;e3e’\6T'y , BACKGROUND OF THE | NVENTION Field of the Invention The
present invention relates to a phenolic resin and a nmethod of producing the

aroup i n e rMAHIMBATIRNN s 2o °5s e orar < for adnes RGN "

el ectronic parts angehe |ike and as raw materials for reikgg,such as epoxy
resins, cyanate resins, ion exchange resins and the |iKke. The method of
produci ng a phenolic resin, there have been known nmethods in which both

conponents of a pyEN@EX¥CCREBINNANDIMETODI GF hyRopurRNeP Y Y@Mane and the
| i ke and a phenolic conpound are charged into a reaction vessel ) and then

reacted ( JP-H5-72404 ) and a nethod in which an al kenyl conpound which is
a dehydrated product from a di hydroxy conmpound is added to a phenolic

conpound apg dikFEd e (6Prae0efvaNDroNowever, when phenolic resins

obt ai ned by these nethods are used as raw materials for epoxy resin, there

is a probl gdhptof hend €SV EhR908POXY resin has a | ow hardeni ng property,
and consequently, there is a practical problemthat resin conponents adhere

to a nmold for nol ¢y geesentyinTeN¥ARY P61kl d NYEATIKDh o1 2c THEs Ph &SEA!

I nventors have intensively studied to solve the above problens, and

resul tant |y fdxbd e ﬁggdgggﬁg Rh@bIsgiife can be sol ved by using a phenolic
conpound obtained by partially dehydrating a di hydroxy conmpound and

reacting thyesigh FoPNGPOLLhE ReTRRWH adteading to conpletion of the
I nventi on.

Resins having a phenolic hydroxyl group in the molecule
are used as materials for adhesives, paints, electronic parts
and the like and as raw materials for resins such as epoxy
resins, cyanate resins, ion exchange resins and the like.

As the method of producing a phenolic resin, there have
been known methods in which both components of a hydroxy
compound such as bis(hydroxypropyl)benzene and the like and
a phenolic compound are charged into a reaction vessel, and
then reacted (JP-B-5-72404) and a method in which an alkenyl
compound which is a dehydrated product from a dihydroxy
compound is added to a phenolic compound and reacted (USP
3,004,953).

However, when phenolic resins obtained by these
methods are used as raw materials for epoxy resin, there is
a problem that the resulting epoxy resin has a low hardening
property, and consequently, there is a practical problem that

resin components adhere to a mold for mold processing.

SUMMARY OF THE INVENTION



Nanely, the present invention relates to a phenolic resin obtained by
reacting a di hydroxy conmpound of the following formula (1) with a phenolic
compound, HO i -Ar- i OH (1) Rs R4 wherein, Ar represents an aronatic
group having 6 to 20 carbon atons ; Rhbto R4 represent each independently a
hydrogen atom al kyl group having 1 to 20 carbon atons, cycloal kyl group
having 5 to 20 carbon atons or aral kyl group having 7 to 20 carbon atons;
R1 and R3 do not simultaneously represent a hydrogen atom and R2 and R4 do
not si mul t aneous| Iheepmssanit aifivenbtges abhoe idtsmrsivélby sealiedeao
corresponding to conpound (a) is in the range from90 to 100% based on the

total peak svlate ther&isepes dirod lemcoapndunesu(8anang £dind wihaat the gdwrel i c
resin is neasured by a high performance |iquid chromatography nmethod using

an ul travi greibXehedaar bet seldededyi weing e lphegidl setcatpARPd wntainkd
conpound (a) has a nol ecular structure in which structural units derived

from the didy@apti£Orpaelyandt shguat aLaydudiklys cdmpowrd farminddw heqnol i ¢
conmpound are alternately bonded, and as the nol ecular end, structural units

derived fr anidévirezophe no@i wathpuh dOorided 1 wd e ¢ Ggmp et {oR Jf Rase a

nol ecul ar wei ght obtai ned by subtracting the nol ecul ar wei ght of 4 nol of
wat er nol eaverdtosnt he total nol ecul ar weight of 2 nol of the di hydroxy
conpound and 3 nol of the phenolic conmpound, conpound (b) has a nol ecul ar

structure in whi cindmedlywf tHe phdyeli Oxyncenpaoidsedat eslitivald phemvded and
as the nol ecul ar end, structural units derived fromthe phenolic conpound

are bonded,remith cothpdimed( by rehetiagna eniHydrowy ghbmpbuaidned lBhe
subtracting the nol ecul ar weight of 4 nol of water nolecule fromthe total

nol ecul ar wilddwitig 2fopmuda (¢ eiihhdraophexnsipeindompdundnol of the
phenol i c conpound. Al so, the present invention relates to a nethod of
produci ng a phgholic zésin conprising the followng steps (i ) and (ii):
(1) a firstHB+Cp— i a d(Bhydroxy conpound represented by the foll ow ng

formula (1) is|partial|y dehydrated by a dehydration reaction, RL ~2
HOGA-GOH (BB ~a BRa

wherein, Ar represents an aromatic group having 6 to 20 carbon
atoms; R; to R, represent each independently a hydrogen atom,
alkyl group having 1 to 20 carbon atoms, cycloalkyl group
having 5 to 20 carbon atoms or aralkyl group having 7 to 20
carbon atoms; R; and Ry do not simultaneously represent a
hydrogen atom, and R, and Ry do not simultaneously represent
a hydrogen atom:

wherein the peak area corresponding to compound (a)
is in the range from 90 to 100% based on the total peak area
corresponding to compounds (a) and (b), when the phenolic
resin is measured by a high performance liquid chromatography
method using an ultraviolet detector at a detection

wavelength set at 220 nm,



4 wherein, Ar represents an aromatic group having 6 to 20 carbon atons ; Rl
1o R4 represent each independently a hydrogen atom al kyl group having 1 to
20 carbon atoms, cycloal kyl group having 5 to 20 carbon atons or aral kyl
group having 7 to 20 carbon atons; Rlgand R3 do not sinultaneously
represent a hydrogen atom) and R2 and R4 do not sinultaneously represent a
hydrogen aton) and ( ii ) a second step in which the partially dehydrated
di hydr oxy conpound obtained in the first step is reacted with a phenolic
conmpound by nol rebmpoamd((dPthas &0mdldecubDRTAlst dWSERI £TIWhNLER THE

| NVENTI ON The di hydroxy conpound used in production of the phenolic resin
of the presertudturdll iwnits depiesdntednbithdaltvpdeokpr suhpolGhl and
formula ( 1) , Ar represents a bivalent aromatic group having 6 to 20

car bon at ogRrugtairabhyibevaegitedo £Xdnc ahe pled weBic adémpoahad advee

phenyl ene, napht hyl ene, bi phenyl ene and the |ike. These aromatic groups may
have a subaflitletenit&licbondedieahyl agr ate milvdulEouend N- ptenyt ugaaup,

i so-propyl group, n-butyl group, iso-butyl group) tert-butyl group and the
like. In f ahitlsa dedived fiomotRé phpheddr ctgvumdlepeadpohtigda andr ogen
atom al kyl group having 1 to 20 carbon atons, cycloal kyl group having 5 to
20, preferegbmpournd () basbanmalecnlatr aedgkytl obptadpedaviynguibti@cng
preferably 7 to 10 carbon- 5 atons . As the al kyl group, l|inear and
branched hytleofalBonlgrowesghteot idshell of ¢latey:, maleeuhgl £gomhe eotall
group, n-propyl group, iso-propyl group, n-butyl group, iso-butyl group,
n-pentyl gholpculur wedighHt gEoRmoldfekie @ibiyrokyocbmpylingran® Amd1t he

| i ke. As the cycloal kyl group, cyclic hydrocarbon groups are |listed such
as, a cycl ofienhe piemglicycobmpouyt,group and the like . As the aral kyl
group, there are listed, a phenyl nmethyl group, phenylethyl group,

phenyl pr opyl groupbmqblopnlmhwwetlm gmulecanbat et tugeurdsihhehdichy dwoxy
conmpound used in the present invention, there are specifically listed,
b|s(hydroxpétMhb)HQMyangxyncdmpmhmdgpan@yhgbealéyebonded and as the

bi s(hydr oxyet hyl ) bi phenyl , bi s(hydroxypropyl) bi phenyl,

bi s( hydr oxpellleriuleaplend) eserubtefhidnodysr dertivexh e etize apilehbiki ke.
Preferably |isted are bis(hydroxypropyl)bi phenyl,

bi s( hydr oxgpmpoynd aplet bahded ,aaddicaipgandxiipy dpd pbmoienelaxndeighther
preferably listed are 1, 3-bi s(2-hydroxy-2-propyl)benzene)

1, 4- bi s( 2- bhtadned@bypropytydehisgaeennoileculliakewel ghhacfedsns Y oft water nore
ki nds of di hydroxy conpounds can al so be used. Next ( a phenolic conpound
whi ch i s amofleenleorfpmmentheistdtabh poddcoiliamm weflghte gfhehaho ofstheof the
present invention wlll be described. The phenolic conmpound is usually a
phenol i ¢ cdipydmdxy compound and 2 mol of the phenolic compound.

Also, the present invention relates to a method of
producing a phenolic resin comprising the following steps (i)
and (ii):

(1) a first step in which a dihydroxy compound
represented by the following formula (1) is partially

dehydrated by a dehydration reaction,
R4 R,
HO—I Ar—C—OH (1)

R, 4



6 represented by the following formulas (2) to (4), OHHO "~ 13 -~ 14 R5 Rs
R11 HO X OH R10 R12 1 s 1s (2) (3) (4) wherein, RS to Rl6 represent each

i ndependently a hydrogen atom hal ogen atom aromatic group having 6 to 20,
preferably 6 to 10 carbon atons, al kylg group having 1 to 20, preferably 1
to 10 carbon atons, cycloal kyl group having 5 to 20, preferably 6 to 10
carbon atons, or aral kyl group having 7 to 20) preferably 7 to 10 carbon
atons; and X represents a single bond, aromatic group having 6 to 20,

pr ef er abl y whdme i), @ar bepresent s ahladantetnisc gnrauyp having 4 tico2@&Garbon
preferably 1 to 10 carbon atom cycl oal kylidene group having 5 to 20,
preferably atdns 10 Rjatd@®; pnessen t @ik yhddpendemilpy havydgodeh @ tiih,
preferably 7 to 10 carbon atons. Specific exanples of RSto R16 in the

above formalderX 2gréop (Havangt he tal k0 cprbygn i atbude byetaalxyd hyronghed
hydr ocar bon groups such as a nethyl group) ethyl group, n-propyl group,

i so- propyl rgvaipy 5-tuitdd clrbyn dtomd Wy lax@ Xyl dedip dyingrpupe 20
n-pentyl group, iso-pentyl group, tert-pentyl group, n-hexyl group,
i so- hexyl @aihon t£E6mEEXYR; HMURAGD titet |4 krpuldantbastycredrederty aup)
cyclic hydrocarbon groups such as a cycl opentyl group, 7 cycl ohexyl group
and the |i kyydrcgdn Hitsh, Amnd IR anal kyldoghotps imuphaneowiliy lrepr@gent
phenyl et hyl group) phenyl propyl group, diphenylnmethyl group and the |ike
are |isteda $paitdgen cxboml, eandhen RS to RL6 represent a hal ogen atom
i nclude fluorine, chlorine, bromne and the |like. Specific exanples when RS
to R16 represent gniigr @releicong atep nal widchhehyl pgradpl lyagehpdragrealip )
bi phenyl group and the like. Specific exanples of X in the above formula (
4 ) as the Gyt oxy rompoured iobd siried 28 tiae Flrst erep bslreke péé wd tdne |
napht hyl ene, bi phenyl ene and the |ike. These aromatic groups may have a
substi tuenta hEnebia cenpglngr bypmodt mat igy cath, 4 @t bEY| tgr eop106ut yl group
and the like. Specific exanples of X in the above formula ( 4 ) as the
DETAILED DESCRIPTION OT THE INVENTION

The dihydroxy compound used in production of the
phenolic resin of the present invention is represented by the
above formula (1).

In formula (1), Ar represents a bivalent aromatic group
having 6 to 20 carbon atoms, preferably having 6 to 12 carbon
atoms, and listed are phenylene, naphthylene, biphenylene and
the 1like. These aromatic groups may have a substituent such
as a methyl group, ethyl group, n-propyl group, iso-propyl
group, n-butyl group, iso-butyl group, tert-butyl group and
the like.

In formula (1), R; to R; represent each independently
a hydrogen atom, alkyl group having 1 to 20 carbon atoms,
cycloalkyl group having 5 to 20, preferably 5 to 10 carbon

atoms or aralkyl group having 7 to 20, preferably 7 to 10 carbon



al kyl i dene group having 1 to 20 carbon atons include ethylidene,
propylidene, butylidene and the |ike. Specific exanples of X as the

cycl oal kyl i dene group having 5 to 20 carbon atons include cycl opentylidene,
cycl ohexylidene and the |ike. Specifig exanples of X as the aral kylidene
group having 7 to 20 carbon atons include phenyl nmethylidene, phenylethylide
ne, phenyl propylidene and the |ike. Specific exanples of the phenolic
conmpound of forrmula (2) include phenols such as phenol, cresol, xylenol,

et hyl phenolatomst.yl plsemhk, alkpat growphylpheael anphenghphedohydeomapiasnol

and the |ike, hal ogenated phenol s 8 such asf | uorophenol, chl orophenol,

br onophenolgramgp s herd i kibstdd shehspeci & meiafpl gxowp, t 8€hphenebup ,conpound
of formula (3), naphthols are listed such as napht hol, methyl naphtol and

the |ike. Aspreeypesdir, eeoqpesppl dheuphemobitytogpoup] atofouryla (4),
bi sphenols are listed such as bi sphenol, bisphenol A, bisphenol F,

bi sphenol gRoulp ,sphvarenityl ugrenp, hespbendlylc\ydadiexaneherglt beoupke. The
phenol i ¢ conpound of the present invention is not limted to the above

speci fic ejaephexydl ghoupdne tha)11ike ( 4)As OhepdydDda Lk ¢ draxwiusls colfier nul ae
(2) to (4), preferable are phenol, cresol, xylenol, t-butyl nmethylphenol,

phenyl phenglydrdddsui g aile 1HistdEruchragndabegphepentiyl Gitoubsr
preferabl e are phenol and cresol) and especially preferable is phenol. If

necessary, cgicdodldxy X yaripEhcahdaikead As ehebapalkgl gropy @heltere.
The phenolic resin of the present invention is obtained by reacting a

di hydroxy egepaustedd & pienplingtRoNPaudthp apheistid tlyyTogpeapd of 34 to
85 nol % of structural units derived from di hydroxy conpounds, and 66 to 15

mol % of st phenyladrdpirl sgrietp yediphenyphentlylc graguds. tieelpkenol i c
resin of the present invention is conposed preferably of 34 to 60 nol % of
structural unitsAdethey ddhiyderoxy depoundoneadindc fee présent Nvenk Yoaf,
structural units derived from phenolic conpound) nore preferably of 34 to
50 9 nol ¥hefrestanectapedtificaslygel iseddf,r drhsdinydiroxye topppbanzaend, 66 to
50 nmol % of structural units derived from phenolic conpound.

bis(hydroxypropyl)benzene, bis(hydroxyethyl)biphenyl,

bis(hydroxypropyl)biphenyl, bis(hydroxyethyl)naphthalene,

bis(hydroxypropyl)naphthalene and the like. Preferably

listed are bis(hydroxypropyl)biphenyl,

bis(hydroxypropyl)naphthalene and

bis(hydroxypropyl)benzene, and further preferably listed

are 1,3-bis(2-hydroxy-2-propyl)benzene,

1l,4-bis(2-hydroxy-2-propyl)benzene and the like. 1If

necessary, two or more kinds of dihydroxy compounds can also

be used.

Next, a phenolic compound which is another component
used in production of the phenolic resin of the present

invention will be described.

The phenolic compound is usually a phenolic compound



The structural unit derived froma di hydroxy conmpound includes a structural
unit having a bivalent bonding noiety in which two hydroxyl groups in the
di hydroxy conpound of fornula ( 1 ) are renoved. The structural units
derived from di hydroxy conpound can igclude: a structure having a

pol yval ent bondi ng noiety in which a hydroxyl group and one or nore

hydr ogen atons bonded to ot her carbon atom than a hydroxyl group-bonded
carbon atomin the di hydroxy compound are renoved; and a structure which is

fornmed by peprakeheed my afhd WoTibwohgx¥ozaunaends) e @ppye structural
unit derived froma phenolic conpound I ncludes a structural_unit having a

nono- val ent or Opbl yval ent borddng noiety in whi ch fbme or mdpe hydr ogen
at ons direﬁgly bonged to an ar j F"] ng of the? nolic §ipjund are

renoved. NexINCTHE conpound (R) gon{di ned i nHo Eé?gk' r opf the
present inverngi | dyZThe conmpoun i's nmpound havi ng

e
two bi val efit actar al unitsn1eri éﬁﬁfron1a di hydr oxy conplound, two
nonoval ent structural units derived froma phenoli SConpouﬁhsand one
bi val ent strucggral unit derived om a phenolic conp d, and is a
conpound having'no structure in Ich the 10 structural units derived
from di hydroxy conpound are nmutually bonded. In conpound (a), structural
units derived froma di hydroxy conpound and structural units derived froma
phenol i ¢ coapBaAR . HetaRereRIESeHoRGEN) 1 n¢ePaRdenE 1R BYdrageangsom,
structural units derived froma phenolic conpound are bonded. Conpound (a)
has a nol k@lageRer EAM. oBFAPAEYCHITUBtRAEIREP thoe 20| REBESTARYgRt tof 4
nol of water nolecule fromthe total mlecul ar. weight of 2 nol of a
di hydr oxy E@rfREReR AHEemSs 1yl @Wd}ﬁﬂ%%rﬁp(?@ngpr@rﬁﬁér§ﬁé& ito
exanpl e of the above conpound (a), those having the follow ng structure are
listed, (5}0FRFROM amHI GRCIRBHBY FTRUR ASHGING ScbRpdlinPXakerably
1, 3- bi s(2- hydroxy- 2-propyl )benzene is used_as the dihydro&y conpound.
Further, t®oke ﬁévFﬁﬁWHHEQRHW%Wwﬁﬁ ¥ LKV dr 87aPR PRYHEg 7 &° wirein

phenol is used as the_phenolic conBound and
preferably 7 to 10 carbon atoms; and X represents a single

bond, aromatic group having 6 to 20, preferably 6 to 10 carbon
atoms, alkylidene group having 1 to 20, preferably 1 to 10
carbon atom, cycloalkylidene group having 5 to 20, preferably
5 to 10 carbon atoms or aralkylidene group having 7 to 20,
preferably 7 to 10 carbon atoms.

Specific examples of Rs to R;s in the above formulae
(2) to (4) as the alkyl group include linear and branched
hydrocarbon groups such as a methyl group, ethyl group,
n-propyl group, iso-propyl group, n-butyl group, iso-butyl
group, tert-butyl group, n-pentyl group, iso-pentyl group,
tert-pentyl group, n-hexyl group, iso-hexyl group,
tert-hexyl group and the like. As the cycloalkyl group,

cyclic hydrocarbon groups such as a cyclopentyl group,



11 1, 4- bi s(2- hydroxy- 2-propyl ) benzene is used as the di hydroxy conpound.
The conpound (b) has a nolecular structure in which two of the di hydroxy
conpounds are nutual ly bonded, and as the nol ecul ar ends structural units
derived froma phenolic conpound are Bonded. Conpound (b) has a nol ecul ar
wei ght obtai ned by subtracting the nolecular weight of 4 nol of water

nol ecul e fromthe total nolecular weight of 2 nol of a di hydroxy conpound
and 2 nmol of a phenolic conpound. As the specific exanple of the above

conpound (@9016H8§?1h@‘£o% i fold VMg gBUELWHRAA €Akl thedaighpl N

phenol is used as tThe phenolic conpound and

1, 3-bi s( 2-5%915{3% AhRNSAW IR/ §RB U i,g‘.{:‘ﬁ@ﬂyﬁéth% e%ﬁuﬂr, PHedyipAhy1t NosE

having the folTow ng sfructure are ed, "wheréin ehol” I's ‘used as the

gpﬁgglgiyc%ggggggﬂgé%ggﬁﬁ Y60 YakaPEARY DiRRNZG 1 ¢sgd as the
Specific examples when Rs to R3¢ represent a halogen atom
include fluorine, chlorine, bromine and the like.
Specific examples when Rs; to R;s represent an aromatic group
include phenyl group, naphthyl group, biphenyl group and the
like.

Specific examples of X in the above formula (4) as the
aromatic group having 6 to 20 carbon atoms include phenylene,
naphthylene, biphenylene and the like. These aromatic
groups may have a substituent such as a methyl group, ethyl
group, propyl group, butyl group and the like.

Specific examples of X in the above formula (4) as the
alkylidene group having 1 to 20 carbon atoms include
ethylidene, propylidene, butylidene and the like. Specific
examples of X as the cycloalkylidene group having 5 to 20
carbon atoms include cyclopentylidene, cyclohexylidene and
the like. Specific examples of X as the aralkylidene group
having 7 to 20 carbon atoms include phenylmethylidene,
phenylethylidene, phenylpropylidene and the like.

Specific examples of the phenolic compound of formula
(2) include phenols such as phenol, cresol, xylenol,
ethylphenol, butylphenol, t-butylmethylphenol,

phenylphenol, cumylphenol and the like, halogenated phenols



12 In the phenolic resin of the present invention, the peak area of
compound ( a ) is in the range from90 to 100% based on the total peak area
of conpounds (a) and (b), here the phenolic resin is nmeasured by a high
performance |iquid chromatography netgod using an ultraviol et detector at a
detection wavel ength set at 220 nm The peak area of conpound ( a) is nore
preferably in the range from95 to 100% . Wen the peak area is | ess than
90% a nolding property tends to | ower since an epoxy resin obtained by

gl yci dyl - e5hghids/ ENAorBRHRIIIO! ER168SpReHIShRomBYhBRAACIAAGHY PPRELY - A
met hod of neasuring the above peak area by a high performance |1 quid

chr omat ography me{hoghd Ssggc] £ibRanpiest of 4 REHRERS1ESEENBbubBC R ESENt

invention is separated by a high performance anal’ysis apparatus, an

met hods wegghhn3Ch 39S inMpAdield 00rOf 15sPBAS sARM % hAgPagd us . and the
met hods, it 1s determ ned which conpound (a) having a nolecular |iquid

chromat ogr apby9hafekenmMaHd e i®! ok ar eparated conponents into a like are
adopted. Hy suth peak corresponds to the wei ght obtained by

13
subtracting the nplecyd dpdei gt &kaflpiBE 8F ﬁaé‘%ﬁéngﬂéclﬂbﬁpéﬁﬁm §¥ée
2 nol d and 3" nol of a

total nolecular weight of of ‘a di hydroxy conpound a
phenol i ¢ cegpuid, (ARNGigHHA 4 tarof 1P8RK SERA AL Aphelpsected by a

hi gh performance |iqui'd chromat ography analysis apparatus.” Li kew se, it is

det er m nedy,yohrANBE2K, OPLESRBABESE ! %o i £i5n ERTROANHJ t(i%?ﬂiﬂ%: ’ Gr&Ré ecul ar

wei ght obtainéd by subtracting the nolecular weight a waf er

mol ecul e f598hhBRo1Obgo10NetEHAanteitdY 1fkce. Mih @ fpr i 1Y Qi seRgound

and 2 nmol of a phenolic conmpound. Subsequently, a phenolic resinis

anal yzed bysaHu ghr U108 B 1ldrf1 4500 SENAIRE £ AR haPABSRE Wpe PERKC AT €2
of conpounds (a) and (b) detected at 220 nmusing an ul travi ol'et detector

are measuréfampidst B¢ Falrmaide t 2) Pegk( gy ea val ue of the conpound (a)
based on the total area val ue of t%e conpounds (a) and (b) can be

cal cul ated. Fromghi sheRbeRe! compomANGOrEdFmin 48i ¢8)dikBydugxy conpound
the structure of a constituent conponent of a phenolic resin is derived can

be deternm pedrebiblbeatolgrendn, BHdMsL, kY1 etreATPRe butyi1Me tHREIRMENSLCh as
t hermal deconposition gas chronmat ography and the like, a phenolic resinis

thermally ﬁl@éﬁ’f’]ﬂgﬁéﬁohq PPbAkRod ,drapHRRSE] BOEPARALYL NhAkd HispHedyzed and
conpared wth a known conpound. By such nmeans ) information is obtained on
from whi chp phiet hér preferable are phenol and cresol, and especially
preferable is phenol. If necessary, phenolic compounds can
be used in combination of two or more.
The phenolic resin of the present invention is obtained
by reacting a dihydroxy compound and a phenolic compound, and
usually composed of 34 to 85 mol% of structural units derived
from dihydroxy compounds, and 66 to 15 mol% of structural
units derived from phenolic compounds.
The phenolic resin of the present invention is composed
preferably of 34 to 60 mol% of structural units derived from

dihydroxy compound and 66 to 40 mol% of structural units

derived from phenolic compound, more preferably of 34 to 50



14 conpound or from which di hydroxy conpound the constituent conponent of a
phenolic resin is derived. Alternatively, a solution of a phenolic resinis
separated by a high performance |iquid chromatography anal ysis appar at us,
and separated conponents are introduc; into a nmass anal ysi s appar at us

and the like . Fromdifference in nol ecul ar wei ghts of conponents contained
in the resulted phenolic resin, information is obtained on the nol ecul ar

wei ght of a structural unit derived froma phenolic conmpound and the

7Ol SCU! o #BISNbel A SLEEA Ul 4= 504 ed BRI Q6K RN i

Next, the ysi cal properties t he olic res

t I f
Lhe. present®i SSoRE ARa % e 150 B Ehe P ange SPar 1 Ot 0F hLigisen, o

measur ed by, ofiBo l.fa Vi sconet er (150k 50 Hz). The nelt viscosity is nore
preferably PR the range fromO0.1 to 1 Pa s . Wien the nelt viscosity is

I than O . b

the phenol i . resi h fen%zu‘f@ﬁﬁéee%ai?%ﬁe%* A BrdELhy BhpBkha) 191
Pa s) its mREGLY sphogﬁéﬁéQh% hY uh§R98aknl0 JESn%OEBSHEHg B§i9%¥°f the
phenolic resin o resent cinvention i usua I'n the rande 50 to

oi nt i o 1 S0 FPRERshd BldokENGE0008, (1 e Wiy dBlEy (AemagLhETLES

tendency of, HWEI'EQ)'QrQaPQ%bOQd Onrfi0es %HEE fgnd, P!@?Ed8¥ 5e£59fémthe

melt viscosi n“epoxy resin bt ar ned yC|dy eri y|n

phenol i c r§??39&$ﬁ§egﬁﬁmﬂdﬁghéghtgn?laﬁgdegcg + A R TG ﬂ%lgs nol di ng

pr ocessabi Icresin o resent 1 nvention s a hydroxyl

[ I I
300 Lo 250 oFEae e HRe el PSR R0 nRah D ar o PRy gECBRTARE Ml PO

or over 280:0hB%e rydicdr® SO PBRAPACEBABTHEY T IUONEES CEngh &

epoxy resin obtained by egC|dyI erifying the phenolic resin.

phenolic r t e n n r
wei ght of ﬁggglog;fglf ?g?ng 0%%?1 Igéﬂﬁg?yr?%r g?%&e?grg‘fg?? Il?%%ggg ﬁggga When

the nurber s2Uef@iis, ! GHd 81s URIOMIL HIRTP4ENAADR byamueawbs&&m

obt ai ned by gl'ycidyl-etherifying the phenolic resin ténds to have a ?omered

har deni ng PEORGL! YinFarldi& gmﬂoﬁﬁ@@‘ when over 1400 , its nelting
viscosity and softening point becone too high, leading to a tendency of

lovering in its nphgi §PoHEOEETHR ALY uniie ABLDPEACEESRI B ﬁﬁéﬂ%ﬁ%ﬁ bed
above can be produced by reacting a di hydroxy conpound and a phenolic

L S e R S
polyvalent bonding moiety in which one or more hydrogen atoms
directly bonded to an aromatic ring of the phenolic compound
are removed.

Next, the compound (a) contained in the phenolic resin
of the present invention will be described.

The compound (a) is a compound having two bivalent
structural units derived from a dihydroxy compound, two
monovalent structural units derived from a phenolic compound

and one bivalent structural unit derived from a phenolic

compound, and is a compound having no structure in which the



16 invention is a step of dehydrating a di hydroxy conmpound by a parti al
dehydration reaction. In the first step, a part of a di hydroxy conpound
used is dehydrated, before subjecting to reaction with a phenolic conpound,
to give a mxture with a dehydrated pjgduct. By partial dehydration of a

di hydroxy conpound, this reaction m xture includes those obtained by
renmovi ng one of the two hydroxyl groups in the di hydroxy conpound as a

wat er nol ecul e and those obtained by renoving both hydroxyl groups as water

nol ecul es, dtiadiditd PDanti@ st A6r ¢ 8d drey 8 8o, EbmBblindTdFe AW 16f
wat er produced from a di hydroxy conmpound by dehydration in the first step

i's preferalyonllys ofn "@6RpEAHAI0H) QT shesotre L hei P§ e8GR €2%nPTa NOI e
and 85% or | ess based on ?he t heoretical amount . Wen the dehydration

amunt i s l@ass, diy LEempbeNe aaagemﬂicwwmmo%@ﬁveat £dehy @& at ed

tend to precipitate in the reaction solution. Wen the dehydration anount

i's over thenabyed ot RN BrkS a2 teenda Ay Ponded eag8a0hsathy- product
obt ai ned by nutual reaction of dihydroxy conpounds. The progress of the

dehydrat i opJ1Ral1 40 &Rdsbeseeabicuad ki ifthe uPipda Of rymt s\rﬂﬁﬁea@q%d in
the reaction. Here) the t heoretical anount neans an amount en two
hydroxyl giipouil dasé NY§hasd . CoBRpYuadar(@ )t s ed i kel é¥ul a20Q¥ikghtenoved
as water nolecule fromall dihydroxy compound nol ecules. In the first step
of the prodwidiafedalyosustraBeingl tnlr aiAicdTHE A DENL ABEAG] fMbT 3t al yst
is usually used. As such an acidic catalyst, known acidic catalysts for
synthesi s qfatRiieMyidcd B firéh et e oo t EX anBLesul Ber gk ghiClowde, mut got
limted to, mineral acids such as hydrochloric acid, sulfuric acid, _
phosphori ¢ sa@ithyai¥btPecbmibunar gaai 8 aoildo S UL hesndei Hasempbhaai.c acid,
benzenesul foni c acid, toluenesulfonic acid, trifluoronethanesul fonic acid
and the like, sol p¢d atedSpatlE DS examsbe abENtAe, adové Uompaurkt e)li ke,
Friedel -Crafts' catal ysts such as alum num chloride) iron chloride, zinc
chl ori de arthoge HddEng aehéli £ol DBwENGharGRE tias nEre Bt ££6@! yaci ds and the
like. If necgssary, two or nore yinds of acidic catal ysts can al so be used.

In the first?b epciyf the pidgduct t ent invention, a
solvent is d upually in |dehyd npound. As such a
irSTe Ry ot-uene, xyl ene,

sol vent, there S—f s

cycl ohexanes X ge ed[hyd rbons such as

chl orof orm di chl Ha| |1, 1-tr18hl ofoet fHme and the Iike, ethers
such as di oxane, ethyl ether, ethylene glycol dinethyl ether,
tetrahydrofuran and the |iKke, af oxy al cohols such as propyl ene gl ycol
nmononet hyl ether and the |ike, ketones such as _nethyl ethyl ketone, nethyl
i sobutyl  k¥PEFEimmhanl |ikcusedef&r ABPy PREPRIdhARMP AN eMRE such as

t ol uene) xxlene, cycl ohexane and the_like are suitable, but exanples
t her eof .3-bis(2-hydroxy-2-propyl)benzene is used as the dihydroxy

compound.

Further, those having the following structure are

listed,

M cH, cHy QM oy, CHy OH

Canta 3 Yamd

~ CHy —C|:H3 K/ (lea / CH, Z
(6)

whereln phenol is used as the phenolic compound and



18 are not |limted to these conmpounds. |If necessary, two or nore kinds of
sol vents can be used. The tenperature in dehydration reaction is usually in
the range from40 to 250 , and preferably from60 to 200 . Wen a sol vent
or an acidic catalyst is used in the fjrst step, the solvent and acidic
catal yst used in the first step can be used as it is also in the second
step to effect the reaction, or the solvent or acidic catalyst separately
prepared can be used in the second step to effect the reaction. \Water

B such 1 efodaP SAarnel Aoy o SREo ¥y FERKELA L s i BB B BEAyRERAGT N

dehydratiogb %o@%%hod of fractionating the reaction solution after
conpl eti on SMPPE % eacti on and renovi ng an aqueous |ayer, and the |ike. The

of o step ot reactPyBANBLAY TE)" Haea M RUPEER ot BUERRLRT AR uROTROSCY, |
he fi i | dy | h d f th

broduct  on tHEL Rbq tBe" PRESHRG EEe s fkb MEaEREDTH BoRRel, baR, o A

t he solvenépin tgis ase, _that . wh

Alternativ ?,mg SSPvgﬁieﬁgf BErE%ggF% eﬁéigﬁLgg%gge%%%§%g§%e$ﬂgﬁﬁé9§egzﬁg’
1P, S BB e S ek caRER 8 e 2o el vent gogoed i
b D My
be usea 13RS 0 IR E W RSBl e Th Tl Kettnd seon e
:ngﬁgtétlpéiEo&?tzgﬂnﬂgisqf?qupv%n S i;$d§|Ei$ﬁ%F;br€?éEE%p %h? th(raOmSO
;o ﬁggofﬁgts byomelghpebggbﬁéb% Uﬁ?%%?%g %y meigﬁpeo% he fﬁ#ﬁf Q%LFEL of
pr gduct i ontf&ggﬁoégg'fi%eﬁ}%v%gnﬁ%yggt%g?geiqgrjﬁsgyﬁ ylsiﬁsgtgé(}gh?\‘hggfgiflg

cat al yst 'pﬁ‘ﬁnlb ei%ciu?elt‘q[ %?{ﬂif?ﬁ&éﬂé F;ﬁ/ﬁn%ou‘h'?iaj[aéx"w ch is used in the

first step™can Dbe use ernatively, "an acidic catal yst may be

separ at el y,prepai.go i f%gﬁg_'_ %é?? skep Ldi {-akyst,
t he sane aér3i§§€3?a|9sts S %Q% ?fggﬂgﬁ Fhes#ﬁ§?%Q%tggbgéghf?s?e%. The
t ot al annuabﬁ elip@ci dic catalysts used in the first step and the second
step i s usua Py Prdn10.001 to 1 nol, preferably from0.001 to 0.5 nol based

on 1 nol of a dihydroxy conpound.
met hod of thgypresent inventHgpn,
110

obt ai ned iE:iEf Gt ol @Y i & _conmpound are reacted, 20
I x
a
CH, HaC™ "CH

Further, those having the following structure are

listed, wherein phenol is used as the phenolic compound and
1,4-bis(2-hydroxy-2-propyl)benzene is used as the dihydroxy

compound.



and usually, a partially dehydrated di hydroxy conpound is added to a
phenolic conpound to cause a reaction. Regarding the ratio of a partially
dehydr at ed di hydroxy conpound and a phenolic conpound in the production
nmet hod of the present invention, the apount of a di hydroxy conpound before
the dehydration is preferably 40 nol % or nore and 90 nol % or less ( nore
preferably 50 nol % or nore and 80 nol % or | ess based on the phenolic
conpound. n the anount of a di hydroxy conmpound is |ess than 40 nol %
based on thel anos, of a phenolic conpound, the anount of an unreacted
phenol i ¢ comsqund rensj ni ngCHa the reaeti ofH system i ncreases, consequently,
| oad of an|l operatfiror sty g :

i ncreases 2 : t of a dihydroxy conpound is
nore than 90 nol ¢ g-hpynt of a phe G conmpound, the resulting
phenolic resin tends t& have ?ncreasddianel t viscosity, and there is a

t endency of occurrence of Sﬁadvantages in use as insulation material s,

| am nation plates, and electric and electronic materials of seni conduct or
sealing materials and the like. A reaction solution of a partially

dehydr at ed di hydroxy, .conpound_i,s add uous or discontinuously to a
reacti on system cbhtHrqiRgea) ﬁ@nEFF %p% e YRt %?Th the

henol i d._The additi ed when added cont ¥
5 ol % houk B %0 ﬁagws%ﬁmﬁis s ‘Pé"séfeag‘éfee Zon S iBihsered
henol 1 1n th £t d st th
braduct | oroheERBG EBF e @SR ARAA | Ty TRTBNER Ao (Rdardort Bl LRAFR | She

conduct ed ile

EQﬁdﬁﬁf23*%223}33%5%?5%%%6:T’Ezzcggﬁ% i e 5
ooy oy Sl SRR, nd At SRR R B B e
under whi ch® %?PopFSV&é iTh &h % e??éc?@ﬁe %ﬁ? nﬁ5ﬁ§ly9 when

nder at hi%%rﬁﬁg}l pfaiiiu%ﬁ\%fhé?%;fs%%éé?"%? P TS T 0 50 W Rkca by
tracing chgn rﬁ%e&%gakgrggggdig{m%;%vrv,amatg%r'a' SRSk R EORRRI Y ddad "2, o,

reaction sys as gas “chrofat ogr ap

conpletlon ofléwﬁr &?ﬁ% nger a¥§§ |onaf%§H£|S neutrallzed then, if

necessary) wa's gepgratlon are conducted

Laken out TI% W%n 5%%3%%%9% RS TP a S M R ag e 1S

phenol i c ﬁ’ not reacted) there are listed a nethod of heating under
reduced pre stean1d|stlllat|on a nethod of introducing nitrogen into

the system “and tppeinéé a é@%égéﬂgi%xg) EHS BB@HCS;e%& @Lﬁ%ffaf

invention, production of a co contarning a stru 22

by nutual Dandsga R % g&ﬂ&ﬁxgzh%%e’?&%t%e&gg rPEtﬁés'&pESS?E ofiri%wtshe des' red

phenol iC I’eSI n can ral ne resin o resent

i nvention using t ﬁﬁpoweégﬂgﬂgiigtégﬁgﬁ ﬁ%lngc gg?ghlbig”Fqu&ﬂni resin

of the present inve ethérifying a phenolic

resin describeg, abevEy ageRu dhng o it TESDOS- oABohEogEbBRY ©f

gl yci dyl - erityrng ¥he p
analysis apparatus, and methods of determining molecular

weight such as introduction of separated components into a
mass analysis apparatus, and the like are adopted. By such
methods, it is determined which peak corresponds to the

compound (a) having a molecular weight obtained by



resin, there are listed, a nethod in which the above phenolic resin are
charged together with epichlorohydrin into a reaction vessel and dissol ved,
then) they are reacted while continuously dropping sodi um hydroxi de)
cool i ng epichl orohydrin and wat er undgé azeotropy to liquid and returning
an organi ¢ phase into the reaction system and the resulted reaction
mxture is purified by post treatnent such as washing with water, and the
like, to obtain an epoxy resin. Particularly when an epoxy resin of high

purity s aohebngds sl fahl e {s. S50t olod G301 Wk 3 gheRAl sy ceRig and

epi chl or ohy resence o oti'c sorv escr

P e W B A Y e
yov, o DUREITHE i il bt Wit =
e 1ot b
e o
IR St ol A Sty e
PLgcefzggkfiTg ?%ﬁ&f tgﬁ%ﬂmﬁﬁﬁ%ﬁﬁg%%ﬁPgﬁi%32%5fﬁt189 ﬁﬁﬁaé%%x?c?gan of

pr ef grabl yw?%gg{ﬁeé#amnédg %%QG%XP%ngg?eﬁsg\%eﬁL?ﬁghggf%ée)%%gg"opq(ﬁﬁilgls- | ess

h Z lid f . :
oot ns mitEFThE SR ZHETYE b SEnRLELT SR Ao AGTRY E ienfle gl
1509 , itscgmgﬁkgg processability tends to | ower. The nunber-average

nol ecul ar Weli of the epoxy resin of the present invention is usually in
o i or eRpbed 197 BB BURCEE AL 13, B RRRSS TR 1
on Eron? $8Ebehazbas 2ot @ Ukl O Edpl) Dot SE! U0 BEUE o becores
(e%)x%/or (eé')é‘orﬁﬁ’gﬁf??%tgg agi;)d0§((93rgé?§,8'ﬂiéd' AVeYd Qh G9TRE! & hld¥ad Ll oM g
detector are measured, and the ratio of the peak area value
of the compound (a) based on the total area value of the
compounds (a) and (b) can be calculated.
From which phenolic compound or from which dihydroxy
compound the structure of a constituent component of a
phenolic resin is derived can be determined, by the following
method.
For example, using methods such as thermal
decomposition gas chromatography and the like, a phenolic
resin is thermally decomposed to obtain a decomposed

component which is analyzed and compared with a known compound.

By such means, information is obtained on from which phenolic



( B) a hardener having a phenolic hydroxyl group, and (C) an inorganic
filler. The epoxy resin (A) is an epoxy resin obtained by
glycidyl -etherifying the phenolic resin of the present invention described
above . Further, a known epoxy resin q&y al so be used in an amount not
deteriorating the object of the inventifon. The hardener ( B ) contains two
or nore phenolic hydroxyl groups in one nolecule. As the hardener ( H)
there are |isted, novol ak resins such as a phenol novol ak resin, cresol
novol ak regj | § Yl s i p o] r.al:kyl sin,
%o’?qp%lﬂxci*@r fdi‘;a’xﬁe%?{gié, bgﬁ??f&%f%@@d PREOLoASE i K et

cresol aral kyl® resin an ycli1'c str ure-containing resins

h j t agi hfi I [ -nmodi fi ed phenol
Fesin and R B S S B4’ [T phonol met hane type
[ d the likg, bl : I j hepol
aral Kyl resin and e Ve 1, SeRaftBayOF, A B L LE e A ER0
nmbi nat i f [ f h
Compoundi ng Fari i oPch thigh SEERRMAEIS Radfe \RLERREEFRREY. 1) o
i |l ' ol j to th
o ase 1 raneriiar 1S inakards, SRR ONRRCA d Lo i BT B 80 1 °
d | kyl ' [ i h it
o Y b i A oGl bl o Bt  HIPONERHP, PHAGA oBinride | ©
equi val ent yiSpl: écu&%zlt)sigp‘%%! ék%é’r&ﬁé%ﬁés oﬁ@&ih?&rﬂ?r{'h Eg'sh‘i.ft @C)
there are ITs e%, stlica, um na, trtanrumwhite, al um num hydroxi de,
talc, cl | [ f kD li ke.
O them - pEAIBAE s A Tin, AL TR 1B it tled B hE BRI BBIRER e
Gl di ot hei . ¢ ) . _
[ i5 pref crasTE £f st pevaeret fREr ATy AERTa BAgHPELC PoREpRa e

spheri cal Loigneafd nig1eheh 4 Q«Fé?néﬁg%f]eé-sgzt@c@ﬁ@&ﬂtuﬂigé @/sgm%.g% ot
0

filler (C 1n an epoxy resin conpositionis from60 to y wel ght,

preferably f 48 (kv &ARI8RYaWei ght ( further preferably from 75 to 95% by
wei ght basgd ?;nrathe}}%ol e epoxy resin conposition. Wien the anmount is |ess

than 60% by vei ghivexkhe 1l ShyBRROIP: b OF £o £ WBOBHL | OHlohBEB22ES1ANT the

sol dering crack resistance théreof |owers. \Wen over Yo by wei ght, the

f1 owabi | ity 0l pa 1HSdbFODPEAE 00ni §118MBEKAQE Y& i Or . consequently,
i nsul ati on-nol ding of a sem conductor becones difficult. Into the epoxy

resin conpositionrge hdlft Wi%%%ltiﬂi‘lﬂﬁnéﬂé’ghe!ﬁ@l% BREIRN AINRACHREEEALOT S

can be used. Specific exanples of the hardening accel erators inhclude

L0 PR R OS5y s tnd L BAGBL BB I 10 7a -  when
measured by an ICI viscometer (150%3, 50 Hz). The melt
viscosity is more preferably in the range from 0.1 to 1 Pa"
S. When the melt viscosity is less than 0.01 Pa* s, an epoxy
resin obtained by glycidyl-etherifying the phenolic resin
tends to have a lowered hardening property. When over 10 Pa’
s, its molding processability tends to lower.

The softening point of the phenolic resin of the
present invention is usually in the range from 50 to 150C,

and preferably in the range from 70 to 100C. When the

softening point is less than 50C, resins are easily melted,



26 tributyl phosphine, trioctyl phosphine, tri-2-cyanoethyl phosphine and the

i1 ke and tetraphenyl borate salts thereof, tertiary am nes such as

tributylamne, triethylamne, 1,8-diazabicyclo[5.4.0]undecene-7,

trianylam ne and the |ike, quaternary,anmmoni uns such as

benzyl tri met hyl anmoni um chl ori de, ben&@ltrinethylannnniun1hydroxide)

triethylamoni umtetraphenyl borate and the Ii ke, imdazoles, and the |iKke.

O them organi c phosphi ne conpounds) tertiary am nes in dazoles and the

i ke are pnref ble fro a ' [ . pr oof har,deni ng

oroperty, 468 ot hebehERSKEAEr B SR IR SAAE1 RGP 2 of NRCRIIRE 7 |
j f _necessar t here

th i it fo~t h t i t. , ,

can be atdadeBRN Ry eIy dAtCeuERBo Rk YPHACORBEY fn PRoERORAE i her

fatt id_and .net h fin: [ t h

o BTk Lo USR-S BHE ROl B R ARSI 2
d the like. Furt , Tl t d fl, t t aid h

anti mony t AEBATS Gha oHErBen BB ude e s T b dBORITPESI s and the

l'i ke may be added.g}gg@irnnre, for the purpose of lowering the stress of a

conp05|t|oRFQ§%%ﬁ%mers hd the |ike can be added or previously reacted

hot hpZIPt oul ar | 53@5? rp.hc‘%?%?f’fé C#%%&???Féﬁ?%‘%%%&ﬁ&:ff*f“%n*?{?fﬁteﬁ%? Feacton
S T oone v ARgEea3 BBt Sttt it Ds MAAL S5 W od 6B SORR V0T o

(1, D1 ek SEERRLEE0 PEOAIG R AT o) ROl WOl PR

sem conduct ors, ronrc parts an I pro

oL 0y R e TR el 8 BURR LRI

thi s epoxy resin-conposi tion nmay geous

convent  ongly \ dsaqu Pl 810G HEL NOMS £RUCR A% ol IS e Bl Cl By CRURIGSST On

nol di ng, i njection nolding an he 'l i rdeni ng oxy resin

g, i ne and-"tht . he S
appr opr | at SPy PAEE R e A AL e L e RO 8 e rponent s
the Kind of o ¢at #hkpnedil i dd ke ok SLAL! ¥reBaRdenitb AL DG EO ISt o

at 100 to 200 for sS than 1 mnute, an ost eni ng can be conduct ed

at 150 to aggbng—%rv%rezf%ewgrﬁ}t Tar %&WﬁfE&eﬁngg fg{'orh%d)ﬁ:%sfﬁbo ,

i nventi on are shown onot lirmt the sc the 1 nventi on.

Met hods of I ' j i hti
articlos P e, ELSEARY Erol W00 LRIEATS e N AfPgE ERe gk

ow. - Content of conpound

total amuph QbGP WIGh s AWk Pndd S PN dSok§Stdsin obtained
by glycidyl-etherifying the phenolic resin tends to have a
lowered hardening property. On the other hand, when over 1400,
its melting viscosity and softening point become too high,
leading to a tendency of lowering in its molding
processability.

The phenolic resin as described above can be produced

by reacting a dihydroxy compound and a phenolic compound.
Next, a method of producing the phenolic resin will be
described.

The first step in the production method of the present



28 Using a high performance |iquid chromatography mass anal yzer (SERI ES
1100 MsD) manufactured by Agilent Technol ogies), acetonitrile/water as a
nobi | e phase and L-colum ODS as a colum (manufactured by Chem cal s

Eval uati on and Research Institute, Jagén) for anal ysis, conponents of a
phenolic resin were separated and detected by APCI (Positive) node, and the
nol ecul ar wei ghts of respective fractioned conponents were cal cul ated from
t he mass nunber, and the elution tines of respective fractions were

SEPLL{ S‘Sda%fig&,ﬁégﬁzr%%f‘% %&%&?&%‘3‘3{%tﬁ%%é@f%#‘%*ﬁﬂa%ﬁ?ﬁ??? of
: . q
'E E ;:ov\rrlggugapg@:i?gg%%h%]{%tgiégtg&agglggg conpound ( a ) and the conpoun

cula respectivé peak area percentages. - Epoxy

cquivalent 1t var.TBASWISL DL LA el Ot o aeh i gpRe BEhor, agsor ol ng

to JIS K7236. - of t'en ng-poi nt” = 'l U Was neasure Irng-an met hod
L A RS
Ton of 19 §SmBpunty” ke gyt Bty o' e @ 1SR TEE Rt B R Reetd TBleasi ng
5 Cant aPeREcRReoaRES At 5 dy AT ORY efngSad ofit PR Bhsg 1 o
Cestor | ustiaPpEr” Rcandir, craies md EF e EHo LhpRleBeaPrer RaofAPng vas
cbeervet aRBcrRaR FRepBE LR TRy 8.t cBhBLUnE f BB BBl TR s (52
ItOIrgng‘_Er pﬁ%ﬁg%&%@g I n%i%?é@ﬁf%ﬂ&@;r?%ﬂﬂ%w llu%go_trirjﬁ)l g(rgga9§8§5i tion
of 240 fornaneEliskss Ut LG oo TORE' B1fivhronl b O E0REET 1 0"
Poad frams. - Exanpl B oY KReeE Fahled AANKAORLA0A By DEBhp SR L O °
15 b (2. Ry ShyBE RS AN N AP SR Gty 888 dxChore

p-tol “e”eséﬂéﬁo%ﬁ BEit geggr]o é@@%&}n%%&ﬁ 864 Sx xﬁ‘&i’?tgﬁd ¥EEC Rl I T red

at 95~ for hour's, en, ‘co o stand still to cause liquid

separ at i On}lﬁa/[ég Qgéghnoﬁ‘ 'E}F?Cgﬂé)&éf’%g%ioﬁnﬁﬂn’éhi flg'!ﬁ??l %%y%e}lgdratdr_%ré

1, 3-bis(2- roxy- 2-propyl) benzene been paf; ed.
amunt - of %gﬁﬁéy s H AP HAPHeabBveNEanb8ACEI APaPBRyOESMPBEuhES A0t

anount of roxyl groups I n

dehydrated tend to precipitate in the reaction solution.
When the dehydration amount is over the above range, there
1s a tendency of increase of a by-product obtained by mutual
reaction of dihydroxy compounds. The progress of the
dehydration reaction can be confirmed by the amount of water
produced in the reaction. Here, the theoretical amount means
an amount when two hydroxyl groups on a dihydroxy compound
are theoretically (100%) removed as water molecule from all

dihydroxy compound molecules.

In the first step of the production method of the



30 the charged 1, 3-bi s(2-hydroxy-2-propyl)benzene) according to GC
.analysis. Into a1 L round-bottom flask equi pped with a thernoneter,
stirrer, condenser with liquid separation tube, and dropping funnel was
charged 118 g ( 1 . 25 nol ) of phenoly7 208 g of toluene and 3.8 g of
p-toluenesul fonic acid nonohydrate, and they were stirred at 115 to 125 (
and the above reaction solution was dropped into this over 6 hours . During
the reaction, toluene and water under azeotropy were cooled to |liquid, and
an organi c praseEntvdnveritiored antacidtcr eathilystsyis asuadfliyerudd®. dragopi ng,
heating and stirring were continued for 2 hours before conpletion of the
reaction. Ismdhhanraasidiorcat@lys onkabwhhasidtiageat 819s el Lovsyptiedis
initially charged renai ned. After conpletion of the reaction,
neut r al i zabifophesw Mantre=imvarg dsedi MmExampllephehekev€miviclgde, but
treat mentwere conducted, to obtain a phenolic resin (P-1). The hydroxyl
group equi naltentimiatse 3o g/ efjnefhe acildsr safclarasrshydrochioriear acdid,c
nucl euses) contained in each conponent was checked by gel perneation
chr omat ogr splyfurier aciad | @hosstiertedatddaan@Pthe Tl kahydrghnian addsisused
as a nobil e phase, and columms of TSK-gel G3000HXL, G2000HXL and G1000HXL
manuf act ur ethdhy a0 Idt Kaxi@su¥Lonrivsadidlhdermmgmoeent Soneceagedect ed by
nonitoring the absorption wavel ength at 254 nmwi th an ultraviol et
detector. Aslaemmilforiiacdial, akriflibriumechawesabipanenicid.ai?’d the
trinuclear conponent: 11.0% pentanucl ear conponent: 13.1% heptanucl ear
conponent : 11ke4%soldidagdldsasuehnasns il i ch2.ad%m il e il lcday @erd ahent :
11.2% 13 or nore nucl eus conmponents: 37.7% Even nunber nucl ear conponents
havi ng 4 odikere ricddaisatrafte’ nuatakyetsesuchsaa aksmihuoef chtazdudenent by
hi gh performance |iquid chromat ography, a conpound corresponding to a
conpound (Byxomaaohigpral dd r uzimec echdopdded amid Zhet rluckelr adciidicsideri ved from
phenol and 2 structural units derived from
1, 3- bi s( 2- exdhangell preping behetaropolyadcdds Endidatrectktke andl £ he cont ent
of a compound ( a ) corresponding to a conpound having a structure conposed
of 3 struchecelssariy,s toer pregiofeond phenf agiddic statalystts aan ad sdebeved
from 1, 3- bi s(2-hydroxy-2-propyl ) benzene was 100% and the conpound (a) had
a nol ecul apsedi.ght of 599. Exanple 2 The sane procedure as in Exanple 1 was
conduct ed except that the anmobunt of phenol charged into a 1 L round-bottom
flask equi pped wi Th &hehddrstetshep s1f rtkee , proddetiden wiettihdd i dthe
separation tube, and dropping funnel was 141 g ( 1 . 5 nol) , to obtain a
phenol i c r pTesefR- 2nventidne regoilivemtsdsutsed vsuadiyl thi dehpdrabisg
reaction, 13.1% of phenol initially charged remained.

a dihydroxy compound. As such a solvent, there are listed,

hydrocarbons such as toluene, xylene, cyclohexane, heptane
and the like, halogenated hydrocarbons such as chloroform,
dichloromethane, 1,1,1-trichloroethane and the l1like, ethers
such as dioxane, ethyl ether, ethylene glycol dimethyl ether,
tetrahydrofuran and the like, alkoxy alcohols such as

propylene glycol monomethyl ether and the l1ike, ketones such
as methyl ethyl ketone, methyl isobutyl ketone, and the like.
Preferably, hydrophobic solvents such as toluene, xylene,

cyclohexane and the like are suitable, but examples thereof



The hydroxyl group equival ent of the phenolic resin 32 (P-2) was 216
g/eq. , and according to GPC anal ysis, binuclear conponent: 3.1%

trinucl ear conponent: 18.1% pentanucl ear conponent: 20.7% heptanucl ear
conponent: 17.6% nonanucl ear corrponei]é: 13.6% 11 or nore nuclear
conponent: 27.0% Even nunber nucl ear 'tonponents having 4 or nore nucl euses
were not detected. As a result of neasurenent by high performance liquid
chr omat ogr aphy, a corrpound correspondi ng to a corrpound (b) having a

:Hﬂgw;gl %%gﬁggg'elﬁiv%e rom éljgg %°*@(‘Ez‘§’h‘$§;'o¥1§£j c%orgpso'%})%genz n‘gr(r:"c?u fi%9 not
be detect e?urgd% f]eso%péfpé %n bgo d (a) having a structure conposed

of 3 struc i 5 deTT ved FRom p and 2 structural units derived
from 1, 3-bi s(2- hygt ox I b n e 0 had
a nol ecul ar wei gh{%%f ‘\'/%égg;:%ng%ﬁ)aerg ive % /Q?%nggﬁ 1 qlrrspu LH(;P%&I

LLSZE;?SLE%SE%Q %ﬁbfﬁééﬁ‘;ﬁﬁéozﬁi" L se # ﬁﬂﬁgfrorlmf telz%ﬁ of
1,3 2

e G MR e
Lga![: ﬂgl gzéflﬁr r nSPga ¢ ﬁ°nt‘l'einé\kﬁiheg%g%&é’dcﬁﬁ?g‘ytsﬁeuzgg#i %}/es?%r&ﬁn of

t he regctl 3% P ﬁ’af]%ber (‘ala i 50l |§§isgf ?gr %ggn%# % %gn?gg |q:on
19,3 ol % ghePaaRale dcpl { il '%ecmaorl%%{ dié\fégmy gg@ggg@uy

neutralization €-s0 v’en tT eat ment enol rea

conduct ed, %p%qlead afl 1 %‘SB%SC&&%%'&@ g?ste € WFEQXY r?&gc‘fg‘éﬁn"a' ent

was 251 g/gq ccor analysrs i nucl ear corrpone

trinucl ear w%f%_%@-cy?‘éﬁhuc% ?%’ tﬁgtfé’ﬁé'ﬂ‘?’ﬁril%‘?%@%f%tréﬁ’o 4 RENENRlear

conponent : exanucl ear conponen anucl ear conponent

8.0% OCt aRugl §a0rCOYRRERT and- sV uRr L efiBLE L HELRRE, AR YYS1 1 30 ed%

a method of azeotropic dehydration, a method of fractionating
the reaction solution after completion of the reaction and
removing an agueous layer, and the like.

The second step in the production method of the present
invention 1s composed of a step of reacting a partially
dehydrated dihydroxy compound obtained in the first step with
a phenolic compound.

In the second step of the production method of the
invention, there is usually used a solvent. As the solvent
in this case, that which is used in the first step can be used,
Alternatively, a solvent may be separately prepared and used
in the second step. As the solvent used in the second step,
the same solvents as used in the first step are exemplified,

and of them, solvents forming an azeotropic mixture with water



As a result of neasurenent by high performance |iquid chromatography, the
content of conpound (a) having a structure conposed of 3 structural units
derived from phenol and 2 structural units derived from

1, 3- bi s(2- hydr oxy- 2- propyl ) benzene 55.0% Conparative Exanple 2 The
sane procedure as in Conparative Exang?e 1 was conducted except that the
anount of phenol was 141 g . In the reaction solution after conpletion of
the reaction, 25. 7 nol % of phenol initially charged remained. After this

Conduct od, T BREGPR S DhaTE FnvERh e 2 SR A LB #%3{33? Hik ent
was 236 gl g, umg%ggc hgo&%etap 2 R 3R8 Va4 9o LbBLr BT Yopn

conponent s, nuc onen ear one

et anucl <3 ASTPOREE ind s Hb. PORECRMERSRGOIIANENL: 38 Beone o
Conponents;solvents can also be used. It is more preferable that the
solvent used in the second step is the same as that used in
the first step from the standpoint of recycle of a solvent.
The total amounts of solvents used in the first step and the
second step is usually from 10 to 2000 parts by weight,
preferably from 50 to 500 parts by weight based on 100 parts
by weight of the total amount of a phenolic compound and a
dihydroxy compound.

In the second step of the production method of the
invention, there is usually used an acidic catalyst. As the
acidic catalyst in this case, that which is used in the first
step can be used itself, alternatively, an acldic catalyst
may be separately prepared and used in the second step. As
the acidic catalyst, the same acidic catalysts as exemplified
in the first step are listed.

The total amounts of acidic catalysts used in the first
step and the second step is usually from 0.001 to 1 mol,
preferably from 0.001 to 0.5 mol based on 1 mol of a dihydroxy
compound.

In the second step of the production method of the

present invention, a partially dehydrated dihydroxy compound

obtained in the first step and a phenolic compound are reacted,



25.0% As a result of nmeasurenent by high performance liquid
.chromat ogr aphy) the content of conpound (a) having a structure conposed of
3 structural units derived from phenol and 2 structural units derived from
1, 3- bi s(2- hydr oxy- 2- propyl ) benzene wagp58. 0% The nelt viscosities and
softening points of the phenolic resins in Exanples 1 and 2 and Conparative
Exanples 1 and 2 are shown in Table 1. These phenolic resins are resinous
conmpounds showi ng no clear nelting point. Table 1 UnreactedMelt

vi scosi t ySahigeAImenol arpa+0aid9 deBgardardditdinyardk§obnpoand as

16. 62. 2105Exanpl e 213.10.4%%0Cbnpa?ativgfb.30.5092&§anplgn PO

1Conpar at i y@ded’ &4l ZB0sHan®l £c 2compoubtiary) & auddiea SAGEcRIBACMUr e as in
Exanpl e 1 was conducted except that the dropping tinme of the reaction

sol ution in whi chrbgdulditi?-thelreaxt1@- O 08Y bhkenzANg hchpeeacpartially

dehydrated was 4 hours. In the reaction solution after conpletion of the

reaction, &3ngdvdxg eomiriid and Al gidyo £D8rEsip 6 €81 11EEn breued et | On

of the reaction, néutralization,
method of the present invention, the amount of a dihydroxy
compound before the dehydration is preferably 40 mol% or more
and 90 mol% or less, more preferably 50 mol% or more and 80
mol% or less based on the phenolic compound. When the amount
of a dihydroxy compound is less than 40 mol% based on the amount
of a phenolic compound, the amount of an unreacted phenolic
compound remaining in the reaction system increases,
consequently, load of an operation of purifying and isolating
the desired product increases. On the other hand, when the
amount of a dihydroxy compound is more than 90 mol% of the
amount of a phenolic compound, the resulting phenolic resin
tends to have increased melt viscosity, and there is a
tendency of occurrence of disadvantages in use as insulation
materials, lamination plates, and electric and electronic
materials of semiconductor sealing materilals and the like.

A reaction solution of a partially dehydrated

dihydroxy compound is added continuously or discontinuously
to a reaction system containing a phenolic compound, for
reaction with the phenolic compound. The addition speed is,
when added continuously, usually 5 mol%/hour or more and 15

mol%/hour or less based on the amount of a phenolic compound.



de-sol vent treatnent and de-phenol treatnent were conducted, to obtain a
phenolic resin ( P-3) . As a result of neasurenent by high performance

| i qui d chronmat ography) the content ratio of the resulted conpound (a)
havi ng a nol ecul e structure conposed Bf 3 structural units derived from
phenol and 2 structural units derived from

1, 3-bi s(2- hydroxy-2-propyl )benzene was 94. 9% This conpound (a) had a

nol ecul ar wei ght of 599. Exanple 4 The same procedure as in Exanple 1 was
conducted except that. the dr ing_ti of th action_ sol uti n in which
13 bi ( 2- hydr oxy 13- HRENGEERFEPBerEehBhSRCBBEnSRaP: 18 theqBRoaPstadias 2
hours In the reactjon solution ter c | etion of the reaction, _15.5 nol %
of phenol WﬁiPPQIQf(ﬁﬂﬁgﬁiF?%ﬁﬁl;EHenﬁ P8 IHHITRIGH R FReUFUaLLYon)
neutralization, de-solvent eat pent and _de- phenol treatpent we

conduct ed, °°n§§qﬁfqﬂﬁﬁﬁ¥F bﬁ%ﬁg$F89r8§FnWﬁ$%f)pr°QEF SEQEEFPgthe
measur enment by hi erfarpmance |iquid chronatography, the content ratlo of
t he result§&a€5ﬁﬁ6bﬁ tof RhGi @SEeﬁopﬁc%¥%°§FP§&FUF§h¥9ﬁﬁ5§€@ of T
structural units derivyed from phenol and 2 _structural units derived from
1, 3- bi s( 2- RFEPEEPPEGABRYAFREALORAYRE SPN YLt el WndSRRAFME | BFeAsYTS
nolecular wei ght, of 599. Conparative Exanple 3 Into a 1 L round-bottoned
fl ask equi Bpedefaedh RIRFFIONRt erl P& RES ngur'éoﬁagné:&mp&rﬁ?tdﬁfprﬁ’?@' f unnel
was charged_ 118 g of phenol 208 of toluene and 3. of

p- t ol uenes tPPYFNC chengimsh ﬁ$ kingt of & 593?&5Foﬂ§ﬁ9|5§ﬂzene
was dropped while stirring at 11 0 over, 2 hours. After dropping,
heating andbet Ppn%@m%f’ i nﬁeﬁe?ﬁFignhéﬁlé‘tt}é?rb'r SR PO Bt the

reactio In t t t t thi 19.0 | % h
hertiniy eﬁaﬁ?;@ﬁ%ﬁaﬁ sa.w e A 2eR o S B As R R qsﬁgeggegm vent

treat nent and,de-phe o at were cond cted i I|c
esin (- 75ORAdRE0 SroEehpeRens Byt of = aofYfRbncs FRAFE
chronatography, t he content ratio of ound gg¥ghaV|n a structure

conposed ofS3 QpﬁﬂﬁﬁﬁQHaqnﬁ?stﬂet?5 W?% pRLR fF 15 BF& units
derived from1,3-gj 1 sopropeny! benzene was ;82 924 ve 2hBI&EPLS Pracing

change of the amount of a raw material phenolic compound in
the reaction system, by a method such as gas chromatography
and the 1ike. After completion of the reaction, the reaction
system is neutralized, then, if necessary, washing with water
and fractionation separation are conducted, then, a solvent
1ls recovered by distillation, then, the reaction mixture is
taken out in molten state. As the method of removing a raw
material phenolic compound not reacted, there are listed a
method of heating under reduced pressure, steamdistillation,
a method of introducing nitrogen into the system, and the
like.

According to the production method of the invention,

production of a compound (b) containing a structure formed



Into a 1 L baffled flask equipped with a thernoneter, stirrer and condenser
with liquid separation tube was charged 480 g of epichlorohydrin and 120 g
of the phenolic resin ( P-1 ) and dissolved. 43 g of a 48. 9% sodi um

hydr oxi de aqueous sol uti on was continﬂ%usly dropped whil e refluxing the
reaction solution at 55 to 60 i under™I5 kPa, and they were reacted while
cool i ng epi chl orohydrin and water under azeotropy to liquid and returning
an organi c phase into the reaction system After conpletion of the

reaction) g ﬁnltgraqhmh al} ngS e agayg@@heg%%dfgy . Odghp??c%léqs%qi

pressure, t resin was di ssol ve

by- pr oduceg gald, $ EFRY OnBYoHARN G W I €T onTliEReqTeL Y] i SObULYI

ket one was renpved by concehtration un reduce pressure, to obtain an
W scusi by of 0, a0"BKT: SFRTEhoh® E%E?‘dg%u?%f BReRapt o8 et s 1y & by
fesin (11 adon sy i Ghic zhann WAT o et iMRa 2af’“%2f", fES'. >
gé?tgaL;smgygﬁflg?he £F ﬁga Sl ?g%? ?ﬁ§e§§%§% gtg§R&%ld%¥bq$Qa ?g?eagrﬁg
(07 ade: name? LY ﬂaﬁﬁ%‘ﬁ?'lur%ép%@ﬁ%ég PR DRl eaiePdE |
) were knegged ungder . byorglkﬁan &é@%xarlan epoxy resin conposition.

This epoxy resin conp05|t on had a gelling tine of 18 seconds, and a spiral

o di ng to mol d ats et é’" SETEETELART- IIRBAAGIE Lo fangl e

nolding to nold a sinu ate resi stance

test was copdyct egﬂaggoa% &hea ﬂuQ%%dTELWicﬁcﬂLservg% gpaﬁp and

peel i ng of "thé pa d after nol ding were clean

Surf ace of ;e T, ek StaLBLAG-AT 1 P iRt IRl eLn EAED! 69 © to 8

and Conparative Exanples 4 to 67 The phenolicresins wer e

gl yci dyl - etRakithigtd vied slelie ﬁ%ﬁ%ﬁ%@s t'h'énEX leye a§'e £RaBREd Phile

correspondi ng epoxy resins (E-2 to E-7). The physi cal properties are shown

in Tabl e 2¢oh4hhRus ity ea@&pgsyngegbaiuﬁﬁn%a%ﬁa) JEdfinged and a
har dener, hardeni ng accel era rel easi ng agent and coupling agent

ver e Conpodpd chil cH8Hydr {1l 408 §Q€&9 thE%bh%é%tf%¥¥‘%Einé@§h”and
conp05|t|ons were obt'ained in the same manner as in Exanple 5. Using the

epoxy resi pe¢AFRAid hanérgahmel ﬁasgelﬁ%c&m%a\wleomy%% T%WdetﬂeShOWf]

the gelling times and spital flows of the epoxy resin conpositions, and the

hardness ofekhg vad Qeac%&blncmﬁtuwiecgﬁnsiﬂéd Yy postRkdatd t! BGcn
sol dering crack resistances of the | C packages.
as washing with water, and the like, to obtain an epoxy resin.
Particularly when an epoxy resin of high purity is obtained,
suitable is a method of reacting a phenolic resin and
epichlorohydrin in the presence of an aprotic solvent as
described in JP-A-60-31517.
Next, the physical properties of the epoxy resin of
the present invention will be described.
The epoxy equivalent of the epoxy resin of the present

invention 1s usually in the range from 240 to 320 g/eq. and

preferably in the range from 260 to 310 g/eq. When less than



39 Table 2 Physical properties of epoxy resins

EpoxySof t eni ngl Cl Epoxyr esi npoi nt (" ~)viscosityequival ent (Pa ~

s) (g/ eq) Exanpl e 5E-1820. 62309Exanpl e 6E-2670. 21294Exanpl e

7E-3700. 22302Exanpl e 8E—4650.19308Cbng$rativeE-5700.21327Exanp|e

4Conpar at i veE- 6580. 11321Exanpl e 5Conparati veE- 7650. 19315Exanpl e 6 40
Tabl e 3 Conmpoundi ng of epoxy resin conposition Conpounding ratio (part by
wei ght ) Exanpl eConpar ati ve Exanpl e5678456Epoxy resi nE-1 100E-2 100E-3 100E-4

100&-5 1006,% 3995 .7 LRAG0¢ 80 8nerop2dte €6058% 0 be poor, and

when larger than 320 g/eq., the hardening property of a resin
composition using the epoxy resin tend to lower.

The melt viscosity of the epoxy resin of the present
invention (measured by an ICI viscometer; 150C, 50 Hz), is
usually in the range from 0.01 to 10 Pa* s, more preferably
in the range from 0.1 to 1 Pa*®s. When the melt viscosity
is less than 0.01 Pa*° s, a hardening property tends to lower.
When over 10 Pa* s, its molding processability tends to lower.

The softening point of the epoxy resin of the present
invention is usually in the range from 50 to 150, more
preferably in the range from 60 to 90C. When the softening
point is less than 50C, solid form cannot be maintained at
normal temperature or epoxy resins mutually adhere, in some
cases. When the softening point is over 150TC, its molding
processability tends to lower.

The number-average molecular weight of the epoxy resin
of the present invention is usually in the range from 450 to
1450, and more preferably in the range from 650 to 1250. When
the number-average molecular weight is less than 450, the
softening point is too low, and when over 1450, 1ts softening
point becomes too high, causing a tendency of lowering in its
molding processability.

The epoxy resin composition of the present invention

comprises the following (A) to (C):



accel erat or4444444Fi || er 878894886879861867872Rel easi ng

agent 1. 51.51.51. 51. 51. 51. 5Coupl i ng agent 2222222 Filler constitution 1.
Crushed silica (average particle size: 5.6 in)) FS-20 manufactured by Denk
Kagaku Kogyo K. K.) 2. Spheri cal SI|IﬁZ (average particle size: 0. 4 im ,
Adoma Fi ne SO C2 manufactured by Ado ﬂec Co.) Ltd. 3. Spherical silica
(average particle size: 4.9 im Silstar NK-06 manuf act ured by N ppon

Chem cal Industrial Co . , Ltd.) 4. Spherical silica (average particle

size: 40. 4 im C 4 ufactured by Tokuyama Soda Co., Ltd.
The above silica 1(%0)0944-1 V\%éao?rpggﬂded at formul ations of 1:10 wt% 2:10.8

co(r)f;)olg,l gfo\rllvt :()%I i SJBépla\rA%lféEa %el?%]f é@rg g’lhéq\t ceirblh(rilqc 'éll ne oﬁ‘%&eﬁ and
gr%tgléz‘?gz‘é?wg”pfgaﬁ@g%i%}g&f%é%ﬁ ;ggggggg;ﬁp;zip;n;8> Exznp e
par at | E8Pn € (RY0TRALY oY ££r*88Pakned by
np

5Conpar at i ve256667X
glycidyl-etherifying the phenolic resin of the present

invention described above. Further, a known epoxy resin may
also be used in an amount not deteriorating the object of the
invention.

The hardener (B) contains two or more phenolic hydroxyl
groups 1in one molecule.

As the hardener (B), there are listed, novolak resins
such as a phenol novolak resin, cresol novolak resin and the
like, aralkyl resins such as a phenol aralkyl resin, cresol
aralkyl resin and the like, alicyclic structure-containing
resins such as a dicyclopentadiene-modified phenol resin,
limonene-modified phenol resin and the like, poly-functional
resins such as a triphenolmethane type resin and the like,
and preferable are a phenol novolak resin, phenol aralkyl
resin and the like. The hardener may be used alone or in
combination of two or more.

In compounding of the hardener (B), the compounding
ratio can be determined according to the combination with an
epoxy resin, and usually, the compounding ratio is determined
so that the glass transition temperature is higher. For

example, when novolak resins and aralkyl resins and the like



The present invention can provide a phenolic resin giving an epoxy resin
excellent in nolding property. The production nmethod of the present

i nvention can suppress the nmutual reaction of dehydrated bodi es of

di hydr oxy conmpounds) and the intendedzghenolic resin can be obtained
selectively. Further, even if an epoxy resin conposition is nolded using an
epoxy resin obtained by glycidyl-etherification of a phenolic resin,
staining of a nold, and the like are not observed, and the resin

conposi ti 0%5@%@@9&& Qe h?ap@&wﬁ PEPPeiEYiQHHr@EE%la'bQ@ tPlcdnbund

property. VWhat is clained is: A phenolic resin obtained by reacting

a di hydrox)éd?QHBQU{?HeOépéﬁﬁ é&ﬁi@&’ﬂ.@ﬁtfﬁ% Y @ bty 1 Vit dup SNBNPAL En€rgPOUNd,
12 HO I Cr--Ar-i
1:1.

As the specific examples of the inorganic filler (C),
there are listed, silica, alumina, titanium white, aluminum
hydroxide, talc, clay and the like, in the form of powder,
flake, fiber and the like. Of them, powders of silica,
alumina and the like are preferable. Inorganic fillers
different in their kinds and forms can also be used in
admixture. It is preferable touse powders of silica, alumina
and the like in spherical form and crushed form together.

The amount of the inorganic filler (C) in an epoxy resin
composition is from 60 to 98% by weight, preferably from 70
to 98% by weight, further preferably from 75 to 95% by weight
based on the whole epoxy resin composition. When the amount
is less than 60% by weight, the water absorption of a
composition increases and the soldering crack resistance
thereof lowers. When over 98% by weight, the flowability of
a resin composition is remarkably inferior, consequently,
insulation-molding of a semiconductor becomes difficult.

Into the epoxy resin composition of the present
invention, known hardening accelerators can be used.
Specific examples of the hardening accelerators include
organic phosphine compounds such as triphenylphosphine,

tri-4-methylphenylphosphine, tri-4-methoxyphenylphosphine,



Rs R4 wherein ) Ar represents an aromatic group having 6 to 20 carbon
atons; R to R4 represent ea al kyl group having 1 to 20 having 5 to 20
carbon atons carbon atons ; Rl and R3 do hydrogen atom and RZ and R4 a
hydrogen atom and ch i ndependently azgydrogen atom carbon atons,

cycl oal kyl group or aral kyl group having 7 to 20 not simultaneously
represent a do not sinultaneously represent wherein the peak area
corresponding to conpound (a) is in the range from90 to 100% based on the

t ot al peakﬁyfﬁhﬁyiﬁﬁégﬁﬁﬂhgg @ 10¥mAYHssdidn@nd (b), when the phenolic
resin is measured by a hi gh performance |iquid chromatography nethod using

an U|traVi@f%-ikﬁfﬁﬁéﬁtﬁ?lﬁh@%bﬁ@ﬂéﬂhﬂﬁﬂ%ﬂé”mﬂibSﬁﬁdat 220 nm conpound
(a) has a nol ecul ar structure in which structural units derived fromthe

di hydroxy Ct@'m%ﬁje hethte! 4aal sURiHer ¥ | VEse 18Py BR1RREN@hich GyTPound
on

are alternately ed, and as the nol ecul ar end, structural 43 units

derived frqpidfietPanpheC £eTBRHR aafi;idlonded; and conpound (a) has a
nol ecul ar wei ght ‘obtai ned by subfracting the nol ecul ar wei ght of 4 nol of

wat er nol equ'ae-éi%l%fé"%é%%.HFb@%Wd@cé’iPé-W,t @fi@mﬁ?l(amﬁﬁet lagiadighmedr oxy

conpound and 3 nol of the phenoli ¢ conpound, conpound (b) has a nol ecul ar

structure iy i Qfud M0 9hrd NenfbAYERE*¥uERROURES 2 1 Br Tk R \riRRdesh and

as the nol ecul ar end, structural units derived fromthe phenolic conpound

are bonded,crange LOOPONEAZ 1 Bri mBdn d?ﬂ?rld%ﬂblhﬁfn#@wﬁidept ai ned by
4 nol of er

subtracting the nol ecular”weight o wa nol ecul e from the total

mol ecul ar Wel ¥ h Wi am@RL uff td Ha PhoN P BYY-ad@BRENH AN ke Mnidfa iR s,
phenol i ¢ conpound. 2. The phenolic resin according to Claim1l wherein the

di hydr oxy gy@oué i$kd. 3- bi s(2-hydroxy-2-propyl)benzene or

1, 4- bi s(2- hydr oxy- 2- propyl ) benzene. 3. The phenolic resin according to

G aim1l wherein OretRBANGE §ak O8THEEDE SnOMPoHid€] @ tiary amines,
imidazoles and the like are preferable from the standpoints
of moisture proof and hardening property, and among them,
triphenylphosphine is particularly preferable.

In the epoxy resin composition of the present invention,
if necessary, there can be added: releasing agents such as
natural wax, synthetic wax, higher fatty acid and metal salts
thereof, and paraffin; coloring agents such as carbon black;
and surface treatment agents such as a silane coupling agent
and the like. Further, flame retardants and flame retardant
aids such as antimony trioxide, phosphorus compounds,
brominated epoxy resins and the like may be added.

Furthermore, for the purpose of lowering the stress
of a composition, elastomers and the like can be added or

previously reacted with an epoxy resin or phenolic resin and

compounded. The elastomers are not particularly restricted,



4. A method of producing a phenolic resin conprising the foll ow ng steps
(1) and (ii): (i) a first step in which a di hydroxy conpound represented by
the following fornmula (1) is partially dehydrated by a dehydration
reaction, RL ~2 HOGAr-GOH (1) "a Rg 44 wherein, Ar represents an
aromatic group having 6 to 20 carbon ?oms; Rl to R4 represent each

i ndependently a hydrogen atom al kyl group having 1 to 20 carbon atons,

cycl oal kyl group having 5 to 20 carbon atonms or aral kyl group having 7 to

and R and h The te e (HoddcT8h, Syl d-APERUTAY IR E RS contbitk BRER 21 oM
second steQFlgpggHH{§J§% arty %&%QgEYggg&q%ﬂ@gpgyénggﬁﬁgfﬂggd obt ai ned

inthe firs I's reacted w enol r¢ conpound rati o of

40:100 to gQilg%rx}?S'rd:%eﬁg@Pﬂ%ngr 89':!“::%% ﬁ:ﬁeﬂg{ép resin according to

Claim4 wheréein the tron reactron I ir step is conducted in
th f f % d tical :
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[ 1t . WL i it i g di h
O Lo B b Y 68046 ORBBTL kR B agroundi ng the
phenol i ¢_hydroxyl QrQuls, abflelflofllc! BALAANG A ey )fs Aggsin
i nsul ati on“tType€ femconduct or appara?ug obgained y hard%hinéﬁfhe epoxy

ri{si E Zorggiéf‘hﬁgn%gg/ﬁ%%stﬁ%}qﬁ rlpyZ)'e sé\{x&cé{mlduéltor apparatus using
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may be advantageously hardening-molded by conventionally

known molding methods such as transfer molding, compression
molding, injection molding and the like.

For hardening the epoxy resin composition of the
present invention, the hardening conditions can be
appropriately determined depending on the kind and ratio of
the components, the kind of a catalyst, and the like. Usually,
hardening can be conducted at 100 to 200C for less than 1
minute, and a post hardening can be conducted at 150 to 200C
for 1 to 24 hours.

EXAMPLES

Examples of the present invention are shown below but
do not limit the scope of the invention. Methods of
evaluating resins, resin compositions and hardened molded
articles are as described below.

- Content of compound (a) based on the total amount of

compounds (a) and (b) in a phenolic resin
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the charged 1,3-bis(2-hydroxy-2-propyl)benzene, according

to GC analysis.

Into a 1 L round-bottom flask equipped with a
thermometer, stirrer, condenser with liquid separation tube,
and dropping funnel was charged 118 g (1.25 mol) of phenol,
208 g of toluene and 3.8 g of p-toluenesulfonic acid
monohydrate, and they were stirred at 115 to 125C, and the
above reaction solution was dropped into this over 6 hours.
During the reaction, toluene and water under azeotropy were
cooled to liquid, and an organic layer was returned into the
reaction system. After the dropping, heating and stirring
were continued for 2 hours before completion of the reaction.

In the reaction solution at this stage, 6.6 mol% of
phenol initially charged remained.

After completion of the reaction, neutralization,
solvent removing treatment and phenol removing treatment were
conducted, to obtain a phenolic resin (P-1). The hydroxyl
group equivalent was 230 g/eq. The number of aromatic rings
(aromatic nucleuses) contained in each component was checked
by gel permeation chromatography (hereinafter, referred to
as GPC. Tetrahydrofuran was used as a mobile phase, and
columns of TSK-gel G3000HXL, G2000HXL and Gl1000HXL
manufactured by Tosoh Corp. were used. The components were

detected by monitoring the absorption wavelength at 254 nm

with an ultraviolet detector. As a result, fraction of
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binuclear component: 1.3%, trinuclear component: 11.0%,
pentanuclear component: 13.1%, heptanuclear component:
13.4%, nonanuclear component: 12.3%, undecanuclear
component: 11.2%, 13 or more nucleus components: 37.7%. Even
number nuclear components having 4 or more nucleuses were not
detected.
As a result of measurement by high performance liquid
chromatography, a compound corresponding to a compound (b)
having a structure composed of 2 structural units derived from
phenol and 2 structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene could not be detected,
and the content of a compound (a) corresponding to a compound
having a structure composed of 3 structural units derived from
phenol and 2 structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene was 100%, and the
compound (a) had a molecular weight of 599.
Example 2
The same procedure as in Example 1 was conducted except
that the amount of phenol charged intoa 1 L round-bottom flask
equipped with a thermometer, stirrer, condenser with liquid
separation tube, and dropping funnel was 141 g (1.5 mol), to
obtain a phenolic resin (P-2).
In the reaction solution at completion of this reaction,

13.1% of phenol initially charged remained.

The hydroxyl group equivalent of the phenolic resin
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(P-2) was 216 g/eq., and according to GPC analysis, binuclear
component: 3.1%, trinuclear component: 18.1%, pentanuclear
component: 20.7%, heptanuclear component: 17.6%,
nonanuclear component: 13.6%, 11 or more nuclear component:
27.0%. Even number nuclear components having 4 or more
nucleuses were not detected.
As a result of measurement by high performance liquid
chromatography, a compound corresponding to a compound (b)
having a structure composed of 2 structural units derived £from
phenol and 2 structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene could not be detected,
and the content of a compound (a) having a structure composed
of 3 structural units derived from phenol and 2 structural
units derived from 1,3-bis(2-hydroxy-2-propyl)benzene was
100%, and the compound (a) had a molecular weight of 599.
Comparative Example 1
Into a 1 L round-bottom flask equipped with a
thermometer, stirrer and condenser with liquid separation
tube was charged 118 g (1.25 mol) of phenol, 194 g (1 mol)
of 1,3-bis(2-hydroxy-2-propyl)benzene, 3.8 g of
p-toluenesulfonic acid monohydrate and 312 g of toluene, and
they were reacted by stirring at 90 to 120T.
During the reaction, toluene and water under azeotropy

were cooled to liquid, and an organic layer was returned into

the reaction system. Heating and stirring were continued for
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13 hours before completion of the reaction.

In the reaction solution after completion of the
reaction, 19.3 mol% of phenol initially charged remained.

After the reaction, neutralization, de-solvent
treatment and de-phenol treatment were conducted, to obtain
a phenolic resin (P-5). The hydroxyl group equivalent was
251 g/eq. According to GPC analysis, binuclear component:
2.1%, trinuclear component: 17.3%, tetranuclear component:
10.4%, pentanuclear component: 11.8%, hexanuclear
component: 10.8%, heptanuclear component: 8.0%, octanuclear
component: 9.3%, 9 or more nuclear components: 30.3%.

As a result of measurement by high performance liquid
chromatography, the content of compound (a) having a
structure composed of 3 structural units derived from phenol
and 2 structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene was 55.0%.

Comparative Example 2

The same procedure as in Comparative Example 1 was
conducted except that the amount of phenol was 141 g. 1In the
reaction solution after completion of the reaction, 25.7 mol#%
of phenol initially charged remained.

After this reaction, neutralization, de-solvent
treatment and de-phenol treatment were conducted, to obtain
a phenolic resin (P-6). The hydroxyl group equivalent was

236 g/eq., and according to GPC analysis of distribution of
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components, binuclear component: 3.7%, trinuclear
component: 24.4%, tetranuclear component: 13.3%,
pentanuclear component: 13.6%, hexanuclear component: 11.7%,
heptanuclear component: 8.3%, 8 or more nuclear components:
25.0%.

As a result of measurement by high performance liquid
chromatography, the content of compound (a) having a
structure composed of 3 structural units derived from phenol
and 2 structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene was 58.0%.

The melt viscosities and softening points of the
phenolic resins in Examples 1 and 2 and Comparative Examples
1l and 2 are shown in Table 1. These phenolic resins are

resinous compounds showing no clear melting point.

Table 1
Unreacted Melt viscosity | Softening
phenol ratio (150C, Pas) point ()
(mol%)
Example 1 6.6 2.2 105
Example 2 13.1 0.40 90
Comparative 19.3 0.50 92
example 1
Comparative 25.7 0.17 80
example 2
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Example 3

The same procedure as in Example 1 was conducted except
that the dropping time of the reaction solution in which
1l,3-bis(2-hydroxy-2-propyl)benzene had been partially
dehydrated was 4 hours. In the reaction solution after
completion of the reaction, 13.7 mol% of phenol initially
charged remained.

After completion of the reaction, neutralization,
de-solvent treatment and de-phenol treatment were conducted,
to obtain a phenolic resin (P-3). As a result of measurement
by high performance liquid chromatography, the content ratio
of the resulted compound (a) having a molecule structure
composed of 3 structural units derived from phenol and 2
structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene was 94.9%. This
compound (a) had a molecular weight of 599.

Example 4

The same procedure as in Example 1 was conducted except
that the dropping time of the reaction solution in which
1,3-bis(2-hydroxy-2-methyethyl)benzene had been partially
dehydrated was 2 hours. In the reaction solution after
completion of the reaction, 15.5 mol% of phenol initially
charged remained.

After completion of the reaction, neutralization,

de-solvent treatment and de-phenol treatment were conducted,
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by high performance liquid chromatography, the content ratio
of the resulted compound (a) having a molecule structure
composed of 3 structural units derived from phenol and 2
structural units derived from
1,3-bis(2-hydroxy-2-propyl)benzene was 91.2%. This
compound (a) had a molecular weight of 599.
Comparative Example 3
Into a 1 L round-bottomed flask equipped with a
thermometer, stirrer, condenser and dropping funnel was
charged 118 g of phenol, 208 g of toluene, and 3.8 g of
p-toluenesulfonic acid monohydrate, and 158 g of
1,3-dilsopropenylbenzene was dropped while stirring at 115
to 125C over 2 hours. After dropping, heating and stirring
were continued for 2 hours before completion of the reaction.
In the reaction solution at this stage, 19.0 mol% of phenol
initially charged remained.
After this reaction, neutralization, de-solvent
treatment and de-phenol treatment were conducted, to obtain
a phenolic resin (P-7).
As a result of measurement by high performance liquid
chromatography, the content ratio of a compound (a) having

a structure composed of 3 structural units derived from phenol

and 2 structural units derived from1l,3-diisopropenylbenzene

was 85.0%.
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Into a l L baffled flask egquipped with a thermometer,
stirrer and condenser with 1iquid separation tube was charged
480 g of epichlorohydrin and 120 g of the phenolic resin (P-1)
and dissolved.

43 g of a 48.9% sodium hydroxide agqueous solution was
continuously dropped while refluxing the reaction solution
at 55 to 60C under 15 kPa, and they were reacted while cooling
epichlorohydrin and water under azeotropy to ligquid and
returning an organic phase into the reaction system.

After completion of the reaction, epichlorohydrin was
removed by concentration under reduced pressure, the resin
was dissolved in methyl isobutyl ketone, and a by-produced
salt was removed by washingwithwater. Then, methyl isobutyl
ketone was removed by concentration under reduce pressure,
to obtain an epoxy resin (E-1). This epoxy resin had a
softening point of 82T, an ICI viscosity of 0.60 Pa' s, and
an epoxy equivalent of 309 g/eq.

100 parts by weight of this epoxy resin (1), 55 parts
by weight of a phenol aralkyl resin (trade name: MILEX XL,
manufactured by Mitsui Chemical Co., Ltd.), 4.0 parts by
weight of a hardening accelerator (triphenylphosphine), 878
parts by weight of a filler (silica), 1.5 parts by weight of

a releasing agent (carnauba wax), further, 2 parts by weight

of a coupling agent (trade name: SH-6040, manufactured by
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Toray Dow Corning Silicone K.K.) were kneaded under read by
rolls, toobtain an epoxy resin composition. This epoxyresin
composition had a gelling time of 18 seconds, and a spiral
flow of 31 cm.

This epoxy resin composition was subjected to transfer
molding to mold a simulated IC package, and the soldering
crack resistance test was conducted according to the above
method, to find no cracking and peeling of the package. The
mold after molding were observed, to find clean surface of
the mold, and no staining and no resin residue.

Examples 6 to 8 and Comparative Examples 4 to 6

The phenolic resins (P-2 to P-7) were
glycidyl-etherified in the same manner as in Example 5, to
obtain corresponding epoxy resins (E-2 to E-7). The physical
properties are shown in Table 2.

Further, the epoxy resins (E-2 to E-7) were used and
a hardener, hardening accelerator, filler, releasing agent
and coupling agent were compound in amount ratios shown in
Table 3, and epoxy resin compositions were obtained in the
same manner as in Example 5. Using the epoxy resin
compositions, simulated IC packages were molded.

Table 4 shows the gelling times and spiral flows of
the epoxy resin compositions, and the hardness of the molded

articles, surface state of the mold, and the soldering crack

resistances of the IC packages.
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Epoxy Softening ICI Epoxy
resin point (C) |viscosity equivalent
(Pa* s) (g/eq)
Example 5 E-1 82 0.62 309
Example 6 E-2 67 0.21 294
Example 7 E-3 70 0.22 302
Example 8 E-4 65 0.19 308
Comparative E-5 70 0.21 327
Example 4
Comparative E-6 58 0.11 321
Example 5
Comparative E-7 65 0.19 315
Example 6
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Table 3 Compounding of epoxy resin composition

Compounding ratio Example Comparative
(part by weight) Example
5 6 7 8 4 5 6
Epoxy resin E"l E-Z E-3 E"4 E‘S E"6 E"7
100 100 100 100 100 100 100
Hardener 55 58 56 55 52 53 54
Hardening 4 4 4 4 4 4 4
accelerator
Filler 878 894 886 879 861 867 872
Releasing agent 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Coupling agent 2 2 2 2 2 2 2

Filler constitution

1. Crushed silica (average particle size: 5.6 im},
FS-20 manufactured by Denki Kagaku Kogyo K.K.)

2. Spherical silica (average particle size: 0.4 im),
Adoma Fine S0O-C2 manufactured by Adomatec Co., Ltd.

3. Spherical silica (average particle size: 4.9 im),
Silstar MK-06 manufactured by Nippon Chemical Industrial Co.,
Ltd.)

4. Spherical silica (average particle size: 40.4 im),
Eccelica SE-40 manufactured by Tokuyama Soda Co., Ltd.

The above silica 1l to 4 were compounded at formulations

of 1:10 wt%, 2:10.8 wt%, 3:18 wt¥, 4:61.2 wt¥
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Table 4 Evaluation of epoxy resin composition

Gelling Spiral Hardness of Surface Soldering
time flow molded article | of Mold | crack
(second) (cm) (Barcoal resistance
hardness)
Example 5 18 31 83 10
Example 6 20 58 83 10
Example 7 20 58 81 9
Example 8 23 64 78 9
Comparative 23 53 70 x 8
Example 4
Comparative 24 66 67 x 8
Example 5
Comparative 25 66 67 x 8
Example 6

The present invention can provide a phenolic resin
giving an epoxy resin excellent in molding property. The
production method of the present invention can suppress the
mutual reaction of dehydrated bodies of dihydroxy compounds,
and the intended phenolic resin can be obtained selectively.
Further, even if an epoxy resin composition is molded using
an epoxy resin obtained by glycidyl-etherification of a
phenolic resin, staining of a mold, and the like are not
observed, and the resin composition has excellent hardening

property and excellent molding property.
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alkyl group having 1 to 20 carbon atoms, cycloalkyl group
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carbon atoms; R; and R; do not simultaneously represent a
hydrogen atom, and R, and R, do not simultaneously represent
a hydrogen atom: and

wherein the peak area corresponding to compound (a)
is in the range from 90 to 100% based on the total peak area
corresponding to compounds (a) and (b), when the phenolic
resin is measured by a high performance liquid chromatography
method using an ultraviolet detector at a detection
wavelength set at 220 nm,

compound (a) has a molecular structure in which
structural units derived from the dihydroxy compound and
structural units derived from the phenolic compound are

alternately bonded, and as the molecular end, structural
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atoms; R; toR,represent each independently a hydrogen atom,
alkyl group having 1 to 20 carbon atoms, cycloalkyl group
having 5 to 20 carbon atoms or aralkyl group having 7 to 20
carbon atoms; R; and R; do not simultaneously represent a
hydrogen atom, and R; and Ry do not simultaneously represent
a hydrogen atom,

(ii) a second step in which the partially dehydrated
dihydroxy compound obtained in the first step is reacted with
a phenolic compound by mol ratio of 40:100 to 90:100.

5. The method of producing a phenolic resin according
to Claim 4 wherein the dehydration reaction in the first step
is conducted in the range of from 50 to 90% based on the
theoretical amount.

6. An epoxy resin obtained by glycidyl-etherifying the
phenolic resin of any one of Claims 1 to 3.

7. An epoxy resin composition obtained by compounding
the following (A) to (C):

(A) an epoxy resin of Claim 6,

(B) a2 hardener having phenolic hydroxyl groups, and

(C) an inorganic filler.

8. A resin insulation type semiconductor apparatus

obtained by hardening the epoxy resin composition according

to Claim 7.



