release film;
(13) a prepreg produced by impregnating the varnish
25 according to (8) mentioned above into abasematerial, anddrying

the base material by heating:;



conposition according to (5) or (6) nentioned above. (15) a cured product
havi ng optical anisotropy, produced by curing the epoxy resin conposition
according to (7) 5 mentioned above in a liquid crystalline state; and (16)
a process for preparing the epoxy resin according to claiml1, conprising:
reacting a conmpound represented by the following formula (2) : HO\ / CH2
\ / OH(2) 10 with an epihalohydrin in the presence of an al kal i ne net al

hydroxi de to obt h 160 ta 200
o eq; and react) " e B0t HoB" CORDOUIER G ER i %‘th%fn%%ﬁa&o%ﬂaxylrs%"m

represent ed the fornmula (2 00 in a actl
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(1 a'procéss for pr parlng'the epoxy resin according

to claim 1, comprising:

reacting a compound represented by the following formula

el

with an epihalohydrin in the presence of an alkaline metal

i0

hydroxide to obtain a compound having an epoxy eguivalent of
160 to 200 g/eg; and
reacting the obtained compound with another compound
15 represented by the formula (2) fto obtain a reaction mixture,
and
crystallizing the reacticn mixture.
The epoxy resins of the present invention are crystalline
epoxy resins with a highmelting peint, and therefore, they have
20 excellent stability during storage. Further, the epoxy resins
of the present inventiocon are straight-chain polymers, and
therefore, they are less toxic. The cured products of the epoxy
resins of the present invention have sufficient flexibility.

Still further, the epoxy resins of the present invention have



pr epare.
chromatogram 5 Best Mode for Carrying Qut the Invention The epoxy re
of the present invention uses as a raw nateriala phenolic conpound
represented bythefollow ngfornula (2): HO\ / CH2 \ / OH (2) 10 The
phenolic conpound is crystalline with a nelting point of about 163C
phenolic conpound is comrercially available wunder the trade nane of,

, b' - BPF d d by  HONSHU EM. CAL | NDUSTRY ) LTD. Th i f
P ound & S o 2 e S EB T S oF TR L AT RBREFr BDSY. BFE Tas T

t han 99%

Brief Description of Drawing Fig. 1 is a gel perneation

but the purity of the phenolic conmpound is not limted tot

and may bgﬁﬁPﬁﬁ%'range of 93%to 99% The epoxy resin of the present
i nvention _can $e obt ai ned by £e$ctingpthe phenolic conpound with an
0
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encliccompoun represrﬁeégyéggggllowingformula

{(2):

HO“<<::3>"CH2*<<::i>H—OH (2

The phenolic compound is crystalline with a melting point of
about 163°C. The phenolic compound is commercially available
under the trade name of, e.g., p,p’ -BPF produced by HONSHU
CHEMICAL INDUSTRY CO., LTD. The purity of the compound
represented by the formula (2) contained in p,p'-BPF i1s more
than 99%, but the purity of the phenolic compound is not limited
to that and may be in the range of 93% to 99%. The epoxy resin
of the present invention can be obtained by reacting the phenoclic
compound with an epihalohydrin in the presence of an alkaline
metal hydroxide to cbtain a low molecular-weight epoxy resin,
and further reacting the low-molecular-weight epoxy resin with
another phenolic compound represented by the formula (2), and
then precipitating a crystal from the reaction mixture.

In the preparation process of the present invention, as

si ns

The

e.g.,
t he
15

hat

n a

The

the epihalohydrin, epichlorohydrinorepibromohydrincanbeused.



of the compound represented by the fornmula (2). Exanples of the al kaline
nmet al hydroxi des i nclude sodium 5 hydroxi de and potassi um hydr oxi de, which
may be used in a form of a solid or as an aqueous sol ution thereof. Wen
using the aqueous solution, a process is preferably used in which adding
the solution to the reaction system continuously, and at the sane tine
distilling water and the epi hal ohydrin out of the 10 reaction system under

Femoving (HE SBRTHR G VATerruRrTeTSeant] hode) JoPat bF ni R thg 2 V¥ 19
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preferabl%he solution to the reaction system continucusly, and at the
same time distilling water and the epihalohydrin out of the
190 reaction systemunder reduced pressure or atmospheric pressure,
and separating them, and removing the separated water while
continuouslyreturning theepihalohydrintothe reactionsystem.
The amount of the alkaline metal hydroxide to be used is usually
0.9 to 1.2 moles and preferably 0.%5 to 1.15 moles per mole of
15 the hydroxyl group of the phenclic compound. The reaction
temperature is usually 20 to 110°C and preferably 25 to 100°C.
The reaction time is usually 0.5 to 15 hours and preferably 1
to 10 hours.
An alcohol, such asmethanol, ethanol, propanol or butanol,
20 orapolaraproticsolvent, suchasdimethyl sulfoxideordimethyl
sulfone, may be added to the reaction sclution, which is
preferable from the viewpoint of allowing the reaction to
progress smoothly.
When using an alcohol, the amount thereof is usually 3 to

25 30% by weight and preferably 5 to 20% by weight of the amount

of the epihalohydrin. When using a polar aprotic solvent, the



15 to 120% by wei ght of the anount of the epihal ohydrin. A process may al so
be enployed in which adding, as a catalyst, a quaternary amoni um salt,
such as tetranet hyl ammoni um chl oride, 5 tetramethyl ammoni um brom de or

tri met hyl benzyl ammoni um chl oride, to a solution in which an epi hal ohydrin
and the phenolic conmpound represented by the fornmula (2) are dissol ved,
allowing the solution to react at 30 to 110C for 0.5 to 8 hours to obtain

anet her i 1.l hal dhydtd fie; 2nd addingoap.al kakine IBtal. iy pwide 191 a

formof a so of as an aqueous tron taine

etherifie | 0 dne, and allow themto react at . for 1 to
10 hours 56P3ﬁ32¥%%°g%%y%ﬁ%%@ﬁo%%% t?o%moﬁpina%c%%guégf%gA%%g%%ggé anount
of the epihalo?ydrin and _sal.ve d fromthe, epoxi.dation

t th A5, 1
feactants undef HEACantey Socai SRPSYEre B er L aFh EHOUT “ LR TG The
react ant vg't_h J\CNater t_herebi to obtain, an egoxg/ rggi?. In olrlderhltq_,ioetain
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anetherifiedhalohydrine, andaddinganalkalinemetal hydroxide

10 in a form of a solid or as an aqueous sclution thereof to the

obtained etherified halohydrine, and allowing them to react at

20 to 100°C for 1 to 10 hours to undergo dehydrohalogenation
{ring closure).

An excess amount of the epihalohydrin and solvent are then

15 removed from the epoxidation reactants under heat and reduced

pressure after orwithout washing the reactant withwater thereby

to obtain an epoxy resin. In order to obtain an epoxy resin

containing a reduced amount of hydrolyzable halogen, a step can

be added of disscolving the obtained epoxy resin in toluene or

20 methyl isobutyl ketone and adding an aquecus sclution of an

alkaline metal oxide, such as scdium hydroxide or potassium

hydroxide, totheepoxyresinsolutiontoensuretheringclosure.

In this case, the amcunt of the alkaline metal hydroxide to be

used is usually 0.01 to 0.3 moles and preferably 0.05 to 0.2

25 moles per mole of the hydroxyl group of the phenolic compound



reaction tinme is usually 0.5 to 2 hours. After conpletion of the reaction,
a | ow nol ecul ar-wei ght epoxy resin (A) can be obtained by renoving a
formed salt through 5 filtration and washing with water, and renoving the
sol vent under heat and reduced pressure. The epoxy equival ent of the epoxy
resin (A) thus obtained is usually 160 to 200 g/eq. The patent docunent 1
di scl oses a process which includes the steps of obtaining a | ow
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obtaininga lowmolecular-weight epoxy resininthesimilar steps

its

10 as described above, and then obtaining a low molecular-weight
crystalliine epoxy resin therefrom through a crystallization
using a solvent or using a seed crystal prepared in advance.
Contrarily, in the present invention, the epoxy resin (A} 1is
subiectedtoanadditional process tobe described later, thereby

15 to enhance the content of the polymer component represented by
the formula {1) wherein n = 1 or mere, without loosing its
crystalline properties.

Thepresent inventorshave foundthat theepoxyresinshaving
a high content of highmclecular—-weight molecules exhibit liquid

20 crystalline properties over a wide range of temperature.
Specifically, the epoxy resin (A), having an epoxy equivalent
in the range of akout 160 teo 200 g/eqg, also exhibits liquid
crystallinepropertiesalthoughthe temperature range over which
the liquid crystalline properties are exhibited is very narrow,

25 is usually liguid at room temperature or a crystalline with a

melting point of 40°C or less. Thus, the temperature range in

- 10 -



whi ch the epoxy resin (A) exhibits liquid crystalline properties is very
narrow. The present inventors, in contrast, have found that if an epoxy
resin has a | arger epoxy equivalent and a wider nolecul ar wei ght
distribution than the epoxy resin (A), it has 5 crystalline properties over
a w der range of tenperature. Further, the present inventors have found
that the epoxy resin of the present invention and the epoxy resin

conposition . coptaining the.s can, be easily brought to the crystalline
state by RESIhGOEHGROr EHP AR Ty LRGRS i SoF Lt e L A6 THE SREIEac Ar
wei ght of the egqﬁy resin,éﬁ% can be jncreased Jﬁﬁ a condensation reaction
of the epoxXy FELiF YA wi tH'T RESFRAHoH = tOhPouriti CPBPF8Sent oY Dy AHE!

formula (2), . The ratio of the epoxy. resin (A to the conpound represented
by the fort)rﬁﬂtai?zan Sneerbdeead Has ﬁ&ﬁrﬂﬁﬁteﬁ%%y W@%ﬂ?ﬁ@d@a’ﬁ&?ﬁ

group of the 15 conpound represented by the fornula (2) is usualjg 0.05to
0.95 and ”bjrlf-ﬁcéjr]éoq VARG A% B} Slléft@lﬁﬁlté@”p%?a%iﬂée c?prtWeréﬁé%y(ﬁ? oup &FS t he
epoxy resin (A).. To accelerate the condensation reaction, it is preferable
to use®a &t YA I RpPRET b et eV eatal Y5ESTi RENE8e 20 LEFPEREMEShosphi ne,
t et ramet hyl anmoni um chl ori de, sodi um hydroxi de, potassi um hydroxi de, and
quat er nar ¥ YHd¥phohi'§nPr8aPRS SHER 5oL BdiA HAPKRe Ry REhERD it EmidY i de,
but yl tri phenyl phosphoni um broni de, ethyltriphenyl phosphoni um i odi de and
ethyltripﬁﬂ%ﬂﬁﬁ%d§ﬁﬁﬁﬁ?%n%%ﬁ%ﬁﬁ%@ﬁ The BABuRPOSY 355t Re CEAPRSYS$t Yo be used

is usually 0.01 to 10 parts by weight - 11 '
containing the same ‘can be easily brought to the crystalline

state by heating them or dissolving them in a sclvent.

10 The molecular weight of the epoxy resin (A) can be increased
byaceondensationreactioncftheepoxyresin (A) withthephenolic
compound represented by the formula (2). The ratio of the epoxy
resin (A) to the compound represented by the formula (2)
introduced is such that the amount of the hydroxyl group of the

15 compound represented by the formula (2) is usually 0.05 to 0. 95
and preferably 0.1 to 0.9 moles per mole of the epoxy group of
the epoxy resin (A).

To accelerate the condensation reaction, it is preferable
to use a catalyst. Examples of the catalysts include

20 triphenyiphosphine, tetramethylammonium chloride, sodium
hydroxide, potassium hydroxide, and quaternary phosphonium
salts such as benzyltriphenylphospheniumr chleride,
butyltriphenylphosphonium bromide, ethyltriphenylphosphonium
iodide and ethyltriphenylphosphonium bromide. The amount of

25 the catalyst tc be used is usually 0.01 to 10 parts by weight

w 1] -



and preferably 0.05 to 5 parts by weight per nole of the epoxy group of
the epoxy resin (A). O the above catal ysts, quaternary phosphoniumsalts
are likely to provide straight-chain epoxy resins, besides, these 5 salts
can be easily renoved because of their solubility to water. In the above
condensation reaction, it is preferable to wuse a solvent, formthe

vi ewpoi nt of controlling the reaction tenperatures. Exanples of the

sol vents inc| ude cl apent anone, . cycl ohexanane, nethyl .isoputyl Kketaone,
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sul foxi de and N, _g%%eégélfornanid The anpunt of the solvent to be used
0

i s usual | Y51 950 FJnht=antd g%éferably 10 to 100% by wei ght per the
total weight of the epoxy resin (A and the conpound represented by the
formul a (3) . 1OTThEer B POt BHSRE &t r 4T ST HRDRI Ty 8O T b RO S 2
preferably 70 to 160C. The progress of the reaction can be  traced b

usi ng, foﬁjé%%ﬁbﬁé{pﬁ@WlﬂgrgﬁﬁgFgﬁtéﬁpﬁﬁﬁt68?55h9651n5' besides, the¥t
(herei nafteral soreferredtoas@GC). The tracing is,perfornmed until the
conpound rEPrESERE&F BYSthé TEIHIAD ESFUPS Hoth gk é&%@%a{tamat&f@c
The reaction tinme is usually 0.5 to 15 hours  and preferably 1 1Q hours.
The desired epdty YWEsEROVEn PEEARAT Z6F By Toolithg & Ii?éeqeetzftctﬁieoﬁo
solution as it is after conpletion of the reactiaon, owev r,Ipreferany
the react UG SoPGtivERTtrs 10881 AW + B¥ERTDE Addit ot l%gptglﬁ St f or

g?gpgezirﬁ%ﬁﬁgﬁ%}{ﬁgﬁQbégﬁﬁgﬁﬁfgftggﬁé¥%§WRi?nguggkgéfgggﬁﬁgﬁ%égf
cyclohexanone, methyl isobutyl ketcene, methyl ethyl ketone,

10 acetone, toluene, N-methylpyrrolidone, dimethyl sulfoxide and
N,N-dimethylformamide. The amount of the solvent to be used
isusually 5to 150% by weight and preferably 10 £0 100% by weight
per the total weight of the epoxy resin (A) and the compound
represented by the formula (2).

15 The reaction temperature is usually 60 to 180°C and
preferably 70 to 160°C. The progress of the reaction can be
traced by using, for example, gel permeation chromatography
(hereinafter also referraed toas GPC}. The tracing isperformed
until the compound represented by the formula (2) is not detected

20 at all by GPC. The reaction time is usually 0.5 to 15 hours
and preferably 1 to 10 hours.

The desired epoxy resin can be crystallized by cocoling the
reaction solution as it is after completion cf the reaction,
however, preferably the reaction solution is cooled with an

25 additionofapoorsolvent forthedesiredepoxyresin. Aprocess

may be employed which includes the steps of reacting the epoxy
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- 12 resin (A with the conpound represented by the fornula (2) in a poor
sol vent; cooling the reaction solution to precipitate crystals; adding a
good sol vent such as N, N-di net hyl fornmam de or dinmethyl sulfoxide to

di ssolve the crystals; and adding a 5 poor solvent. The process is
preferabl e because it widens the tenperature range over which the

resul tant epoxy resin has liquid crystalline properties. Exanples of the

I t d hyl butyl ket t
oot one, - COThe R HeRGRGE. CarRaHAr 5ﬁ8%\?§tg§FedTh¥ngr%uﬁ¥r 52 h pod

solvent 10 to be u d i,S usu 0 400W i ht a prefera 100
Lo 300% by WEGht: %eve%e St dhshe S haet (% i A
conmpound r epresent ed the for 0Xx reS| t he sent

i nvention ‘Obt B&gPPHU%?%ﬁ %Fh%ugg |0ﬁ QBH£%¥ %%é%ng it
after preci |tat|on of th stals 5 The epoxy resin of the present

i nvention ‘?Ig et %bi‘f\/%scfjo‘f?mq]'g %yqtﬁa]t%’e & Cé”(gl) n

represents the nber of eatln units, which is usuallg o 7. .The
val ue Sof #P%%s f&rabl y - § b°s=e p]e%lpéflﬂﬁliaﬁ?%ﬁ BTG SEhL T ST HBFTT tRe

during storage of the resin and the flexibilji of the cured 20 product of
the resin @e’f%tu%éaé%ﬁ}’er%‘éhh%ft%e%‘ﬁ%’ééﬂ*ﬁ SRRV S BhD @ Bhr t he

step of |ncrea3|£gl|ts nmol ecul ar wei gh the content of the co ound

repr esent éd BORHRNPE L(E= S whé rnﬁ?lﬁs-gi tgre ?S)t%o?ojr\é%%tsvﬁﬂ%lﬁl
Chr ot QPR 05 JRHFEI e BECPRE” M ol GdarY BEACTH EXapTeE S Tt
bel ow. Th%@thanol ethanol and water. The amount of the poor solvent
10 to be used is usually 50 to 400% by weight and preferably 100
to 300% by weight per the total weight of the epoxy resin (&)
and the compound represented by the formula (2). Theepoxyresin
of thepresent inventioncanbe obtainedby filteringthe reaction
solution and drying it after precipitation of the crystals.
15 The epoxy resin of the present invention is represented
by the above formula (1}. In the formula (1), n represents the
number of repeating units, which is usually 0 to 7. The value
of n is preferably 3 to 5 especially in view of the stability
during storage of the resin and the flexibility of the cured
20 product of the resin and etc. The epoxy resin of the present
invention, through the step of increasing its molecular weight,
has the content of the compound represented by the formula (1)
wherein n = 1 of 25% or less, which is a percentage by area
corresponding to the compound in a gel permeation chromatogram,

25 which uses the method described in Example set froth below. The

ratio of the compound represented by the formula (1) wherein
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ratio of the conmpound represented by the fornmula (1) wherein - 13 n =1
is preferably 20% or less and particularly preferably 5% or |ess including
0% especially in view of the stability during storage of the resin and
the flexibility of the cured product of the resin and etc. If the content
of the compound represented 5 by the formula (1) wherein n = 0 is 25% or

| ess, the tenperature range over which nelting starts narrowed and the

1oL 409 20 0L 13 SRS ALY ML RS, SR L850 SP0M L 0 o
10,7eSin LU g Pysh bl ne B opel e, sgueti s becaes By gedrrher
L o Tolect PG ccaRourd [RPTPEEDL et By P formia, hyarein
o e compound 15 Teptsanted by ihe Lo, (1) g si hep Qeggn P |
oSt ButLon,of Lhe TpLerl ap el a0l s eporyenval el o 0
ssed 20 e SO S SL I Pe PLosenl Lol o L3 A siSielL 1e, 6P
soual] 3,155 SELLLDY PELRS o1, T0c L0, 420, and, whon Lt.) 2 pLapegd e

has an epoxy .equi val ent of
resistance.

On the other hand, the temperature range over which an epoxy

10 resinhasliqguidcrystallineproperties sometimesbecomes broad,
when the epoxy resin contains a certain amount, for example,
about 8 to 15%, of the lowmolecular-weight compound represented
by the fermula (1) whereinn = 0. Accordingly, it is preferable
to appropriately determine the content of the compound

15 represented by the formula (1) wherein n = 0, as well as the
content of the compcound having a higher molecular weight, the
distribution of the molecular weights and the epoxy equivalent
of the resin depending on the application for which the epoxy
resin is to be used.

20 The epoxy resin of the present invention is a crystalline
epoxy resin that is in the solid state at room temperature. The
epoxy resin usually has a meiting point of 70 to 150°C, and when
it is prepared under preferable conditions, it has a melting
point of 80 to 150°C. It usually has an epoxy equivalent of

25 250 to 2000 g/eg, and when it is prepared under preferable

conditions, it has an epoxy eguivalent of 300 to 1000 g/ed.
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25 250 to 2000 g/eq, and when it is prepared under preferable conditions,
it has an epoxy equivalent of 300 to 1000 g/eq. - 14 \Wen the epoxy resin
(B) (the epoxy resin of the present invention) is subjected to the
measurenents with differential scanning calorineter (hereinafter referred
to as DSC) , two or nore endotherm c peaks are often observed, which
phenonmenon is 5 an index of the epoxy resin (B)'s having liquid crystalline

proper (] €5, Dul Ly BSkaocan,SOIRL B B over| sopes L; ssbsgruabion o
o U 15,4 SRS AR LAISE, BUET, L EIADS, RO, LeSi e o
which 0SB 52 (), s ORLICal A SOEPLLS 80, 16,80 i Spoo
Py resin S e BLESS LIvert) on aan, becveed.in, 15, sicuable, oo

ol YIeC 22 o 1) PLSL, L0, aPSl PRI O SL, OIS LeslBtige
printed i dog solde, et senenniveloL st ot o oBlicEL

and adhesives. The epoxy resin conposjtion of the.ﬁhegeg%}invention

cont ai ns R BP0 tHEPY esent i hvehEfion"a Fhgzthd

microscope while increasing temperature, the temperature range
over which the epoxy resin has optical anisotropy can be

10 identified. Generally, the temperature rénge over which the
epoxy resin (B) has optical anisotropy is 80 to 160°C,

The epoxy resin composition of the present invention will
be described below.

The epoxy resin of the present invention can be used in

15 a curable resin composition, if it is combined with a curing
agent, cationic polymerization initiator, curing accelerator,
or cyanate resin, etc. Examples of preferable applications of
such a resin composition include a printed wiring board, solder
resist, semiconductor sealant, optical materials such as

20 retardation film, molding materials, ccating compounds and
adhesives.

The epoxy resin composition of the present invention
contains the epoxy resin of the present invention and a curing
agent or a cationic polymerization initiator. The epoxy resin

25 ccmposition of the present invention can exhibit liquid crystal

properties by adijusting the amount of the curing agent or a
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agent or a cationic polynerization initiator. The epoxy resin 25
conposition of the present invention can exhibit liquid crystal properties
by adjusting the anount of the curing agent or a - 15 cationic

pol ynmeri zation initiator contained therein. In the epoxy resin conposition
of the present invention, either the epoxy resin of the present invention
may be used al one or together w th another epoxy resin. Wen the epoxy
resin of the present 5 invention is used together.mﬁéh anot her ﬁﬁg resin,

pr ef er abl Y3 HHE Ep B HEST 1F BF - Phet presbritT | miveTt 1on actount’s: f b by

wei ght or nore, and particularly preferably 40% hy wei ght or . re of the
fotal epoRPIesins ib&FHHP T e Voot i e especr a4 w0t T
stability of the resin conposition and the 10 flexibility of the cured
product of°RKY FBEFR CCHRS PIESERY 1 HEP 1 qulmd Y8 PaFIG R HP o &G e of t he
conposition, preferably it accounts_for 50% by wei ght or nore and

parti cul ariy-hREFPENEE FPOBNS BT Iei g CTdIt o PEC*EpEEF T EXERHIPEE 6T fepoxy
resins that may be used in 15 conbinpation with the epoxy resin of the
present i VBRI O AE| Wit tﬁig%ﬁ@ﬁowl’ﬁh&%&@r%@ﬁ?‘ypfﬁeﬁbm O TR Yepoxy
resin, biphenol epoxy resin, triphenylnmethane epoxy resin, .

di cycl operft§dicdrey giferidl ortdén£4E56H &t ype BPodyl rESH 1 pdifghyd® héVol ak
epoxy resin and alicyclic epoxy resin. Either_ one of these epoxy resins

20 al one &EXING GF ASHE 1t E@Fqﬁﬁﬁ%ﬁ¥%kéﬁﬁﬁﬁ¥%qk¥éﬁﬁ&ﬁ“f&ﬁ%?ht or
conposition of the present invention, the epoxy resin (B) of the present

i nventi on "Es pethedp it gpoxy resinsused in the Compositioh, especia ly

in view of the stability of the resin composition and the
10 flexikbility of the cured product of the resin. Considering the
liguid crystalline properties of the composition, preferably
it accounts for 50% by weight ormore andparticularly preferably
60% by weight or more.
Specific examples of epoxy resins that may be used in
15 combinationwiththeepoxyresinof the present invention include
bisphenol A epoxy resin, phenclic novelak epoxy resin, biphenol
epoxy resin, triphenylmethane epoxy resin, dicyclopentadiene
phenol condensation type epoxy resin, biphenyl novolak epoxy
resinandalicyclicepoxyresin. Eitheronecoftheseepoxyresins
20 alone or two or more together may be used.
In the epoxy resin composition ¢f the present invention,
the epoxy resin (B) of the present invention can be used in a
crystal state, while it can also be used in a resinous state.
The epoxy resin (B) ¢f the present invention can be brought to
25 theresinousstatebyfirstsubjectingittoheatingatitsmelting

point or higher to bring it to the molten state and then to
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crystal state, while it can also be used in a resinous state. The epoxy
resin (B) of the present invention can be brought to 25 the resinous state
by first subjecting it to heating at its nelting point or higher to bring
it to the nolten state and then to - 16 supercooling. The epoxy resin in
the resinous state usually has a softening point of 45 to 100C. Exanpl es
of the curing agents that the epoxy resin conposition of the present

i nvention can con ude am ne nds aci d anh ounds,
anmi de conpotids-% ?éﬁ%%engJ 5%%39%&?81§bégF C ETEMICES &t qhe%gﬁ%ﬁn
agents us include but are, not te i, am nodi phenyl net hane,
diethylengﬁﬁié%1%ﬁft?9}%$h@?%ﬁ%t%frghl 58Bﬂénlnodlphenylsulfone

isophoronedla nlde 10 pol%xil res nt hesi zed from a

i cya

i mor of 11 ol SPEEAE Tnd o A S S 1o, B nahT o ARy o Fae? |
L e dtéigrimfyﬁiééﬁ%”ree'%ém%%%ﬂﬁaﬁﬂﬁ CLAN g o
e e s BT P R P e
Copounes e el S E0R S o B
Sgeher S g et ey oo oot on g he preeen
the range Ofthoyle7nétor35|'am1nequ‘lc¥§é€ﬁ§fegg£e%gg%ﬂ\:{gg?m of the epoxy group

diaminodiphenylsulfone, isophoronediamine, dicyandiamide,

10 polyamide resin synthesized from a dimer of linolenic acid and
ethylenediamine, phthalic anhydride, trimellitic anhydride,
pyromellitic anhydride, maleic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, methylnadic
anhydride, hexahydrophthalic anhydride,

15 methylhexahydrophthalic anhydride, phenolic novolak, and
modified compounds therecf, imidazole, BF3-amine complex, and
guanidine derivatives. Either one of these curing agents alone
or two or more together can be used.

In the epoxy resin composition of the present invention,

20 the amount of the curing agent to be used is preferably in the
range cf 0.7 to 1.2 equivalents per eguivalent of the epoxy group
of the epoxy resin. If the amount is within the range, curing
is fullyperformed, whichmay result inanepoxyresincomposition
having good characteristics even after curing.

25 When the epoxy resin composition of the present invention

containsacuringagent, itmayalsocontainacuringaccelerator.
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of the epoxy resin. If the amount is within the range, curing is fully
performed, which may result in an epoxy resin conposition having good
characteristics even after curing. 25 Wien the epoxy resin conposition of
the present invention contains a curing agent, it may also contain a
curing accelerator. - 17 Exanples of the curing accel erators include

i m dazol es such as 2-nethylim dazole, 2-ethylimdazole and

e TR T 4 B R 28 st adhes

2- (di net hyl"am nonet hy[l) pheno I'aza-bicyc ndecene-7;

phOSphine%*%%g%ﬁﬁ;ﬂf&%égfgylfbgéﬁ i?ﬁid??glgEgﬁhlic conpounds such as tin

octyl ate. e curing accelrerator to be used is selected from

the range of Q.1 tp 5.0 parts.b ight _per 100 _parts_of .t epoxy resin
depending;gﬁaqﬁg‘§ffﬁ%§b¥éhmﬁff ggép€§§9%%gynagéﬁﬁgsFﬁf%nggf t he present

curing g i Ao HEY LR T Bbfymer i zati on i i tiators i ncl ude

o ormt LS QM S8 5 SUAD, 8% of LG HLAEET, UP)BAL e cSLORRC £ 1 odonium

o A IR0 P PRI e o0 PR Ig et Vit

SO BT S TP SR e R Rk 5 Tl SR

to inpair tthr']ee rlejnq;uei %fcroy.slt aclol iS.% %racl):pc%r tgye%wquﬁthepeerpol)fyo parts of the
epoxy resin, depending on the situation.

10 The epoxy resin composition of the present invention may
containacationicpolymerizationinitiator, insteadof acuring
agent. Examples of the cationic polymerization initiators
include arcmatic onium salts such as aromatic diazonium salts,
aromatic iodonium salt and aromatic sulfonium salts. These

15 cationicpolymerization initiators are allowedto express their
polymerization initiating activity not only by heating but also
by light, and therefore suitably used for curing epoxy resin
compositicns at low temperatures. These caticnic
polymerization initiators alsc have the advantage of being less

20 likely to impair the liguid crystalline properties of the epoxy
resin, which is one of the characteristics of epoxy resins of
the present invention, since the addition amount of the cationic
polymerization initiator may be small.

The amcunt of the cationic polymerization initiator to be

25 used is preferably 0.01 to 10 parts by weight per 100 parts of

the epoxy resin. When the amount is not less than 0.01 parts
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resin, which is one of the characteristics of epoxy resins of the present
i nvention, since the addition anount of the cationic polynerization
initiator may be small. The anount of the cationic polynerization initiator
to be 25 used is preferably 0.01 to 10 parts by wei ght per 100 parts of

t he epoxy resin. Wen the anmount is not |less than 0.01 parts 18 by weight
per 100 parts of the epoxy resin, curing is fully performed, which may

result 1n.an SROXY: sl 0 GOTPOSI LI 0B PAXI 09, g09d har gt et stics, a¢en

after curi € anobu not “nor é part’s "by

progress of e Ccuri S.reaction.my. b revented, which results i.n safer
reaction. %elfrio ref%%% Q’rg‘éL éi’hnﬁ%([) ip %3 it %rﬁ aglf é)]E—f heY présent “iRvent T on hnaﬁ’jr}l e
contain an_ineprganic

i
filler.if necessary. Specific ampl.es of the.
! nor gani ¢ FITT &f B T He USeH T hl dd 1 19 5o UaT R nd il E a2t 15
i norganic f%!ler ma bel sed in an annug% of 0.to 10 90% b mei%pt.of t he
epoxy resfﬁ)cgﬁﬁﬁ%i¥FBh fp?ﬁgspsés%%fg hv%%??d%?oqﬁ%sﬁﬁ% fﬁFéaqflng
ORI ELIRE @ oI AT It st A LR v e il
( S ( _ ; g _ i i -g., stearic
acid, palmtic,.,acid, zinc strearate.gr ot assji um st earate, and pignments.
15 The epoxy r d5fn B8RS0t EPLBn e Rbs pPBseht CRRVERTT TN 1417 b aThal by
i product .of the

iformy nmixing the .above described ingredients. A .
poxy T ST ROHbSIT 0N = 1o gt LIRS G car B8 OB A e A =

accor dance, '5*‘ thgconventi onally , KOoWL PLocasees Pet 3 - figh: X3 &
the cur ed or GGG Car- B sifics,
talc. The inorganic filler may be used in an amount of 0 to
10 90% by weight of the epoxy resin composition of the present
invention. Theepoxyresincompositionof thepresent invention
can also contain varicus additives such as a silane ccupling
agent, releasing agent including e.qg., stearic acid, palmitic
acid, zinc strearate or potassium stearate, and pigments.
15 The epoxy resin composition of the present invention is
obtained by uniformly mixing the above described ingredients.
A cured product of the epoxy resin composition of the present
invention can be obtained in accordance with the conventionally
known processes per se. For example, the cured product can be
20 obtained in the steps of fully mixing the epoxy resin of the
present invention, a curing agent and, if necessary, a curing
acceleratoer, anincrganicfiller, andadditivesusing, depending
on the purpose, anextruder, kneader or roll until the components
becomes uniform thereby to obtain an epoxy resin composition
25 containingthecuringagent; meltingtheepoxyresincomposition;

mclding the composition with a casting machine or a transfer
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20 obtained in the steps of fully mxing the epoxy resin of the present

i nvention, a curing agent and, if necessary, a curing accelerator, an
inorganic filler, and additives using, depending on the purpose, an
extruder, kneader or roll until the conponents becones uniformthereby to
obtain an epoxy resin conposition 25 containing the curingagent; nelting

t he epoxyresinconposition; nolding the conposition with a casting machi ne

80 to | 200 K% T T Hourd T GH1% 1 N pr ORI Tl i ot Al
he. epoxy XEEn CongostBIHH D hapeort il & Cryet SIITHE S5 DREFH'eeTh
e ot St p0, M The femeratyre, capge over whi iy (he cory,
he.t emporatis 60 LTRE Ry Corr OGS 11 D P TIHE DT GSEAE Ve or ¢ hat
of pr opar FHE B GOk LSt AC R pob STre) Rokabr AdNEe S TP EHES RS
descri bed process usi a cationic polynerjzatiqon initiator, instead of a
curing agéi" SXI6E hGot RBOESTOS 1 GHET ! 1 hi 4 C & kb EV gL ot 250
composi {1 61 W g b DB AUsen o Fhe s o et CoF AT T Vet 50
ggt;?ggaf%;po(%£§£E§§’§§£¥g£§épghﬁh¥ é”&%grggsﬁﬂg @%%S%g%p%@%%%&%qn can be
The epoxy resin composition of the present invention that
10 contains a cationic polymerization initiator can be cured in
the steps of preparing an epoxy resin composition in accordance
with the above described process using a cationicpolymerization
initiator, instead of a curing agent; exposing the composition
to light with a wavelength of 250 to 350 nm at quantity of light
15 of 100 to 200 mJ/cm?; and treating the composition having been
exposed to light in a air circulation oven at 50 to 100°C for
10 min to 2 hours.
The varnish of the present invention can be obtained by
mixing the epoxy resin composition of the present invention and
20 a solvent. Examples cof the solvent to be used include
v=butyrolactones; amide solvents such as N-methylpyrrolidone,
N, N-dimethylformamide, N,N-dimethylacetamide and
N, N-dimethylimidazolizinone; sulfones such as tetramethylene
sulfone; ethersolventssuchasdiethyleneglycoldimethyl ether,

25 diethylene glycol diethyl ether, propylene glycol, propylene

glycol monomethyl ether, propylene glycol monomethyl ether
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m xi ng the epoxy resin conposition of the present invention and 20 a

sol vent. Exanples of the solvent to be used include y-butyrol actones; am de
sol vents such as N-nethyl pyrrolidone, N, N-dinethylfornman de,

N, N- di et hyl acet ami de and N, N-di net hyl i m dazol i zi none; sul fones such as
tetranmet hyl ene sulfone; ethersolvents such as diethyl ene glycol dinethyl

et her, 25 diethylene glycol diethyl ether, propylene glycol, propylene

| ycol thyl eth | lycol t - 20
monoacet ale i Bropy| b ot b e”rﬁ%ﬁ%%ﬁ%’@%”ﬁ?ﬁgﬁp%%%Bg%mk&iﬁps such as

met hyl ethyl ket one, t hy 0 et one, cIo ent anone .and
cycl ohexarfoHe:eTest Shdoraonebignenael hRyPe ud and >Hy|ke£8élteat €;
aromatic sol vents such as tol uene 5 and xyl ene; di meth sul f oxi de. The

sol i d con&eth RS U NORhPOK ?%CQaOP%FaPOBSnc%%*{‘?%ﬁO f %A Cf‘n"ﬁﬁ &dident s
other than the solvent, of the varnish is usually 10 to 8096b¥
preferabli“?ﬁ‘ﬂﬁa?@5%6§tﬁéigﬁFet?E@ s%é%?aBFCtﬁ%i%?%%%ﬁFM#hfﬁhtF&He
obtalned in the_ 10 steps of gp ying_the varni sh of the present |nvent|on
on the® s@¥ag¥lered pranarmebbit rstelpyidRy one® & ligt P85§ewﬁ6®ﬁl€6]at. ng
processes, such as gravure coating, screen printing, netal skin and

spi n coat i"Mg:Clsd 5t Raf- e CORCGEAG T IKN&Ss At el 9 @A\liend Soé& gg\’?ers

specified one, for exanple, 5 to 100 m and 15 drylng he coatj ng. Qy
process n&ﬁ‘%éoéé’leé’&tfeﬂprhﬁeY@W1%Ilép“e?1dﬁﬂjgalowtllQeth o?h%?elqg“g%@ﬂ
material used, the sha e or si ze of the substrate, or the thickness of the
coati ng figygferably 2 70% by weight

ht and

The sheet of the present invention can be cobtained in the

10 steps of applying the varnish of the present invention on the
surface of a planar substrate by any one of various known coating
processes, such as gravure coating, screen printing, metal
masking and spin coating, so that the coating thickness after
drying becomes a specified one, for example, 5 to 100 um; and

15 drying the coating. Any process may be selected properily
depending on the kind of the base material used, the shape or
size of the substrate, or the thickness of the coating film.
Examples of the base materials include films made of various
polymers such as polyamide, polyamide imide, polyimide,

20 polyarylate, polyethylene terephthalate (PET)}, polybutylene
terephthalate, polyether ether ketone, polyether imide,
polyether ketone, polyketone, polyethylene and polypropylene
and/or the copolymers thereof; and metal foil such as copper
foil. Of these base materials, polyimide film or metal foil

25 are preferably used. If the sheet is further heated, a sheet

cured product can be obtained. If PET film is selected from
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Exanpl es of the base materials include filns nmade of various polyners such
as pol yam de, polyam de imde, polyimde, 20 polyarylate, polyethylene
terepht hal ate (PET), polybutylene terephthalate, polyether ether ketone,
pol yet her im de, polyether ketone, polyketone, polyethylene and

pol ypropyl ene and/or the copolyners thereof; and netal foil such as copper
foil. O these base materials, polyimde filmor netal foil 25 are
preferably used. If the sheet is further heate a sheet. cured product can
De bt ai nbd® FPOBETIFFFhE pedcet St Tr S - ot e dSEr R8T ase
materials, a filmadhesive having the PET filmas rel ease filmcan be
obt ai ned. FRLcdridd produci® igie s ey ta ea?gggbgegbtained by nol di ng

wi th heat pressing the prepreg, which is obtained by m xing the .epoxy
st n conpnst ¢ FOHUET PROBRSSehe: E HOBREFGT et HoP S EPeant otuintad e ane,
xyl ene, acetone, nethyl ethyl ketone or nethyl, isobutyl ketone;

i mpr egnat gt REa i Xt %l?%ﬁ%“hpﬁﬁgéeﬂatﬁp?ﬁgJiéﬁgﬁa&§e§ﬁQgéﬂ%ﬁ%ﬂﬁ;tm?arbon
fiber, polyester fiber, polyamde fiber, alum.nna fiher or Ba ers an%

heati ng af®PUYFR§LEHLMIR T ot ¥y bt E0SHAsTS Tt VARt e Ws 6 \/%ﬁp 0§&d in

this case usually accounts for 10 to 70% by wej gh n referably 15 to
70% by weight aéft‘%lﬁéerb?eﬁh’é&neona?ﬁéoﬂﬁsi%g%t?ylr %r?g}y%pg?gg%a%%me%@%inpl es
The present invention will be described in detail gééga 15 of se%gral

exanpl es BEIGW L YEh&eterfe *Pareerahnbd ohe frdiyye &

wei ght" and "% by weight”, unless otherw se . .
such as” glas3 fiber, carbon fiber, polyester fiber, polyamide

fiber, alumina fiber or paper; and heating and drying the
10 impregnatedbasematerial. Thesolventusedinthiscaseusually
accounts for 10 to 70% by weight and preferably 15 to 70% by
weight of the prepreg, on the basis of inner percentage.
Examples
The present invention will be described in detail by way
15 of several examples below. The terms “parts” and “$%” herein
used mean “parts by weight” and “% by weight”, unless otherwise
specified.
<Example Al>
Into 100 parts of a phenolic compound represented by the
20 formula (2) (trade name: p,p’ ~BPF, by HONSHU CHEMICAL INDUSTRY
CC0., LTD.) in a flask equipped with a thermometer, a cooling
pipe, a fractional distillation pipe and a stirrer, 370 parts
of epichlorochydrin and 26 parts of methancl were introduced,
while performing nitrogen purging, and heated to a range of 65
25 to 70°C to completely dissolve the phenclic compound in

epichlorohydrin. Then, 40.4 parts of flake sodium hydroxide
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specified. <Exanple Al > Into 100 parts of a phenolic conmpound represented
by the 20 forrmula (2) (trade nane: p,p'-BPF, by HONSHU CHEM CAL | NDUSTRY
CO., LTD.) in a flask equipped with a thernoneter, a cooling pipe, a
fractional distillation pipe and a stirrer, 370 parts of epichlorohydrin
and 26 parts of nethanol were introduced, while perform ng nitrogen

purgi ng, and heated to a range of 65 25 to 70C to conpletely dissolve the
phenol i ¢ conpou in _epichlorohydrin,. Then, 40 parts of .fl akge, sodi um
vl oxi de w28 S i RbAr § PRk S ORHGR PEEF okl BUBF I 00 FFFE RPEer that
post-reaction was al|lowed to progress at 70C for 1_h, Then, the reaction
sol ut i on eSS TR Vit s @ partest 60 RS aSh 68 TAnd Bxkesd . Then,

epi chl orohydrin etc. was.renoved fromthe oil layer 5 under heat .in vacuo.
312 parts SFF FEERYE TS SBAPYT OReYBRE ies=S dtlddt 18 PRBCFedt dif o iS50l ve
the sanme, and 10 parts, of . 30% aqueous sol ution of sadi um hydroxi.de was
added and 11 6966 C0bi BALPTAPYIOEN BFC1 RS AR Stho PRACRY ot & (RY L

reaction solution was washed with water three tinmes tor ve the forned
salt ebc. ?H?th@ﬁFtnéphVPCPgobn%§£ @%%Bﬁepg;Q?WQ%ﬁnﬁQEQHﬁyrn%ﬁﬁﬁn? K 4Pacuo
to obtain 150 parts_of epoxy resin (A). represented by t above cri bed
formul a (B tOpoRG BT 94 i ,dﬂtﬁréglv‘f%é&% 7St aéécyﬁe%%m%oo%%f%
E-type visconmeter manufactured by Tok Kei ki  Co. d., and the total
anmount of SSRGS o e @Soﬁgigwgﬁ RV sofAReETe a#%e%/aéa%] 515 0 and

1100 ppm respectively, , , .
react at 70°C for 1 h. After the reaction, the reaction soluticn

was washed with water three times to remove the formed salt etc.
10 Then, methyl isobutyl ketone was removed under heat in vacuo
To obtain 150 parts of epoxy resin {A) represented by the above
described formula (1). The epoxy equivalent, the viscosity at
25°Cmeasured with E~type viscometer manufacturedby Tokyo Keiki
Co. Ltd., and the total amount of chlorine of the epoxy resin
15 (A) were 170 g/eg, 850 mPs, and 1100 ppn, respectively.
Hereinafter viscositywas measuredwiththis type of viscometer.
25 parts of the compound represented by the above formula (2)
and 55 parts of cyclopentanone were added to 85 parts of the
obtained epoxy resin (A) to dissclve the same with stirring,
20 and 0.09 parts of triphenylphosphine was added. After allowing
the mixture to react under reflux for 4 h and confirming the
completedisappearanceof the compoundrepresentedbythe formula
(2) with GPC, stirring was continued to allow the reaction
solution to react for 6 h in total. The reaction solution was
25 then ccoled to 80°C, 220 parts of methyl isobutyl ketone was

added to precipitate crystals. The crystals were filtered and
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Hereinafter viscosity was neasured with this type of visconeter. 25 parts
of the conpound represented by the above fornmula (2) and 55 parts of

cycl opent anone were added to 85 parts of the obtained epoxy resin (A to
di ssolve the sane with stirring, 20 and 0.09 parts of triphenyl phosphine
was added. After allowing the mxture to react under reflux for 4 h and
confirmng the conplete disappearance of the conpound represented by the

formul a with C,.stirring wa aonti nued to_.all ow t he action

Lo B gt Rl e W BT b S 0 LEOSE 'y
cooled to 80C, 220 ts of nethyl .i sobutyl ketone s, added to

o ni 1 sy o BY Fhe broceats i naratibie or b S CinS SR & (%Dt ai n

85 parts of ite powder-like crystalline epox resin (B),of the present
vent i on Leriel et RGO it Lorl URECS PSR rIY Bby 1ES 4 B R Bired
with a differential scanning caloringéér measur ed by DSC6200 manufact ured
by Sei ko 54 Mt YRRt SN REULGRsC 1 276C PeWﬁEPFéFtHEFFiHQ ﬁﬁﬂﬁF’was
measured with this type of caloringter. The amount of the conponent

repr esent el By W aholieC f of dil &2 (1), Weerdin frer mel g e Wi thS t he
follow ng GPC was 2. 6% by area. The_epoxy . equivalent of the sane was 697
g/ eq. 10 THivtgHohtwtthe Bxhhpteee theC2bRAEPFBARE - byl Whi @ROtRE 9¢ by Carea of
t he conponent represented by the above forrmula (1) wherein n = 0 are
measur ed &FEROGY} FGRESEH N FEY &P KpegpFar KR 807 N5 £18pE KE-802. 5

+ BPC KF-802, produced hy Showa Denko_ K., K.
measured with tHe following GPC was 2.6% by area. The epoxy

equivalent of the same was 697 g/eq.
10 Throughout the Examples, the conditions by which the % by
area of the component representedby the above formula (1) wherein
n = 0 are measured are as follows:
Columns: GPC KF-803 + GPC KF-802.5 + GPC Kr-802.5 + BPC
KF-802, produced by Showa Denko K.K.
15 Column temperature: 40°C
Eluting solvent: Tetrahydrofuran
Flow rate: Iml/min
Detection: UV at 254 nm
<Example AZ>
20 A varnish of the present invention was obtained by adding,
to 7.0 parts of the epoxy resin (B) obitained in example A1, 1.1
parts of phenolic novolak (softening point: 82°C, hydroxide
equivalent: 106 g/eqg) as a curing agent, 0.07 parts of

triphenylphosphine (TPP} as a curing accelerator and 32.4 parts

25 ¢f N,N-dimethylformamide, and mixing them uniformly.
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15 Col um tenperature: 40C Eluting solvent: Tetrahydrofuran Flow rate:
ImM/mn Detection: UV at 254 nm <Exanple A2> 20 A varnish of the present
i nventi on was obtained by adding, to 7.0 parts of the epoxy resin (B)
obtained in exanple Al, 1.1 parts of phenolic novol ak (softening point:
82C, hydroxide -equivalent: 106 g/eq) as a curing agent, 0.07 parts of
tri phenyl phosphine (TPP) as a curing accelerator and 32.4 parts 25 of

N, N- di t hyl f i d m. f m - 24 Th h

AR T PR TR A P CRR T GRS Sl S AR
he fil f 0 d

Eorvent | nim, fagn"Oay BRa e 0RL NER B8 PR ik B e i sang

flexible 5 filmlike cured &roduct was obtai ned. Even after folding the

cured prodiféf seferar & nestér trn %é?/éroalfe{“%@r%henﬁﬁjc‘f%&"es a%&&‘rrreéd in
it. The gl s transition ature of th i.lm measured wt
(dynam ¢ RN GAL 41 o8 R (07 STRISOE Sas CLGH Fbd SRSt PURe
of 1155 oryardITHnE BhraperErauchnishi GRALIERng YERDEIT & P Lo Sheover ,
o R S g et B B8
occurred in it. The glass transition temperature of the film
measured with a DMA {dynamic mechanical analyzer) was 94°C.
Thus, it was confirmed that the epoxy resin of the present
10 invention has excellent workability because of its crystalline
properties and high melting temperature, and moreover, it has
high flexibility as a film-like cured product.
<Example Bl>
25 parts of the compound represented by the above formula
15 {2) and 55 parts of methyl isobutyl ketone were added to 85 parts
of the epoxy resin {(A) obtained in the same manner as in example
Al to dissolve the same with stirring, and 0.09 parts of
triphenvlphosphine was added. After allowing the mixture to
react under reflux and confirming the complete disappearance
20 ofthecompoundrepresentedbythe formula (2) withaGPC, stirring
was continued to allcow the reaction scluticn to react for 5 h
in total. Then the reaction sclution was cooled to 80°C, 110
parts of dimethyl sulfoxide was added to dissolve the
precipitated crystal, and 110 parts of methancl and 220 parts

25 of water were added to precipitate powder-like crystals. The

crystals were filtered and dried to obtain 104 parts of white
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15 (2) and 55 parts of nethyl isobutyl ketone were added to 85 parts of

the epoxy resin (A) obtained in the sane nmanner as in exanple

Al to

di ssolve the same with stirring, and 0.09 parts of triphenyl phosphi ne was

added. After allowing the mxture to react under reflux and confirm ng the

conpl ete di sappearance 20 of the conpound represented by the formula (2)

w t haGPC, stirring was continued to allow the reaction solution to react

for 5 h in total. Then the reaction solutjoq ﬁas ﬁooled to 80C ﬁlo parts
t'R pr

of di met hyP"SA oxi'fe “nal§ “Fddéd &t BPAF ¥ s S/
110 parts of nethanol and 220 parts

BF Situtde§ Aoy
were added. to

25 of ter
powder - | | K& SMFSERCEY H5S e mfst 4% \He/r%él-fi Fh&ReBeard tdrted o

&% and

precipitate

m86§é?ﬁ 10

parts of white - 25 powder-like crystalline epoxy resin (,B). The epoxy
; i

equi val enPOig- PhetBFOXYCF¥st 7S has A5 et N SHEd ST
poi nt of the epoxy resin (B) with a DSC (differential thernal

fref"fing

anal yzer)

4

two endot REPHYE SFeak § Wieradehserved aEakP2vaceanssr188. €. 1 3hi €°G Adiccat es
that the resultant epoxy resin (B) was liquid crystalline epoxy resin.

anount5 of 1t¥¥e UCBApoRieht 1digiasehitad thyhe e abigval  6PfeYar g3y »

eiéfn n

0, neasured with the GPC was 12.2% by area. The gel perneation
chr omat ogrldfluar! CRY SEFdx: TeSRPBhUE et 169 A EXatpPE BLS §°88CT Gt h in
Fig. 1. In Fig. 1, the abscissa represents a retention tine (mn) and the
ordi nate rEprESERLSd gy sBSoPBaHEel P ULEXARpI ¢iBRBe1n n = U, Mmeasured

with the GPC was 12.2% by area.

The gel permeation chromatogramof the epoxy resin obtained

10 in Exampie Bl is set forth in Fig. 1. In Fig. 1, the abscissa

represents a retention time {min} and the ordinate represents

an absorbance {(uv).

<Example BZ>

To 45.2 parts of the epoxy resin (B) obtained in exampile

15 Bl was added 5.0 parts of diamino diphenyl methane, as a curing

agent, and mixed them uniformly in a mortar. The resultant

powder-like epoxy resin composition was observed with a

polarizingmicroscopeat atemperatureelevationratioof 1°C/min.

The observation confirmed that the epoxy resin composition was

20 liquid crystalline at temperatures in the range of 125 to 140°C.

<Example B3>

A varnish was prepared by dissclving the epoxy resin

composition cbtained in example B2 in 50 parts of dimethyl

sulfoxide. The varnish was coated on & PET film sc¢ that the

25 thickness of the film after drying was about 100 um, heated at

135°C for 2 h to be cured. The obtained cured product was a
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To 45.2 parts of the epoxy resin (B) obtained in exanple 15 Bl was added
5.0 parts of diam no di phenyl nethane, as a curing agent, and m xed them
uniformly in a nortar. The resultant powder-1like epoxy resin conposition
was observed with a polarizing mcroscope at a tenperature elevation ratio
of 1'C mn. The observation confirnmed that the epoxy resin conposition was
20 liquid crystalline at tenperatures in the range of 125 to 140C

<Exanpl e B3> A varni sh was _prepar.ed by dissolving. the epoxy resin
COMpOSi £ OBt ai THIE T ik ApTs BaS WP60 pAVES BFaF nECh9I Y Y OGS The
varni sh was coated on a PET filmso_ that the_25 thickness of tggefﬂln1after

dryi ng was®5b0Ut 160 fif 2RERtE L AT 38 For 2R Yo T TUrdyC T % ned
cl ear tough and filmlike one. Even

d duct - 26 , | ik f
ol 6o O AR Par fatioy e Mo 90 oR I G et DO BB BT S AT of

the film wth | arizin 1 croscope at roomtenperature confirned that
the filmh dﬁfﬁﬁgﬁa%n?%B?%%y.a%l§o 9PYCLAIMS 1. An epoxy resin
represented by the following formula (1): OOH _ _ O HZCHCHZCO\ / CH2 \ /

OCHZCHEHZO \ /| CHZ \ /| OCHZCHCHZ (1) n wherein n represents the nunber of
repeating units,
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5 a conponent with n = 0 of the formula (1) accounting for 25%or less in
ternms of the area corresponding to the conponent in a gel perneation
chromatogram 2. The epoxy resin according to claim1l, having a nelting
point in a range of 80 to 150C. 10 3. An epoxy resin conposition
conprising the epoxy resin according to claiml or 2 and a curing agent.
4. An epoxy resin conposition conprising the epoxy resin according to
claiml1l or 2 and a cationic polyneri%ﬁhg initiator. 5. The epoxy resin
conposi tion according to claim3 having liquid crystalline properties.
6. The epoxy resin_conmposition according to clai havi n 1ol ]
crystalline prgﬁeﬁppég.r$?lﬂ 6%?%?%ﬁ“%?%d%%é@@%ﬁﬂ%¢§?ﬂﬁhi%%”%%gﬁiqﬁésin
conposition according to claim3 or 4 and a solvent. 20 8. A sheet having
a planar substrate provided with a layer (s) of the epoxy resin
conposition agcording to claim3 or 4o@n one or both_sides of gt he pl anar
substrate. - 9. & shee brdi hg to 'nu%, rigcﬁgﬁéquﬂar
substrate 'fE"ERpG a&™t ] 0°°¢ Hshdet AcCEEra [ 0 ¢T%&i'M?*8, "wher ei n
t he planar substrate 1s nmetal foiN. 5 11. e sheet accdrding to claim8§,
wherein the planar substrate is a release film 12. A prepreg produced by
i npregnating the varnish accordi ng

wherein n represents the number of repeating units,

5 a component with n = 0 of the formula (1) accounting for
25% or less in terms of the area corresponding te the component
in a gel permeation chromatogram.

2, The epoxy resin according to claiml, having amelting point
in a range of 8C to 150°C.
10 3. An epoxy resin composition comprising the epoxy resin
according to claim 1 or 2 and a curing agent.
4. An epoxy resin composition comprising the epoxy resin
accordingtoclaimlor?2andacationicpolymerizationinitiator,
5. The epoxy resin composition according to claim 3 having
15 liguid crystalline properties.
6. The epoxy resin composition according to claim 4 having
ligquid crystalline properties.
7. A varnish produced by mixing the epoxy resin composition
according to claim 3 or 4 and a solvent.
20 8. A sheet having a planar substrate provided with a layer(s)
of the epoxy resin composition accerding to ¢laim 3 or 4 on cne

or both sides of the planar substrate.
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toclaim7 into a base material, and drying the base material by heating.
10 13. A cured product produced by curing the epoxy resin conposition
according to claim3 or 4. 14. A cured product having optical anisotropy,
produced by curing the epoxy resin conposition according to claim5 in a
liquid crystalline state. 15 15. A cured product having optical anisotropy,
produced by curing the epoxy resin conposition according to claim6 in a

l'i quid tal Li t . f [ '
accor di ng o cPBRRI EaRBr PRGSO B R S b GHudUT " op EEbared by
the follow_ng for e( HO\ / CHz \ /| OH (2) - 29 wth an

I -
epihalogy&ﬁ ia?qgaﬁ%ﬁeé%ﬁ%%’of an al kal i ne met al hydr oxi de to obtain a
i i,valent of. 160 to 200.q/ eq; d ti h
Cht o ned dDmoaRE WY HrsThay Rei e Shim e ed R B A TRE =P BRI PRE LT,

g?;?Lpea neact%%ql?ggfqe, and crystallizing the obtained reaction

5 11. The sheet accordingtoclaim8, wherein the planar substrate
is a release film.
12. A prepreg produced by impregnating the varnish according
to claim 7 into a base material, and drying the base material
by heating.

10 13. A cured product produced by curing the epoxy resin
composition according to claim 3 or 4.

14. A cured product having optical anisotropy, produced by
curing the epoxy resin composition according to claim 5 in a
liguid crystalline state.

15 15. A cured product having optical anisotropy, produced by
curing the epoxy resin composition according to claim 6 in a
liquid crystalline state.

16. A proccess for preparing the epoxy resin according to claim
1, comprising:

20 reacting a compound represented by the following formula

e -
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with an epihalochydrin in the presence of an alkaline metal
hydroxide to obtain a compound having an epoxy equivalent of
160 to 200 g/eg; and

reacting the ocbtained compound with another compound
represented by the formula (Z2) to obtain a reaction mixture,
and

crystallizing the obtained reaction mizture.



