PROCESS: FOR PRODUCI NG PHENCL RESI N AND EPOXY RESI N
_BACKGROUND OF THE INVENTION 5 (1) Field of the Invention The
present .invention relates to a process f-or produci ng phenol resin and
epoxy resin, which are excellent in color tone and which are derived from
unsat urated cyclic hydrocarbon such as dicycl opentadi ene together with
phenol . 10 More particul arl the invention relates to a process

for producing phenol r SRACERD é@&?mvﬁlm ch are excellent in the
resi stance to heat, | re ' |.i ke, so that they
are useful as electricall ?ﬂﬁ&blr ﬁwgﬁ&@#ﬁ%ﬁ&ﬁ@&%art icularly as
resins for sealing or encapsul ating sem conductors and resins for

| am nated plates. Furthernore, both the resins 15 are excellent in

ext ernal appearance and iBA@{?F@ﬁJWWTHE?mﬁ'gI?ﬁ? r good col or

tone or color density (hereinafter sonmetines re as sinmply

"col orj). (1) Field(o#khETh9EnAbh In recent years, with the rapid
progress in scientific technology, 20 especially in electronic industry,

requirenents forThy ppesdnteinventisgVielfes to a pRocdEdbs produéihgl pher@l resin
mat eri al s becones gradually severer. Anmong them the inprovenent in

sen conducimd epexshnedingwhich neerexkelldrd. invidlér tdre and wipichgresderived from
conpl exity of semi conductor nenory, electronic circuits, becone m_nut e
and chip sipsstupaiedneyrie ghydngsathorersuchpast idicyclanansadienes tpgetbgr 2with r om
t hr ough- hol e unting to surface nounting. However, in automation

| i nes of ¥e nounting, several troubles take place. For exanple, when a

oo A o T S RS TRL Ren R SARs W LB AR ©

sem coNAUGIOLE lfh TAHPEPREP e AIPRRiIPAle WkcBReAt T 158" RosilindR B Hiche ©

moisture and cracking or the like, so that they are useful as electrically
insulating materials, particularly as resins for sealing or encapsulating
semiconductors and resins for laminated plates. Furthermore, both the resins
15 are excellent in external appearance and in marking property owing to their
good color tone or color density (hereinafter sometimes referred to as simply
“color™).
(2) Prior Art
In recent years, with the rapid progress in scientific technology,
20 especially in electronic industry, requirements for properties of several
products and their raw materials becomes gradually severer. Among them,
the improvement in semiconductor technology is remarkable. With the
progress in complexity of semiconductor memory, electronic circuits become
minute and chip sizes become large. Moreover, mounting method is shifted
25 from through-hole mounting to surface mounting. However, in automation
lines of surface mounting, several troubles take place. For example, when a
lead wires are soldered, semiconductor packages suffer from rapid change of
temperature, which causes cracking in molded resin parts for sealing

semiconductors, and interfaces among lead wires and resin are damaged to
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- 2- cause deterioration of noisture-proofing property.

_In order to prevent the noisture-proofing property fromdeterioration, a
met hod. to increase the amount of filler2by changing its particle shape is
proposed. However, with this nethod, elasticity of resin increases, so that
the 5 resinis liable to suffer cracking due to thermal shock. Therefore,
in order to reduce t thermal shock in sem conductor package when it

i s i mrer s€@Upp, dgterioration i apISEure;ProplmMedrOPEY tyodi f yi ng resin conposition

d, h h ddi t.i f el i )
PhermoPostre oitfiaiBs b fraven: 486 ShdikRieProdling f3RRe R FhAH Moo Rhration. 2one.

However, ifodldd 96 {HRASROME M RoudIO LAY 8UGlngidd 18 LIS Al

after they are 1 mers 0O a so e res

conposi ti QiepbsYdd. S EAbWEFerS WTtIlﬁ? PRRUAE oS BTHLcitS of ﬂesﬁ?ix&%%éegggo that the

In resin conpositions for sealing sem conductof, those use

har dengng raganisliable fRphalir éackiie §ué o ahefiahehock. NOMMrafore et Brddidto
cresol novol ak resin, and the one used as a nmai h conponent is epoxy

resi n haviredutd the themhahehodkain sémiamduetortpackage, whie it idhanmerssd in ar e
used, noisture- proofing property of sem conductor package is inpaired
to cause iseddertkathy méthods of nagdifingeesinemupesitioki arg rioppsed,iswebrad the in a
sol der bath, _, . . In recent years, therefore, in qgrder to inprove
the t her meaddidensefapidicoge compoundsspr, therperlastisnolignmer dnta, the geshy or

o5 ne as ANTiFRER S SHCE o HoueTs Al oﬁ%ﬂ‘égg HisthoRS P delEs  n
J P L ' No. HKO3-66919. .t t i .
oroposld A sraRee Hithe hra TR AN eyt frldsepalhoiies BN IBN o o
pol ycycl i Gohyslid '&ggﬁgi s‘é%ﬁ?%%%i@%?{dﬁk%f g‘%a%t Ehati] Be%ﬁﬁi‘ﬁga car bon

doubl e bonds “suc C pent adi ene, they reported that the 25

phenol resin cannpSaoleéf t &inpHarens’ &Y eiBalhen delnibéndis®dr, a¥hgsd aMsdt £ 1 al
of epoxy resin and its hardeni ng agent. It is widely known

that the fdivdehitigagentgid pRenol td’int syeH as phenolip anvaliike fesin amhd eresol
produced with the use of boron trifluoride or boron trifluoride-phenol
conpl ex. Howelak resin, sl tlee one atpeddas] aamain wovigoment iatepoxy resin having
NP844 - 3- t he phenol

r esi ndSpr cageddnpyolaki struetured dHewesmomden fhesed1pRnpr i used, moisture-

proofing property of semiconductor package is impaired to cause inevitably the
above-mentioned cracking during immersion in a solder bath.
In recent years, therefore, in order to improve the thermal resistance of
resin composition for use in sealing semiconductor, investigations have been
20 conducted for improving phenol resins as raw materials of epoxy resins and
their hardening agents. In Japanese Patent Application No. H03-66919, the
present inventors proposed a phenol resin obtained by reacting phenol and an
unsaturated polycyclic hydrocarbon compound having two or more carbon-
carbon double bonds such as dicyclopentadiene, and they reported that the
25 phenol resin can solve the above problem when it is used as a raw material of
epoxy resin and its hardening agent.
It is widely known that the phenol resin modified with dicyclo-
pentadiene can be produced with the use of boron trifluoride or boron

trifluoride-phenol complex. However, it has been regarded as a problem that
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deeply that the external appearance of nolded products are very poor, and
the epoxy resin obtained by reacting the above resin with

epi hal ohydrin is simlarly col ored3into dark brown. \Wen the epoxy
resin is used as a raw material of 5 sealing resin conpositions,
characteristics such as noi sture-proofing property and t her nal

resi stance _can_ be inproved. But_on the other_ hand, there has been a

pr obl em i rthenahenolereginkintgdpeesh bt hist mekkod gip eslerednintosdar paewn: fat

P T apanestPeply dbepLe PEIEREL PoBFYSacH oh el deq BR0RBaaure o5y a0t 3 the

R N R R R e B

pr obl ers '&#&Qﬁt idth dark li)lro%ﬂ’r'.' rﬁe}lrﬁl%zgﬁcg@yf&% 10 R8N HePh rhW RsatBRAAI of
0 al's, 's ha e SS1S

degassi ng raw materi: o] ~operating proce

conpl i eat edh AN fdsih RBHIJRRISHC RhheRQErisfRs shbh %@%Bis‘%ﬁre-prooﬁﬁ%ﬁré}%ﬂ;yf or
production is high. 15 Further, in Japanese Lai d-Open Patent

Publ i cat i ondN@het4l 26ci8tfhcedcan be iEire8d] SBat @Lthe dthéy hafin] eNéreghas! or s
of resins by dissolving refined resins in a solvent and then

cont act i nghédrempeoblem hotlganihe parking pmwpertysdfthe compositiensess, sotpoarehas a
simlar problemthat the operating process is conplicated and requires

much | aborgpexating effioiemicyns remarkablydpwardd/m thxgprocess for produciont her ef or e,

the primary object of the present inventjon..i s_toé\Pr ose a nethod for
produci ng phenolIfkégp?an?ﬁ&’\/ﬁ' #Hg-@pen Eagent Bybleation %3‘89%5‘3@9}951 producing

hyd | - i ni . ti d d,. t d | ]

hydr octi bofetiod RAtPEBEAHBE SPIcin of EpeR ISRy & isistdher HOBPERY the cplius
excol | ent 110 S8I°RG) b ReBielehy °Rartlorpied® B mEREY paf SBpletal ihthat it
BRI EF SU ifds EE@J% lifNeveral times and de¥ashi w MRBHALS sga\;&%tt

carried out Tnvestli gat o solve the above roblens, as a'res

they have fw&wbx%ingtﬁméﬁigwﬂ?icae@d ahd it AYuiRishAch ®ibor, and Ph addaisy

phenol resin by reacting hydroxyl group-containing aronatic

NP844 the cost for production is high. -4- conmpound

wi th unsaturated cyclic hydrocarbon in the presence of Friedel -

Craf t stfaci d cat aFysther;Timdapanesehlemid Opes iRateat Publigation dNd. dI07-@583d4Qnabe
obt ai ned by adjusting the npisture content in a reaction system during
reaction, method g preseaded donimproving ¢elaraof resing hycdisselying mefined resins
Friedel-Crafts catal yst. g Further.nore, epoxy r.esin havin ood col or
tone can b ghtSHYRY BRdad ?%gcontacnn%IélﬁnEIle dupraague riéorgrf}ga%aﬂa nol

resinint resence of base,cat al,yst, rem)v{.n resi dual catal tSEI and
et ining by SHEYERI TR 1o SaRIUaRTRSE ek the OPerAtg piPRessE oricatpe
they have ?ﬁg‘}ggﬁirﬁg?Ellﬂéﬂ]ﬁaﬂ%ieac‘rﬁ{'grddﬁﬁ?ﬁtn' Bt is expensive.. 1hus, a first

aspect of esen nvention 1S a process For produci ng a
20 It is, therefore, the primary object of the present invention is to propose

a method for producing phenol resin having desirable color tone by reacting
hydroxyl group-containing aromatic compound and unsaturated cyclic
hydrocarbon in the presence of an acid catalyst. Another object of the
invention is to provide a method for producing epoxy resin that is excellent in
25  color tone by using the above phenol resin.
BRIEF SUMMARY OF THE INVENYION

The present inventors have carried out investigation to solve the above

problems, as a result, they have found out the following fact in the method for

producing phenol resin by reacting hydroxyl group-containing aromatic
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10 phenol resin having good color tone, which process conprises reacting
hydr oxyl group-contai ni ng aromati ¢ conpound and unsaturated cyclic
hydr ocar bon - under the conditions +Hat the noisture is 100 ppmor |ess
and the concentration of Friedel-Crafts catalyst is 0.07 mass % or

|l ess in a reaction system A second aspect of the present

I nvention is a prqcess for producing.a. 1 phenol resin describhed | he
first aspeE?I,nPﬁHEaeWFF WGE‘E}‘%‘}P ¢vEle- Pﬁﬁ“&!‘)ﬁ‘gm the P%Hﬁ?i‘% g&w@s nd
is the one,selectedq fro grQup consi sting of .nmonohydri,c and di hydric
bhenol s anG Bl AHorAtaiA. ar st Btsriol 16 BEVHRNEGR, sleF itohe can DY

di cycl open l.en s Lr t. of f. I NV s S
iyl openhaliRa hy adiysting he il EuRRIB e Pheble RO R B AL ER,
wherein Frigdely Q%{ihﬁncﬁgaﬁaﬁfstfn the cod@ERFatioh! bFAFid€l-Crafts catalyst. A
fourth aspect of The present ‘i nvention 1s a process for prodrum ng epoxy
resin havi Pergeadn &Rl @pokd1R@sinMhia¢thd E66E $810¥OftRle! &6 beeatthinkd bieaddiago!

resin described in a first aspect and epi hal ohydrin in the presence of
base cat al ghtcidyl2grodphen therabtaiigdcphenolstesiresn dhe pedenesof bage watelyst,ed
epi hal ohydri n. The phenol resin obtained in the first aspect
of the presemoving epsidual catalygt \aesl aélwingabyedistilling off unreectedt epihalo-
wavel engt h_of 350 nmin a di oxane sol ution of 2 mass %_and the col or
tone i s godydrin. As a result, they havecgccampdished the pregeydiipventignobt ai n a

henol resin tha i ve . . .
RIPS 44 ITh%s, ai'lrst aspect of the present invention is a process for prgdycing a. o

of 1.01@r | ower. at .wavel engt h, of: 350 nm.i.n, a_di oxane sol ution._.of .2
mss oAy PRERS] ERsinRATIRR BT Cqlor Fome, PYiEh BracesS CRPIIIRESL e oy
or more caBbo i ebbRERIE Ak A SBARAEER WU gl BHALP U BN 1O

catal yst. (Rder the condftHisHBGEPHhE mASLRBIX Y00 HDI 0 KR iRk IRCAEhAG tioR t he

fourth aspect of the present invention gives absorbance of 0.8 or
| oner at wa¥&ridelCraftsIadalyst is 0.07 hAsa%0b10kas en aFedEtion spétezn.nass % and
the color tone is good. In other words, it is possible to

obtai n an epoxy resecondhaspegt \ofthe present invention is a process for producing a

15 phenol resin described in the first aspect, wherein a hydroxyl group-containing

aromatic compound is the one selected from a group consisting of monohydric

and dihydric phenols and bisphenol, and an unsaturated cyclic hydrocarbon is
dicyclopentadiene.

A third aspect of the present invention is a process for producing a

20 phenol resin described in the first aspect, wherein Friedel-Crafts catalyst is
boron trifluoride.

A fourth aspect of the present invention is a process for producing epoxy
resin having good color tone, which process comprises reacting the phenol resin
described in a first aspect and epihalohydrin in the presence of base catalyst,

25 then removing catalyst residue and removing unreacted epihalohydrin.

The phenol resin obtained in the first aspect of the present invention
gives absorbance of 1.0 or lower at wavelength of 350 nm in a dioxane solution
of 2 mass %, and the color tone is good.

In other words, it is possible to obtain a phenol resin that gives

NP844



absorpbance of 0.8 or |ower at wavel ength 350 nmin a solution of 2 mass %
in 10 dioxane by the present nmethod. It conprises reacting the phenol

resin that is obt ai ned by react -0 of hydroxyl group-contai ning
aromatic conpound with unsat urated cyclic hydrocarbon having two or
nore carbon-carbon doubl e bonds in the presence of Friedel-Crafts

cat al yst, %t epi hal ohydrin in the esence of a base.

P . 15
DETAI LED e B oFHeweRvtNTREglength of 350 nm ipg digxans; soduiiem of e
present inventi

pLeselnt progds s°°PB\?,’Vi l %?ﬁr@g%'ﬁcéh?ﬁ’g)&; thg:gw(%ﬁ&aﬁqflislnﬁe%’d@ J&T@nyl Igrll’o‘_tlg'gne,
Pecordi ng PR RIRE BFERRC Optfild Afd yBlRifaBa B TR IR o7
phenoli ¢ hydpexyba @oauWhrBoH denBR Hodisth ﬁégé\%%e?%e of FYGEI00RLRE Qaﬁtégﬁééﬂ?g two

or nore carbon-carbon doubl e bonds are a react 1 n

presenge of Fri epighthtFmbis £128Fd45Fesin obtained accordif€ P kthé f&GrtASaspect of
unsaturated cyclic hydrocarbons used as raw naterial s for the phenol

resin in tthe greeseninvienvient gioes absorlanye bHpSirdldinenat wavalewgth of2350 nm
cycl ohexene, 5-vinyl norborna-2-en, 3a, 4,7, 7a-tetrahydroi ndene,

[ err] - pi nane dexxdne solutivn nbP emass %hend thecplbuidse tmgodsk used in a ni xed.
Di cycl opent adi ene is favorabl e particul arly, because the obtained
resin is excel | da othen feardg) it is possgde stonebtainnBnsepexy gesisr ithat Bivperty

and nechani cal_  char risfics. Conmercially ayail able .
di cycl operﬁ}&&ﬂ%‘éceo&tpé Lot rab wapelength 850 m 1n a sofutioh of 3 mass % in

NP84410  dioxane by the present method. It comprises reacting Ohe phenol resin that is
obtained by reaction of hydroxyl group-containing aromatic compound with
unsaturated cyclic hydrocarbon having two or more carbon-carbon double
bonds in the presence of Friedel-Crafts catalyst, with epihalohydrin in the
presence of a base.

15 DETAILED DESCRIPTION OF THE INVENTION

In the following, the present invention will be described in more detail.

In the present process for producing an epoxy resin having good color
tone, phenol resin is produced in the first place as an intermediate material
according to the following process.

20 That is, phenol having phenolic hydroxyl group and unsaturated cyclic
hydrocarbon having two or more carbon-carbon double bonds are allowed to
react in the presence of Friedel-Crafts catalyst.

Exemplified as unsaturated cyclic hydrocarbons used as raw materials
for the phenol resin in the present invention are dicyclopentadiene, 4-vinyl-

25 cyclohexene, 5-vinylnorborna-2-en, 3a,4,7,7a-tetrahydroindene, a-pinene, and
limonene. These compounds can be used in a mixed. Dicyclopentadiene is
favorable particularly, because the obtained resin is excellent in thermal
resistance, moisture-proofing property and mechanical characteristics.

Commercially available dicyclopentadiene often contains impurities to
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sone extent..However, it can be used without any trouble, as long as its
purity is 80 mass % or higher, preferably 90 mass % or hi gher.

Hydr oxyl group-containing aromati c comp@unds are not particularly

limted as-long as they have hydroxyl groups directly connected to aronmatic
5 rings. Exenplified as favorable ones are nonohydric phenols such as
phenol , o-cresol, _mcresol, p-cresol,. o-ethylphenol, methyl phenol,

p- et hyl pheiogte extento_ HogayepHt fan ?)emssadwmw tr -%E?»@N%ﬁéﬁd?s, purity

o ooe A% oo Bt Y IS G BABREC Prenel.

[ err]-naphthol ].= .- dl [.G: | ch.a . i n,
catechol, hydr oé%?%%oﬁ(é’? %%983:}02 ?éll‘n-l ﬁ% rg%a([;thcg E§’E¥)Brﬁ8§§n%f3 g?é%arﬁ%ﬁf)a"rﬂ
(hydroxyp asbf t | bighene!
and bi phengllgll?ﬁlegtd?lE %rylﬁ‘??? Sgﬂ%ﬁ’ﬁ@%ﬁ%ﬁ@ﬁ%@ﬁfﬁ%@%ﬁ@% rr%[tﬁa%e, ang t he
m xt ur &s OifinFQ.e NExemplified as favOr@blg dridgMreienchydr@c pheasls, suthCiLpRERol,

a- naphthol, [err]-naphthol and 15 2, 2-bis(4'-hydroxyphenyl)propane are

desi r abl e besaule mhwysaell eperossdm cathylphenol, efifiiethgipheanl qasthytilphenaclduce.
They can al so be used as a m xture. In the reaction of

unsat ur at eatprgeslpbengldr ocardmdphenolhypparpylpdrenolh- p-sec-buiyiphdnvlngp-dedaat i c
conmpound, nol ecul ar wei ght and melt.  viscosity of_ the obt ai ned phenol
resin can patyipheraledr-gyelobesylphgnel, prederiongensl adiramoapkensl, ofm-bgomgot h

gggﬁﬂﬁ@; phetle privrom aiheny aii 5—&%&%%%?%%%%@%8%? B eﬁglgos%ce? .
s Y P | & ¢Fn
ms? r blé)d rersg%%()) r ggt&?}ﬁgr ?hy%f%om em?%‘%dr %%}P‘gg‘#' cg}_@}rg, ] | ﬁ%ﬁgﬁ?{é Vl[ﬁ%(')s' Y
| e o 5 : ey i s
(o ol (RoropBEHERIRE, DA ArABRETDRe e, ol AR highdl

carried oUin®¥ipEértsl: BARPAtic rlﬁféﬂawguémasIt@ifga'ydﬁoxmhenylbﬁﬁeﬁéﬁé@axﬁp%y
resin having low nelt viscosity is obtained. Both e resins can be

filled w tikiange oftlaarhi ties of fillers, so that they have preferably | ow
coefficients of |inear expansion and high water resisting property.

NP844 Among them, phenol, o-cresol, m-cresol, o-naphthol, B-naphthol andWen
catalyst is used in a small quantity, the nolar ratio of (hydroxyl

gr oup-Xont 3i2higtd' hydrexyphavyhpsopane ar¢ desirableabechuspcthiey argdecsaemisally of 7
to 10.i s preferable. As Friedel -Crafts, catal ysts used for
produci ng ¢fientan eagstapioducpe They sapadsp be yoed ap grmiXthgee” are used,
whi ch have good s angd easj ne

Are meral hali del ShireadioR PERRERIRRESH Pric hyirorSrben A pesfb Ty o
such, 2 OORRNSL i) 8 M BATPAc SRR SHEEIE igonP L
obtained phenol resin can be adjusted arbitrarily by changing the molar ratio of
20  both components. However, the ratio of (hydroxyl group-containing aromatic
compound) / (unsaturated cyclic hydrocarbon) in the range of 1 to 20 (in molar
ratio) is generally preferable. Particularly when melt viscosity must be
lowered, the raﬁo of (hydroxyl group-containing aromatic compound) /
(unsaturated cyclic hydrocarbon) in the range of 1 to 15 (in molar ratio) is

25  preferable.

When epoxidation is carried out by using phenol resin having low melt
viscosity, epoxy resin having low melt viscosity is obtained. Both the resins

can be filled with large quantities of fillers, so that they have preferably low

coefficients of linear expansion and high water resisting property.
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conpl ex and boron trifluoride-am ne conplex, and m xtures of these. Anobng
10 all these, boron trifluoride, boron trifluoride-phenol conplex and
boron . trifluoride-ether conplex ard-desirable. By the
way, boron -trifluoride-phenol conplex and the |ike are comercially
available in a formof phenol solution. In the present invention,

such a phenol sol.ution can be used. Further, n complex catalysts such as
e Boroen L i e iR S i idn s mall ArBOG 456 B0l yetied PaBFeTITng
one is to e, previousl yv..prepared.catal vsts. just ;like,the

Sbove. ment EERRICERRRE abhati® eSBRARAG ArhkPuheed Srelic Ry amrirhem 06 toang
t he ot her ilﬁ i%g)lréféggﬂ) a reaction system with boron trifluoride and

| i gand separately and forma conplex in the system for use in

reaction. 20  Ag FrieddlPCPARS e&tFstRNeRA for §obficing tHepRERSICRIsih BN &bkl ON,
wat er content is adj usted previously, then reaction is carried out

under the peasdbntiidReation] thodedare used,awbivhCRavd gbodnactvitidd 88&|caeimddssof
catal yst of 0.07 mass % or |ess. Here, "concentration of catalyst” in
t he presentemovirg.i dhhateas)sthdyatre metal deedidesnsuch asshatoantrifindride, their

Friedel -Crafts_catal yst means that exclusive of |igands which 25 )
const i t ut e cempptexatdystsesaghpine, bamnantrifinemde-etherueomplexp horen tedlgpirade-i s

used, concentration of catalyst .|s.represented by the anmount, of boro
trifluorid@henol com ?XNE@HP%S?le(’@ qutprigorgg Ivl;‘%‘i@nc&ﬂ [ gaIFir)]}@@nds

that are used hn a ion, s n the

rea stem . . By t way, |
or esent 1 nSTEIER ang hageh GBI FEE raprien dnhmixtirés of TheR. Afong
NP844 44  aq the§e, boron trifluoride l¥oron triﬂuoaide- hen{ 8E:om lex .and S€+1ron
serves as a reacti’on solvent s prerérable, 1 oug‘h ot her reacti on solvents

can be useqriﬂlu@rmeeﬂh@}rcgﬁltpq@gre gadiegnkration of catalyst neans that in a
o et

reaction systemincluding the reaction solvent. As to reaction

style, either tymy ahebatgf %Bﬁbzﬁoﬁﬁﬂﬂbﬂ&é—gfhleﬁm Cétmplexd ands athe Ilikd here
batch type, the order and the nethod of adding reactants are not

speci al |y cesimeriaily arailasletinenfdm af phendlsolutidthodiwthagdesent dahvéedsi,
unsaturated cyclic hydrocarbon into a reaction systemlittle by little can
be us edch Pophenclrsoletion can ke nseakt i Burthes swhep comiplers tatadystplsivel asi t h
hydr oxxl roup-containing aronatic conpound and, if_necessary, .
sol vendd caerertrfyesdecomulenpye usehithers are bye waysmyatlable: pobhe one if {pst s
may be added sl ovvtgl g ust . . . .
use previously prepared catalysts just like the above-mentioned commercial
phenol solution of boron trifluoride, and the other is to supply a reaction system
with boron trifluoride and ligand separately and form a complex in the system
for use in reaction.
20 In producing phenol resins in the present invention, water content is
adjusted previously, then reaction is carried out under the condition comprising
a concentration of Friedel-Crafts catalyst of 0.07 mass % or less. Here,
"concentration of catalyst" in the present invention means that in a reaction
system, and Friedel-Crafts catalyst means that exclusive of ligands which
25 constitute complex. For example, when boron trifluoride-phenol complex is
used, concentration of catalyst is represented by the amount of boron trifluoride
only. Needless to say, it is catalysts containing ligands that are used in a

reaction system.

By the way, in the present invention, a mode of reaction that reactant
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| i ke unsaturated cyclic hydrocarbon, and al so the whol e anbunt nmay be added

_previously. When at | east one of reactants is added little by
little.in a batch type reacti on -a8-above, concentration of catalyst
can increase tenporarily at the 15 beginning of reaction depending on the
nodes of supplying catalyst. In the present invention, it is

f ble tqg.k th tratiop, of t al | . | bl e,
Phough 1 natTRBORES o GPAC BAFPRL FORrleTanle. ToEReRgT Spaction hgRRS
Catalyst Mg SR Xy ) 1445 REE oS Rordlont B BABIFEE I obiER A5 e

f th c ' " ' f tal yst" th
0 e pr %%9{18#1 r%%g‘%g‘l‘ %%lugt %}geoéhfagzgﬁ]toﬁastol%to catal ys means t he

concentration step of supplying raw material s,

that is, the congenbnaht@dn atylehither typbliThdteR SiPRbtiAlichd Tl ke be
reactants and catal ysts are conpleted. Further, concentration of

catal yst cadedal 9@ the battheypathel drdbhantaht ahefded cfhddfing @agétaabs adddot N
this case also, the "concentration 25 of catalyst” neans that at the point
when t he sipepiallyofrestréctefiol eéAs ementinned later, theclmefhog ©ftaddings ahrkeast
conpl et ed. ~ Resins having good color tone are_obtained b
carryi ng oussathgated cycdij hxdrasarbems intenai weagtionbtystem little by little canebe ower

AR R T B R LM KR RN S
occurs, but usually.i.t is kept 0.001 ss Yo.pr nore. Furt her,
Cn the. aboRruB AR ing OB FIBROBRS aiich 16 cpCoush e solysnt, can he 83deE o
col or ne_qi I ef of:€ uda.l es h .
concenlio(r)atSlléﬁl}gfu%%?s‘é%gt}rgg le(ralflg f ggé?%@ﬁ%y?%@%ﬁ&% mbtgrqueesds .Slolyﬂ/lﬁr)(‘f)%f/l 5

gr oup- CoNt k@ uAga ALAREA icfc{:ﬂl?@ﬁ?&f&&grl&‘diﬁ "érﬁ‘ﬁalf%B ‘%(Ijl@ hwhdle!drddhft iayBs 968ed

noi sture owmng to its po groups. Exenplified as a nethod for dehydration
is, for exgRligusljormati on of azeotropic m xture of hydroxyl

gr oup- cont ai ni ng aromati ¢ conmpound, with aromatic hydrocarbon such as
t ol uene or ot herWhen at bvagtnine cfaleaetdrts Sechldad littlegbylittlet i aibagch type
conpounds. However, a reaction 10 system absorbs noisture actually

sonet i mes reactiopr as @boveS cerdepdrationof catalyst isencinsreaseutemporarilycat éhe s
needed for dehydration. Further, it is pnecessary_.to .

15 beginning of reaction depending on the modes of supplying catalyst. In the
present invention, it is preferable to keep the concentration of catalyst as low as
possible, though the temporary high concentration at the beginning of reaction
can be allowed. However, in this case also, it is preferable to keep the catalyst
concentration 0.10 mass % or less.

20 In these cases of the present invention, the "concentration of catalyst"”
means the concentration of catalyst at the final step of supplying raw materials,
that is, the concentration at the point when the supply of the whole reactants
and catalysts are completed. Further, concentration of catalyst can also
increase in the latter period of reaction, and in this case also, the "concentration

25  of catalyst" means that at the point when the supply of the whole reactants
including catalysts are completed.

Resins having good color tone are obtained by carrying out the

adjustment as mentioned above.

The lower limit of concentration of catalyst can be lowered so long as no
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dehydrate unsaturated cyclic hydrocarbon and the |i ke before use by
.conventional procedure. : During a reaction period, usually gas
in a reaction vessel is replaced by 159an inert gas, therefore it is
preferable-to use an airtight system Wen an open systemis used for
reaction, reaction can be conducted while an inert gas is supplied to
a reactor. As inert gases to_be usgd her ei n, ni}rogen, argon and the

like are dxewhpeigeruts, but usually 1t 1s kept Q.08 anass %X MEE-  nportant to adj ust

arount of ol st drertAeE e’ aboted TansRual KYDIRILRHPR R CALINFe 8%l rom
the syste Mhoisture on colm{ r\to?nreo(i]éj Céﬂz%t P q;?l@?éfofee St Ny M:%Qs §5¢ ﬁagp \(/)\nhf%

hydr oxyl group- containi'ng” atongti c compound™1 s UsSe onpar e

unsat ur at ene¥fration of mdARACH BOfeacd ERAEH 00DFEMOEH 1LACMEEAIRF]

carried out w thout solvent. nts can SO used, and ey are
not spegci %ﬂoﬁpldoﬂi‘téﬁ‘ﬂn SatdiftidScdifyusl® such diOtpHendliels Tfadlé eRCldbRBrh A
preferabl e solvents, there are aromatic hydr ocar bon conpounds such as
benzene, tmbistaee awing ¥b étyepolar groups. Exerplificdunta aiethotl \fendehpdixtiorsed
Is preferably 20-300 nass parts agai nst 100 nmass parts of the hydroxyl
gr oup- contiaj fomexamplemtformatiopoafraeotropic mixture of hydroxyl group-containing
NP844 . . ) -10-

Tenper at urdromatih compaundnwith jayomegicr hygeocsrbon - gudy @sr fduepe eprradbpy 50-
150[err]C. If tenperajure of reaction exceeds 170[err] deconposi tion of

catal yst di8anic solveptSHeh as| Y EBREAPEAINTE Compoupgie r HomaYenot dpRytéon
2 SR TASR T poels ASSORBNC 4w ERRRR
can be usugld s 36 lsﬁ‘fﬁcﬁgn? care iﬁe@?ﬁ%@gﬁ%ﬁhgir%%ﬂti’dﬂ.t @uﬁﬁ@ﬂ% o néQesg,‘TaP*‘?;g to

60 hours. . o for ucing a phendl resin
present inysaiidrabe uthsathrated cRNRUIYIRHarbbR HRACIthBY AIRXYbefore use by

group-contai ning aromati ¢ conpound wth unsaturated cyclic
hydr ocar bogpnviedeionahgrscedaré.i ons as above, and definite
During a reaction period, usually gas in a reaction vessel is replaced by
15 an inert gas, therefore it is preferable to use an airtight system. When an
open system is used for reaction, reaction can be conducted while an inert gas is
supplied to a reactor. As inert gases to be used herein, nitrogen, argon and the
like are exemplified.

As above, it is most important to adjust the amount of moisture in a

20 reaction system to 100 ppm or less. The amount of moisture must be
confirmed by measuring a sample taken from the system.

In producing phenol resins, when an excess of hydroxyl group-
containing aromatic compound is used compared with unsaturated cyclic
hydrocarbon, the reaction between them can be carried out without solvent.

25 Solvents can be also used, and they are not specially limited as long as they do
not hinder the reaction. As preferable solvents, there are aromatic
hydrocarbon compounds such as benzene, toluene and xylene.

The amount of solvent to be used is preferably 20-300 mass parts

against 100 mass parts of the hydroxyl group-containing aromatic compoundl
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10 reaction procedures are not specified. For exanple, the following
et hod can be used. That is, hydroxyl group-containing
aromati ¢ compound, if necessary, -®Wth a prescribed organic sol vent,
is supplied to a reactor, then heated to form ~an azeotropic mxture
and to renove an organi c solvent and noisture. It is 15 confirmed that

the anobunt of water content jn the system attains to a . prescri bed
val ue. For this @gmnerﬂﬁme&{tﬁssrﬁaﬂlezn%@ the tange ah2@e 105Repreforakdy 50-

. Af hat., ' t of Frjedel-Crafts
catalyat 1 430eatt PeERr et b e nal Secpbier %”?ﬁ%gzﬁg e,éﬁvaew;f
. ] ) . 0 sarvy.to
content of S PRERE eSS R ks ok il BORS S PlatrioR kit Tl Yiiag ur o

the water ¢@eb&¥mically. wombaé@yre%cfe%'i{alb%&m dehydration according to
conventional procedure. After phenol resin is produced as

menti ongd above, Theaghireattion tithe is not sgeHially Hmitsd,G8chh e @ially selected
Though procedure for deactivation is not specially restricted, I't 1s 25

pr ef er abl e approeately fromp thelvarge of Whintinutd eo 80hionirs.of the remaining ionic

i mpurity, such as boron and fluorine, in a final phenol resinis 100 ppm or
| ess. For Imiasmeithebéw, pradusing awthenol ssinldf the garesentrimvahtioanit ishei r
oxi des, hydroxige and car onaLe, and inorgani c bases such as_anmoni um
hydr oxi de” SRgueh only,torraach hydroxih sreupsentaining anomati¢ mymppamd with i s,

however, prefe

bl . . .
NP844 usghitated cyelig duilpacarbapcrpder the conditions as ahavenands definiee
and prgpt ye AR BEGRRUG es are not specified. For example, the following method can

be used.

That is, hydroxyl group-containing aromatic compound, if necessary,
with a prescribed organic solvent, is supplied to a reactor, then heated to form
an azeotropic mixture and to remove an organic solvent and moisture. It is

15  confirmed that the amount of water content in the system attains to a
prescribed value. For this confirmation, usually the liquid can be taken out of
the system and measured. After that, a prescribed amount of Friedel-Crafts
catalyst is added in the system, then unsaturated cyclic hydrocarbon is added
dropwise. Because it is also necessary to adjust the water content of

20 unsaturated cyclic hydrocarbon, it is preferable to measure the water content
previously and carry out dehydration according to conventional procedure.

After phenol resin is produced as mentioned above, deactivation of
catalyst is carried out.

Though procedure for deactivation is not specially restricted, it is

25 preferable to use the procedure in which the amount of the remaining ionic
impurity, such as boron and fluorine, in a final phenol resin is 100 ppm or less.
For this purpose, alkali metal, alkaline earth metal, and their oxides, hydroxide
and carbonate, and inorganic bases such as ammonium hydroxide and

ammonium gas can be used as deactivating agents. It is, however, preferable
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the amount of the remaining ionic inpurity after treatnment is small.
_After acid catalyst is deactivated with or adsorbed by hydrotalcite or

the like, the hydrotal cite having aci€dltatal yst adsorbed are filtered off
to 5 recover the reaction liquid that does not substantially contain the
resi due of catal yst. Then, the reaction liquid can be condensed by

ShAE RSN SO N RN
o S A SR T B g 120 10
o LT, LA RS GLRRAS FueERhR S7 R Rl DOl gy

Accor di ngkye ltiii‘Néa, £ Wy dhof16it AAAnkNEARS EaBylt &Géd&b@@' 8FeS fer8@! 4@l yos0l i d

resins. reover, because the neasurenment Is based on conparison with
the stgndaeebvb? theOrctiondbdid thitgesehot babstantlly édrthip¢he rekidtet 6f
per sons taki ng measurenents to cause variation of the results. On the

contrary, catdlgst.n€Then, theahodon igogd adms bepbndentad/by didtiikati@ytoobtefin a
visible rays and ultraviolet rays, variation of the results is small
and cor r elbgtdrocarbenvmenaleeasior &h@l pestiandn carryingeowtafiltrationsoperagong.
Therefore, the latter has been_adopted as the color 20 estimati on_ et hod.
I n neasur efagiengy capdsrinproned by agdiggselvgnts ar ingeesing tempayetveg of the

sol vents d dil u%}gg solutions are used. As diluting solvents, those that
have ation, rbency over the whole region of visible rays and

I hol . f blg. ' , @l '
Fyéi ot bon So! Vi Solgr st oS o8 Rad RSB SR wBnel il b EHRE
especi al | 301 HigPaNEATH befh, BT dmgwn as £ W Ep(ukiah MRS FES | |

di oxane i gy ﬁbﬂgmae-meﬁ%d)rfoirs Rfin A Edciiokd 5 iquid ARROTRANGRunBASUr ed
at wavel ength 350 nm The present phenol resin excellent In

col or has Adeordigly, theaekalds are often inconsistent with colors of actual solid resins.
’(:I ngjct er iMbteovier, hdvauabdshe herasarementvebasat tn Bﬁmp;milscz)iihmithithe sthndard hat
15 color liquid, judgement standards differ according to persons taking
measurements to cause variation of the results. On the contrary, with the
method using absorptiometry in the region of visible rays and ultraviolet rays,
variation of the results is small and correlation between measured values and
actual colors is good. Therefore, the latter has been adopted as the color
20 estimation method.

In measurement by absorptiometry, resins are dissolved in arbitrary
solvents and diluted solutions are used. As diluting solvents, those that have
small absorbency over the whole region of visible rays and ultraviolet rays are
preferable. Accordingly, aliphatic saturated hydrocarbon solvent, aliphatic

25 saturated hydrocarbon ether or the like is used. However, dioxane,
tetrahydrofuran and the like are especially favorable because of great solubility
of resins. Usually, dioxane is desirable. Color is estimated with the

absorbance measured at wavelength 350 nm.

The present phenol resin excellent in color has the most remarkable
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have t he absorbance of 1.0 or lower in a solution of 2 mass % i n di oxane

are useful as raw material for producing epoxy resin in the follow ng
step. . The phenol resins obth-+yed as above are used as raw
material for epoxy 5 resins, and al so useful as hardeni ng agent of epoxy
resin for electrically insulating materials, particularly materials

materials for | amnates. _Furthernore,

f i i conduct

£ AR o A B
| . \Y) us . |I'S .eS . .

I the o PY g ABREVSe HOTOUPOIATET P B BRHFROEY Biaskan donaBs st

will be deﬁﬁéfugﬁg Taw mattclarr%al for p%?ﬁ@hgﬁeiﬁgy%ggﬁ%nrﬁ% }lpgl\lf‘)'?é]ghe%OOd col or

can be obtal ne y reac reési’n exc col or

obtai ned as abovehwidHanePrd3heBYEHihBd a8 atb_'c'liﬁe are usBi 88 §96Em2tke QPforCeg)gu yst

to introduce glycidyl group. 15 e above reaction of intr i ng
glycidyd orenipscandbalwancefd ithdidening agBat CEME¥Soty FeaIn H6P @M Rally

Definitely, for instance, the phenol resin is reacted with a glycidyl
gr oup- cont aisvilagnggerdtesiats) partiqilatilyonodtgdinls for sealingepehriesmiuadorsh orn
the presence of base such as sodi um hydroxi de or potassium hydr oxi de,

usual | y at megerigls 5oredamdatesef eFathermorgp theysGirer ekeellaitenn tdwward
reaction 20 product is washed with water and dried to give an epoxy resin.
The anmount 2BPegfiance ANd Gaskneprapsry eging ntheis gpedealpnb| However, 2be use

times, particularly. 3 to 7.times as nmuch as that of hydroxyl group of the
phenol 18 p%ts?ﬁpefx,w?fmeas;ng%ﬁ?vm ent . During the reaction
ened by 25 .renov wat e

perio t he progte fiireaction n,he has i by
azeot ;jloopi c disti ﬁ 3?‘? 3%11%"{‘}5’ t%&leéﬁ%?%w e SBﬁ’f%F?ﬁlﬁgexcehegﬁb‘éﬁf’foﬁnder
reduced prgsA¥e&described When the present hydrocarbon epoxy resin is
usedinafielgof "electronic materials, sodiumchloride as a

by-product nust trferreBMEdepoxy résdHagind Yobd cbldR AR oNBSHED By SieBtind!
this time, after glycidyl group-

NP844 the phenol resin excellent in color obtained as above #3th epihalohFddh 3hthed
agents are recovered by distillation to concentrate the reaction

sol ution, presenoeoéhbtsatalystddintrodaye lgtydddylsgrioupd i n a sol vent and washed
with water. As solvents used here, nethyl isobutyl ketone, cycl ohexanone,
benzenk® butyl céhpadwveaeasiionof fintnoduging @ltveirb'{@mmep capdreocanrizshoepbyy
B R T
GRRRIE TR RLR Gt SRR S T
epibromohydrin in the presence of base such as sodium hydroxide or potassium
hydroxide, usually at 10 to 150°C, preferably at 30 to 80°C. Then, the reaction
20  product is washed with water and dried to give an epoxy resin.

The amount of glycidyl group-containing agent is preferably 2 to 20
times, particularly 3 to 7 times as much as that of hydroxyl group of the phenol
resin in molar equivalent.

During the reaction period, the progress of reaction can be hastened by

25 removing water by azeotropic distillation with the glycidyl group-containing
agent under reduced pressure.

When the present hydrocarbon epoxy resin is used in a field of

electronic materials, sodium chloride as a by-product must be removed

completely in the water-washing step. At this time, after glycidyl group-
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The epoxy resins obtained as above are superior to conventional epoxy 10
. resins having simlar structure-in color, outward appearance and marki ng
property. Further, the resins of whichIladbsorbance is 0.8 or |ower by the
above- nenti oned neasurenment are good also in actual color preferably.
Because the epoxy resins are excellent in color, they are useful as epoxy
resin conposition materials for eggf%&jﬁalhi Lnsulating materials,
parti cul arqoptamang ggeais Are FeRovered ibyy atinny de encentatether reacdiqny,

uaet ol § orsopbNiter e popcentpgal Prodiclfiny B disfIfi o o sotvent 858 wahed' o°
use of ePQuip EabaS. MEILrIRNN AT ASR 1 AP AT 105oHS By clohenarbiRl 1S

all the conpoun are commonly usé g agent epoxy

resins Ca%&&eﬁé?ﬁutﬂ@gnéﬁﬁ{}@ah& st (I’oftﬁsixﬁi;%fe(}ﬁbie"hOmdﬂo(éb&ﬁ{n el Fiishie! Y

exenplified are phenolic novolak resin, o-cresol ak resin,” bi'sphenol A

novol als r egiobtaticdicheatilg Y §lazked @6hEentPARNKR erttichbapent adi ene
pol yaddi ti on resin, naphthol novol ak resin, dihydroxynaphthal ene novol ak

resin; pol yhydriThekeory quivialogt Xgiresiargraas egoivedeht-apoxy @ueup) of epoxy

phenol -aral kyl 25 resin; aliphatic am nes such as diethylenetriamne or

tri et hyl ereesm tsauswad]y 200 to 580pnraferabdyiZ2d@dostidh d€ epossheavivalenti excends

di am nodi phenyl met hape or di am nodj phenyl sul f one; pol yam de resin and

its rmdifi@lp,ﬁw@%ﬁahnkmﬁadmtm@ecrease%@éﬁwowﬁwi sed of acid anhydride such

as mal ei ¢ anhydrjde, ght hal.i c . anhsydlgi de, hexahydropht hal i .c ai‘nh dri de

or pyromellitic %93 Wé?SlBﬁtOQﬁ%mﬁ as above are superior to conventional epoxy

NP844 . . .. . -14- har deni n

agent Mucr St hAyINE SIES, StHERS ol oolg5r SHEPRTY ARBeRIRIE ARG metkid

conpl ex or ﬂ)#@?ﬁyq' Yulthibt V?Hé \{*Esingngf ¥WhiltR' d¥korbance is 0.8 gr F&Weleqﬁﬂfhe
Bine o thep 2etu as

resi ns obt d~according resent 1nventiron are u

materi al Two@eﬁlehmnéarﬂl%w@ﬁ&e%%re@goaﬁmﬁﬁi Muﬁﬂ@&hﬁp}%rém&s use, the
5 followi ng two conpounds are preferable. One is aronatic hydrocarbon-

f or mal dehyde r esBecaiselthe epekeresingaire lekell@st it coldy, €hey sreussful asiepbRy

har deni ng property, nolding characteristic, thernmal resistance and so
forth. resin composition materials for electrically insulating materials, particularly
15 materials for sealing semiconductors and materials for laminates. However,
the use is not restricted only to these, but also useful for powder paint, break

shoe and so forth.

In the use of epoxy resins, well-known hardening agents can be used.
That is, all the compounds that are commonly used as hardening agents for
20 epoxy resins can be used, and there is no restriction in particular. Definitely
exemplified are phenolic novolak resin, o-cresol novolak resin, bisphenol A
novolak resin, bisphenol F novolak resin, phenol-dicyclopentadiene
polyaddition resin, naphthol novolak resin, dihydroxynaphthalene novolak
resin; polyhydric phenols having xylidene as connecting group; phenol-aralkyl
25 resin; aliphatic amines such as diethylenetriamine or triethylenetetramine;
aromatic amines such as m-phenylenediamine, diaminodiphenylmethane or
diaminodiphenylsulfone; polyamide resin and its modified product; hardening
agent comprised of acid anhydride such as maleic anhydride, phthalic

anhydride, hexahydrophthalic anhydride or pyromellitic anhydride; potential
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The other is phenol-aral kyl resin such as the phenol resin by the present

I nvention, which is excellent in hardening property, nolding
characteristic, low 10 hygroscopici+¥4and so on. The anmount
of these hardening agents to be used is not especially restricted as
long as it is enough to harden epoxy resins. However, it is

pr ef er abl sel ect the unt o) he, nuyrbe actiy ar ogen in
har deni ng?"éﬁgﬁ?mﬁ pEeBk SH@ 2y dé‘éﬂﬁ‘\fg €,t YNt {%%%Pno?nﬁ}}& CHBWS i n
the 15 epoxy resin hernmore, in addition to the

har deni ng “3G¥Ns Oﬁﬁ}laﬁﬁﬁﬁﬁ dﬁﬁ’é@ﬁé{?a‘?‘gﬁ so Tbith. can be used optionally. As the
hardeni ng accel gy b[%te%mwosp orus ink ﬁf&&ﬂ@dmg to th‘é%{'ﬁégéﬁﬂ 1%&@h¥18ﬂeﬁe%f\?1e

used. For exanple ertrary am ne,

i m dazol eﬂS%E?énﬁafo‘k s‘éﬁhﬁé%ﬁhgox?&idiors L% ﬁaﬁfe‘rﬁln a%@nt@fﬁr%lé:ﬂg@l e and
so forth are used I's possible to use each of these si ngly, or to

use twg Orfolll@sﬁfhé(ltﬁﬂﬁ conpdigrds] arét preferdbleat @nalis hesmaeial hpdrocarbon-
sem conductors, triphenyl phosphi ne 1 n phosphorus-containing conpounds,

DBU in amfaﬂnalthahgdeheedmkeudu eapriercdbhevolhkc serin, twbichaie exceHehtnin i n
hardeni ng property, thermal resistance, electrical property,

moi st ur e- frasdenimg peopenty| makdingt sharadtesisticortharmal resistance andrsouintl. t he
epoxy resin obtained hy the present. |nvent|on t he ot her epoxy resins
can be addie oblest iephenol-aralkyl resinospeh assheg nhenohsresie bynshe nregeniot

g;gi;l ?lelsﬂﬁl/(lalggil%ﬁg\ﬁhl: slqr%]%% ?Igfﬁlnt b@)@ieé]ﬁgé;ggpeer} Y, mol%llxg Icﬂgrac%xqg{ic, %
NP84410 hygroscopicity and so on. sy

The amount of these hardening agents to be used is not especially
restricted as long as it is enough to harden epoxy resins. However, it is
preferable to select the amount so that the number of active hydrogen in
hardening agent will be nearly equivalent to the number of epoxy group in the

15 epoxy resin used.

Furthermore, in addition to the hardening agent, hardening accelerator
can be used optionally. As the hardening accelerator, any of well-known
conventional ones can be used. For example, phosphorus-containing
compound, tertiary amine, imidazole, metal salt of organic acid , Lewis acid,

20 amine complex and so forth are used. It is possible to use each of these singly,
or to use two or more kinds of them jointly As materials for sealing
semiconductors, triphenylphosphine in phosphorus-containing conpounds,
DBU in amines, and the like are preferable, because they are excellent in
hardening property, thermal resistance, electrical property, moisture-proofing

25  reliability and so forth.

In using the epoxy resin obtained by the present invention, the other
epoxy resins can be added together.

Other epoxy resins used here are not especially limited. For instance,

bisphenol A glycidyl ether-type epoxy resin, bromophenol novolak-type epoxy
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resin, tetrabronobi sphenol A-type epoxy resin, biphenyl-type epoxy resin,
tri hydroxyphenyl nmet hane-type epoxy resin, tetrahydroxyphenyl et hane-type
epoxy resin and the like are used. Thel@mount of these epoxy resins is not
particularly restricted. 5 Further, various well-known
conventional additives, such as coloring agent, flane retarder, nold

rel easi ng agent, and coupl.i agent, can be m xed .. appropriately as the
bocas: on_ demndstrabroniebisp erkl Awparpany mevh: binbepsh N GRRGYt Festit he
epoxy resin.Qht.ain th ) r t lpvent] 1 t he
foll ow ng tglg’ﬁ%ﬁgxxgqge&gxwgﬁaﬁles ,tyq% eergop xf eg\éﬂ %‘%tg}%hﬁ%%yﬁgé%@gﬁ}?&{ﬁem ng
accel er at . | {:1 ! i

tate w t RS Seapl SngEE) HURRONRA, Thd R YRS, oKy eenar heave
kneadi ng driBicaldyy ré@rietédl rol | or a kneadi ng machine, and crushed
after injecting or cooling. The epoxy resins by the present invention

are obbai ned as Fenthennesricowaell-kRnowhheanveusionab additivey, tsuchl asg lcyldring t ed.
15 For exanple, they are used as materials for sealing sem conductors and
mat er i al s dgemtsflbate sdtarddr, moldt redeasing agent asd| caiphiggpagaidy camibet mixed

materials for ~nmold, materials for_resist ink, interlam nar insulating
mat eri al s aprepriagelyps the oocgpien demards.i ber reinforced plastics, carbon

e e it e o ot B ond Lk e e

nbi ned with .yl ate t i |, at I, b .
Comi e oMU BT R LRSI o8 o T
PO S g oy Ry AR TR R

par ti cul arhyy&XiRbLflly Ho:ﬁ@lg&%ox%%taté?&?ﬁ#a PRk hAAER foltH, theh ,subflé?fe&r e

al so useful as material’s for substrate o printed wring, which are

excel | ent formeding osarl kWhbidiag withi aTHotSBAhin® roll @Red kneading machine, and

noi st ur e-proofing property, adhering property and so forth. In the

f ol | owi ng,crushed tafternmjestirgg or taolirspal The epexy eesida diyotls prdsenbdénvdastion bed
in nore detail. ~ For greparing materials for sealing

seni conducarsr shtained grenmentidredr gbove, and their use is not particularly limited.
NP844 . -16- " | are
conpodfdediers exasunie; dheyomsorisat ap matenialsnfor, sepling pipryicprdpetogs gand
har deni ng agent.. terials.for. sealing sem conductors :obtai ned
by the prLaTRiRlnER SRR rate of DBy {ying ingRiAtHE AR IAIBi LA tGHA IO

i nclude fluigit -1 10 ENg: W : j . 1.CO . eni. ng
property, %%i %‘5 g%fl%%eﬁ;&e%% #e rﬂrf]igil 1?1?%%%1)2;[9%%153%\?1? gilp% ﬂl%gﬁgﬁlgfn fgﬁ‘%ﬂ ‘%d

further, sgifen]fdsdfler f‘eﬁhﬁ?r@&f%la}é%id%?léﬁﬂo@lgﬁﬁ& feiftdrdb®Plastics, nialeeid1at €

and printing characteristic by a |aser marking device.
for paint, materials for adhesives and so forth. Moreover, the present epoxy

20 resin may be combined with acrylate to give epoxy acrylate resin, or may be
modified with silicone elastomer or CTBN elastomer to give rubber-modified
epoxy resin.

Among these uses, the present materials are extremely useful as those
for sealing semiconductors, because they are particularly excellent in solder

25  crack resistance. Further, they are also useful as materials for substrate of
printed wiring, which are excellent in color as well as in impregnating property,
moisture-proofing property, adhering property and so forth. In the following,
the materials for sealing semiconductors will be described in more detail.

For preparing materials for sealing semiconductors, inorganic fillers
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I norgani-c filler used for sealing sem conductors is an essenti al
conponent, which not only increases the nechanical strength and hardness of
10 cured materials, but also gives lag-noisture absorption and | ow

coefficients of | i near expansi on, and noreover, increases solder crack
resi stance. The anount of inorganic filler is not specially

restricted. However, when it is in t he range of 80.to 95 mass %in the
seal i ng near@r%mpow@ecat?@v@ssenmaécqomoaemsln additigne teidhe| eRey &R a%ht | y.

Particularly when the material is used for sealing 15 sem conductors, the
above ran ngnbp%]ag?%H e because solder crack resistance is

S 1 i g SR | i
| nvent i on, aﬁi’s‘fg a'l]f of t'?l%rlggﬁh%n}en[tls &rhiéhefrﬁlt?deeﬂaﬁﬁﬂd né%&ﬁ?ﬁ 18 Q€ als

Though the I norgani c 'S not particdl lTmte crus

20 sig i cgsmiz8Aduétolrs Qi’ardéhﬁi"@ gﬁ)é)e‘ic%; ‘ﬁaol&h?géprtﬂﬂeﬁﬁs tﬁéﬁﬁél fé@ﬂ;tﬁﬁcé thb.h can

be used. Anong t hese, crus I'i ca and bead lica are generally
used as nehgrdedlisg, and fwsher;i sdldyr fopacls aekisbgnee ih covodunting’ on angribwéd
fluidity during nol ding and strength of cured material can be inproved
in a good suistrate, bydqn’int@ngcharacteuiimﬁuby adfaser n&hkihgdé?ica and bead
silica. The m xture of crushed silica and 25 bead silica both havi ng t he
aver age di anet erInsrgauict dilko] arsefimfor ngradings semlconqutprs:ulSarary egsential

characteristics. Further, .also jn fthe use s
seal i ng sefATRRORARG rhich mofonly incregses the mer a%’&ﬁfﬁ e a 4@6@5

51 0.1 U1 "SSP LTHEPA 8035, o o CRRLRSSh PRGN un o DR SO

NP844 inea xgan&mn and moreover 1ncr reases soldﬁiL crack registance. e
t et r abr onobi sphenol typ€e epoxy resin ronophénol epoXy resin I| e

br OfTDphen%mBQYl@'off‘inBi/é)ﬁu@HHl@f 1sel§dtns¢e%1rﬂi’3f Tréé%&'ic@éd y HS%%@P'\#hen it is in
Besi des, as ot her conponents to be m'xed, 'various additives can be used.

They are aghd sddgenst 80 k@198 1hasd 3¢ ﬁﬂthd@éaﬂngﬁlhﬁtéﬂﬁh the «bolvk Bhayadteridsicde
and 5 hexabronobenzene, coloring agents such as carbon bl ack, iron oxide

red and are démedppetbledcel@rfthsi Rpragatddy stion tle medterial imansedrfdr syalihgt i c
wax, and | ow stress additives such as silicone oil, synthetic rubber
and sil3 cosrmicgpduetors, the almyetraage is peeferahle naawm%@em@@ek@eastﬁnqeaﬁ be

al so used pref | f necessar ari o known .conventi onal
additives g"a’ﬂag‘ﬁaﬁﬁﬁ'ﬁbﬁ?ﬁdeat deserves spec?al mentl%n that ﬂulil(%t , molding property

and so forth are not spoiled at all in the present invention, even if inorganic
fillers are added in 80 mass % or more.
Though the kind of inorganic filler is not particularly limited, crushed
20 silica, bead silica, alumina, tale, clay, glass fiber and so forth can be used.
Among these, crushed silica and bead silica are generally used as materials
especially for sealing semiconductors, and both fluidity during molding and
strength of cured material can be improved in a good balance by using a
mixture of crushed silica and bead silica. The mixture of crushed silica and
25 bead silica both having the average diameter of 10 to 30um improves
particularly these characteristics.
Further, also in the use as materials for sealing semiconductors, other
epoxy resin can be added to the epoxy resin of the present invention as

mentioned above. As the other epoxy resin, flame-resistant one such as
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10 appropriately, such as other kinds of coloring agent, flame retarder,
nol d rel easi ng agent or coupling agent. I n preparing
materi.al s for nmolding fromthe epoxy + &8 n obtai ned by the pr esent

i nvention,  the nmethod such as the follow ng can be used. That is,

epoxy resin, hardening agent, hardening accel erator and other additives are

L e e ISR kel B Pl ot 17

Kk di hi hed after. | i t abl d.

(e, 15, SRS oo a0 R A AR BALNE

L SRR ot o R P Qe O

col or _Th%?;@ﬂe' %?&Howé'?kﬂ’aﬁg%@is@&n@ﬁ%@ﬁﬁl@%u&?:ﬁ%%ﬁ%ﬁh?rtrﬁﬁ?&é ahys s

not especi al restricted, and packages of all the shapes such as D P,

SOP, 38U, hekibrdidbenzene, a6ldringPagantsisuchsedl catiiae blaoky kidid ofRle g4l andnot

limted particularly either, and so devices such as YAG | aser and

car bon di edicdenddd atlausingitgbntzesich?as natural B&ESAndOBmM theRcGARaRRYAMNS I0WT THE
PRESENT | NVENTI ON In the follow ng, the present invention wll
be descri bbss radditivedetuhl as silicord el i santhetiexeuhhiezsand dsitioope ratbbes
exanpl es. Col or of the phenol resins in the exanpl es and

conpar at i veirehemphe gbove hagdening merelaratar cap onlse uged sreferaplyo t he

fol | owi h . . "
NI?’S 42W| ng met O?f necessary, various known conventional additjges can be C()mpounded

Soi ut Ton- SPPRRRBIty bR e bR IR St Golding Rt Mo dgrordsy Hbid
measur ed "i‘gl%%ﬂiggg%ér& mu@g“lﬁ%% met hod. Anal yzer:

ul travi ol et-vi si ray sp . otoneter (type: Ubest-50, made 5 by
Jasco Corp.)  InpreparinBieR@railh &6 RblEARGN the ehoxyRsif Iob]yéig@dvuyt the

di oxane of chemcally pure grade containing noisture o .1 mass % or
| ess t o gipresentsiventivn, thet Method suckanceld fallowingtard . K0GsOd. NBhat %sf or

use in measurenent.
epoxy resin, hardening agent, hardening accelerator and other additives are
15 mixed into a fully homogeneous state with a mixer and so forth, then subjected
to melting and kneading with a hot forming roll or a kneading machine,
crushed after cooling and tabletted.
The resin-sealed semiconductor apparatuses fabricated with the
material for sealing semiconductor obtained by the present invention can be
20 printed using a laser-marking device, and the printed part develops color
excellently. The shape of package of semiconductor apparatus is not especially
restricted, and packages of all the shapes such as DIP, SOP, SOJ, QFP, BGA
and CSP can be used. Laser marking device is not limited particularly either,
and so devices such as YAG laser and carbon dioxide laser are utilized.
25 BEST MODE FOR CARRYING OUT THE PRESENT INVENTION
In the following, the present invention will be described in more detail
referring to examples and comparative examples.
Color of the phenol resins in the examples and comparative examples

given below was measured according to the following method.
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Measuring cell: made of quartz, optical path length 10 nrmx width 4mm 10

(2) Gardner standard col or method Usi ng a sol ution of phenol
resin of 50 % in di oxane, Gardner col erl8- nunber was determ ned as
conpared to Gardner standard solution (JIS K 5400) .

Example 1 15 (Preparation of phenol resin-1) Phenol and
toluene were put into a reaction vessel .q fﬁéheated to 160[err]C, SO
that dehyddad éWW@WﬂF‘éﬁt’EﬂYﬂd@ﬁﬁﬁgdﬂs’g r§o¥eeR%Hn of an azeotropic

mcLre of vaLer ek USRS Ak BF o8B T IR Bl e
dehydrat i 8 . J t | propriately, noisture of phenol
in the sys 8%@ %cocﬁﬁhrn%&g &% ﬂl&‘?%gﬁ%@?’ppm or less. Then, 1.7 g of

boron trifl uoriAde1phenler§ARRtEN s Epeqtroph&&#x@&%x?@yﬁ&@@éaﬁg mRdd

mass % of boron trifluoride, the same ‘herei nafter ed in the

systems Aly asdo€o¥p.Xt Ure was honogeni zed, 115 g of

di cycl opent adi ene was added dropwi se slowy in an hour while the liquid 25
t enper at ur e waPrkpaiatid of sdrfipleaRbsinwiabetiluted iwith dipxsae dfahenddaldypuker 20
hour s at the sanme tenperature. 1In the reaction, the concentration of
bor on gradei £ontaditog moistvret off 811 amansnte or lelertol givei ayzdlutient efiithee
and boron trifluoride was 0.057 mass % The noi stures of
di cycl opentagrBhationgolo? ARAD. 0k measee’sor uge in measurement.

NP844 . . - 19- .
* Measuring cell: made of quartz, optical path lengtgh 10 mm x width 4mm

10 (2) Gardner standard color method

Using a solution of phenol resin of 50 % in dioxane, Gardner color
number was determined as compared to Gardner standard solution (JIS K
5400).

Example 1
15  (Preparation of phenol resin-1)

Phenol and toluene were put into a reaction vessel and heated to 160°C,
so that dehydration was carried out through the formation of an azeotropic
mixture of water and toluene and at the same time toluene was distilled out.
The amount of phenol inside the reaction system after dehydrating was 780 g.

20 With sampling appropriately, moisture of phenol in the system was confirmed
to be 100 ppm or less. Then, 1.7 g of boron trifluoride-phenol complex (phenol
solution containing 30.0 mass % of boron trifluoride, the same hereinafter) was
added in the system. After the mixture was homogenized, 115 g of
dicyclopentadiene was added dropwise slowly in an hour while the liquid

25 temperature was kept 70°C, and further, stirring was carried out for 20 hours
at the same temperature. In the reaction, the concentration of boron
trifluoride in the total amount of phenol, dicyclopentadiene and boron

trifluoride was 0.057 mass %.

The moistures of dicyclopentadiene and others were measured
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separately and confirnmed to be 100 ppmor |ess. Further, the amunt of
noi sture in the reaction system was neasured appropriately, and was

confirnmed to be 100 ppm or | ess. -19- After the reaction was over,
the tenperature was reduced to 70[err]Cwth 5 cooling, and 5.5 g of
magnesi um hydr oxi de- al um num hydr oxi de (hydrotalcite, trade nane:

Kyowaad 1000, made by Kyo em cal _| ndustry Y d.) wa added to
deact i vat eseparate)sand @ﬁéﬁ’?mﬁca F‘bg)@t 160, Rnrau?rd?gm htllﬂttg%dalerﬁ@ount of
obtained filtrate was concerlt rated, by vacuumdi sti,l | ation .tgﬂobt ain 250 g

of pHBAE UG iy the reaction  syster Jtas dRPAILSY APPSPPTREELY AR, SFas
h I i ne , h h l'ic hyd I i val ent
pheno rescloﬁfl\ég}ief\?a‘?‘leﬁ{)@ﬁg} 8Piquts e phenol i ¢ hydroxyl equival en

(g-resin/ gram oxyl~"group) was 169. As the result of

measuring the ab . %o ! i N7 e it he
absor bance at m@}@%fgﬁlgfﬁe%égb&nﬁa\s;aogbfé@g%eﬁglnegh%% B? gﬁgtrlée?g? o'rm C witlh
nunber swascobBnkOahd- 5.8 eof Rtighbsivii dydhexide dlubdllifh Ayddoxide (hydrotalcite
Exanpl e 2 (Production of epoxy resin-1) In a four nec
flask of 3rhié eranesiUKppwdadvilOD0smadetsy KyeWau@hemieddndustydCo., Ltd.) was

t hernoneter were put 169 g of the phenol resin produced according to the
procedur e atbkc itbededativiatangtelybtsnthet0Ghg rdactioinc higuidhyals ifiltereden They
were 20 dissolved and stirred. The reaction systemwas adjusted to
pressure ofbtabmed filtrapgrmpy corenteated iy Naewe distillatas] ée optain 269 g f s
syst em was addoﬁd ) continuously 100 g of an aqueous sol ution of sodium
hydr oxi de BR&R)FesiRe concentration of 48 mass % while a reaction was

oot P B SR 8 WD Gl B
Py el O BRI RAROKS O S ORE Sy Beram ol RPAFRLL NI i oo,

pressure ohs tReré&Ae b RRaSHFLEThaDsSHaneof alg%litREMES1ution of thEESIRYT €,
and the tenperature was increased to 110[err]C to renove water

conpl et el ythe Bkeedsarepi &6wavilyigih 35S ndi Stad |RE4DUbndNdes Gardiferheslos

NP844 - 20- pressure,
and furt henumibiestwdd B3 itorl4na I hearesudtd sovetshomoem Télderleduced pressure
of 15 mmHg (20 hPa) at 140[err]C. To the obtained m xture of

resinland sodi um chloride were addedEz@mple 2  of nethyl isobutyl ketone

and 36 g o aa aqueoys sol uti,on of sodi um hydr oxi de 5 of 10 mass % and a
reacti on waEodHrtipRQl gnexy esinTh hours at 85[err]C. After the reaction

, f hyl i . . of .
Bdded. “then the Wondrer Hock BBRK aha et SAIER e BreluStr SRNGRIn fanlerand
removed o SERa bk But NS & bBnd PHRhoPbolR! BMlalSAPMkalE B5nLCS

washed wit
procedure described in Example 1 and 400 g of epichlorohydrin, then they were

20 dissolved and stirred. The reaction system was adjusted to pressure of 150
mmHg (200 hPa) and heated up to 68°C. Into this system was added
continuously 100 g of an aqueous solution of sodium hydroxide having the
concentration of 48 mass %, while a reaction was carried out for 3.5 hours.
The water produced by reaction and that contained in the aqueous solution of

25 sodium hydroxide were decomposed by refluxing the azeotropic mixture of
water-epichlorohydrin and removed from the reaction system. After the end of
reaction, the pressure of the reaction system was set back to atmospheric
pressure, and the temperature was increased to 110°C to remove water

completely. Excess epichlorohydrin was distilled out under atmospheric
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g of water and neutralized with phosphoric acid, and the water layer was
10 renoved. Further, 800 g of water was added for washing, and the water

| ayer was renoved. The separati on2®f oil |ayer and water |ayer was
sati sfactory, and inorganic salts were recovered quantitatively. Then,
t he | ayer of nethyl | sobutyl ketone was distilled under atnospheric

ressure, and vacuu distillati on was .carried put successively under

'Ito he pressuPEHHS uytdes, ‘i’@t“ll]i?ﬁ?f‘ was fﬂﬁ‘[@‘ir"}‘é"ﬁﬁ%ﬁ#‘ﬁirﬁ g Q’TB‘FSIE'gg)iy
resin. X { val ent of the above epoxy resin was :
The conten?f%? mmHgg%ﬁ%Pgﬁ%{il%%' conmpounds neasured wth a liquid

chromat ogr aphy wWa§ tfle bbtained ﬁrg%f’ftaéig%&;ddslodium CIEBTidES)Fu ew Je’éif gl?(l),ltghe

result of measuring the absorbance o oxane tion

resin, theofhfehPReBudf] Mayab ARd! 56 327 Sy Rsous: s%?&bimg:ag s§é}fum hydr&&iadner

col or nunmber was 11 to 12. The results are Shown in Ta

Exanpl €5 3 of 10 rhksepiraaid @reaétich angl careisdroud)for 1.5 hours at 85fbenAkiedife
toluene were put into a reaction vessel, and azeotropic 25 dehydration was

carri ed outreadfidrheaseovesy 750ng lofimethyl Hatbwtlyl lesond and. 300g of wateRRairat of
phenol after dehydration was 870 g. Then, 2.25 g of boron _

trifluori dédé%r%llendbﬁﬂpwﬁr mrzm”@qu,eoumaolysrong)f@bdmmyhﬂaxmlwamremmds
added dropwi se, further.. procedures sinilar to those of Exanple 1 were
carried by sepgratiqty (Next.dhe S?W, ofymethyd Axehmty bketomegrapweshed mith 160 de

iNESElze tot 8' o TRHBE and neutralized with phosphoric acid,_and the watey lwnma,s

di cycl ﬂpeghégbgé‘&paﬁgr QL% d éiog'%ocrgl% %ﬁ%d&%h@?%@%ﬁg,ﬁn%?he water layerAs a

result, 3 henol r'esi n®was o

di cycl openadi RigoARE OPRELSp RIS ITBRSH Bied SRAT Halby 1808 GART I dimg 40y Pe
P Isture inther tt was

100 ppmor less. Further, the anount of eacti on sys
5 neasur edndfipopguniatsalts, wardrewvetafhantithtivelpe THEN PEHB Riyer&FSmethyl

The softening point of the obtained phenol resin was 92. 5[ err]C, and t’he
isobutyl ketone was distilled under atmospheric pressure, and vacuum
distillation was carried out successively under the pressure of 5 mmHg (6.7

15 hPa) at 140°C to obtain 220 g of epoxy resin.

The epoxy equivalent of the above epoxy resin was 261. The content of
monofunctional compounds measured with a liquid chromatography was 0.1
mass % or less.

Further, as the result of measuring the absorbance of a 2 % dioxane

20  solution of the resin, the absorbance at wavelength 350 nm was 0.690, and the
Gardner color number was 11 to 12. The results are shown in Table 1.
* Example 3
(Preparation of phenol resin-2)
Phenol and toluene were put into a reaction vessel, and azeotropic
25  dehydration was carried out in the manner similar to that of Example 1. The
amount of phenol after dehydration was 870 g. Then, 2.25 g of boron
trifluoride-phenol complex was added, and 150 g of dicyclopentadiene was

added dropwise, further, procedures similar to those of Example 1 were carried

out. In the reaction, the concentration of boron trifluoride in the total amount
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hydr oxyl equi val ent was found to be 170 as the result of neasurenment. As

t he result of nmeasuring the absorbance at wavel ength 350 nmof a 2 %
di oxane solution of the resin, it2das 0.984, and the Gardner col or
nunber was 14 to 15. 10 The results are shown in Table 1.

Exanpl e 4 (Production of epoxy resin-2) Procedures simlar

to those of Exanple 2 were conduct(fg excep 170 g of the phenol
9

resin synttfadiens 4iﬁy@a?&ﬂaéi®%ﬁ% gg}traﬁggxgaévba%q.0§§ maFoPy resin was
b e T CHEEY S8l O A S0R GR RS e mois LR o
chromat ngfﬁgﬁ%ﬁﬂﬁgggg@%&%ﬁa g/ﬁ?u%gs %@eﬁ%ﬁgpeasured separgge%igta{.he(f coﬁﬁ{lﬁgﬁ ﬂ’oeﬁé" t

of neasurin ance o oXxane tTon o e resin,

the absor bPO’t?ﬁng cﬁ"’féé%' em&&@%@g}@t%ﬁﬁamﬁﬂm rctih GREEmGRLOT

nunber was 12 3. The results are shown in Table 1.

Conpar &t | \Waeh¥@8d £ppropriatelyPa8QN & dfirdle PRAPOLO0 @piiloBless.

Phenol and tol uene Wwere put into a reaction vessel, and azeotropic
dehydration was The softdnimg pointt dfethmobiiined phleaol resihhwhs O2.8BCamrdetie The
25 amount of phenol after dehydration was 760 g. Then, 6.6 g of boron
trifluori deydroambeqeivad ndxwas fovabitedbe 1%@as 18 rgswlt ofl nasopmentdi Astheas
added dropw se, and procedures similar to those of Exanple 1 were_carried
out.  resyltaof massuringohe absoirae| at wavelength dlanmeaf a £vordigxane
reaction, iGeion of OSSR Phe.684, W the GRRHSY bl hiutas ek Th TR
NP844 -22-

di cycl’Spent BRFEHUESATE BRYSR 1P 2% 41 i de was 0. 220 mass % The
softeni ng poi nt of the obtained phenﬁxaﬁfﬁflhr}% was 90.0[err]C, and the
hydr oxyl equi val ent was 168. As the resu of neasuring the absorbance of a

2 %in di ogapaueQbiofepoRf rddig-g)esi n, the absorbance at wavel ength 350 nm
was 5 1.642, and the Gardner color nunber was 18 or higher. The results

are shown Procedures similar to those of Example 2 were conducted except that
170 g of the phenol resin synthesized in Example 3 was used, and 180 g of
15  epoxy resin was obtained. The epoxy equivalent of the epoxy resin was 261.
The content of monofunctional compounds measured with a liquid
chromatography was 0.1 mass % or less.
Further, as the result of measuring the absorbance of a 2 % dioxane
solution of the resin, the absorbance at wavelength 350 nm was 0.734, and the
20  Gardner color number was 12 to 13. The results are shown in Table 1.
Comparative Example 1
(Preparation of phenol resin-3)
Phenol and toluene were put into a reaction vessel, and azeotropic
dehydration was carried ocut in the manner similar to that of Example 1. The
25 amount of phenol after dehydration was 760 g. Then, 6.6 g of boron
trifluoride-phenol complex was added, then 135 g of dicyclopentadiene was
added dropwise, and procedures similar to those of Example 1 were carried out.
As a result, 290 g of phenol resin was obtained. In the reaction, the

concentration of boron trifluoride in the total amount of phenol,
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in Table 1. Conpar ati ve Exanple 2
(Production of epoxy resin-3) Procedures simlar to those of
Exanpl es were conducted except that 4@2-168 g of the phenol resin

synt hesi zed in Conparative Exanple 1 was used, and 218 g of epoxy
resin was obtained. The epoxy equival ent of the obtai ned epoxy resin
was 266. the result of asuring the abso ce of a 2 % di oxane

sol uti on 1C¥‘H%W’é“§‘ﬁﬂﬁnec% Bg‘mb%iﬂt‘%ngf’ W/@Bgﬁd’ﬂ?ﬁsﬁ% nmwas 1.437, and

t he Gar dn col @r_nunber 17 4+.0.18 he yesults_ar wn 4 n Table
1 15 “fhe sof%emng po1ntmﬁstheo%tg}%%q pﬁe%ﬁ?ﬁlg was 9‘(3’)0':"6? % %tion
of phenol 1.0z . Ph ' rgagt i on
vessel an @g?%lgé?%w%e&tevyﬁ &68 ﬁ@c’clkx&%gufrtgdstﬁ:ﬁ? gs‘(yﬁﬁgé r ghb'gﬁf%rgec arried
out throughof ipdfoxamRidoRitiod oPth@F&Sh ! HY SbsorbancdativavEledltNBE6nAWas |
toluene, until the content of noisture in the reaction 20  system attai ned
100 ppm orl.682sand ke Sartiher 66168 nunieriwhsie8 &rdfghel. sStTHd dubistare shown

Then, the reaction systemwas subjected to freeze-drying six tines for
degassi ng imfBebletlne pressure of 20 mmHg (27 hPa). The anount of phenol

resin after degassing was 320 g. ] Then, 2.7 g of boron
trifluoride-phenol conplex was Goo@arative Fxagypledn 25 After the mixture
was honogeni zed, .45 of di cycl gpent adi ene degassed in the manner
simlar tortA Pc'fé?nélgﬁﬁ%@}ﬁ;% nol was added dropwise slowy in an

hour il Lhe | doLSTRELILILS S KR COLELT Lo BRI W,
the regcti %Beﬁgo??he phenof LW A%k E8hPArdtivd FYAHE 1 Wab R8ed P4A)

anount™ of

NP844 218 g of epoxy resin was obtained. The epoxy equivalent of the obtained epoxy

resin was 266. As the result of measuring the absorbance of a 2 % dioxane
solution of the resin, the absorbance at wavelength 350 nm was 1.437, and the
Gardner color number was 17 to 18. The results are shown in Table 1.
15 Comparative Example 3
(Preparation of phenol resin-4)
Phenol and toluene were put into a reaction vessel and heated to 160°C.
As a result, dehydration was carried out through the formation of an azeotropic
mixture of water and toluene, until the content of moisture in the reaction
20 system attained 100 ppm or less, and at the same time toluene was distilled out.
Then, the reaction system was subjected to freeze-drying six times for
degassing under the pressure of 20 mmHg (27 hPa). The amount of phenol
resin after degassing was 320 g.
Then, 2.7 g of boron trifluoride-phenol complex was added in the system.
25 After the mixture was homogenized, 45 g of dicyclopentadiene degassed in the
manner similar to that of degassing phenol was added dropwise slowly in an
hour while the liquid temperature was kept 60°C, and further, the reaction
liquid was heated to 80°C and stirred for 20 hours. In the reaction, the

concentration of boron trifluoride in the total amount of phenol,
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--23- . di cycl opent adi ene and boron trifluoride was 0.220 mass %

After the reaction was over, the tenperature was reduced to 70[err]C with
cooling, and 5.5 g of nagnesi um hydr oxi28e- al umi num hydr oxi de (hydrotalcite,
trade nane: Kyowaad 1000) was added with stirring in an hour at 70[err]C to
5 deactivate catalysts, then the reaction liquid was filtered. The

obt ai ned filtrate wa concenrat by v umdistillation to obtain
260 g of rﬂﬂ%‘i’p%éfi’r?ne and boron tr1 uqiﬂ e§"6‘|st 2§dﬂ§“‘}ﬁl t of the obtained

65, hs the r eegEeiofic dcion B85 plEr, the tenfpEpBirk rl diopa Bt Cath "o
[ uti 0 232,

and t o cPghllE. SRS o SHinARROKRRT RFRbUBLE NI, nithox O AR bR AcRe ]

Table 1. trade name: Kyowaad 1000) was addedCQ'i'ﬂI@EﬁHﬂ’lg 1§X§pr1@u14at 70°C to

(Production of epoxy fesin-4) Procedurés simlar to those of

Exanpl s weaetioats uatglg st Celidn that reabbion1Bquil fad Htéednol TheSdbtained
synthesi zed in Conparative Exanple 3 was used, and 218 g of epoxy

resin was fibtade weak colttentyadadg byqnalcuahedismlatidmetoaﬂatalmﬂﬂo grdxphenol resinesi n
was 266. As the result of neasuring the absorbance of a 2 %

di oxane sol uti oflhgf softening h@lni:exﬁtﬂne ehteindss phenelcresin was/ 981Gt landsthenm

was 1.097, .and_th rdper col or nunber was 13 to 14. The results are
shown in Tasmelie %yga xyl equlvalent was 169. As the result of measuring the

absorbance of a 2 % dioxane solution of the resin, the absorbance at wavelength
10 350 nm was 1.232, and the Gardner color number was 14 to 15. The results
are shown in Table 1.
Comparative Example 4
(Production of epoxy resin-4)
Procedures similar to those of Examples were conducted except that
15 169 g of the phenol resin synthesized in Comparative Example 3 was used, and
218 g of epoxy resin was obtained. The epoxy equivalent of the obtained epoxy
resin was 266.
As the result of measuring the absorbance of a 2 % dioxane solution of
the resin, the absorbance at wavelength 350 nm was 1.097, and the Gardner

20 color number was 13 to 14. The results are shown in Table 1.
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Table 1. Color Characteristics of Resin

Cat al yst Absor bance Gar dner - 24- conc. at 350 nm
Col or No. (mass % Ex. 1 0. 057 0. 841
13- 14 Ex 3 0 066 0 984 14
Phenol Resin 642 18 or
Ex. 1 Table 1 (Fglghgharacterlstms of Resin Conp.
0. 220 1.232 14.15 Ex—3-
5x73£21 1 0. 690 EpClcg;ll?t AbsorbanceFe Gardlll\t]eéo §X 4 -
1. 437 17-18 (mass %) E at2350nm Collor Conp.
1.097 13- 14 L Accprding to
the method of the present Efvkbnt i orf)-0pY |s ponﬁ‘ﬂl e fo obtdidn a phenol
resin excellent iln col or ef——setHtad—state—by+est+ettg—both—the] cont ent of
5 noisture and tfhe am)uptEg.f3cft alypggt o | owgrggsl ugs. g oth her words,
according to the [ppgsgmt|linventijon, it is possible tgd obtain a phenol resin
havi ng the absgy %lce(ﬁ;m ;tel ength 350 nmof 2 % di ggape spl ution of
1.0 or |ower, by repcgl Ny hydr®xg0 grpup-leed? ai i ng,;ghQat { ¢ conpound
and unsaturated clyclic

Comp. -

Ex. 3 0.220 1.232 14-15

Ex. 2 — 0.690 11-12

Ex. 4 — 0.734 12-13

Epoxy
Resin | Comp. — 1.437 17-18

Ex. 2

Comp. _

Ex. 4 — 1.097 13-14

According to the method of the present invention, it is possible to obtain
a phenol resin excellent in color of solid state by restricting both the content of
5 moisture and the amount of catalyst to lower values. In other words,
according to the present invention, it is possible to obtain a phenol resin having
the absorbance at wavelength 350 nm of 2 % dioxane solution of 1.0 or lower, by
reacting hydroxyl group-containing aromatic compound and unsaturated cyclic
hydrocarbon in the presence of acid catalyst. The resin has an excellent color
10 in addition to moisture-proofing property, thermal resistance, and crack
resistance of current resins. Therefore, the molded products are also excellent

in outward appearance and marking property.
Furthermore, the epoxy resin, which is obtained by adding glycidyl
group to the phenol resin obtained by the above method, gives the absorption of

15 0.8 or lower under the above conditions, and is excellent in moisture-proofing
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hydrocarbon in the presence of acid catalyst. The resin has an excellent
color 10 in addition to noisture-proofing property, thermal resistance,
and crack resi stance of current #&6ins. Therefore, the nol ded products
are al so excell ent in outward appearance and mar ki ng property.
Furthernore, the epoxy resin, which is obtained by adding glycidyl

group to the phenol _resin, optained by the above nethqod, gives the

absor pt i orprepertysan@.ege@rlca weppertter Thekelonse the caraft materiah ahtaiged by

ﬁl)légillll ent use oP lcﬁé l%ggihpgsogislongxcellent in moisture-proofing property, an‘o??e#t :)l,s and

el ectri Calusgh%pgg t[gsinmﬁ{é %%8{13g &%@H&&&aﬁ%ﬁ{ihﬁtes"%& d}esgxé;{r% of Op]flp%'f?dg of

the resin i S0 éxcel N°noi st'ure-prooring proper

usef ul  as W {ASdwderSEaink MBrea&BHGRENE 58 Torthd MM tRSY, §O1s %B%ﬁfl&lp{n

printed wring, powder paint, break shoe and so forth. Further, 1t is
al so exceldugptardn aPﬁearaiiébWaﬂféraﬁﬁﬁ@i&l@“%@dafrﬁﬂkiﬁy pléierey dodvaidsk NEf its
property because of its excel l ence in color.

excellence in color.
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CLAI M 1. A process for produci ng phenol resin having good
col or tone, which process conpr+&6s reacting hydroxyl

group-contai ning aromati ¢ conpound and 5 unsaturated cycliC hydrocarbon

d th diti that th I st [ 100
inder e cond ons e e st s 100 NI,

reaction system

1. A process for producing phenol resin having good color tone, which

process comprises reacting hydroxyl group-containing aromatic compound and

5 unsaturated cyclic hydrocarbon under the conditions that the moisture is 100
ppm or less and the concentration of Friedel-Crafts catalyst is 0.07 mass % or

less in a reaction system.

2. Aprocess for producing phenol resin as claimed in Claim 1, wherein
10 said hydroxyl group-containing aromatic compound is at least one member
selected from the group consisting of monohydric phenol, dihydric phenol and

bisphenol, and said unsaturated cyclic hydrocarbon is dicyclopentadiene.

3. A process for producing phenol resin as claimed in Claim 1, wherein

15 said Friedel-Crafts catalyst is boron trifluoride catalyst.

4. A process for producing epoxy resin having good color tone, which
process comprises the steps of reacting said phenol resin in Claim 1 and
epihalohydrin in the presence of base catalyst, then removing residual catalyst

20 and further removing unreacted epihalohydrin.
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2. A process -for producing phenol resin as claimed in CQaim1l, wherein 10
sai d hydroxyl group-containing aromatic conpound is at |east one nenber
sel ected fromthe group consisting of-&8aohydric phenol, dihydric phenol

and bi sphenol, and said unsaturated cyclic hydrocarbon is

di cycl opent adi ene. 3. A process for produci ng phenol resin as
claimed in daim1l, wherein 15 gghg ﬁihgggL-Crafts catal yst is boron
trifluoride catalyst. S Tss for produci ng epoxy resin
havi ng good col or tone, which process conprises the steps of reacting
said phenol resinin Caiml and epi hal ohydrin in the presence of

base catalyst, t&ﬁy@géﬁﬁ}“&“ﬁroﬁ%i@%eﬁﬁ YR hatthg 8064 'ddidr End, SHRYH'Y

unreacted epi halo
NP844 process comprises reacting hydroxyl group-containing aromatic compound and

unsaturated cyclic hydrocarbon under the condition that the moisture is 100

[

ppm or less and the concentration of Friedel-Crafts catalyst is 0.07 mass % or
less in a reaction system and a process for producing epoxy resin having good
color tone, which process comprises reacting the obtained phenol resin and
epihalohydrin in the presence of base catalyst, removing remaining catalyst

10 and further removing unreacted epihalohydrin.
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