1 DESCRI PTI ON PHENCL RESIN M XTURE, EPDXY RESIN M XTURE, EPDXY RESI N
COVPOSI TI ON AND CURED PRODUCT Technical Field [0001] The present

i nvention relates to a novel phenol resjn mxture, an epoxy resin mxture,
an epoxy resin conposition and a cured 1pr oduct. Background Art [0002]
Epoxy resin conpositions are utilized in a very wde range of fields such
as electric electronic part materials, reinforcenent fiber conposite
materials, resist materials, opti i%# li i-als, liquid crystal sealing
materials, overcoat materials, pr %GE mat eri al s, adhesi ves,
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properties of their cured products. For exanple, electric electronic
part materials include (1) senm conductor sealing materials, specifically
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Epoxy resin compositions are utilized in a very wide range of fields such as
electric - electronic part materials, reinforcement fiber composite materials, resist
materials, optical materials, liquid crystal sealing materials, overcoat materials,
prepregs, mold materials, adhesives, adhesive maierials, coatings and the like, by
taking advantage of their characteristics such as workability, and excellent electrical
properiies, heat resistance, chemical resistance, mechanical strength, adhesiveness,
moisture fastness (water fastness), dimensional stability and optical properties of
their cured products.

For example, electric - electronic part materials include (1) semiconductor
sealing materials, specifically (a) underfill for potting, dipping, transfer mold sealing,
flip chip and the like for condenser, transistor, diode, light-emitting diode, IC, LSI and
the like, and (b) undefrfill for sealing and reinforcement in mounting IC packages such
as QFP, BGA and CSP, and the like, {2) adhesives for semiconductors such as
interlayer adhesives for substrate materials such as printed wiring board, build-up
laminated sheet and multilayer board, dye-bonding agents, and underfills, and (3)
adhesives for mounting, such as underfill for BGA reinforcement, anisotropically
conductive film and anisotropicél!y conductive paste, and the like. In addition, the

reinforcement fiber composite materials include structure materials typified by CFRP



used for structure materials of autonobile bodies, ships and aircraft,
materials for |leisure sport tools such as shaft of tennis racket and golf
club, separators for fuel cells, and the like. The resist nmaterials include
sol der resists, color resists, black n#rixes and the like. The opti cal
materials include materials for lens, and the |ike. Recently, in
application of electric. electronic part materials, along with high '
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for exanpl e, Cis 1l a or nore (Patent Literature 3). On the other
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preferred high above a certain | evel even in the case of the

gl ass-t rpatint Literdt@@r at ure or nore, and as a resin having high
reliability of causing no cracking during solder reflow at 220C to 260C and
in heat OPOUE test at -50 to 150C, an epoxy resin conposition having a
storage elastic nodulus of 0.5 GPa to 0.9 GPa at 220C is discl osed (Patent
Literature 4). 4 Therefore, it is considered that a proper storage elastic
nodul us at a high tenperature is very inmportant to suppress generation of
cracking by thermal shock. [0005] As a commerci al product of
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In recent devel opnent for phenol -bi phenyl aral kyl -based epoxy resin, a
phenol resin by condensation of, for exanple, a biphenyl derivative
oligonerized in advance, such as 4,4'-bis(chloronethyl)-biphenyl with a
phenol is proposed (Patent Literature ¥). Further, the nethod of
synt hesi zing 4, 4' -bi s(chl oromet hyl ) - bi phenyl as the above-described raw -
mat eri al by bischloronethylation of biphenyl i s generally known, and for
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Summary of 't I nven obl ens to Be 'Sol ved by the Invention
the lead-free solder is higher by about 20°C (which is about 260°C) compared with
conventional solder, whereby the possibility of generation of package cracking during
solder reflow is much higher than before. Further, the requirements of high
denssification- high integration-downsizing are increased more and more for printed
wiring substrates loading electronic parts such as LSi, and therefore it is necessary to
‘make the plate thinner by reducing the wiring width or the through hole diameter.
However, when the plate is thinner, there is a possibility of generation of cracking in
thermal shock, whereby higher solder cracking. resistance is required for wiring
substrates. This is why, in the lead-free solder with a higher temperature than that
of conventional solder, performance of hardly causing cracking of the Cured products
is required for epoxy resin compositions used for electric-electronic materials as
peripheral materials for semiconductor, such as semiconductor sealing ‘materials,
printed wiring substrates and the like. This cracking is caused by generation of
stress on the cured products when receiving thermal shock of the lead-free solder.
As an evaluation index, the storage elastic modulus by dynamic viscoelasticity test
can be used. It is known that the storage elastic modulus generally at a high
temperature is preferably lower when the storage elastic modulus at, for example,
160°C is 100 MPa or more {Patent Literature 3). On the other hand, it is known that
the storage elastic modulus at a high temperature is preferred high above a certain
level even in the case of the glass-transition temperature or more, and as a resin
having high reliability of causing no cracking during solder reflow at 220°C to 260°C
and in heat cycle test at -50 to 150°C, an epoxy resin composition having a storage

elastic modulus of 0.5 GPa to 0.9 GPa at 220°C is disclosed (Patent Literature 4).



[ 0007] It is an object of the present invention to provide an epoxy
resin cured product having a flame retardancy equaling or surpassing that
of a cured product using phenol - bi phenyl aral kyl -based epoxy resin
excellent in flame retardancy and havidg an nore optinum storage el astic
nmodul us, an epoxy resin mxture to obtain it or/and an epoxy resin
conposition, and a phenol resin mxture for the epoxy resin. Mans of
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bi phenyl g@%}i ch contai ns bi shal onet hyl bi phenyl as a nmain conponent and a
certai n[g nt of tri- and tetra-hal onmethyl biphenyls as a side reaction
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the tot gndf stibsddiRingiyetiy | sboridediyg e tisdlawdhabisphehyil ) tompenyd , with t he
ratio relative to the whole reaction product as determ ned by GC-M (GC

ar ea r atdpighlomhydeinr thelke (fdeeyamnples Paternthdterathenb). hds @ddiiione thesmethwd est ;
(2) The phenol resin mxture according to the above (1%', wherein the

sof teni raf paosing i %,45isEhREaneitnd)-biphboy! airstegd nof edbear aheyerdeserdetbo to
1200 and the weight average nol ecul ar_weight is 400 to 2000 as determ ned
by GPC (4é-dipetimdat bisheaylris ataodgiawn (Bateahbitemature§lequi val ent is 160 to 250
/ eq; .
91 e in recent development for phenol-bipheny! aralkyl-based epoxy resin, a phenol
resin by condensation of, for example, a biphenyl derivative cligomerized in advance,
such as 4,4’-bis(chloromethyl)-biphenyl with a phenol is proposed (Patent Literature
7).

Further, the method of synthesizing 4,4-bis(chloromethyl)-biphenyl as the
above-described raw material by bischloromethylation of biphenyl is generally known,
and for example, 4,4-bis(chloromethyl)-biphenyl can be obtained by reaction of
biphenyl, paraformaldehyde and zinc chloride in cyclohexane solvent with
introduction of hydrogen chloride gas while vigorously stirring (Patent Literature 8,

pp.10, columns 19 to 20).

Related Technical Literature

Patent Literature

[0006]

[Patent Literature 1] Japanese Patent Laid-Open No. 11-140277 A
[Patent Literature 2] Japanese Patent Laid-Open No. 11-140166 A
[Patent Literature 3] Japanese Patent No. 4027332

[Patent Literature 4] Japanese Patent Laid-Open No. 2001-288244 A



(3) An epoxy resin mxture obtained by epoxidation of the phenol resin

m xture according to the above (1) or (2); (4) The epoxy resin mxture
according to the above (3), wherein the softening point is 50 to 75C, the

| Cl viscosity is 0.02 to 0.50 Pas, thed5nunber average nol ecul ar weight is
400 to 1200 and the wei ght average nol ecul ar weight is 800 to 2000 as
determ ned by GPC (gel perneation chromatography), and the epoxy equival ent
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conposition containing an epoxy resin mxture obtained by epoxidation of
t he phenol resin m xture according to the above (1) and containing 0.7

equi val %Umﬁl%%o?th%q%&%cﬁms of a curing agent relative to 1 equival ent of
t he epoxy gro In said epoxy resin mxture; (9) A cured product obtained

by curi moBRnePRYBe SO BPRPRiveh@sn containing an 7 epoxy resin mxture
obt ai ned by epoxidation of  the phenol resin mxture according to the above

(1), conpedri ng 0.7 equivalent to 1.2 equivalents of a curing agent
relative to 1 equivalent of the epoxy group in said epoxy resin m xture,
and cont ai nilbis &0 obipch 0¥ ey preseghinuehtian to poegdeian époxyeresirecunedvigrodyct he
total anmount of the epoxy resin conposition; (10) A method for producing a
phenol raving = Remeeretatdangytequaliag on surpassing ralt ol Pagired pROdVChrEG i s
carried out bg. reacting biphenyl, 2 to 8 equivalents of a formal& hyde

rel at i véohenokbiphienyk arglkirbased apexy Jesiigselianhin flameretardancy aa ngk
zinc halide and an excessive, anpunt ,of hydrogen halide to obtai.n.a reaction
product aOMOA? WH@U@@%%@Q%@“&HHO@@% hEROKOHS WEH%F%R@E?H@A“ q{hﬁnw
and 15 to 30% of the total. of tri(halopethyl)hiphenyl an .

t et r a( h@bFRPHIESH W{EHW&‘O'&@Q%@&’%PE&S@YE@%% ﬁ’ﬁ?%gpaﬂ%feesu?'eact i on
product as determ ned by GC-MS (GC area ratio), and containing side
products other than those above as the rest, and said reaction product is

react ed I\%éﬁb 8P$8thnd'\fh%wrb%é?ﬂ§i fication; (11) A nethod for producing an
o

epoxy resin nmxture, aracterrzed in that a phenol resin m xture obtained
by the r[gb@ d for production according to the above (10) is reacted with
0.8to 1 e%ui val ents of epihal ohydrin relative to 1 equival ent of the

hydr oxy grouphé presinginenfisits hHa@elimteAbivelftudied to solve the above problems and
surprisingly found that a phenol resin mixture obtained by reacting, with phenol
without isolation purification, a reaction product {mixture) obtained by halomethylation
of biphenyl, which contains bishalomethyl biphenyl as a main cbmponent and a
certain amount of tri- and tetra-halomethyl' hiphenyls as a side reaction product and
further contains a small amount of monchalomethyl biphenyl and
bisbiphenylylmethane compound as the rest is very suitable as a raw material of an
epoxy resin mixture satisfying the above-described required performance, and thus
the present invention has been completed.
[0009]

That is, the present invention relates to:

(1) A phenol resin mixture obtained by methylene cross-linking reaction of, with

phenol, a reaction product which is obtained by halomethylation reaction of biphenyl



(12) An epoxy resin conposition containing the phenol resin mxture
according to the above (1) or (2) as a curing agent. Effect of the
I nvention [0011] The phenol resin m xture obtained by the present
invention is useful as a raw material Bor epoxy resin mxtures or epoxy
resin conmpositions, giving a cured product having an excellent flane
retardancy and an appropriate storage elastic nodulus, and also it is easy
to produce. In addition, the epoxy resin nmxture or the epoxy res'q
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Fifth Series of Experinental Chemstry, 13 (2) p. 439 (2005), and
SYNTHESI gcotdiAg t¢ 1R9abowsa() e (8gen by reference. [0013]
(4) The epoxy resin mixture according to the above (3), wherein the softening point
is 50 to 75°C, the ICI viscosity is 0.02 to 0.50 Pa-s, the number average molecular
weight is 400 to 1200 and the weight average molecular weight is 800 to 2000 as
determined by GPC (gel permeation chromatography), and the epoxy equivalent is
200 to 360 g/eq;
(5)  An epoxy resin composition containing the epoxy resin mixture according to the
above (3) and a curing agent;
(6) The epoxy resin composition according to the above (5), wherein the content of
the curing agent is 0.7 equivalent to 1.2 equivalents relative to 1 equivalent of the
epoxy group in the epoxy resin mixture;
(7) The epoxy resin composition according to the above (6), which further contains
50 to 90% by weight of a filler relative to the total amount of the epoxy resin
composition;
[0010]
(8) A cured product obtained by curing an epoxy resin composition containing an
epoxy resin mixture obtained by epoxidation of the phenol resin mixture according to
the above (1) and containing 0.7 equivalent to 1.2 equivalents of a curing agent

relative to 1 equivalent of the epoxy group in said epoxy resin mixture;

(9) A cured product obtained by curing an epoxy resin composition containing an



For exanple, according to the above Patent Literature 8 (Japanese Patent
Publ i cati on No. 54-929), 4,4'-bis(chloronethyl)-1,1"-biphenyl can be
produced by chl oronet hyl ati on reaction using bi phenyl, parafornal dehyde,
hydrogen chl oride gas, zinc chloride afdd cycl ohexane. In addition, other
production nmethods can include, for exanple, the nethods described in
Japanese Patent Lai d-Open No. 9-208506, Japanese Patent Lai d-Open No.

10- 139699 and Japanese Patent No. 3784865. The hal onet hyl ati gn
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exanpl e %&nﬂ:‘c?stit Literature 8 as the nost typical exanple. [0014]
Pref er aSI P8 "Car bon sources for the met hyl group in hal omet hyl ati on include
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cases wuantaining 6% crrimoeresand: lesaithan B05h oh ishalomethybbipheny iand 1 ta 303
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but the method using hydrogen chloride in gas formis nost preferable.
hydroxy group in said phenol resin mixture;

(12)  An epoxy resin composition containing the phenol resin mixture according to

the above (1) or (2) as a curing agent.

Effect of the Invention
[0011]

The phenol resin mixture obtained by the present invention is useful as a raw
material for epoxy resin mixtures or epoxy resin compositions, giving a cured product
having an excellent flame retardancy and an appropriate storage elastic moduius,
and also it is easy to produce. In addition, the epoxy resin mixture or the epoxy resin
composition of the present invention can be, as described above, a cured product

having flame retardancy and an appropriate storage elastic modulus when it is cured.



10 In the hal onethylation reaction, it is preferred to suppress
generation of nethylene cross-1inked diaryl met hane observed as a
by-product, in order to obtain a reaction product having the above
conposition. It is known that when the &oncentration of hydrogen halide in
a reaction systemis |low, diarylnethane is predom nantly produced. In order
to suppress generation of said by-product, it is preferred to increase the
concentration of hydrogen halide, Therefore, it |s desirab{e to i ntroduce
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a Lgf’ ﬂo?ﬂqn%éésé&?rg%% Ui s ?r?\%ﬁiéaic?@g% ﬁﬁﬁ%%%?érﬁgﬁﬁaé?%é%%i@%ﬁﬁ%%}%;“des
iti . ise. [0 I [
renct | ofhoinetraieen Sk FRALE Hofeuel ShaPrafid Wil 1o Bhostate | 0,

catal ysts such as sulfuric acid, thionyl chloride, orthophosphoric acid,
zinc chloride, alum numchloride, ferric chloride and tin chloride and

guat er ngy, ETap .t et rabut yl anmoni um br omi de,

trimet h)a)Ylégﬁrzng@(?EW(I)rr?@?eL&gﬁ%qﬁ\é?@ﬁ'%@ri di ni um chl ori de. Anong them zinc
chl ori dE[O gbum num chloride, ferric chloride, tin chloride,

t et rabut yPa ni um brom de, trinethyl benzyl chloride and cetyl pyridinium

chloride ar eHgRiiafirefiRy lekent iADEnGoMEIrke Bidre @pesifieally explhiaety preferabl e
due to | ow cost and handling easi ness. These catal ysts may be used

al one or canFipst, fiesitalogethyiatich reaction of biphengt tonsistainkha ghenberesird mixture The
use anount of catalyst is not particularly limted but preferably in the
range ofof@h@ presenttinvedtionlwitiive explainedef erably 0.1 nol to 1 nol, relative
to bi phenyl. [0017] The solvent used in said reaction is not

parti cul ar | yThé hiatarethylationgeastian of kiphanylrs eaeeactien fopbiain halomatbylatade

sol vents include organic sol vents such as aliphatic hydrocarbon sol vent

(for exdrphenylchaiusing kihesyt @ forsaldehyde enannagatanas ay aquivalgniabedy such
as cycl o, pentane and, cycl ohexane, keros|ne d the |jke), aliphatic
fher telrach b )@ NYekRgeShi ¢

car boxylthér%tfi(lie%%ﬂ_‘@f@ftt Srarggapiner re ‘CaBP &, CHPRY ISOUES) 02

gtzotéqﬂr 2:'@?? e ?aewqf?ﬁ@c; Yo C3?@%??8@2%"52653%%ﬁ%ﬁ?ﬁ%@?ﬂ%e%%@ﬁw%}]%?t
hal ogenﬁ'@bewdgoﬁ"i&%g rft e?SfeQ’eﬁcE %?ﬁ@ﬁ@%@é%&ﬂ\ééﬂ?ﬂ%ﬁ%ﬁ%@nﬁg Zér{c E‘F%rr%%%tf nane,
usea o aRnes, TGl e UGolitolafoh egtton des iR i Ry ERrppE™Y P°
Pr ef er aﬁ,@e meggfig?]@w bBfilreneal SnéristyC B2 bKaRY (2005), bAE SPRTHESIS,

preferable Is cyc exane because it 1s’I nexpensive, has a |l ow boiling

poi nt  anthdNUDI1 caAYe seariPrsterence, | n addition, when zinc chloride is
used as a catal yst, an aliphatic al cohol such as 1-pentanol or 1-hexanol or

wat er ngpows] added in an about equinolar anount of the catalyst. It is
known that addition of these possibly increases the solubility of catalyst
and i npr ovesFohexarsgld,i accardingvia the Bove Rhtemt Letatudp B (BpangsedPatends) ) .
In the present invention, the addition is not particularly necessary.
Publication No. 54-929), 4,4-bis(chloromethyl)-1,1’-biphenyl can be produced by
chloromethylation reaction using biphenyl, paraformaldehyde, hydrogen chloride gas,
zinc chloride and cyclohexane. In addition, other production methods can include,
for example, the methods described in Japanese Patent Laid-Open No. 9-208506,
Japanese Patent Laid-Open No. 10-139699 and Japanese Patent No. 3784865.
The halomethylation reaction of the present invention can be carried out by any
of the above methods or another method as long as a reaction product containing the
above composition, specifically 60 to 80% by weight of bishalomethyl biphenyl, 15 to
30% of the total of tri(halomethyl)biphenyl and tetra(halomethyl)biphenyl, and side

products other than those above as the rest can be obtained.



The use anmount of the solvent is not particularly limted but is preferably
1/2 part by weight to about 10 tines the part by weight of the solid
content and nore preferably 8 parts by weight or |ess. [0018] The
reaction tenperature is not particularPy limted as long as it is usually
in the tenperature range acceptable in a solvent used. It is usually OCto
100C and preferably about 15 to 60C. Wen the reaction proceeds around room
tenperature, it is preferably roomtenperature. ener al , ii hs
loR&ict in

) In.g )
known that rHereinades e dwlometdationareackiam Methen PEssan ipyention, Wi
chl oronmet hyl ation reaction is predom nantly pr ced when t reactio
t enper aeyplgined withrefatpase iy the f@@“ﬁf‘@’@“ﬂé@ Qfﬁ%{e%%‘\{gf@ﬁg? ir%ﬁs S@%}S@?":‘Et ure

is lowin order to suppress such a by-product. The reaction tine is

not par tYRIER!EXNNNEni t ed. The reaction can be carried out for usually about
6 hoursééo@G hours. The addition nethod is not particularly limted.
As a pr Qlbl e nmethod, it is preferred that the raw materi als ot her than

o ne sy eab, Rofa Pl B 88 etfy HEIRPEY rofidRy it Rl
oy ef or by aEefiyddh, sHEnCHS BANANE PR FigtalehdS, riSUIAEnEnAChiRENEE B
W th regﬁ%élro}lﬂamﬁgggr@a fbidpe.0f the reaction product obtained above,

preferablle’is a mxture (hereinafter also referred to as m xture of a

bi pheny! conppuaddifiaN icadivaldritlciReé Bitbddr solrce i(for example fosnaldbhyde irhihe
content of bishal onmethyl biphenyl (preferably, bischloronethyl biphenyl) is

60% or RRAGGH éxhepie bhFat8MA herdiiurees) vadés cepeadingodn the halomethylation
tri (hal onet hyl ) bi phenyl (preferably, tri(chloromethyl)bi phenyl) and

t et r a( hahtiogtHey hiinbehefiyhe haiarhethgbgsoup per 4(mblesutelaiivg 4o driphgny, bet 15%
to 30% as a ratio (GC area ratio: hereinafter as is the same unless

ot her wi geeferally) 1 raruitalent to 1Bhequivaleats, cmere drefaraelcl.5 eanivaleatfo it
determ ned by GC-Ms (Gas Chromat o%raph /. Mass Spec,trorretrél) . and ot hgr si de
pr oduct squivalemis anskturthen pseferably £, equivaleplsde &eavivalants defalive 1o dHaphakt ny|

bi phenyl , tri (hal omet hyOoi phenyl and tetra(hal onet hyl)bi phenyl is
pr ef er atligh oto 97% and nore preferably 80%to 95% Bi shal onet hyl

DL pheny! 2 i 36 b AESBRP B s e 8 e ol NP gl A8 i
B L DO SR R R
equivalents, there are some cases where the molecular weight is too large due to foo
many reaction sites - cross-linking sites or where the stirring state is deteriorated due
to the increased concentration of solid content.
[0015]
The halogen source for halogenation is a hydrogen halide or any can be used
as long as it generates hydrogen halide by reaction. As said halogen source, a
hydrogen halide is most commonly used. Preferable hydrogen halides include
hydrogen chioride, hydrogen bromide and hydrogen iodide, and hydrogen chloride is
preferable. These hydrogen halides can be utilized in gas form. When the
hydrogen halide is used in gas form, reaction can be carried out by directly blowing
into the raw material mixtures other than the hydrogen halide
The hydrogen halide can be also dissolved in water, acetic acid or in addition,

an organic solvent for use as a hydrogen halide solution, but the method using

hydrogen chloride in gas form is most preferable.



The mai n conpounds contained in the reaction product are as shown in the

| at er-descri bed Table A where they are shown in a fornmula typified by a
conmpound i n which the hal omethyl group is a chloronmethyl group. Any of the
“chloromethyl " group in Table A and "chjoromethyl" in the bel ow descri bed
expl anation can be conpatible with "halonethyl"™ in the present invention.
4, 4" - bi schl oronet hyl - bi phenyl represented by the formula 1-3 is the main
conponent in the bischl oromethyl biphenyl and considered to account for

about 50 to @8YxarKhiIpmelRIARIY réBéitn, 6@ EopRR&ered foh%ubee%BI gensmRtiby| of
bi phenyl. In the 13 bischloronethyl biphenyl, the rest other than

4, 4' - bi spBlaEREd%E-RKked eBtyInéthans vbeened doalsy-posuti, dnakdarsembtainsuch
as 2,4' -bischl oronet hyl -bi phenyl represented by the forrmula 1-4. [0021]

Tri (chl aeaptsmyproduphemvingrttet abowné ctorpositivhy| )Ibiiphkngwn i that owsedethed t o
conprise conmpounds represented by, for exanple, the fornmula 1-5 to the

f or mul a dorfsentration hefi hydegenr balidailis ta treaction mystemda losonéiag)methane & her
side products can include, for exanple, nonochloronethyl biphenyl (for
exanpl e, predopuinardly pradueednt bdotdert esypnrass genenatipndot saidfly-piadyct.-ibis and
the |ike), bisbiphenylylmethane (the fornula 1- 9?_ oL ,

monochl oprefestedia iprrasseHba gonrerirationeof hystkiogem balide pr tharaiase, ibip dasirablg nul a

B )

T [ ' | h I f th
1055 e BLABLAERI LBty ikt e Py % |
75% o ' "

152 PR DAGREED ot B ORI UGB s s,

product | % rably about 15 to 25% Each ratio of
tri(chl o‘l"iﬁ?%ltt?@?g %H%Q Efgr%]igkﬂpgf@é?bhl oronet hyl ) bi phenyl varies dependi ng

on the r@aqg on conditions so it is not necessarily appropriate to suggest,
but the Tontent of trichloronethyl biphenyl relative to the total anount of

the reacti on|Preesh Gleakiomb Préfebdbit Ocaifsan dneiuabe Fabbl-CRfst ey %eaction The

content of tetra(chl oronet hyDbi phenyl relative to the total anpunt of the

react i oncataRdtcsudts agrseifariacid, tbiongl ehigridedorthophasptiosicaduiy, Z1A6 tchiokid
Anong ot her side products descri bed above, nonochl oronet hyl biphenyl is

usual | y slantimimechidtide,nfesric ehibride abtin ctoride hath gisatetnary aniroonigimasalis t o

the whol e reaction product as determned by GC-MS (GC area rati o)

(her ei nasudlr as atetrabutylmnman'&mrhrembde)ttl‘imekgﬂbenmi oride and cetylpyridinium
chloride. Among them, zinc chloride, aluminum chloride, ferric chioride, tin chloride,
tetrabutylammonium bromide, trimethylbenzy! chloride and cetylpyridinium chloride
are more preferable, and zinc chloride is particularly preferable due to low cost and
handling easiness.

These catalysts may be used alone or can be also used as a mixture of 2 or
more kinds thereof.

The use amount of catalyst is not particularly limited but preferably in the range
of 0.01 mol to 3 mol and more preferably 0.1 mol to 1 mol, relative to biphenyl.
[0017]

The solvent used in said reaction is not particularly limited as long as it is an
unreactive solvent. Preferable solvents include organic solvents such as aliphatic
hydrocarbon solvent (for example, chain alkanes such as hexane and heptane, cyclic

alkanes such as cyclo pentane and cyclohexane, kerosine and the like), aliphatic

.carboxylic acid solvent (for example, formic acid, acetic acid, propionic acid and the



[0023] Table A Fornula 1-1: 2-chl oronethyl-biphenyl C H2C Fornula 1-3:
4, 4" - bi schl oronet hyl - bi phenyl ahl 2C Formul a 1-2: 2-chl oronet hyl - bi phenyl

11

like), aromatic carbon hydride solvent with a low electron density of the aromatic ring
(for example, chlorobenzene, nitrobenzene, ortho dichlorobenzene, trichlorobenzene
and the like) and aliphatic halogenated hydrocarbon solvent (for example, chioroform,
dichloromethane, dichloroethane, tetrachloroethane and the like).

These solvents may be used alone or may be also a mixed solvent of 2 or more
kinds thereof. Preferable solvents can include C5-C6 cyclic alkane, and the most
preferable is cyclohexane because it is inexpensive, has a low boiling point and thus
is easily removed.

In addition, when zinc chloride is used as a catalyst, an aliphatic alcoho! such as
1-pentanol or 1-hexanol or water may be added in an about equimolar amount of the
catalyst. It is known that addition of these possibly increases the solubility of
catalyst and improves the reaction activity (Bull. Chem. Soc. Jpn. 66, 3520 (1993)).
In the present invention, the addition is not particularly necessary.

The use amount of the solvent is not particularly limited but is preferably 1/2 part
by weight to about 10 times the part by weight of the solid content and more
preferably 8 parts by weight or less.

[0018]

The reaction temperature is not particularly limited as long as it is usually in the
temperature range acceptable in a solvent used. It is usually 0°C to 100°C and
preferably about 15 to 60°C. When the reaction proceeds around room temperature,
it is preferably room temperature.

In general, it is known that methylene cross-linked diarylmethane observed as a
by-product in chloromethyiation reaction is predominantly produced when the
reaction temperature is high, whereby it is preferred that the reaction temperature is
low in order to suppress such a by-product.

The reaction time is not particularly limited. The reaction can be carried out for
usually about 6 hours to 36 hours.

The addition method is not particularly limited. As a preferable method, it is

preferred that the raw materials other than the hydrogen halide are first added and



Formul a 1-9: bi sphenyl yl net haneCH2Cl 112 Formul a 1-10:

4- nonochl or onet hyl - bi sphenyl yl met hane Cl H2C 411 For mul a
1-11: 4-4' - bl schl or onet hyl - bi sphenyl yl met hane Cl H2C 11, H2CH2Cl
12

hydrogen halide gas is blown into the system during the reaction so as to maintain the
state that the hydrohalic acid in the system excessively exists. Hydrogen chloride is
preferable as the hydrogen halide.

[0019]

In the present invention, with regard to the composition of the reaction product
obtained above, preferable is a mixture (hereinafter also referred to as mixture of a
biphenyl compound having a halomethyl group, in some cases) where the content of
bishalomethy! biphenyl (preferably, bischloromethyl biphenyl) is 60% or more and
less than 80% and the total content of tri(halomethyl)biphenyl (preferably,
tri(chloromethyl)biphenyl) and tetra(halomethyl)biphenyi {preferably,
tetra(chloromethyl)biphenyl) is 15% to 30%, as a ratio (GC area ratio: hereinafter as
is the same unless otherwise noted) relative to the whole reaction product (total
amount) determined by GC-MS (Gas Chromatograph / Mass Spectrometry), and
other side products are the rest. In addition, the total of the three of bishalomethyl
biphenyl, tri(halomethyl)biphenyl and tetra(halomethyl)biphenyl is preferably 75% to
97% and more preferably 80% to 95%.

Bishalomethyl biphenyl as the main component comprises 4,4-bishalomethyl
biphenyl and positional isomers thereof, and in the bishalomethyl biphenyl,
4.,4'-bishalomethyl biphenyl accounts for about 50 to 98% and preferably about 60 to
95%, and the rest is considered to be isomers thereof.

[0020]

The main compounds contained in the reaction product are as shown in the
later-described Table A where they are shown in a formula typified by a compound in
which the halomethy! group is a chioromethyl group. Any of the “chloromethyl”
group in Table A and “chloromethy!” in the below-described explanation can be
compatible with “halomethyl” in the present invention.

4,4"-bischloromethyl-biphenyl represented by the formula 1-3 is the main
component in the bischloromethy! biphenyl and considered to account for about 50 to

98% and preferably about 60 to 98% of the bischloromethy! biphenyl. In the



[ 0024] Next, the reaction (also referred to as nethyl ene cross-1inking
reaction) of the above-obtained reaction product with phenol and the phenol
resin m xture of the present invention obtained by said reaction will be
expl ai ned. The met hyl ene cross-litking reaction is a condensation
reaction, where the reaction product (m xture of biphenyl conpound havi ng

t he above hal onet hyl group) 15 obtained as descri bed above and phenol are
condensed. Said methyl ene cross-linking reaction is referablﬁ.carried out
under agisthtoroomethyli ipheniyhr thex argst e pther &nmutdf,ﬁHb:scﬁbrqmethyl- inhenykxanpl e,
The Fifth Series of Experinmental Chemistry 26 (2) B._142 (ZOOBQ Qaﬁ %8
gener al lcpnsidieacnted beorpasitianal esgamers. s@dpses  2,4™-hischieomethidbiRBENE. t he
hal onet hyl ati on reacti on product of biphenyl is a m xture, and the present

i nvent i oeplesestestbictherformabla i hat said mixture is used as it is in

met hyl ene cross-1linking reaction with phenol. Therefore, the reaction
liquid #®221lned in hal onet hyl ati on reacti on can be usually used as it is.

lQW:ﬂSi o ?Qirrﬂ;éﬁ%q‘?f‘agﬁwbgﬁﬁéﬁ? e Al SPREh el e WopRetef doe
! SRl . . . g g
?il”t Fat comPgess R s EEREET by JOF Bk, i Wtnfle 1RO hE bRlia 2060
L Ldon | i duct . Usual |y,
s peiedhel e RSt PsRBnaR RISt he nal omet hyl ati on react | on
of bi phenyl ?ﬁ‘ﬁﬁ}% ﬁﬁ%&%?ah @nélﬁﬁ,%?_%&ﬁ#ﬁ%. BhBYhiersmethgEBiphenyl (fer

reaction wt sai d net hyl ene cross-11nking reaction,

an acid 1¥SkomBBuREs Assledeneaoying fdrtulg cles sindythenfdrinuld $-2)sanal the
pr ef erree?ié@chrryaoﬂt I n the prese&gce of an acid catalyst. As the acid

cat al yst"key,ari ous agisBiphehflyknéthapnan be usefthéncl udi ndormuala exanpl e1-9),
organi c or inorganic acids such as sulfuric acid, p-toluene sulfonic acid,

oxal at e, moBsHoRsthgRbisbipbisdylgimethané| (comprridsnespresenied biithe degmula
Friedel -Crafts type Lewis acid catal ysts such as zinc chloride, alum num
chl ori det-10ganddheHike},i bisctiarbraéthykbisbiphesylylmethane (compounds represented
by the formula 1-11, and the like) and the like.
[0022]
The content of bischioromethy! biphenyl relative to the total amount of the
reaction product is 60% or more and less than 80% and more preferably 65 to 75%.
The total content of tri(chloromethylbiphenyl and tetra(chloromethyl)biphenyl
relative to the total amount of the reaction product is about 15 to 30% and preferably
about 15 to 25%. Each ratio of trilchloromethyl)biphenyl and
tetra(chloromethyl)biphenyl varies depending on the reaction conditions so it is not
necessarily appropriate to suggest, but the content of trichloromethyl biphenyl relative
to the total amount of the reaction product is about 5% to 25% and preferably 10% to
20%.
The content of tetra(chloromethyl)biphenyi relative to the total amount of the
reaction product is preferably 1% to 15% and more preferably 2% to 10%.
Among other side products described above, monochloromethyl biphenyt is
usually contained the most and is about 1% to 10% as the ratio relative to the whole

reaction product as determined by GC-MS (GC area ratio) (hereinafter, as is the

same unless otherwise noted).



The use anount of these acid catal ysts varies depending on the kind of
catal yst and can be within the range of 0.001 to 10 tinmes the nolar ratio
relative to phenol for addition. Preferably, the anmobunt is about 0.05 to 3
nmol . 16 In a preferable aspect igwthe present invention, the reaction
liquid fromthe hal onethylation reaction is used as it is and subsequently
t he above-descri bed condensation reaction is carried out, whereby the acid
catal yst used in the hal onethyl ation reaction can be used as it is and it
i's not f@@Z3Jsary to add an acid catal yst again. The hal onet hyl ati on
reacti on product of biphenyl and phenol can be reacted in an optional
ratio. Usually, phenol is used in an anount of preferably 1.5 nol to 40 nol
and nore preferably 2 nol to 10 nol relative to 1 nol of the hal onet hyl
group in the hal onet hyl ati on reagkison product of biphenyl. This is because
1.5 nol PerJuaﬂﬁsz-.lhﬁéméhyFtﬁbhénhe concer n of rFdrtireasdiobretiydpaaul ar wei ght and
nore than 4_é€3}_<f} S to decrease in pot i ncy The addition
anount of “Bh roughly 0.3 to 2 tlne§62§§<53%ferably 0.5to 1.5 tines
(by weight ratio) of the total amount of biplsenyl, the carbon source and
t he aC|d cat al ded for hal onethylation of biphenyl In this
regard, Léq yf}‘“gmmﬁmwg e $aC|ng th|§mF-;Ef?' ; ¥§W5W§?8 the renaining
amount ofm.-ﬂ D yeaance of the hal onet hyl
group. In add| t he amount of all sapon|~'§- e chlorine can be applied
in accordance mnth for exanghlt t he descrlptlon of JIS K7246. O herw se,

: b

tracing f& eorpptishp y appl JPTH ¥ &6 F EEUIRERTYHMEPe a col oring
matter or thec <@ melr ker is reacted with.theyhal omethyl group in a
reactive mxture , anal ysis. [0027] CIHEd @ ene cross-|inking

reaction (condensation reaction) can be also cargjgd out w thout a sol vent
or in thhemplaegerrcas-ehachorgelnieptenyt Usual 1y, the reaction i quid fromthe
above hal onet hyl at9"8n reaction is preferably used as it is, and the organic
sol vents | i sfgd @ segtion of the %Wé‘gk?a‘ﬁscfﬁ’étfaHW°5‘Fti‘Vb?'Ph?%'actl on can be
used as they are er’ef ore, preferable sol vent An | i kewi se include C5-C6
cyclic al kane and ?Pbcét preferably cycl ohexanmz. @:¢1se anount of the
sol vent |: lrla1l,bat|3|hl 5 t% 300% by wei ght and prefe ap y 10 to 200% by wei ght
relative 10 the to ght t he hal omet hyl ation reaction product 17 of
bi phenyl and @@ ] ; on tenperature of the nethyl ene
cross-linking Teaction isusually 0 to 120C and preferably about 15 to
100C. Theydpaab:isdndchidioheind bispsdadirhehade t 0 10 hours.

Formula 1-11:4-4"-bischloromethyl-bisphenylyimethane

[0024]

Next, the reaction (also referred to as methylene cross-linking reaction) of the
above-obtained reaction product with phenol and the phenol resin mixture of the
present invention obtained by said reaction will be explained.

The methylene cross-linking reaction is a condensation reaction, where the

reaction product (mixture of biphenyl compound having the above halomethyl group)



[ 0028] For the nmethyl ene cross-linking reaction, it is the nost
conveni ent that after the halonethylation reaction is carried out, phenol
is added directly to the reaction liquid fromthe hal onmethyl ation reaction
and reacted. According to necessity, th® reaction liquid fromthe

hal onet hyl ati on reacti on can be al so added to phenol (and if needed, a

m xture of an acid catalyst and a solvent). In addition, according to
necessity, operations such as dilution, degassing, washing with water and
neut r al iacbdained aan dbscrilzed | atbveutariskefphenchndreafeandenked i nSaide melhylenkat
the conposition of the reaction product is not wdely changed. [0029]
After conpssetiniking sdacdtionde preferahly cadied @i undee aridiceenditignse fy exesiple, at

m xture can be taken out by renoving the acid catalyst by neutralization,
washi ng aliouhPliat 8 4. and the |ike and then by renoving the sol vent used for
heati ng under reduced pre re, Jt is._desjred renove eac ol

t oget her w tFFP"t‘P?@r@@F’VEH? dglé(f’q‘r@rs W&%ﬁ%@%ﬁﬁ@%ﬁéagg{?b@sﬁg.(B&? I n
the present, invention, it is usuall .eferred to transfer, to the next
epoxi datqaé‘rpergﬁ'&?riah)ﬁféfgr%ﬁﬁrP@'Qiréaﬁ{'%'ure obt ai ned by rempving the acid
cat al yStO{i% neutralization, washing with water, and the |ike and then by

r enovi né @ sol vent and the unreacted phenol w thout treatnent of
recrystallizgti rlftﬂ@l i : = b aking. b OO0,
The reacti onﬁ% i%‘:ﬁﬁé‘?t%r C(‘Jr%ﬁ%eﬁ%‘gﬂ%ﬁﬁ%@ﬁ?%%@@ﬁ%@#:(éf;lgl Sgﬁgglsff%on
can be SHORREUAR e BRBENE vbAfioR RiUndReEHEaY Pt SaREmitilfe B UbdTRTPIY N
t he sol vent and the unreacted phenol, but 1n this case, an operation of
treati ngn ansfyleretarbsifkinyg | &R%tion Uuith aghé&sli UMHayelofx ! de aagctif Higgidum
hydr oxi de, witth a base is necessary for neutralization of the hydrogen

hal i de btaihbe imbabnsethglatish resctibn ¢art be usaaly used as it igddi ti on, this cannot
be said to be particularly preferred because the unreacted 18 phenol is
react ed w t Hnegdditibroradopdding tantedessity,i dadd gaetpox ligisdi cam. be used Meeaphanol
resin mxture of the present invention obtained as described above is a
phenol meateniahforttoe seattionewith ghenobatiehirphiorgnts sueh lasrdandepsatiomtilitiorne
cross-1linking group (including some phenol resins where biphenyls are

li nked legmssing weshincowith| watier neeuiralizatien mad fHtration. | Alspiinkbat opse it is

bi phenyl by nethyl ene cross-Iinkin and it is usefuyl as raw materjal for
t he epowe%é@ddorﬁ%'m%a%tfa"bfﬁlé’t*ﬂﬁ FRANG&QIRE SOMRARIEAUHIR tE@ VEiIreRetols an
epoxy resia rpxture after the next epoxidation reaction. [0030] The
phenol MESY¥CNi xture of the present invention obtained as described above

of about 350 Ralabat plriefarifeltirsaPiaf SR Yibnae FARFnERY It dhatlly”
ol ocul 3 S SRCalER i e ndtiih oy lhe HsBTEBol e e °0°

further guesberably about 550 to 1600 and nost preferably about 600 to 1000,
as determ ned by GPO (gel perneation chromatography). It has an OH

equi val eto(gggf about 160 to 250 g/eq, preferably about 170 to 240 g/eq and
nost preferably about 180 to 230 g/eq. The chem cal structures of

repr esent at i vie saienpeathgienef ctdes-likimp|reactiom anxkuide cafalydtecan elsenddded
invention are considered to be F2-1 to F2-6 and the |ike exenplified bel ow,
j udgi ng dccordindg do aeakysitysane suist wsually tprefareatita carnpootiirc theopresence of an
hal onnet hyl ati on reaction, and the like. In the fornulas, n is about Ito
10. acid catalyst. As the acid catalyst, various acid catalysts can be used including, for
example, organic or inorganic acids such as sulfuric acid, p-toluene sulfonic acid,
oxalate, methanesulfonic acid and trifluoromethanesulfonic acid and Friedel-Crafts
type Lewis acid catalysts such as zinc chloride, aluminum chloride, ferric chloride and
tin chloride.
The use amount of these acid catalysts varies depending on the kind of catalyst
and can be within the range of 0.001 to 10 times the molar ratio relative to phenol for

addition. Preferably, the amount is about 0.05 to 3 mol.



The phenol resin mxture of the present invention is a mxture of a
strai ght-chain nolecule or a branched nolecule, as is clear from for
exanpl e, the bel ow descri bed exenplification. [0031] (F2-1 to F2-3)

F2- 4

F2-5 F2-6 16

In a preferable aspect in the present invention, the reaction liquid from the
halomethylation reaction is used as it is and subsequently the above-described
condensation reaction is carried out, whereby the acid catalyst used in the
halomethylation reaction can be used as it is and it is not necessary to add an acid
catalyst again.

The halomethylation reaction product of biphenyl and phenol can be reacted in
an optional ratio. Usually, phenol! is used in an amount of preferably 1.5 mol to 40
mol and more preferably 2 mol to 10 mol relative to 1 mol of the halomethyl group in
the halomethylation reaction product of biphenyl. This is because 1.5 mol or less
leads to the concern of increase in molecular weight and more than 40 mo! leads to
decrease in pot efficiency.

The addition amount of pheno! is roughly 0.3 to 2 times and preferably 0.5 t0 1.5
times (by weight ratio) of the total amount of biphenyl, the carbon source and the acid
catalyst added for halomethylation of biphenyl.

In this regard, it is preferred, in tracing this reaction, to analyze the remaining
amount of the halomethyl group and confirm disappearance of the halomethyl group.
In addition, the amount of ali séponiﬂable chlorine can be applied in accordance with,
for example, the description of JIS K7246. Otherwise, tracing can be also carried
out by applying pretreatment where a coloring matter or the like as a marker is
reacted with the halomethyl group in a reactive mixture for analysis.

[0027]

The methylene cross-linking reaction (condensation reaction) can be also
carried out without a solvent or in the presence of a solvent. Usually, the reaction
liquid from the above halomethylation reaction is preferably used as it is, and the
organic solvents listed in the section of the above halomethylation reaction can be
used as they are. Therefore, preferable solvents can likewise include C5-C6 cyclic
alkane and most preferably cyclohexane.

The use amount of the solvent is usually 5 to 300% by weight and preferably 10

to 200% by weight relative to the total weight of the halomethylation reaction product

20



10033] Next, the epoxidation reaction to obtain the epoxy resin

m xture of the present invention wll be explained. The epoxy resin
m xture of the present invention is an epoxidi zed product of the phenol
resin mxture of the present inventionjpbtained above and can be obtai ned
by epoxidation of said phenol resin mxture by reaction w th epihal ohydrin
in a conventional manner. More specifically, the follow ng nmethod is

i ncl uded. Pref erabl e net hods for epoxidation can include a nethod
wher e t f mplearn)l aresphemolxt The efactibe tempeeature of ¢he invethyeneesrosedniingh
epi hal ohydrin in the presence or absence of a solvent and in the presence
of an alrkattiomistusualy GtoXRHRC God pyeiecably labeuh# ta 1683G.onThe reastipa tims isod,
the reaction tenperature is usually about 10 to 100C and preferably about
30 to 9mBualiné tedéxdaltisi on reacti on using said epi hal ohydrin 21 includes an
epoxi dati on reaction described in Japanese Patent No. 3934829, a one-step
met hod d@828Ji bed i n Japanese Patent Lai d-Open No. 2007-308642 A and a

Ifo?’?sg_ﬂt "?tnggérjﬁr e maﬂh?ﬁn@%r&%a%ﬁg w%%ﬂe%%t S e s Gty el iecine
ol ut | oaeme Eftﬁannkrgtﬁp on fsssl o Eend %aﬁ?f*ﬁ@@%&f@?‘gﬂi@%ﬁ%@ﬁ figeia=>=>
i ot 11 drtmee palatrBehR cedlionBhd Brve, et ShaRRE AR Fedetor
further H‘é@@ﬁr%%ﬁﬁhléﬁ@ﬁﬁﬁa%ﬂ flachBf caft Qfsb’H&Héﬁl t6 rR/ ferid) ghrﬁpif akggydrin

to the tiron, in t e present t he catal yst

used in 4 Beyd P @rarpéeﬁeéétab(%t% s esBNEd).ang étﬁﬂﬁéﬂi‘saétfﬁrémg RNNesHRRIRAL | 0N

is particularly done, where reacti on can snoothly proceed with an

oper at | QfhehhtidtabiicH ag afitioh, @egadﬁhggwashmbk\mlm wakdradndpentexizetionean be
excessively than usual ther, the nmethod can be a nethod where a

quat er anaﬁfrl@dﬂmmlUm:%aéﬁd Sifieln tﬁém‘t et trmmge/ treatrthei compddition of the reaction
t et ramet hyl ammoni um broni de or trinethyl benzyl anmoni um chl oride is added as

an cat almedu&tasmonuudelyehalhgedhe phenol resin mxture of the present

i nvention and epi hal ohydrin, the mxture is reacted at 50C to 150C for 0.5
to 8 hoybé28 obtain hal ohydri n-etherified phenol resin, thereto a solid or
an aqueous solution of an alkali netal hydroxjde is further added, ,and the -

mxture is ri#et eemaletippot eondansation reakton, e IteTidsgk B! Tesin mixture

dehydrohalogenatlon (rin clos

Pr ef er atstaself ki rb?Yn" %lkep%’ﬁl[??g%lﬂ%wy RewralizatipBnyashing with water,
pdf §§§Tb%we¢mﬁép@eﬁ?%h9ﬁk§w oVt gLt S F?%ﬁrﬁd e ritied ' "
Bbove. ad¥Erwey ABIdEIBAT HaaR iR %?%fﬁ*‘?ﬁb*”&?ﬁéﬁ%amﬁaﬂf‘e polygntysed
equi val f'ﬁ%?ﬂﬁ%ﬁé'ﬁ'ﬁ %BE&Qd%r@ss‘?ﬂ@' valent to 11 equivalents relative to 1

eqU|vaIe oXy "group 1n the phenol resin of the present
i nvention. |fp thsSpReRt ihbedtor?’ T R Y2UBIY Oprefdrfed il trafsfereast then rieikt h

aa onepoxidation reaction, a phenol resin mixture obtained by removing the acid catalyst
by neutralization, washing with water, and the like and then by removing the solvent
and the unreacted phenol without treatment of recrystallization after completion of
methylene cross-linking reaction.

The reaction liquid after completion of methylene cross-linking reaction can be
subsequently used in the next epoxidation process without removing the solvent and
the unreacted phenol, but in this case, an operation of treating alkali metal hydroxides,
such as sodium hydroxide and potassium hydroxide, with a base is necessary for

neutralization of the hydrogen halide and the acid catalyst used in the reaction. In

addition, this cannot be said to be particularly preferred because the unreacted



22 of a polar solvent, preferably an al cohol (for exanple, Cl-C4 al cohol
such as nethanol or ethanol), or an aprotic polar solvent (for exanple,

di mret hyl sul fone, dinmethyl sul foxide and the like) in order that the

reacti on snmoot hly proceeds. The use anmgnt of said polar solvent may be
appropriately sel ected between usually 2% by wei ght to 150% by wei ght
relative to the anount of epihal ohydrin, according to the kind of solvent
and the like. For exanple, when using an al cohol, its use anmount is usually
2% by weshghb! isareatBadbyitinepightoralmetirppr arfick iteeblike pepoxidelight to 15% by wei ght
relative to the amount of epihal ohydrin. In addition, when using an aprotic
pol ar sol verthe phena rasinanijurssefdhe peesgnt inventimeainggd agdesgitregralioveanl y
10% by wei ght to 140% by weight relative to the anmount of epihal ohydrin.
[0035] is a pheschresinimixkiral Whower skeael and) hinkenyl; amsi linkasy By xinaethvlehgi um

hydr oxi de, potassi um hydroxi de, rubidi um hydroxi de apd. . cesjum hy.dr oxi de,
and sodiaiessliing i IreUR ignchuiing SJARe mir\éﬁmérwﬁ%ﬁ%gmyb afq)ég%?c)l( by " gy
renmovi ng epi hal ohydrin,.the solvent and the |ike by heatin nder,, r ced
pressur gn%%@r"%é}ﬁ%l@"q%aﬂéaﬁﬂ%&ﬁ Qﬂ.ﬂﬁjc'?‘ Ig}kegp\qﬁhgéiph‘a?ﬁrﬁﬁd??@ﬁ? %t h
wat er or_w thout washi. it n_epox i ] t

vent | 6RO ERob B ytiterul 3siah P frferhl T BoBy 10Gn JBITRor e
resin m i ] es o] e h Lt deS: Pr r h

Coi 1 oot GeBHE b e Eaheby aRiiz8d0R: AP Enokd IsRE RS Mg s hom

t ol uene, | : vl ketone and the |ike, thereto an aqueous sol ution of
an al kal%dsﬁ;&eﬁiohﬁgg%%'de such as sodi um hydroxi de, potassi um hydroxi de or
the |i kﬁobgmadded to react with hydrol yzabl e hal ogen contained in the
reacti on product, and then the hydrol yzabl e hal ogen is renoved. By this

af ter-treat Mg pheh6! reBRxmiitiegdofthe fresentsinvensiton eptainBuktas deseribuddbafe

al kali nmetal hydroxide in this after-treatnent is usually 0.01 equival ent
to 0.3 ds ysbfteningpdintrof B5rtal857COaft ecnuinbet average niol2celquiveighdiof abeulat i ve
to 1 equivalent of the epoxy group in the reaction product. The tenperature
of this 380 tr 120@apneferablysabouia100ytos 0009 cfuttheCprefaratiye abeuk 450 o S5hwaNds
usually 0.5 hours to 2 hours. After this after-treatnent

oy, o wesas el 56 00 vt oGl T i
pr essur t0Q 2@ 8y ef%@b'%_ﬂh%‘g &PE taf1 400 fiyi e‘?f??qrﬁ_glg'rﬁ%"é‘ﬁ 5|5get8b1‘té§gr%ﬁ1.
escr | baBoshATSIRAR 2203kt &90nip ok b BetrETaL B (ERG: (e BAEgfuEe

EE ?}Lg égﬁa 858{ raf?‘:eﬁbﬁd{ RS %ﬁ“@%ﬁ@?ﬁ?‘%Hﬁﬁé%@z?gfggﬁ Bgé:i%a::yaggoa
to 1000, \ﬁqﬁgﬁgﬁg&?@;@géﬁ\?@l @E%tu@%é%gﬁ%élgtgg 1ta8(r?(}$&l%gtglgﬁ'eferablz about 600
to 850 and a‘gM@' (%@?grsﬁgg%@% %Uhgifre%ﬁt?me orAPHAB@P the BRERbI resin

pref erabl y about urther pretrerably about 1000 to 1600 and

nost  pr &hekare! ¥f Gﬁﬁlﬁreé&ﬁ()inwnﬁ&p%re aspridficied toehe F2-6P6 FA® aper thealiken
chromat ography). The epoxy equivalent is about 200 to 360 g/eq, preferably

about 238erRplfitd BERAY, Ajudgings fraph ether ahhlysisb eedulR50f tthe Jk@ctibr gproduct of
Representative chem cal structures of the epoxy resin m xture of the

present haluymethyatiar eactienpand thediiken HA-the farniias, nlissabdubddobid.ow. The
epoxy resin mxture of the present invention is a reactant of the phenol
resi n m xt ur hephehel pssmiktuienfdhe ipsesentdngiitionlis Byrdidure afifcsteaightrghains g
m xture of a straight-chain nolecule or a branched nolecule as is clear

fr om t hemblgcuie aea branghedoelanule,iasdsialear from, for example, the below-described

exemplification.
[0031]
(F2-1 to F2-3)



In this regard, n in the fornulas is the same as in the above F2-1 to F2-6.
[0038] (F3-1to F3-3) F3-1 F3-2 F3-3
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F2-1

F2-2

[0032]
(F2-4 to F2-6)



F3-6 26 As for the epoxy resin conposition of the present invention,
an optional other additional conmponent is not particularly limted as |ong
as the epoxy resin mxture of the present invention and a curing agent are
cont ai ned. For exanple, in the epgxy resin conposition of the present
i nvention, another epoxy resin can be used in conbination as one of

opti onal additional conponents other than the epoxy resin m xture of the
present invention. When using it in conbination, the ratio of the epoxy
resin mp4ire of the present invention in the whole epoxy resin is 30% by
wei ght or_npre, pref enabl y, lO@bby weight or less, nore preferably 40% by
wei ght or{" f ss, and further preferably 50% by

wei ght @m 0By SRt i In terns that the properties of
t he epox esin ‘ egen nvention, particularly excellent
flame retardancy and i [

product are fully achieved, esin mxture of the present
invention is preferably 60% by wei ght or nore, nore preferably 70% by

wei ght or nore, further preferably 80% by wei ght or nore and nobst
preferabh; 90% by weight or nore. The upper Iimt is up to 100% by wei ght.
[ 0041] (Iﬁﬁr epoxy resins which can be used in conbination with the
epoxy resin ni f the present invéntion include novol ak-type epoxy
resin, bisph resin, trlphenyl nethane-type epoxy resin and
the |ike. Seci filall solid or liquid epoxy resins of

gl ycidyl etherifjed product ofy ano conpounds having 2 to 4 hydroxy
groups {for exanple, bisphenol A ~bis nol F, bisphenol S, fluorenylidene
di phenol, terpene di phenol, 4,4'-bip Ql, 2,2'-biphenol,
3,3'-5,5'etranethy141,1'-biphenyl]-4, ‘-diol, hydroqui none, resorcin,
napht hal enedi ol , tris-(4-hydroxyphenyl)nethane, 1,1,2,2-tetrakis

(4- hydroxy)ethane); or glycidyl etherified products of polycondensates of
phenol s (sueh as phenol, al kyl-substituted phenol, naphthol,

al kyl - substi tut ed naphthol, dihydroxybenzene, di hydroxy naphthal ene) and
al dehydes or ket or their reactivity derivatives {for exanple,

f or mal dehyde, ghhenzal dehytle, p-hydroxybenzal dehyde,
2 ‘% ui! o
Ha
P

[

{0033}

Next, the epoxidation reaction fo obtain the epoxy resin mixture of the present
invention will be explained.

The epoxy resin mixture of the present invention is an epoxidized product of the
phenol resin mixture of the present invention obtained above and can be obtained by
epoxidation of said pheno! resin mixture by reaction with epihalohydrin in a
conventional manner. More specifically, the following method is included.

Preferable methods for epoxidation can include a method where the phenol
mgnMﬁmeﬁmem%aﬂhmeMsmmmdmmewwawmmﬂmpm%mmm
absence of a solvent and in the presence of an alkali metal hydroxide for glycidyl
etherification. In said method, the reaction temperature is usually about 10 to 100°C

and preferably about 30 to 90°C. The epoxidation reaction using said epihalohydrin



27 o- hydroxybenzal dehyde, p-hydroxyacet ophenone or o-hydroxyacet ophenone,
di cycl opent adi ene, furfural, 4,4'-bis(chloronethyl)-1, 1" -bi phenyl,

4, 4" -bi s(nnet hoxynet hyl )-1, 1' - bi phenyl , 1, 4- bi s(chl or onmet hyl ) benzene,

1, 4- bi s(met hoxynet hyl ) benzene, and they{ike), and glycidyl etherified
products of nodified products of said pol ycondensate; glycidyl etherified
products introduced from hal ogenat ed bi sphenols such as tetrabrono

bi sphenol A or al cohols; alicyclic epoxy resins; glycidyl am ne-type epoxy
resins; jdiygesdn @pbRidatiyR reBBRNY dedelibed iAr Japehdsck Pateritene. 394829.used
alone or in conmbination of 2 or nore kinds thereof. In addition, other
epoxy I efestepiriihotiiisclibed én Gaﬁaﬁ&eﬂ?eﬂerﬂ Latd>TOpenailo 02007-808842 A, andl n

t he epoxy resin conposition of the present invention, the phenol resin

m xt ur e gfusidmemptiegkent i nvention can be used as a curing agent, alone or in
conmbi nati on with another curing agent. Wen used in conbination, the ratio
of the phendh theséactimindbwbdaiofthe epopy essiniof thepraseohinventiors amhalkali matalng
agent is preferably 30% by weight or nore and particularly preferably 40%
by wei ghtydeoxidecan bEhésashae an|gawepus Sokiiomtherendi glit that case, mhaethnd RigYagent
used in the epoxy resin conposition of the present jnvention inc|ludes, for
exanpl e bexalba dised vwhein @, actsods selitian of saidalsali mesal iydrexide SeeRIEOUSihenol
conmpounds. and the |ike. Specific exanples thereqf, include am ne conpounds
such as addes t%ﬂ]epfﬁﬁwpﬂeﬁpw ‘wiles WeieAad ApiRAIRRY I AR ARG ARSI e
di anni nogi phenyl sul fone, isophoronedi am ne an i f bqorane- am

conpl ex;dqﬁﬁlﬁﬁenea%dﬁaﬁge‘iLﬂﬁsﬁléredioéy‘é'ﬁ Fafff 83%{]@%%3%%7“%@ ?(eggméﬂ'ﬁher
synt hesi zed f.r er. |ingleni ¢, acld. | enedi ani 08 i i de
compoundePeirae s el P betttitsl R FeghABIGn 6 e Rt U2
di anhydrj ma| el & yanhydri j ﬁ;%@dql

nmet hyl tegyrggenn)}'drLﬁé}ﬁ]‘g@?éﬂgﬁggreastﬁmwyﬁ’%%@tél ? y aﬁﬁgﬁﬁ?réne?r process
hexahydigpiat haoGed HhiChdrisins MHledd AR oparapin 3aldricdahy donéewnehadoirre

havi ng é to 4 hydroxy groups {bisphenol A bisphenol F, bi sphenol ,

f I uor enybhefdiecan BRfeBhly précamwithiapheseratiod of hebiraeioh, by2ading ap eticall |
3,3 -55-tetranet hyl4l, 1' - bi phenyl]-4,4'-diol, 28

hydr OqUirﬁétaﬁ?hEdmidﬁ more pREdetiveig than usudls- (4- hydr oxyphenyl ) met hane,
1,1,2,2-tetraki s (4-hydroxyphenyfl et hane}, pol ycondensates of phenols
(benzene or Fuantierh themetined cag be a mezhdy whexry agruaigmasy amnaaniphesalt such
al kyl -substituted phenol, naphthol, alkyl-substituted naphthol, |
di hydr oxashenieframethylammpniusny riperidel erfetramatoylamsyondye akromide  or
21 dehyddngiethbeniamaionimaere Aasiise o A) SEE YA BUyE! the phena

- hyd b | deh , 0-hyd b | deh - hyd t oph
R AT A M e Y o e e
o L ara0el g4t E R D G Ry O DRSS sIGHSRERCSnbficY BhaRsIbaf fHefeto a
4,4 -bi et h - . - D . - Al :
1 4 bi s TRRrO I acho i sbidien” o BRI metdr RGRCI IR aJEd e e |
pol yconqﬁB&%qg,regg@Hogg f@’@)fb“ 98 ¥ Pdutk %mcgll'ft@ 18 aeRdBhagenation

i m dazol es; 'guani dine derivatives; and the I1IKke, not ITmted thereto.
These myyingeidsipg).al one, or 2 or nore kinds thereof may be used.

[0034]

Preferable  epihalohydrin  includes  epichlorohydrin,  epibromohydrin,
epiiodohydrin,  beta-methylepichlorohydrin,  alpha-methylepichlorohydrin  and
gamma-methylepichlorohydrin, and industrially, epichlorohydrin is preferable.

The use amount of epihalohydrin used in the above-described epoxidation
reaction is usually 0.8 equivalent to 12 equivalents and preferably 0.9 equivalent to
11 equivalenis relative to 1 equivalent of the hydroxy group in the phenol resin of the

present invention. In this case, it is preferable to carry out the reaction with addition



Anong these curing agents, phenol conmpounds or am ne conpounds are
preferabl e, and phenol conpounds, also phenolic aral kyl resin or the phenol
resin m xture of the present invention are preferable. Mst preferable is
phenolic aral kyl resin. [0043] | nog he epoxy resin conposition of the
present invention, the use anount of the curing agent is preferably 0.7
equi valent to 1.2 equivalents as the equival ent of active groups reacting
with epoxy in the curing agent (the hydroxy group equivalent in the phenol
conpoungyragdpdiBe saieie, PreTuralRUry dicdHol i (fort BRampla)eCadPaaloshol swhatasve to
1 equival ent” of the epoxy group in the epoxy resin. If the active group
equi val gRéthafol lde éthéshcﬂ?] &g ent apradticessiat kalvedt {foraesamplentdimethyf sutfons, nor e
than 1.2 equivalents relative to 1 equivalent of the epoxy group, there is
a possi hjitiethyl$uifvixideuand ghée dikieh do mpdert that ihe redgtiagosnhopttdp gro¢asdsof Ther ed
products is not obtained in any case. [0044] In the epoxy resin conposition
of the prsesambunhokesaid pojartdudvantirsanbeleppropriatelysaledtad between ngually 2%
accel erator. Specific exanples of curing accelerators which can be used

i ncl ude hynwvelighb ke $58%dy weight nelative tantheaampunt of eginglphydimn Ascerdingto the
2-ethyl -4-nethylimdazole;, tertiary am nes such as . .

2- (di metkind afsalyantang thelike ol FerRikampled WhgR-USIng an @lepheldis irpagentis
phosphi nes such, as triphenyl phosphine; t al nds .such in .

et yI at aisusid 20h By el iripeine e tRraP i taveight s e Y reiaen
used, 0.1 pail, by weight to 5.0 rts by weight t Jel at] .

parts byel@VEHP %‘Ie ?H%UQE)@E)PW@B%’%% b8 %ﬁ)‘ﬁ{}%rbrpﬁéﬁ%"ﬁigg g@@g%oﬁ%ﬂ 0
necessity. 045 o he . y. i it

mventi et § Buysyaly &9 pb i SREB SR B waRESd pitfertby (el pEhtie.
accor di o i : i LC~f Tk } udes powder formnms of
crystal %qﬁlbwgﬁgt {%%tlvgﬁitbgfyrlg%%%rﬁgplliaﬁé%%d;ﬂcal ciumsilicate, calcium

car bonat[[g03§' |icon carbide, silicon nitride, boron nitride, zirconi a,
forsterite, steatite, spinet, titania, talc and the |ike, or beads where

these are spiggogikakdmetilt hydroxldemindddéd ditisilien hjkesddensobizinusiegtirakideg,
and 2 or nore kinds thereof  may be used. The content of these inorganic

fillers pstaSsitim Infdroyidaeirgbidiumr efdroxidey @00 dpsivmi hliptraxided Sty sodiught ,
nore preferably 50% by weight to 95% by wei ght, further preferably about
70% by vigjdybxidear@igsothysivmi lnydroxzide areqreferabler abl y 70% by wei ght to 90% by
wei ght relative to the total anobunt of the epoxy resin conposition. [0046]
Furt her [0836he epoxy resin conposition of the present invention, an

addi ti ve may_be added according to necessjity, .ing¢ludi | ubri cants ,such as
si | ane coupl Brigemgying egihalahyvdriacthe seiyen; and ﬂ%?cfﬁe %Yn%’@t@ﬂ dedyice

O eows SheCHosh i s HSin D o LR e Tl s o

L SRR bl SR o Ak ARBE GBSt B et e

resin (or itg BLERALYTE drdefth! §iI08 %l Epdd) retid HiikitFe With 1888 nybfor2dtfe
halogen, it is preferred that the collected epoxy resin mixture is dissclved in a solvent,
for example, toluene, methylisobutylketone and the like, thereto an aqueous solution
of an alkali metal hydroxide such as sodium hydroxide, potassium hydroxide or the
like is added to react with hydrolyzable halogen contained in the reaction product,
and then the hydrolyzable halogen is removed. By this after-treatment, the epoxy
ring can be also assured. The use amount of alkali metal hydroxide in this
after-treatment is usually 0.01 equivalent to 0.3 equivalent and preferably 0.05
equivalent to 0.2 equivalent relative to 1 equivalent of the epoxy group in the reaction
product. The temperature of this after-treatment is usually 50°C to 120°C and the

reaction time is usually 0.5 hours to 2 hours.



30 [0047] The preferabl e epoxy resin conposition of the present
invention is specifically shown as descri bed bel ow (1) An epoxy
resin conmposition containing the epoxy resin mxture of the present
invention and a curing agent, wherein bhe curing agent is contained in an
anount of 0.7 to 1.2 equivalents as the equivalent of the active group
reacting with the epoxy group in the curing agent relative to 1 equival ent
of the epoxy group in said epoxy resin, the epoxy resin mxture of the

present inveRkéothid afteRibaimast, by réﬁ‘uﬁ‘iﬁl%ﬂ’ie ploctfelysareby filtration8 Wshing
wei ght relative to the total anount of the epoxy resin conposition, and the

rest is gith QRiteRN@ thedikd aadafuripernbgnéigtiling away () sblvent byxiyeatiesj onder
conposition of the above (1), wherein the optional additional conponent is
an i nor gatuced préssureitle epokpiresid mirture of theipteseht BRemtign isesigthinetdo 95% by
wei ght and preterably 70% by weight to 90% by wei ght relative to the whole
vol ume dDOBRE epoxy resin conposition. (3) The epoxy resin

conposi tion according to the above (2), wherein the epoxy resin mxture of
the present The@pokymesis reiure afdhgmresentioventionebiginedras deseribadahoue
total anmount of the epoxy resin mxture of thg) gr esent inventi onbl?‘%the

i nor gani has alspéeningrppinief §Qta 793 prefaraplyard 5‘!@ apd more Prefo? . @poxy
ComponeriOs an (Harsersgrp.0F 1a 03B R an PreiREpal DIt ALERTS anflghore "™
whol o vareraragly CBYER AP s A iSR! Pyraot molbciBy WRrtg3bbiFadfs "
Fearn: m 14T FEEERR GG HD RTaRD bhheR Iforddy it oo #7608 by figsEER
an 1C Vé)r%ﬁ%hfyg%@ut%d&ﬁot Pafldl & ﬁem e W&I%‘éﬁé@?@ig@%b?ﬁ%&r goBtPNt

of 400 t a wei ght average ecu to 2000 as

d i : .
eterm rﬁfbd%i)rg%g%tﬁlg?gggg?ﬁa%'mé)gm%@tmafé:\my)am@tldoeo t6AGYY Aidlineat ent

of 200 to 36 e epoxy fesin conpositions according

to the gheydabll) dwbut5ro0ohasei1500)€ as3ldeteminetetiyn GPT u(gel opetrheativresent
invention is an epoxy resin m xture obtai ned by epoxidation of a phenol

resi n mefirshratedraphyed The epdty bquiealend ssabout200ta 868 biey puéfesablpaboubn
product, which 1s obtained by hal onethylation reaction of biphenyl and

cont ai ns2H D6 340 giecearmch thdst psefetably aboub25bics8H0 gfest.hyl bi phenyl and 15 to
30% of the total of tri(halonet h%/l ) bi phenyl and tetra(hal onet h*l@)jbi phenyl
as the rati oRepteseintaiveochersicahsireciuses of dhe mpodYy desinsmidursr af fdpwpeat: Vs
(GC area ratio) and other side products as the rest, wth phenol. |

invention are exemplified in F3-1 to F3-6 described below. The epoxy resin mixiure

of the present invention is a reactant of the phenol resin mixture of the present

invention and epihalohydrin, whereby it is a mixture of a straight-chain molecule or a

branched molecule as is clear from the below-described exemplification.

in this regard, n in the formulas is the same as in the above F2-1 to F2-6.
[0038]

(F3-1 to F3-3)



(7) The epoxy resin conposition according to the above (6), wherein the
phenol resin m xture has a softening point of 65 to 85C, a nunber average
nol ecul ar wei ght of 350 to 1200 and a wei ght average nol ecul ar wei ght of
400 to 2000 as determ ned by GPO (gel ggerneation chromatography), and an OH

equi val ent of 160 to 250 g/eq. (8) The epoxy resin conpositions
according to the above (1) to (7), wherein the curing agent is a phenol
conmpound. [ 0049] The epoxy resin conposition of the present invention

IS obtabﬁgd by uniformy mxing an epoxy resin m xture of the present

i nventi 3 curing agent and an optional additional conmponent. The epoxy
resin conposition of the present invention can be easily cured into a cured
product thereof by a manner simlar to a conventionally known nanner.

More specifical first, for exanple, an epoxy resin mxture of the
present inve i a curing agent, and if needed, an optional additiona
conponent sel ect ed fronlthe group consisting of a
curing acq , a coupling agent and a | ubricant,
and the |i ni form zed using, for exanple, an

ext ruder, ke to@i=ve[28r@xyHresi n conposi tion
I’'y, the obtai ned>epOxy resin
conposition can e nelted and then lhded enpl oyi ng a“éast nol di ng or
transfer nol ding machine, an injection nolding machi ne, a casting nmachi ne
and the like, and further preferably heated at 80 to 200C for 2 to 16 hours
for post-cure to give a cured product of the epoxy resin conposition of the
pr esent qngggtion. 32 [ 0050] In addition, it is also possible that
the epoxy Tesin conpositipn of the present \invention is nelted by heating
or said epoxy resin o6np sition is mxed wiyh a solvent so that the
viscosity is reduced,) arnd n a substrate such as gl ass

i fiber, alum na fiber, paper

or the like and seridrj 1t ilh'a prepreg, which is hot
press nol ded to obt =i The above-descri bed sol vent
can include solvents su¢h as arona $¢l vents such as toluene and

xyl ene; ket one-type sol S nmet hyl ethyl ketone and

met hyl i sobutyl ketone; ' / 3ol vent's fsuch as N, N-di net hyl f or mam de,

N, N- di met hyl acet oam de a y zwl i di none; sul fone-type
sol vents such as di nnethyl sul foxide and tetranethyl ene sul phone;

| actamtype sol vents such as N-nethyl pyrrolidone; |actone-type solvents
such as ganma- but yrol actone; ether-type solvents such as diethyl ene glycol
di met hyl ether, diethylene glycol diethyl ether, propylene glycol
nDnonEthYP‘ er, propylene glycol nononnethyl ether nonoacetate and

propyl ene gl ycol nonobutyl ether; and the |ike. [0051] The sol vent
used above may be a single g ent or also a mxed solvent of 2 or more

ki nds. In addition, when/m ©& vent as\described above, it is used in
an anount of usually 10Y% pet/ght to 70% by \wei ght and preferably 15% by
wei ght to 70% by wei @@ [Fetative to the total {amount of the mixture of the
epoxy resin conposition of ' i nventilon and sai d sol vent. The
above-descri bed prepreg I O3 jjred formand, if needed,

| am nated with cop vy ' 3 cured by heating under

i ncreased pressure ess nol di ng net hod, the

'éo nmol di ng method to give a

: sheet having said cured

i ble thatiha circuit is fornmed on a

| am nated on the surface, and the

oil are |lam nated thereon, otherw se

product. In addition, it F&$
| ani nat ed sheet where coppe ol
above-descri bed prepreg and coppe

[0039]
(F3-4 to F3-6)



33 copper foil or the like having the above-described prepreg is | am nated
thereon to forma circuit, and according to necessity, the operation is
repeated to obtain a nmultilayered circuit substrate. [0052]

Sem conduct or devi ces which can be progiuced by sealing a sem conductor

el ement (sem conductor tip) with the epoxy resin conposition of the present
i nvention include, for exanple, DI P (dual inline package), QFP (quad fl at
package), BOA (ball grid array), CSP (chip size package), SOP (snall
outline package), TSOP (thin small outline package), TQFP (thin quad fl at
package) Jamd-dhe like. In addition, in the field of optical sem conductor,
products are included where an optical sem conductor el enent (sem conductor
tip) is sealed; such as light-emstting di ode/(LED), phototransystor, CCD

(charge caup! EPROM su&h as and the |ike. Yy 0053]

The epoxy osition of thel presegnt {nyention can be used as a
phot o- he esin_cepppsit i ¢0fY qging an
et hyl eni 2gro 2] S a
conpound~ha¥i ITg “an et hyl eni ca éLrab an aqueous
al kali-solublk resin (Aand further a crqss-1Iinking EQ: and a

phot opol yner i I}

t

ation initiator (Q? s an optional a al onent in
t he epoxy resin conposition of tHe present |nvgﬂ§Lq§éF§Z In stich a
phot o- curabl e resin conposition, the content\of thewepgxy resip gixture of
the present invention is usually 1% by weight to 50% by wei ght' and
pr ef er abl ﬁg@?y wei ght to 30% by weight as an internal ratio. Each
conmponent he like in the photo-curable resin conposition containing
the epoxy resin mxture of the present invention will be nore specifically
expl ai ned bel ow. ,[ 0054] Aqueous al kali-soluble resin (A); for exanple,
reaction pr@@ucts of, with 34 polybasic acid anhydride, an epoxy
car boxyl at e{ conpo gbt ai ned by reaction of an epoxy compound having 2 or

; O
Iin

oyps tthe nol ecul e with a nonocarboxw i c acid conmpound
| enkeg) cule, or the like,
VoA pdi n -1169H, KAYARAD
TCR- 1310H, KAYARAD ZFR-1 hich are al
manuf act ured by N ppon Kay [ 0055]

F3-6

[0040]

Next, the epoxy resin composition of the present invention will be explained.



Cross-1inking agent (B); conpounds having an ethylenically unsaturated
group, for exanple, acrylate, nethacrylate conpounds and the I|ike,
specifically including KAYARAD HX- 220, KAYARAD HX- 620, KAYARAD DPHA and
KAYARAD DPCA- 60 (which are all manufactyred by N ppon Kayaku Co., Ltd.),
and the |ike. [0056] Phot opol ynerization initiator (C); for exanple,
benzoi ns, acetophenones, anthraqui nones, thioxanthones, ketals,
benzophenones, phosphine oxides and the |ike, specifically including

KAYACURE DETXs %r&ﬁ%“mé%gﬁé %é?ﬂc@hﬁp%ﬂ%ﬂ%ﬁﬁ&%ﬁ(;rg%gﬂ- invedtibn), .an GsSAdRBtRA7

(G ba Specialt) als and the Iike. [0 Further according to
necessi téﬁqitvcﬂfdl Qufpiieht is\itst pdraculam@mRiited dd lo!n??és & rledircmildarial ofm
sul fate, al um num hydroxi de, ‘al um num oxi de, silica and clay;

t hi xot r Ry praPaitlihvihtidaeMdsa sUahg ageheaestdntaipedor ants such as
pht hal ocyani ne bl ue, phthal ocyani ne green and titanium oxide; silicone or

fl uorine-typeor @Xﬁhﬁlﬁgimﬂmﬁépomncbsitmtdohqmsitm afgtmet prespot iwenticrgtanather

i nhi bitors such as hydroqui none and hydroqui none nononet hyl ether; and the
| i ke carepoxyamdedcaobet bsedin posbimdtiamas eneng§ optiorsl dditidngt eampesents t he
conposition. [0058] The phot o-curabl e resin_conposition can _contain a
sol vent atheotiamdhe cepaxyesasin ymixtirgbpk tee| presert inventigs, Véiereuging & in
ketones such as acetone, nethyl ethy| ketone aﬁd cycl oghexanone; aroHat?Lc
car bon rgammbingtior, tha ratic pbiheceroxy resinanituegfd %Pégﬁﬁﬁté'ﬂ‘f%?\?f‘ﬂwh%‘é’ P¥ne;

§{ ZEEL: " oS éﬁﬁl “élvéil“ %erréﬁ'ree?&a%‘?érgﬁtye?&% by oeBheY egre iore™”
d ”E i Irﬁrﬁe e%pwte{d"fé&yyvg%lﬁﬁt %rs%?e?%lenﬁa P b el s, LAY BE o)

car bi T ol S IREVBIoR, PE e AL G FwRERL B sy i re AR IR iR 61
di al kyl ’théu%’w Credfi] Bt HRd LA iBhoR] Pftidulafly GBI Hanesuch
as ganmma- pbut’yrof actone; petrol eum solvents such as petrol’eum et her,

petrol ew&%@gﬁ%ﬂ%ndh%rﬁg%@ §ﬂ)r§§é it ddRilsh B caRidY priduceRiné gy and

the like, ese e used alone or 1 n conbination of 2 or nore kinds

t her eof . 3dfIORR, the epdlie rédietmn@reabl ehd grésertonpentidn @ peefetatilyinss the
epoxy resin mxture of 'the present invention is useful as an interlayer

i nsul at i weightbe maere, alorelprefarably 798 riysweight oranbes furtiesi prederbbly 8% mal
wavegui de connecting optical conponents and for printed substrates, and as
a resi stweightor alorefandavest prefesably®0% dy wéight anmhore, able upper limit ésawp e
used as a color filter, a printing ink, a sealant, a paint, a coating agent
and an ath%ibyeweigh60]

[0041]

Other epoxy resins which can be used in combination with the epoxy resin
mixture of the present invention include novolak-type epoxy resin, bisphenol A-type
epoxy resin, triphenylmethane-type epoxy resin and the like.

Specifically, it includes solid or liquid epoxy resins of glycidyl etherified products
of aromatic compounds having 2 to 4 hydroxy groups {for example, bisphenol A,
bisphenol F, bisphenol S, fluorenylidene diphenol, terpene diphenol, 4,4’-biphenol,
2,2-biphenol, 3,3-5,5"-tetramethyl-{1,1’-biphenyl]-4,4’-diol, hydroquinone, resorcin,
naphthalenediol, tris-(4-hydroxyphenyl)methane, 1,1,2,2-tetrakis (4-hydroxy)ethane};
or glycidyl etherified products of polycondensates of phenols (such as phenol,
alkyl-substituted phenol, naphthol, alkyl-substituted naphthol, dihydroxybenzene,
“dihydroxy naphthalene) and aldehydes or ketones, or their reactivity derivatives {for

example, formaldehyde, acetoaldehyde, benzaldehyde, p-hydroxybenzaldehyde,



The photo-curable resin conposition containing the epoxy resin m xture of
the present invention can be cured by irradiation of energy ray such as
ultraviolet ray and the like. Curing by irradiation of energy ray such as
ultraviolet ray and the |Iike can be cagfied out in a conventional nmanner.
For exanple, when ultraviolet ray is irradiated, an ultraviol et
ray-generating apparatus may be used, such as |ow pressure nercury |anp,

hi gh pressure nmercury |anp, ultrahigh pressure nmercury |anp, xenon |anp and
ul travi %'-ﬁ%cfrbi‘ybé‘rfﬂa‘idél'ﬁfge! asghylFdsyAceRPREAOIET bAses-hydidk9addtophenorige
phot o- curabl e Tesin conpositioh containing the epoxy resin mxture of the
present gigesBdribadiefieut i | 1 zed fhffuralf or  exanpd ¢-big{ahtdroeth)-d¢cthiptienyl,
optical base materials such as printed substrate, optoel ectronic substrate
and opt ig4ilhis@hsthorymetrad-p1rbiphenylf i | m an i nt ef Hebig(chionsmetiyilibgnzenser i al
for the build-up construction nmethod and an optical waveguide. Specific

pr oduct g, 4dis(eatheeenethgbereentoranek tpllike}, a6 glvaidyl eetberified puaduats of

el ectric appliances, nobile devices and the |ike. Specifically, when a

pri nt ed medified productscohsaigupplygoadensaiee alysidyt wtherdiads prrdusts datipdigedsi ng
a liquid resin conposition for exanple, firstly a printed wri oard is
coat ed iiam halegriaied bispbleaclsesuch @snighabraran tisphemohhgr ?&@&%&W%’é’i n of
the present invention, in a filmthickness of 5 a nmet.hod such

, 60 b

hs t he. SETOEISH ORI BrIBE YR EPORY Asse: BWAIAY] RESFSTTS BEafY FEtctiod.
th | ect rost at | ti t t.h .t al | t
coati ng the ke: < Thpre day e, doed Aipnaonis comindigh GrEot Apf Fd tnefBh, Y

f ' £l After. th ' i ol et

and 't he SHHBTE Ather Srstyiracigh dther Mol tneE b s s W ERpRinatidr BV OL P TR
strengt ZO %]tjsual l'y about 10 to 2000 mJ/cnci 2 through a photonask where an
exposur g% ern such as negative filmis forned, and the unexposed part is

devel oped U5|in”:ﬂe§e|§i%éﬂ?é/ﬁh eeﬁ{pogﬁiahi dﬁ@% prédedtt ifkentibA! theXphERbEreskPmMBtiRg,

oscillating 1T nme l'ushing, scrubbing or the Iike. After that,

ultravi Qifetperpaééerﬁrimémrohwn bé UadHaisesl cafRgadient dienaec #scompination with
subsequently heat treatnent is carried out at a tenperature of usually 100

to 200C sher elinngigent40WHenl88&dtin obrhbinationpthentrativ afrthegphersol drelsvi ng
a permanent protective filmwhich is excellent in gold plating properties
and sat irafxdwe ofahé prssept pventior in thecwhale durinig agssit & prederablyodQé iy weight
resi'stance, acid resistance, adhesion properties and flexibility. HOO?Z]

As the ajraneralasd patidlatvpreterably 40f6dnuweighbpymeare. alfRalupRer dgitds 188% such
as potassi um hydroxi de, sodi um hydroxi de, sodi um carbonate, potassium

car bonatley, weightum hydr ogen carbonate, potassi um hydrogen carbonate, sodi um
phosphat e and potassiun1gggs hate, and aquyeous organic, al kaline sol utions

such as t et r BR@OGHING AGRHA Ui Y the £PRYY re B CBRRA ‘% eLRﬁe_ﬁ%tr'(S'X?B on
ST KAl e e TR
| nventi Ogo%mbclnl.lxncs)s? ﬁén%l Sc%%:ﬂmc];dn%%l !slxdefﬁgl ﬁlié?edsﬁ%éiﬁb e%mples thereof include
amine compounds such as diaminodiphenylmethane, diethylenetriamine,
triethylenetetramine, diaminodiphenylsulfone, isophoronediamine and
trifluoroborane-amine complex; amide compounds such as dicyandiamide and
polyamide resin synthesized from dimer linolenic acid and ethylenediamine; acid
anhydride compounds such as phthalic anhydride, trimellitic anhydride, pyromeliitic
dianhydride, maleic anhydride, tetrahydrophthalic anhydride,
methyltetrahydrophthalic acid anhydride, nadic methyl anhydride, hexahydrophthalic
anhydride, metylhexahydrophthalic anhydride; phenols having 2 to 4 hydroxy groups
{bispheno! A, bisphenol F, bisphenol S, fluorenylidene diphenol, terpene diphenol,
4,4’-biphenol, 2,2'-biphenol, 3,3-5,5'-tetramethyl-[1,1’-biphenyl]-4,4'-diol,



reference to Exanples. In this regard, the resin physical properties
descri bed bel ow were nmeasured by followi ng method. Measurenent of

softeni ng point: Measured by a method accordance with JI' S K-7234.

Measur enent by GC-Ms (gas chromat ograpQ mass spectronetry): Mdel: 5975

I nert MSD (nmenufactured by Agilent); ?urm: HP-5 M5 15 m0.25 nm 0. 25 pm
Carrier gas: Helium1.0 rnUrnin (constant flow node); Oven: 50C (2
mn)-10C/ m n-300C (23 mn); Injection: 1 pl, Split (30:1), 300C, 1lon

s SpealgRY, o SN, RIS, Lt R mgagmomenans.y

Accel er af i 3% Yot 4189%4-ngBrdkYphenylethane}, polycondensates of phenols (benzene or
naphthalene having 1 to 2 hydroxy groups such as phenol, alkyl-substituted phenol,
naphthol, alkyl-substituted naphthol, dihydroxybenzene and dihydroxy naphthaiene,
which may have an alkyl-substitution, and the alkyl group is preferably C1-C4 alkyl)
and aldehyde or ketone {formaldehyde, acetoaldehyde, benzaldehyde,
p-hydroxybenzaldehyde, o-hydroxybenzaldehyde, p-hydroxyacetophenone,
o-hydroxyacetophenone}, or polycondensates of the above-described phenols and
reactivity derivatives of aldehyde or ketone {dicyclopentadiene, furfural,
4.4'-bis(chloromethyl)-1,1’-biphenyl, 4.4 -bis(methoxymethyl)-1,1’-biphenyl,
1,4-bis(chIoromethyl)beniene, 1,4-bis(methoxymethyl)benzene and the like}, and
modified products of these polycondensates, phenol compounds such as tetrabromo
bisphenol A; imidazoles; guanidine derivatives; and the like, but not limited thereto.

These may be used alone, or 2 or more kinds thereof may be used.

Among these curing agents, phenol compounds or amine compounds are
preferable, and phenol compounds, also phenolic aralkyl resin or the phenol resin
mixture of the present invention are preferable. Most preferable is phenolic aralkyl
resin.

[0043]

In the epoxy resin composition of the present invention, the use amount of the
curing agent is preferably 0.7 equivalent to 1.2 equivalents as the equivalent of active
groups reacting with epoxy in the curing agent (the hydroxy group equivalent in the
phenol compound and the amino group equivalent in the amine compound), relative
to 1 equivalent of the epoxy group in the epoxy resin. If the active group equivalent
in the curing agent is less than 0.7 equivalent or if it is more than 1.2 equivalents
relative to 1 equivalent of the epoxy group, there is a possibility that curing is
incomplete, whereby good properties of cured products is not obtained in any case.
[0044] |

In the epoxy resin composition of the present invention, there is no harm in



Working distance: 10 nm Measurenment of nunber average nol ecul ar wei ght
and wei ght average nol ecul ar wei ght by GPO (gel perneation chromatography):
Col um: Shodex KF-801, KF-802, KF-802.5 and KF-803 nanufactured by Showa
Denko K K.; Columm tenperature: 40C, Iggection volume: 0.02 ni; Delivered
volume of fluid: 1.0 nnlimn; Detector: RI; Solvent: tetrahydrofuran.
Measur enment of viscosity: Measured at 150C using an |ICl visconeter

(manuf actured by K K Codi x). Measurenent of OH equival ent: Average nass

QEZ‘B%aﬁ%mﬁ‘Pﬁ“ﬁ*@sﬂ%&%@ ogRecifisSexHpAsies o ddving tRcareatokahinich o@i hed in
used include imidazoles such as 2-methylimidazole, 2-ethylimidazole and
2-ethyl-4-methylimidazole; tertiary amines such as 2-(dimethylaminomethyl)phenol
and 1,8-diaza-bicyclo(5,4,0)undecene-7; phosphines such as friphenylphosphine;
metal compounds such as tin octylate; and the like. The curing accelerator may be
not used, but when used, 0.1 part by weight to 5.0 parts by weight thereof relative to
100 parts by weight of the epoxy resin can be appropriately used according to
necessity.

[0045]

In the epoxy resin composition of the present invention, an inorganic filler (also
referred to as filler) can be added according to necessity. The inorganic filler
includes powder forms of crystals silica, molten silica, alumina, zircon, calcium
silicate, calcium carbonate, silicon carbide, silicon nitride, boron nitride, zirconia,
forsterite, steatite, spinel, titania, talc and the like, or beads where these are
spheronized, but not limited thereto. These may be used alone, and 2 or more kinds
thereof may be used. The content of these inorganic fillers is 0 to 95% by weight,
preferably 20% by weight to 95% by weight, more preferably 50% by weight to 95%
by weight, further preferably about 70% by weight to 95% by weight and most
preferably 70% by weight to 90% by weight relative to the total amount of the epoxy
resin composition.

[0046]

Further in the epoxy resin composition of the present invention, an additive may
be added according to necessity, including lubricants such as silane coupling agent,
stearic acid, palmitic acid, zinc stearate and calcium stearate; colorants such as
carbon black, phthalocyanine blue and phthalocyanine green; resins such as
polybutadiene and modified one, modified one of acrylonitrile copolymer,
polyphenylene ether, polystyrene, polyethylene, polyimide, fluorine resin,
maleimide-type compound, cyanate resin (or its prepolymer), silicone gel and silicone

oil; and the like.



Measur enent of epoxy equival ent: Average mass nunber of conpound per epoxy
group, neasured in accordance with JIS K-7236. DMA (dynam ¢ nmechani ca

anal ysis) analysis: Storage el astic nodulus nmeasured at Tg and 250C using a
frequency of 10 Hz by DVA 2980 (dynamni gymechanical anal ysis nachine)

manuf actured by TA Instrunents. [0064] %xanple 1 (1) Chloronethylation
reacti on of biphenyl To a gl ass-nade 300 nL flask equi pped with a
stirrer, a thernmoneter and a cool er, 200 nL of cycl ohexane, 77.05 g of

bi phenyling8a. 55 g of paraformal dehyde and 46.38 g of zinc chloride were
added. Jﬂl| vigorously stirring them hydrogen chloride gas was strongly

bl own t her ei Th@peeferisd ePourésintompasitor offtge pesEent flentions specifivdliyl e,
the liquid tenperature was mai ntained at 50C. Further, the liquid

t enper atghogvn\as desewbseibdlgw30C, hydrogen chl oride gas was bl own for 24
hours and the reaction was continued to obtain a reaction quui d. A

smal | anount(1pf At hepadyt edsire dconepadifiom ddntainihgwites teploay resin anstunefuthed as
a di chl oronmet hane solution by GCG-M5. As a result, 2.5% of ) ]

nmono( chlpreserd imyehtidrpaedya curing Bgest, whetgin dhe tringl agerihs repntainad awAer
tri(chloronethyl)biphenyl and 5.8% of tetra(chloronethyl)biphenyl wer

det ect ecamountaefl).7i tonl.2enuivalentssasithepeadivalest of Ha ackiun gy reacting wit
above-descri bed ni ono(chl oromet hy i phen\éql?) 0. 3%| of

pent a( cHheepRxY BFPydIHheRurindResnt selaya i hegalenthef s ePeforeupdp spid
b1 Schl orSBY RSl 6 RO FST ROTRANG Rpee ALPRTicRYeRinn i onaings ML AN; e
70Ut B 59 GEURGIR P BEUBE TS e LR ELFE ot
For TR HLSupRR i 1B b Up RN o BhEAC P  L0LP2
Lo, oo S OB, FeRE CORPURAGREEPNG o S0 bmpm offore
wi t h phefflitional component is an inorganic filler and contained in an amount of 50% by
weight to 95% by weight and preferably 70% by weight to 90% by weight relative to
the whole volume of the epoxy resin compoaosition.

(3) The epoxy resin composition according to the above (2), wherein the epoxy
resin mixture of the present invention is 5% by weight to 30% by weight relative to the
total amount of the epoxy resin mixture of the present invention and the inorganic filler,
and the rest is an inorganic filler.

(4) The epoxy resin compositions of the above (1) to (3), wherein the optional

~ additional component is either or both of a lubricant and a coupling agent and
contained in an amount of 0.05% by weight to 1% by weight relative to the whole
volume of the epoxy resin composition.

(5) The epoxy resin composition according to any one of the above (1) to (4),
wherein the epoxy resin mixture of the present invention has a softening point of 52 to
65°C, an ICI viscosity of 0.04 to 0.40 Pa-s, a number average molecular weight of
400 to 1200 and a weight average molecular weight of 800 to 2000 as determined by
GPC (gel permeation chromatography), and an epoxy equivalent of 200 to 360 g/eq.
[0048]

(6) The epoxy resin compositions according to the above (1) to (5), wherein the



Subsequently, to the reaction liquid obtained in the above-described (1),
157.77 g of phenol was added, and the m xture was stirred at room
tenperature for 2 hours. After degassing of the reaction container was
carried out, the tenperature was raisegjto 180C under reduced pressure over
10 hours, and cycl ohexane as a sol vent and unreacted phenol were distlled
away. As a result, 181.5 g of a phenol resin mxture of the present

i nventi on was obtained. Said resin m xture had a softening point of 74.9C,
a _nU”berep%Mgrr@gﬁh m&t@@bﬁmeﬂgr@bht aiveption 9 dincepeiyd Mesimnsikiage obtdiesd bgr

wei ght of 639 as determ ned by GPC (gel perneation chromatography), and an
OH equi woxftiatioh of Ebplegrex resin mixflite obtaiped ibyimethgfensairdsplieking reaction of

m xture is estinmated that the conponent from bischl oronnethyl biphenyl (the
above F2r tadtion7@fdduch evitiohis rabiainkddoy halarhétbylation glactivm & ijphenyha@ndbove
F2-2) is 15% the conponent fromtetrachl oronet h%/I bi phenyl (the above
F2- 3) i copleins 600 hemore apdiess thant 8% £ bishaiumathykbipbenyargl thitp 866 ofi ke)
is 7% | udc};i ng fromthe conposition of the chloronmethylation reaction

product the teiaprbirithaleptaihyipheny raddsathalemethyhbiphenyl as disstioselatyee 2
Synt hesi s of resin mxture . Tg a -jade 300.nL f k egui pped
W th e doithe whoreeastenpraat 28 determingd by CEMS (losrediat Sranbiheesie ©
m xture of tk&gﬂprgsent ir.1I ention obtained in Exanple 1, 52.0 g of

epi chl ofSAYYGES @S tae gegh. Witn g yl sul foxi de and 12.3 g of a 30 wt.% aqueous

S0 Uyt o S| B oS AR U TS LA
t her et 0{Bgnﬁgfé&@%%a%dé’é%&ﬂﬂ%%ﬂntﬁ?%5%@5%??%% r'cﬁjvi%fﬁjgé"ﬁ'lofe%gﬁr‘%ei&hﬂﬂ'our S

and at hour. resulting reaction 11

nnet hy! i srajagf ! yiéﬁflj&\%rhaé_rﬁéle&?aPWei@ﬂ%fWﬂﬁloW ad\@étendiiird t o

carry out water-washi ng quid-lTiquid 40 separation. To the obtained

or gani ¢ BageG (gl %rrﬁeﬁﬁorﬁc%mﬁto%t’a?tﬂwg,% &0 GH aqbivelept bf €66 & 850 greqier e

added, and the m xture was stirre OC for 1 hour. Likew se described

above, wat er(g)ahii epbxyrebinatoripbsitionslaseardingt tocthe sovedt) toe@) onberefrathe  The

resulting reaction liquid was condensed to obtain 20.5 g of an epoxy resin

m Xt ur e cufringhegent ésa phenalveorhpound. The obtained resin mxture had a

softening point of 57.6C, an ICl viscosity of 0.11 Pa s, an epoxy

equi val @049F 292 g/eq, and a nunber average nol ecul ar weight of 668 and a

wei ght average nol ecul ar wei ght of 1187 as determ ned % GPC ;}gel .

per meati on chi®@REEY resinpempositionrabthen pfasent inengipn Jaoptaines Py runiformly

m xture is_estimated that .the conponent from bischloronnethyl biphenyl

(F3- 1) imIXiNB,EN SREXY. BRIb MK PLIMBRTESRMIPFRIGN, B BT GEHIENt PR 25)0REONak o,

the conmpopgnt fromtetrachloronnethyl. biphenyl (E3-3) is 69 t her,

conponeridiangl 5SMpenent -t e SAEKY fhsin BRBPERtioniaT e ersyt iR L3R be

conposi ti on of hLo t j [ : LPOSTEN; i ned

in the a%ﬁ%-%é@ﬁpt%e% cEL%rg ;{}éh@% %ré&aﬁ)t? & Pné?{n%qqﬁﬁ*ulglf tcpa ntIBHéIW
known manner.

More specifically, first, for example, an epoxy resin mixture of the present
invention and a curing agent, and if needed, an optional additional component (for
example, a component selected from the group consisting of a curing accelerator, an
inorganic filler, a coupling agent and a lubricant, and the like) are mixed enough to be
uniformized using, for example, an extruder, a kneader, a roll and the like to give a
epoxy resin composition of the present invention. Subsequently, the obtained epoxy
resin composition can be melted and then molded employing a cast molding or
transfer molding machine, an injection molding machine, a casting machine and the

like, and further preferably heated at 80 to 200°C for 2 to 16 hours for post-cure to

give a cured product of the epoxy resin composition of the present invention.



Exanpl e 3 and Conparative Exanple 1 Preparation of flame retardant resin
conposi tion and eval uation of cured product thereof Usi ng t he epoxy
resin mxture of the present invention obtained in Exanple 2 or
phenol - bi phenyl aral kyl -based epoxy regjn NC-3000 (having a softening point
of 57.4C, an ICl viscosity of 0.08 Pa s, an epoxy equivalent of 277 g/eq,
and a nunber average nol ecul ar wei ght of 793 and a wei ght average nol ecul ar
wei ght of 1229 as determ ned by GPC) nanufactured by N ppon Kayaku Co.,

Ltd. as[ggg@prative Exanple, a flane retardant resin conposition having the
conposi tion 'shown in Table 1 described bel ow was prepared and nol ded at

175231%( : t riangdditionTat [ Qﬁogﬁsﬂﬂe that thiet epoxyeresin edmposifioatof theqassertiabl e

npl e 3Conparative anpl e 1 Epoxy resin(Epoxy resin m xture of

Exanpl e igydntion3808dlted By héatintpoCeaid mpoay eedin CEhPoBitionds eniged withg solvent
so that the viscosity is reduced, and it is impregnated in a substrate such as glass
fiber, Carbon fiber, polyester fiber, polyamide fiber, alumina fiber, paper or the like
and semidried by heating to obtain a prepreg, which is hot press molded to obtain a
cured product thereof. The above-described solvent can include solvents such as
aromatic-type solvents such as toluene and xylene; ketone-type solvents such as
acetone, methyl ethyl ketone and methyl isobutyl ketone; amide-type solvents such
as N,N-dimethylformamide, N,N-dimethylacetoamide and
N,N-dimethylimidazolidinone; sulfone-type solvents such as dimethyl sulfoxide and
tetramrethylene sulphone; lactam-type solvents such as N-methylpyrrolidone;
lactone-type solvents such as gamma-butyrolactone; ether-type solvents such as
diethylene glycol dimethyl ether, diethylene glycol diethy! ether, propylene glycol
monomethy! ether, propylene glycol monomethyl ether monoacetate and propylene
glycol monobutyl ether; and the like.
[0051]

The solvent used above may be a single solvent or also a mixed solvent of 2 or
more kinds. In addition, when mixing a solvent as described above, it is used in an
“amount of usually 10% by weight to 70% by weight and preferably 15% by weight to
70% by weight relative to the total amount of the mixture of the epoxy resin
composition of the present invention and said solvent.

The above-described prepreg can be cut into a desired form and, if needed,
laminated with copper foil or the like, and then cured by heating under increased
pressure in a method such as the press molding method, the autoclave molding
method and the sheet-winding molding method to give a cured product of the prepreg
or a laminated sheet having said cured product. In addition, it is also possible that a
circuit is formed on a laminated sheet where copper foil is laminated on the surface,

and the above-described prepreg and copper foil are laminated thereon, otherwise



Curing catalyst (TPP) 0.105 g 0.105 g Filler (MSR-2212) 50.2g 51.2g
Lubricant (Carnauba 1) 0.18 g 0.19 g Coupling agent (KBM 303) 0.20 g 0.20 ¢

33

copper foil or the like having the above-described prepreg is laminated thereon to
form a circuit, and according to necessity, the operation is repeated to obtain a
multilayered circuit substrate.

[0052]

Semiconductor devices which can be produced by sealing a semiconductor
element (semiconductor tip) with the epoxy resin composition of the present invention
include, for example, DIP (dual inline package), QFP (quad fiat package), BGA (ball
grid array), CSP (chip size package), SOP (small outline package), TSOP (thin small
outline package), TQFP (thin quad flat package) and the like. In addition, in the field
of optical semiconductor, products are included where an optical semiconductor
element (semiconductor tip) is sealed, such as light-emitting diode (LED),
phototransistor, CCD (charge coupled device), EPROM such as UV-EPROM, and
the like.

[0053]

The epoxy resin composition of the present invention can be also used as a
photo-heat curable resin composition by mixing with a compound having an
ethylenically unsaturated group. This composition further contains a compound
having an ethylenically unsaturated group, preferably an aqueous alkali-soluble resin
(A), and further a cross-linking agent (B) and a photopolymerization initiator (C), as
an optional additional component in the epoxy resin composition of the present
invention.

In such a photo-curable resin composition, the content of the epoxy resin
mixture of the present invention is usually 1% by weight to 50% by weight and
preferably 2% by weight to 30% by weight as an internal ratio.

Each component and the like in the photo-curable resin composition containing
the epoxy resin mixture of the present invention will be more specifically explained
below.

[0054]

Aqueous alkali-soluble resin (A); for example, reaction products of, with



[0069] Note: XLC-3L: Phenolic aralkyl resin, manufactured by M tsui

Chem cal, Inc.; TPP: Triphenyl phosphine; MR-2212: KYKLOS MSR-2212,

manuf actured by Tatsumori Ltd.; Carnauba 1: Carnauba wax 1, manufactured by
Cerarica Noda; KBM 303: Silane coupling agent, manufactured by Shin-Etsu
Chem cal Co., Ltd. [0070] Wth regard to the thus obtained cured
product, evaluation results of flane retardancy and storage el astic nodul us
at 250C based on the method shown bel ow are shown in Table 2. Measurenent

of 11 amg o ialang ¥nhyArds G0l igeambbkylate-dpduel distamediy raation ofian (t he
tinme tg%séﬁa- extl nguigh) of test "pi ece*y(cured %roduct) ha\t/tiw:\g agthi cknfass

of 0.8 BEHOWAS cHMPBUREThaVInG! 2Meorr eheredapoxyt gsdups Neashe emelecute witlor age
el astic nodul us at 250C. Using DVA 2980 (dynami ¢ nmechani cal anal ysis °

machi nemeriurBetic ekt yeodpdurat hewient an ethylesicallygensetarated grodulinghat Tg
ane ZSO%cngzulg?a;ru;heed livlzle,t hssp(fiec]ici'"lrc:gﬁ];/J eiggﬁ/jd?rfg %\*RAEOOL‘?&;ME%%H? %AYARAD
PCR-1169H, KAYARAD TCR-1310H, KAYARAD ZFR-1401H and KAYARAD
ZAR-1395H (which are all manufactured by Nippon Kayaku Co., Ltd.), and the like.
[0055]

Cross-linking agent (B); compounds having an ethylenically unsaturated group,
for example, acrylate, methacrylate compounds and the like, specifically including
KAYARAD HX-220, KAYARAD HX-620, KAYARAD DPHA and KAYARAD DPCA-60
(which are all manufactured by Nippon Kayaku Co., Lid.), and the like.

[0056]

Photopolymerization initiator (C); for example, benzoins, acetophenones,
anthraguinones, thioxanthones, ketals, benzophenones, phosphine oxides and the
like, specifically including KAYACURE DETX-S (manufactured by Nippon Kayaku Co.,
Ltd.), IRGACURE 907 (Ciba Speciaity Chemicals), and the like.

[0057]

Further according fo necessity, various additives, for example, fillers such as
talc, barium sulfate, aluminum hydroxide, aluminum oxide, silica and clay;
thixotropy-imparting agents such as Aerosil; colorants such as phthalocyanine blue,
phthalocyanine green and titanium oxide; silicone or fluorine-type leveling agents and
antifoaming agents; polymerization inhibitors such as hydroquinone and
hydroquinone monomethyl ether; and the like can be added for the purpose of
improving various performances of the composition.

[0058]

The photo-curable resin composition can contain a solvent according to

necessity. Usable solvents include, for example, ketones such as acetone, methyl

ethyl ketone and cyclohexanone; aromatic carbon hydrides such as benzene, toluene,

xylene and tetramethyl benzene; glycol ethers such as ethylene glycol dimethyl ether,



42 Storage elastic nmodulus (MPa, 250C) 9332218 Tg (glass transition
tenperature: C) 136146 [0072] It is found that the epoxy resin
conposition containing the epoxy resin mxture of the present invention has
flame retardancy equal or better than B&-3000 generally used as an
excellent flanme retardancy resin and thus is excellent in flame retardancy,
and in addition, its storage elastic nodulus at a high tenperature of 250C
hi gher than the glass transition tenperature is within the range of 500 to

1000 MP tﬁxﬂ@ﬁé &l du@thpﬁeﬂ{eef iRBbfchergipe thimetyaGthey digmbylenecglycol
P 5000,

conpar e e val ue 2000 MPa or” nore of NC 3000, whereby it has al so

excel | efﬁleﬂhypéﬁ’férl %thﬂeh@r?ﬁic@fdltﬁmw ether ahtetriefiolone ghjonl wiethyir ethef; t he
present invention has excellent properties as described above, and in

addi t i orasters| sueh axosibplcaddtate, putyllacetate) methy! calloisolvel acmﬂmteeathyl eelvgabei on.
[0073] Exanple 4 (1) Chloronethylation reaction of bipheny a

gl ass- neatetdte0buiyhtéllasskvesapstates darhitohacetatd, prepyleae gﬁ@phmmpmetbyi@t%er
cooler, 200 nL of cycl ohexane, 154 g of biphenyl, 66 g of parafornaldehyde
and 93 quostatei glutarin acitl diialledr sucainie@cidially! §Bd ﬁﬂlm@aﬁlﬁiediﬁlkmly&l/@!j’e&ﬁ ers

chl oride gas was strongly blown therein and reacted |V

hom)ge][]éimitl &5 (garoma-twelantore; pelrolewn; aolverise S\N&’g ﬁ’iﬁ“%’ﬂ afthes a

30C. After that, hydrogen, chloride was fuyrt her

hour s arREtkRLTaRRNEA oa%mﬁtreﬂwé%rcﬁ%uramaﬁnh%ape ‘?Y%H Harliai ota ", A

part of er ctlon | i.qu taken ou

RN - i dbengns aheasmay g Sk Pt icoMbufbrTa 2 o Fid Rgdlgperpot
nonochl 3{@@ hyl bi phenyl, 68.2% of bischloronethyl biphenyl and 18.2% of
tri(chl hyl ) bi phenyl and tetra(chl oronethyl)bi phenyl together were

detect ed (LGrRg edolf.cufedle REAS thRibdditicH EAHaITHIMALhEKY FRRF HiRDrbPthect

wi t h phenol
present invention is useful as an interlayer insulating material of electronic parts, as a

solder resists for optical waveguide connecting optical components and for printed

substrates, and as a resist material of cover lays and the like, and in addition it can be

used as a color filter, a printing ink, a sealant, a paint, a coating agent and an
-—adhesive.

[0060]

The photo-curable resin composition containing the epoxy resin mixture of the
present invention can be cured by irradiation of energy ray such as ultraviolet ray and
the like. Curing by irradiation of energy ray such as ultraviolet ray and the like can
be carried out in a conventional manner. For example, when ultraviolet ray is
irradiated, an ultraviolet ray-generating apparatus may be used, such as low pressure
mercury lamp, high pressure mercury lamp, ultrahigh pressure mercury lamp, xenon
lamp and ultraviolet ray-emitting laser (such as excimer laser).

[0061}]

The photo-curable resin composition containing the epoxy resin mixture of the
present invention is utllized for, for example, electric - electronic - optical base
materials such as printed substrate, optoelectronic substrate and optical substrate, as
a resist film, an interlayer insulating material for the build-up construction method and

an optical waveguide. Specific products using these include, for exampie,



43 Subsequently, to the reaction liquid obtained in the
above-described (1), 301 g of phenol was added, and the m xture was stirred
at 70C for 2 hours. Wiile raising the tenperature to 180C under reduced
pressure, cyclohexane as a solvent andggnreacted phenol were distilled
away. As a result, 329 g of a phenol resin m xture of the present

I nvention were obtalned Said resin mxture had a softeni ng point of
79. 6C, a nunber average nol ecul ar wei ght of 855 and a wei ght average

mol ecul %forﬁ\gﬁafg h%f.uséﬁ@[a ASctfleepblianess, MoriBGidvids aed tRAIKeON Specifically,

chr omat ogr a and an OH equi val ent of 196 g/ eq. The conposition of
sai d phegedn Basimediwiting Bobed e6hfigiineda bhiateBslsstrato to atdnufaotetddylsing a

bi phenyl, 68% of the conponent from bischl oronethyl biphenyl (F2-1), 18% of
t he comiuihiedinwonpaditdn forosserhple) firgtlyea drintd wining boatd és cmipdnmﬂn afrom
tetra(chl oronet hyl) bi phenyl (F2-3 and the |ike) together are contained,

j udgi ng ghatoscubable cesinsionmpositidn coetaiting therepoyy tasinof theypresent p‘rv@ﬂtl@tl,
obtained in the above-described (1). [0074] Exanple 5 Synthesis of epoxy
resi n nmirtafin thicknegs of @t@é@orpuﬂé:ylwmethedfaugbl@%tﬁ@u %@Gn Winkng, n’zﬁthpger a
thernoneter and a cooler, 196 g of the phenol resin mxtalﬁre of t esent

ont] e b, Bt oo U enbapegy RS g

2} i('; trJr teh(‘giﬂam@oaﬁlﬁggmﬂhqdl: fgf@u;tg%?ﬁsreﬁit :A%E'Bélﬁd@ '%@Féf%@ﬁ’fi%dn{%agg (?)aa(r:tq ons.
[ﬁ:l“mt L{'@'ef%'égg’i on 9 q?ﬁ %l? o fafn @ e tWQt mﬁeréggg&?émé Ef&&a@y gﬁ’f‘% t%ren
uni on weldrBviEBRlarY e i Hle ‘ité?k'ge‘%ﬁ’ﬂ@’f 035, B8R Ko CcRuAg R g 2"

Taut o NEFRE BLuRR a6 Dot hiARR SRR itk dtapEsre |y
13.3 §_QfafordSulthy 46 g,tgg@g}g?aﬁp@ tonRUdBAYitHE HRkpbsaN paRSs addepednibingie

m xt ure S stlrre 1 hour. Water 44 was added thereto to carry
out wat el'he""ﬁé@él&ﬂep)fnéhtﬂiﬁe‘éf ldtariny, SePas@insle, sphayingaestitating duintbraibner
sai d wat er-washi hg was condensed to obtain 215 g of an epoxy resin m xture
of the phlaskny, isersbisin@ror the lik&ai Aftepabat, ilichvioket vags sarsofurther rigadiaited  of
56.5C, an ICl viscosity of 0.11 Pa s, an epoxy equivalent of 264 g/eq, and
a nunberacoctdiage torohecassity, \awidgisubséq@drdlyaritad mtghﬂntatsemgeedm@cat @&
wei ght of 1419 as determ ned by GPC (gel perneation chromat og

temperature of usually 100 to 200°C and preferably 140 to 180°C to o taln a prmted

wiring board having a permanent protective film which is excellent in gold plating
properties and satisfies various properties such as heat resistance, solvent resistance,
acid resistance, adhesion properties and flexibility.

[0062]

As the above-described developer, agueous inorganic alkaline solutions such
as potassium hydroxide, sodium hydroxide, sodium carbonate, potassium carbonate,
sodium hydrogen carbonate, potassium hydrogen carbonate, sodium phosphate and
potassium phosphate, and aqueous organic alkaline solutions such as tetramethyl
ammonium hydroxide, tetraesthyl ammonium hydroxide, tetrabutyl ammonium

hydroxide, monoethanolamine, diethanolamine and triethanolamine can be used.

Examples
[0063]

Hereinafter, the present invention will be more specifically explained with



The conposition of said epoxy resin mxture is estimated that 8% of the
conmponent from monochl oronet hyl bi phenyl, 68% of the conponent from

bi schl oronet hyl bi phenyl (structural fornula: F3-1 and the like), and 18%
of the conponent fromtri (chloronethylgpi phenyl (structural fornula: F3-2
and the like) and the conponent fromtetra(chl oromnethyl)bi phenyl

(structural formula: F3-3 and the |ike) together are contained, judging
fromthe conposition of the chloronethylation reaction product obtained in
t he aboygr, iPekaryREpl e 4 (1). [0075] Exanple 6 In the same manner
as in Exanple 3, an epoxy resin mxture of the present invention obtained

e composi L o e B e e o, anc wol dod by a1 anst or
nol di ng falkstingendétbodbt ai n a cured product. [0076] Table 3 Exanple 6 Epoxy
resi n(Epoxy resin mxture in Exanple 5) 12g Curing agent (XLC-3L)7.7
%.I (r) | gggoa\neawen(eﬁpmmmngi paint. Meesuedl Ry 1@0methad. secersance owﬂhaﬂﬁa
K-7234.
-Measurement by GC-MS (gas chromatography-mass spectrometry):
Model: 5975 Inert MSD (manufactured by Agilent);
Column: HP-5 MS 15 m-0.25 mm-0.25 um;
Carrier gas: Helium 1.0 mL/min (constant flow mode);
Oven: 50°C (2 min)-10°C/min-300°C (23 min);
Injection: 1 pl, Split (30:1), 300°C;
lon source: EI.
- Measurement by SEM-EDS (scanning electron microscopy-energy disperse
spectroscopy):
Mode!: JED-2140 (manufactured by JEOL);
Accelerating voltage: 20 kV;
Working distance: 10 mm.
-Measurement of humber average molecular weight and weight average molecular
weight by GPC (gel permeation chromatography):
Column: Shodex KF-801, KF-802, KF-802.5 and KF-803 manufactured by
Showa Denko K.K.;
Column temperature: 40°C;
Injection volume: 0.02 mL,;
Delivered volume of fluid: 1.0 mL/min;
Detector: RI;
Solvent: tetrahydrofuran.
. Measurement of viscosity: Measured at 150°C using an ICI viscometer

(manufactured by K.K. Codix).

- Measurement of OH equivalent: Average mass number of compound per OH group,



45 Coupling agent (KBM 303)0.40g [0077] Wth regard to the obtained cured
product, the flane retardancy and the storage el astic nodul us were neasured

in the sane manner as shown in Exanple 3. The results are shown in Table 4.
[ 0078] Tabl e 4 38

measured by the acetylation method in accordance with JIS K-0070.
-Measurement of epoxy equivalent: Average mass number of compound per epoxy
group, measured in accordance with JIS K-7236.
-DMA (dynamic mechanical analysis) analysis: Storage elastic modulus measured at
Tg and 250°C using a frequency of 10 Hz by DMA 2980 (dynamic mechanical
analysis machine) manufactured by TA Instruments.
[0064]
Example 1
(1) Chloromethylation reaction of biphenyl

To a glass-made 300 mL flask equipped with a stirrer, a thermometer and a
cooler, 200 mL of cyclohexane, 77.05 g of biphenyl, 33.55 g of paraformaldehyde and
46.38 g of zinc chloride were added. While vigorously stirring them, hydrogen
chloride gas was strongly blown therein and reacted until giving a homogeneous
solution. Meanwhile, the liquid temperature was maintained at 50°C. Further, the
liquid temperature was lowered by 30°C, hydrogen chloride gas was blown for 24
hours and the reaction was continued to obtain a reaction liquid.

A small amount of the obtained reaction liquid was taken out and measured as
a dichloromethane solution by GC-MS. As a result, 25% of
mono(chloromethyl)biphenyl, 72.0% of bischloromethyl biphenyl, 14.9% of
tri(chloromethyl)biphenyl and 5.8% of tetra(chloromethyl)biphenyl were detected. In
addition, as other side products other than the above-described
mono(chloromethyl)biphenyl, 0.3% of penta(chloromethyl)biphenyl, 0.5% of
bisbiphenylyimethane and 1.1% of monochloromethyl-bisbiphenylylmethane and
0.6% of bischloromethyl-bisbiphenylyimethane were detected. Further, as other
side products including components whose compound cannot be identified, 2.3% (all
by GC area %) was detected.

Furthermore, from insoluble matter generated when the reaction liquid was
made into a dichloromethane solution for GC-MS measurement, zinc element (Zn)

was detected by elemental analysis using SEM-EDS (Scanning Electron Microscopy /



Exanple 6 Total burning tinme (sec) 35 (V-0) Storage el astic nodulus (Mra,
250C) 608 Tg (O 145 [0079]

39

Energy Dispersive Spectroscopy).
[0065]
(2) Reaction of chloromethylation reaction product with phenol

Subsequently, to the reaction liquid obtained in the above-described (1), 157.77
g of phenol was added, and the mixture was stirred at room temperature for 2 hours.
After degassing of the reaction container was carried out, the temperature was raised
to 180°C under reduced pressure over 10 hours, and cyclohexane as a solvent and
unreacted phenol were distlled away.

As a result, 181.5 g of a phenol resin mixture of the present invention was
obtained. Said resin mixture had a softening point of 74.9°C, a number average
molecular weight of 513 and a weight average molecular weight of 639 as determined
by GPC (gel permeation chromatography), and an OH equivalent of 215 g/eq.

The composition of said phenol resin mixture is estimated that the component
from bischioromethyl biphenyl (the above F2-1) is 72%, the component from
trichloromethyl biphenyl (the above F2-2) is 15%, the component from
tetrachloromethyl biphenyl (the above F2-3) is 6% and other components (the above
F2-4, F2-5, F2-8 and the like) is 7%, judging from the composition of the
chloromethylation reaction product of bipheny! obtained in the above-described (1).
[0066]

Example 2
Synthesis of epoxy resin mixture

To a glass-made 300 mL flask equipped with a stirrer, a thermometer and a
cooler, 26.3 g of the phenol resin mixture of the present invention obtained in
Example 1, 52.0 g of epichlorohydrin, 8.6 g of dimethylsulioxide and 12.3 g of a 30
wt.% aqueous sodium hydroxide solution were placed, and they were mixed by

- stirring at 45°C for 1 hour. Subsequently, 3.95 g of flake sodium hydroxide were
added thereto in divided addition, and the mixture was stirred at 45°C for 2 hours and
at 70°C for 1 hour. To the resulting reaction liquid, methylisobutylketone was added

for dilution, and then water was added to carry out water-washing by liquid-liquid



Exanpl e 7 In 1000 mM of nethylisobutyl ketone, 500g of the phenol
resin mxture of the present invention obtained in the sane manner as in
Exanpl e 4 were dissolved, insoluble matter was filtered, and then water was
added thereto to carry out water-washigg by liquid-liquid separation. As a
result, a phenol resin mxture (referred to as EX 7 Phnol M x) having a
hydroxy group (OH) equivalent of 204 g/eq was obtained. Usi ng the

obt ai ned phenol resin mxture as a curing agent and using the above

phenol - icbBeatidn. ar@l e obest eRganic Nayern O3 J060andM witaks taguedubysddiyrpon

Kayaku Co., Ltd. as an epoxy resin, an epoxy resin conposition of the

present Hydy®adé Goliitidy Weré heddudrasl themixhoenwasistiered deJOPC bied béloow was
prepared, and nol ded by a transfer nol ding machine to obtained a cured

gr gﬂﬁ&t 'Lﬁhﬁéx‘?ﬁgl_df?“"@d abBvenwhterIvashing by diguid-fquid 3epayatidy Was cagiesgewt ( EX
again. The resulting reaction liquid was condensed to obtain 20.5 g of an epoxy
resin mixture of the present invention.

The obtained resin mixture had a softening point of 57.6°C, an IC! viscosity of
0.11 Pa-s, an epoxy equivalent of 292 g/eq, and a number average molecular weight
of 668 and a weight average molecular weight of 1187 as determined by GPC (gel
permeation chromatography).

The composition of said epoxy resin mixture is estimated that the component
from bischioromethyl biphenyl (F3-1) is 72%, the component from trichloromethyl
biphenyl (F3-2) is 15%, the component from tetrachloromethyl biphenyl (F3-3) is 6%
and other components (F3-4, F3-5, F3-6 and the like) is 7%, judging from the
composition of the chloromethylation reaction product of biphenyl obtained in the
above-described (1).

{0067]

Example 3 and Comparative Example 1

Preparation of flame retardant resin composition and evaluation of cured product
thereof

Using the epoxy resin mixture of the present invention obtained in Example 2 or
phenol-biphenyl aralkyl-based epoxy resin NC-3000 (having a softening point of
57.4°C, an ICl viscosity of 0.08 Pa-s, an epoxy equivalent of 277 g/eq, and a number
average molecular weight of 793 and a weight average molecular weight of 1229 as
determined by GPC) manufactured by Nippon Kayaku Co., Ltd. as Comparative
Example, a flame retardant resin composition having the composition shown in Table
1 described below was prepared and molded at 175°C by a transfer molding machine
to obtain a cured product.

[0068]
Table 1



46 Curing catalyst (TPP)0.45g Filler (MSR-2212)160.8g Lubricant (carnauba
1) 0. 58g Coupling agent (KBM 303)0.64g [0081] Wth regard to the

obt ai ned cured product, the flame retardancy and the storage el astic

nodul us were neasured in the sane mann as shown in Exanple 3. The results
are shown in Table 6 described bel ow. %082] Tabl e 6 Exanple 7 Total
burning tinme (sec)27 Storage el astic nodulus (250C) (MPa)449 Tg (C) 147

Example 3 Comparative Example 1

Epoxy resin (Epoxy resin mixture of Example 2) (NC-3000})

6.17 g 6.17 g
Curing agent (XLC-3L) 3649 38¢g
Curing catalyst (TPP) 0.105¢ 0.1054¢
Filler (MSR-2212) 50.2 ¢ 5124
Lubricant {(Carnauba 1)} 0.18¢ 0.19¢g
Coupling agent (KBM-303) 0.20g 0.20¢g
[0069]
Note:

XLC-3L: Phenolic aralkyl resin, manufactured by Mitsui Chemical, Inc.;

TPP: Triphenyiphosphine;

MSR-2212: KYKLOS MSR-2212, manufactured by Tatsumori Ltd.;

Carnauba 1: Carnauba wax 1, manufactured by Cerarica Noda;

KBM-303: Silane coupling agent, manufactured by Shin-Etsu Chemical Co., Ltd.
[0070]

With regard to the thus obtained cured product, evaluation results of flame
retardancy and storage elastic modulus at 250°C based on the method shown below
are shown in Table 2.

-Measurement of flame retardancy: in accordance with UL-94, the total burning time
(the time to self-extinguish) of test piece (cured product) having a thickness of 0.8 mm
was measured in flame retardancy test.
-Measurement of storage elastic modulus at 250°C: Using DMA 2980 (dynamic
mechanical analysis machine) manufactured by TA Instruments, the storage elastic
modulus at Tg and 250°C was measured with a frequency of 10 Hz.
{0071]
Table 2

Example 3 Comparative Example 1

Total burning time (sec) 32 (V-0) 35 (V-0)



[ 0083] Exanple 8 and Conparative Exanple 2 Usi ng the phenol resin

m xture of the present invention (EX 7 Phnol Mx) obtained in Exanple 7 as
a curing agent and using the above phenol -bi phenyl aral kyl -based epoxy
resin NC- 3000 manufactured by Ni ppon K@yaku Co., Ltd. as an epoxy resin, an
epoxy resin conposition of the present Tnvention (EX 8 EPDXY COV) having
the conposition shown in Table 7 bel ow was prepar ed. On the other

hand, as Conparative Exanple 2, using phenol -bi phenyl aral kyl -based phenol

resin G%’t‘bp%]ae( ag{i@ghogﬁrﬁ%,\gﬂé{igﬁo@yt of 9399 g/ eq and a sopsgni ng point of

65. 1C) manuf-actured ayaku Co., Ltd. instead of the phenol resin

Xt ur e 0 (S, RARSASA diYGRld@NOGEX 7 Progl Mx), as a curigg agent  an
epoxy re conposition for conparison (Conparative Exanple 2) (CPA 2 EPDXY

CcoOM shc[@@m]n Tabl e 7 descri bed bel ow was prepared. The epoxy resin
conposi ti ons prepared above were rolled and kneaded to give epoxy resin
conposi ti onsjt i9fouridathattieoapoxytresin 88rpositibhecontdining tEBROOXEOEEIDRAIXEUNEPDXY

COM Epoxy resin (NC 3000)15g15g Curing agent EX 7 Phnol M x1lg GPH 65
of the present invention has flame retardancy equal or better than NC-3000 generally
used as an excellent flame retardancy resin and thus is excellent in flame retardancy,
and in addition, its storage elastic modulus at a high temperature of 250°C higher
than the glass transition temperature is within the range of 500 to 1000 MPa
considered to be preferable for solder cracking resistance, compared with the value
2000 MPa or more of NC-3000, whereby it has also excellent properties in terms of
that. -

The epoxy resin mixture of the present invention has excelient properties as
described above, and in addition, allows consecutive production from biphenyl and
easy production.

[0073]
Example 4
(1) Chloromethylation reaction of biphenyl

To a glass-made 1000 mLflask equipped with a stirrer, a thermometer and a
cooler, 200 mL of cyclohexane, 154 g of biphenyl, 66 g of paraformaldehyde and 93 g
of zinc chloride were added. While stirring them, hydrogen chloride gas was
strongly blown therein and reacted until giving a homogeneous solution. Meanwhile,
the liquid temperature was maintained at 30°C. After that, hydrogen chloride gas
was further blown at 50°C for 10 hours and the reaction was continued to obtain a
reaction liquid.

A part of the reaction liquid was taken out and measured as an
N,N’~-dimethylformamide solution by LC, resulting in that 8.1% of monochloromethyl
biphenyl, 68.2% of bischloromethy! biphenyl and 18.2% of tri(chloromethyl)biphenyl
and tetra(chloromethyl)bipheny! together were detected (LC area %).

(2) Reaction of chioromethylation reaction product with phenol



10.8g Curing catalyst (TPP) 0.315g 0.405g Filler (MSR-2212) 156g 155¢g
Lubricant (Carnauba 1) 0.55g 0.55g Coupling agent (KBM 303) 0.62g
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Subsequently, to the reaction liquid obtained in the above-described (1), 301 g
of phenol was added, and the mixture was stirred at 70°C for 2 hours. While raising
the temperature to 180°C under reduced pressure, cyclohexane as a solvent and

- unreacted phenol were distilled away.

As a result, 329 g of a phenol resin mixture of the present invention were
obtained.

Said resin mixture had a softening point of 79.6°C, a number average molecular
weight of 855 and a weight average molecular weight of 1332 as determined by GPC
(gel permeation chromatography), and an OH equivalent of 196 gleq.

The composition of said phenol resin mixture is estimated that 8% of
monochloromethyl biphenyl, 68% of the component from bischloromethyl biphenyl
(F2-1), 18% of the component from tri(chloromethyl)biphenyl (F2-2) and the
component from tetra(chloromethyl)biphenyl (F2-3 and the like) together are

- contained, judging from the composition of the chloromethyiation reaction product
obtained in the above-described (1).
[0074]
Example 5
Synthesis of epoxy resin mixture

To a glass-made 1000 mL flask equipped with a stirrer, a thermometer and a
cooler, 196 g of the phenol resin mixture of the present invention obtained in Example
4, 555 g of epichlorohydrin and 29.6 g of methanol were placed, and the mixture was
stirred. While stirring said mixture at 70°C, 42 g of flake sodium hydroxide were
added in some portions.  After that, the mixture was further stirred at 70°C for 1 hour.
To the resulting reaction liquid, 150 g of water were added and mixed, and then the
mixture was left to stand still, followed by removing the aqueous layer which was a
lower layer of the two separated layers. After washing with water, unreacted
epichlorohydrin was distilled away from the reaction liquid. Methylisobutylketone
was added thereto for dilution, subsequently 13.3 g of a 30 wt.% aqueous sodium

hydroxide solution was added, and the mixture was stirred at 70°C for 1 hour. Water



0.62g [0085] For eval uation of curing properties of each epoxy resin
conposi tion obtained as descri bed above, the maxi num val ue of torque was
measured by a curel astoneter manufactured by JSR Corporati on. In
addition, for evaluation of flowabilit the spiral flow was neasured under
the conditions of 175C and a nol ding pressure of 70 kg/cn2 (in accordance
with ASTM F3133). The results are shown in Table 8. [0086] Table 8 EX 8
EPDXY COM CPA 2 EPDXY COM Curel ast torque (N m 10.5 9.3

was added thereto to carry out water-washing by liquid-liquid separation. The
reaction liquid after said water-washing was condensed to obtain 215 g of an epoxy
resin mixture of the present invention.

Said epoxy mixture had a softening point of 56.5°C, an iCl viscosity of 0.11 Pa-
s, an epoxy equivalent of 264 g/eq, and a number average molecular weight of 803
and a weight average molecular weight of 1419 as determined by GPC (gel
permeation chromatography).

The composition of said epoxy resin mixture is estimated that 8% of the
component from monochloromethyl biphenyl, 68% of the component from
bischioromethyl bipheny! (structural formula: F3-1 and the like), and 18% of the
component from tri(chloromethyl)biphenyl (structural formula: F3-2 and the like) and
the component from tetra(chloromethyl)bipheny! (structural formula: F3-3 and the
like) together are contained, judging from the composition of the chloromethylation
reaction product obtained in the above-described Example 4 (1).

{0075]
Example 6

In the same manner as in Example 3, an epoxy resin mixture of the present
invention obtained in Example 5 was prepared into a flame retardant resin
composition having the composition shown in Table 3 described below, and molded

by a transfer molding machine to obtain a cured product.

[0076]
Table 3
Example 6
Epoxy resin (Epoxy resin mixture in Example 5)
129
Curing agent (XLC-3L) 7.7g
Curing catalyst (TPP) 0.204g
Filler (MSR-2212) 100.8g

Lubricant (Carnauba 1) 0.36g



Spiral flow (inch, n =5) 33.5 30.7 Gel tine (sec) 29.4 29.6 [0087]

The | arger curelast torque as an index of curing properties neans stronger
curing, whereby it is shown that the epoxy resin conposition of Exanple 8
has nore excellent curing properties than the epoxy resin conmposition of
Conpar ative Exanple 2. 48 flow as an index of flowability nmeans higher
flowability, whereby it is shown that the epoxy resin conposition of
Exanpl e 8 has nore excellent flowability conpared with the epoxy resin

conposi tddm'J“Hb a%%ﬁpa(@MLy@)Exarrpl e 2. 1 ”dl@§4(§d al Applicability
[0077]
With regard to the obtained cured product, the flame retardancy and the storage
elastic modulus were measured in the same manner as shown in Example 3. The

results are shown in Table 4.

[0078]
Table 4

Example 6
Total burning time (sec) 35 (V-0)
Storage elastic modulus (MPa, 250°C) 608
Tg (°C) 145
[0079]
Example 7

in 1000 ml of methylisobutylketone, 500g of the phenol resin mixture of the
present invention obtained in the same manner as in Example 4 were dissolved,
insoluble matter was filtered, and then water was added thereto to carry out
water-washing by liquid-liquid separation. As a resuilt, a phenol resin mixture
(referred to as EX 7 Phno! Mix) having a hydroxy group (OH) equivalent of 204 g/eq
was obtained.

Using the obtained phenol resin mixture as a curing agent and using the above
phenol-biphenyl aralkyl-based epoxy resin NC-3000 manufactured by Nippon Kayaku
Co., Ltd. as an epoxy resin, an epoxy resin composition of the present invention
having the composition shown Table 5 described below was prepared, and molded

by a transfer molding machine to obtained a cured product.

[0080]
Table 5

Example 7
Epoxy resin (NC-3000) 189

Curing agent (EX 7 Phnol Mix) 13.3g



[ 0088] The cured product of the epoxy resin conposition containing the
epoxy resin mxture of the present invention is excellent not only in flane
retardancy but also in solder cracking resistance because the storage

el astic nodulus thereof at 250C is lowgg within a certain range than
conventional flanme retardant epoxy resin cured products, and the epoxy
resin mxture of the present invention and the epoxy resin conposition
containing it are suitable as electric electronic materials in and around

sem con em conduct or sgakqng material and printed witing
R catﬁﬁﬁ%ﬁﬂfﬁ g

Substrate. tion, the phenol resin mxture of the present

I nventi qfd VSR medi ate mat eri al{gmsgthe epoxy resin mxture of the
present invention having excellent proper%i es descri bed above, and it can

be pr odlqgﬁ;c\ghfﬂggmaﬁ@ﬂ)ati on and puri®segti on of hal onethyl biphenyl as an
i nt er nedi at e, ereby it allows easy production and has high industri al

usabi | i tGouplihy dderit (IKBML303) phenol redl.édgn xture obtai ned by nethyl ene
cross-linking reaction of a reaction product which is obtained by

hal onet H@D&1J on reaction of bi phenyl and contains 60%or nore and | ess than
80% of bi shal onet hyl bi phenyl and 15 to 30% of the total of

tri (hal omet hMithrepaeshipl thambtaised sured piosiusl dee fasmeyetardaneyand #ie gorageat i ve
to the whol e reaction product as determ ned bx GCNE&GC e'_:rea ratj o), and
cont ai nelestiemadsliscwsromeasuiehin theosaMgYBIBNgisas fROWELR mmeé]enme 2.
The phenol resin m xtur ccording to aim1, wherein the softening point
is 65 tdesylts af@]éh%'ﬁﬁbfagl@& Qﬁ%crﬁ%ﬂd&gp‘é‘(r wei ght is 350 to 1200 and the
wei ght a[éﬁégﬂe nol ecul ar weight is 400 to 2000 as determ ned by GPC (gel
per neat i romat ogr aphy), and the OH equivalent is 160 to 250 g/eq. 3.
An epoxy. reisiﬁg1 m xture obtai ned by epoxidation of the phenol resin m xture
accor di n'Batgg aiml or 2. 4. The epoxy resin mxture according to Caim
3, wherein the softening point is 50 tgxg,ﬁ}gl ¥he I Cl viscosity is 0.02 to
0.50 Pa s, the nunber average nol ecul ar we geht is 400 to 1200 and the

wei ght 3 Bl@gcvei ght is 800 t®@72000 as determ ned by GPC (gel
per meat ?‘gﬁﬁgﬁ@roﬁa ﬁ@r a(ph , and the epoxy equivalent is 200 to 360 g/eq.

5. An epgigradésiditie AAGS '(zanmgwiazi ng4ybe epoxy resin mxture according
to Claim3 and a curing agent. . The epoxy resin conposition according to
G ai m 5, Tygfre)ei n the content of the curifg7agent is 0.7 equivalent to 1.2
equi valents relative to 1 equivalent of the epoxy group in the epoxy resin
m xt ur e.[0083]

Example 8 and Comparative Example 2

Using the phenol resin mixture of the present invention (EX 7 Phnol Mix)
obtained in Example 7 as a curing agent and using the above phenol-biphenyl
aralkyl-based epoxy resin NC-3000 manufactured by Nippon Kayaku Co., Lid. as an
epoxy resin, an epoxy resin composition of the present invention (EX 8 EPOXY COM)
having the composition shown in Table 7 below was prepared.

On the other hand, as Comparative Example 2, using phenol-biphenyl
aralkyl-based phenol resin GPH-65 (having an OH equivalent of 199 g/eq and a
softening point of 65.1°C) manufactured by Nippon Kayaku Co., Lid. instead of the
phenol resin mixture of the present invention (EX 7 Phnol Mix), as a curing agent, an
epoxy resin composition for comparison (Comparative Example 2) (CPA 2 EPOXY
COM) shown in Table 7 described below was prepared.

The epoxy resin compositions prepared above were rolled and kneaded to give

epoxy resin compositions for evaluation.



7. The epoxy resin conposition according to Caim6, which further contains
50 to 90% by weight of a filler relative to the total amount of the epoxy
resin conmposition. 8. A cured product obtained by curing an epoxy resin
conposition containing an epoxy resin gj(xture obt ai ned by epoxidation of

t he phenol resin m xture according to Claim1 and a curing agent in 0.7
equivalent to 1.2 equivalents relative to 1 equival ent of the epoxy group
in said epoxy resin mxture. 50 9. A cured product obtained by curing an
epoxy relébg4]corrposi tion containing an epoxy resin mxture obtained by

epoxi dat'ron ‘of the phenol resin m xture according to Claim1l, a curing
agent inrd}d7equivalent to 1.2 equivalents relative to 1 equivalent of the
epoxy group in said epoxy resin mxture, and an inorganic filler in 50 to
90% by weight relative to the total BEXREPAXYICTEMePOXFPASSEROMONTGNtI on.
10. A nethod for producing a phenol resin m xture, characterized in that
hal oret Igp@ty resirofN®i3aeenpy! is carried olg by reacting bi phet§g, 2 to 8
equi val ents of a formal dehyde relative to 1 nol of biphenyl, and a hydrogen
hal i de iQurifpapestsEXFePlifolAlicc hal i de an@iign excessi ve anpunt -of hydrogen
halide to obtain a reaction product containing 60%or nore and | ess than
80% of bi shal onet HgPHsBHhenyl and 15 to 30% of the total of10.89

tri (hal onet hyl ) bi phenyl and tetra(hal onet hyl) bi phenyl, as the ratio

rel ati veCuring ﬁétahf%l(ﬂg?bacti on product0-8458et er mi ned by GABOEGC area

rati o), and containing side products ot q%r t han those above the rest,
and sai & ilAMPBre3Idduct is reacted wit'R®Bhenol without put®¥9cation. 11.

A et hod for uci n N epoxy resin nj re, characterizegd dn that a
phenol ﬂé&qrwaﬁiﬁsﬁpéugﬁﬁéi ned by the rremp for production gcéé‘%;r ding to
Claim 10.is Jeacte 1 to 12 equi ts of epihal ohydrd4), relative to
1 equi va@%‘fﬁ'l"@faqq{g(%wg%?group in salbgé%ﬂenol resin mxt 9r'6e2.b 12. An
epoxy reig'pgalconposi tion containing the phenol resin mxture according to
Caimil as a curing agent.

For evaluation of curing properties of each epoxy resin composition obtained as
described above, the maximum value of torque was measured by a curelastometer
manufactured by JSR Corporation.

In addition, for evaluation of flowability, the spiral flow was measured under the
conditions of 175°C and a molding pressure of 70 kg/cm? (in accordance with ASTM

F3133). The results are shown in Table 8.

[0086]
Table 8
EX 8 EPOXY COM CPA 2 EPOXY COM
Curelast torque (N-m) 10.5 9.3
Spiral flow (inch, n = 5) 33.5 30.7
Gel time (sec) 29.4 29.6
[0087]

The larger curelast torque as an index of curing properties means stronger
curing, whereby it is shown that the epoxy resin composition of Example 8 has more
excellent curing properties than the epoxy resin composition of Comparative Example
2.

In addition, in epoxy resin compositions with the same gel time, a longer spiral
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flow as an index of flowability means higher flowability, whereby it is shown that the
epoxy resin composition of Example 8 has more excellent flowability compared with

the epoxy resin composition of Comparative Example 2.

Industrial Applicability
f0088]

The cured product of the epoxy resin composition containing the epoxy resin
mixture of the present invention is excellent not only in flame retardancy but also in
solder cracking resistance because the storage elastic modulus thereof at 250°C is
lower within a certain range than conventional flame retardant epoxy resin cured
products, and the epoxy resin mixture of the present invention and the epoxy resin
composition containing it are suitable as electric:electronic materials in and around
semiconductor, such as semiconductor sealing material and printed writing substrate.

In addition, the phenol resin mixture of the present invention is an intermediate
material for the epoxy resin mixture of the present invention having excellent
properties described above, and it can be produced without isolation and purification
of halomethyl biphenyl as an intermediate, whereby it allows easy production and has

high industrial usability.
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Claims

1. A phenol resin mixture obtained by methylene cross-linking reaction of a
reaction product which is obtained by halomethylation reaction of biphenyl and
contains 60% or more and less than 80% of bishalomethyl biphenyl and 15 to 30% of
the total of fri(halomethyl)biphenyl and tetra(halomethyl)biphenyl, as the ratio relative
to the whole reaction product as determined by GC-MS (GC area ratio), and contains
side products other than those above as the rest, with phenol.

2. The phenol resin mixture according to Claim 1, wherein the softening point is 65
to 85°C, the number average molecular weight is 350 to 1200 and the weight average
molecular weight is 400 to 2000 as determined by GPC (gel permeation
chromatography), and the OH equivalent is 160 fo 250 g/eq.

3. An epoxy resin mixture obtained by epoxidation of the phenol resin mixture
according to Claim 1 or 2.

4. The epoxy resin mixture according to Claim 3, wherein the softening point is 50
to 75°C, the ICl viscosity is 0.02 to 0.50 Pa-s, the number average molecular weight
is 400 to 1200 and the weight average molecular weight is 800 to 2000 as determined
by GPC (gel permeation chromatography), and the epoxy equivalent is 200 to 360
gleq.

5. An epoxy resin composition containing the epoxy resin mixture according to
Claim 3 and a curing agent.

8. The epoxy resin composition according to Claim 5, wherein the content of the
curing agent is 0.7 equivalent to 1.2 equivalents relative to 1 equivalent of the epoxy
group in the epoxy resin mixture.

7. The epoxy resin composition according to Claim 6, which further contains 50 fo
90% by weight of a filler relative to the total amount of the epoxy resin composition.
8. A cured product obtained by curing an epoxy resin composition containing an
epoxy resin mixture obtained by epoxidation of the phenol resin mixture according to
Claim 1 and a curing agent in 0.7 equivalent to 1.2 equivalents relative to 1 equivalent

of the epoxy group in said epoxy resin mixture.
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9. A cured product obtained by curing an epoxy resin composition containing an
epoxy resin mixture obtfained by epoxidation of the phenol resin mixture according to
Claim 1, a curing agent in 0.7 equivalent to 1.2 equivalents relative to 1 equivalent of
the epoxy group in said epoxy resin mixture, and an inorganic filler in 50 to 90% by
weight relative to the total amount of the epoxy resin composition.

10. A method for producing a phenol resin mixture, characterized in that
halomethylation 6f biphenyl is carried out by reacting biphenyl, 2 to 8 equivalents of a
formaldehyde relative to 1 mol of biphenyl, and a hydrogen halide in the presence of
zinc halide and an excessive amount of hydrogen halide to obtain a reaction product
containing 60% or more and less than 80% of bishalomethyl biphenyl and 15 to 30%
of the total of tri(halomethyl)biphenyl and tefra(halomethyl)biphenyl, as the ratio
relative to the whole reaction product as determined by GC-MS (GC area ratio), and
containing side products other than those above as the rest, and said reaction
product is reacted with phenol without purification.

11. A method for producing an epoxy resin mixture, characterized in that a phenol
resin mixture obtained by the method for production according to Claim 10 is reacted
with 0.8 to 12 equivalents of epihalchydrin relative to 1 equivalent of the hydroxy
group in said phenol resin mixture.

12.  An epoxy resin composition containing the phenol resin mixture according to

Claim 1 or 2 as a curing agent.



