¥ SPECI FI CATION Title of the Invention Pol yhydri ¢ Hydroxy Resin,
Epoxy Resin, Production Method Thereof, Epoxy Resin Conposition, and
Cured Product Thereof Technical Field [0001] This invention rel ates
to an epoxy resin that has excellent curing properties and yields a
cured product of excellent fl r tsrd n&y, excel l ent noisture
resi stance, and IOM/eIasticitéggg(g Qﬁiﬁ ﬂ€)ﬁ§droxy resin that is
suitable as an internedi ate of the epoxy resin, the nethods of
produci ng these resins, an epoxy resin conposition conprising these
resins, and a cured product of the epoxy resin conposition. The epoxy
resin ef$he [wentien sui t abl e for use as an encapsul ating material of
sem conductors and an insulating material of printed circuit boards
and the like in the electric and el ectronic fields. Background
Technol ogy [0002] Epoxy resins have been used industrially in a w de
vari ety dfoldaypiic cdydroxs Resth, EwpxyeBesit, Peadustion Héethed)UllreeerdnBpokpResin
their performance are becom ng increasingly sophisticated. For
exanpl €pnmosivipn,cald (arredPefduefheredt i on for resins that are mainly
conposed of epoxy resins is an encapsul ating material of
sem conductors. As the degree of integration of a sem conductor
devi ce increases, the package is becomng larger in area and snall er
in thi gkresoml Bl at the sane tinme, the packagi ng process is
undergoing a transfer to surface nount technol ogy This has created a
demand for devel opment of a material of excellent sol der heat
resi stance. In consequence, there is a demand for an encapsul ating

mat er i - ' ' : ' I: - :
ndhosi (oQeRBhis R EG e} b BRD FEPURCHRL bADIARD LIPS Ehdnd yichas
as a | far ' Th j i i.s the sane for a.printed.
i v out £ s PR Otk B el RO b U@ s N8 RTR sy Pl
mat eri al at_.i.s reduced .in .misture absorpti.on a i nproved jn heat
osi ot ARehRRi Sk BSTeER b i PR & $ BRHBailte P ioa sPBu G b, 8 methbas
sol der eah resi.stance and is additionall%Pprovided ﬁjth | ow

di el ec?rPOUPBFOHEITE ST Gt PRY TESEWHBTRSIER PRRTEINSJhaiecieginey ard £ fued
To nmeet these demands, .epoxy resins with a variety of novel

st ruct Wégctaﬁah%wwe%éwﬂg%ttw& £ B¢ epoxy aeHB SAMPoREan is gyitale for use as an
Moreover, the recent trend is to elimnate hal ogen-based flame

r et ar deifegsHatang pREnA ehgesiigendugtonsaad ennesudating wateniat efpringedicizenit honids
has created a demand for epoxy resins and curing agents with inproved
flane @@dﬁ%ﬂﬁ%éythqﬂemﬂyanﬁd@ﬁmmh@ﬁdﬂ%renentioned ci rcumst ances, a
vari ety of epoxy resins and curing agents thereof have been

i nvestigated. An exanple of known epoxy resin curing agents is a
napht hal ene- based resin. Patent docunment 1 describes an application

of a nBgpdkighwinddkelidoldgyr esi n as an encapsul ati ng materi al of

sem conductors and further describes good flane retardancy, |ow

noi sture absorption, and | ow thernmal expansion of the resin.
Meanwhi | e, patent docunent 2 proposes a curing agent of biphenyl

struct [abezjamghxglaesnt Mase bbat uidiCinaust:RAly 38 @ videSvaet L6t h¥SichBbns and, in
i nproving flame retardancy. However, both the naphthol aral kyl resin

and t hﬁc@it@@%}’dhe@é@hkeﬂerﬁ@§&' &M&fﬁ&gfﬁecﬁmbQ&?ﬁ}ih@inﬁwaisi?gly%%g{iéait&f
and, in sone cases, they are not sufficiently effective for inproving
flame t C . e . r |1 i nts .
ooy EEASARIE oph O84S B A L Rae 50 e
af orenentjo I nt.s, EFor exanple., ¢ nly kno epoxy..resi,ns
of 'bi Ssnahof ey bEMd STRAR, of Lent RIS, BE BE e i SRR S
they enjo 'Qe sage .because thgy are.ess to rk with and,can_be .
r eadi 13 HTRAH ARV TR By oP kRER 15 DeumIng JATSehih Prie and rapller in
presen .%roblegp iqlheat r.esi stance and noi sture resjstance. Epoxy
thickness and, at the same time, the packaging process is undergoing a transfer to surface

mount technology. This has created a demand for development of a material of excellent



“[0006] Regarding a means to inprove flame retardancy w thout
i ncorporating phosphorus or hal ogen atons, patent documents 2 and 3
di scl ose applications of aral kyl type epoxy resins of biphenyl
structure as encapsul ating materials of sem conductors. Patent
docunent. 4 di scl gses the use of an aral kyl type epoxy resin of
napht h&Pldgehextreistapee. IprRacuency, Hage l%ﬁéwamgiqr §8 cgepnsslating maseyiel that
sufficiently in either of flame retardancy, noisture resistance, and
heat résiredugptdn MOTOT abyerptnn aedanpieapd in mahesivendet ahtlr igerface with a
di scl oses benzyl ated pol yphenol s and epoxy resins derived therefrom
as exampitedalgif diffgyentakind sudeve hdpatiframerand 4 dunsTlonsitunsioovie ensarné for a
heat resistance, noisture resistance, and crack resistance, but not
on i npprowegresitcudf hohrd materetl andahene. is Bhéengpoxfpr desllapment gfiestaterial that is
obt ai ned by using a phenol novolac as a starting nmaterial and
subj ectédiged in toisaddidbsaptiveand improved bn hertaybisehbonnd edhdsivepsse front bige
reaction is carried out under a strongly acidic condition wherein
hydr oc kegmpboint afiichpgemes ahiedolder hbgt FeeiR€dnic® MinidSis Wdditicaally g5 odd&d ivadhy Rhw
and, as a result, the nethylene |inkages in the phenol novolac partly

rupt ur giel@tiid PYERieD HRAOthAGieRpditit B REAUGHhe dldlgkrit foss. ' IEmBLARERMemands,
encountered here is that incorporation of the by-product

monof u @ﬁ&xiyof@insptﬂ'ﬁﬂob \‘d}leﬁ)h &f Mk str@@dsest And %@irhg Oég'éhi;so BhborChiJeNBeen
properties and heat resistance. [0008] Further, patent docunent 6

di sclo : i ; A i
pr esenan et MEENAE B} sl R B ol S Shhad Skl fRfe shhokifs fom
Styt engsd il b e AON ACeniSnhiBhi [RAGhE A R Sl LN RAGh oy resin
sulfuric acid as a catal yst a g enperatures, the sane pr&bf%nlas
above oceurs H?%%mﬁ%_ ysqmggf qggq%le e linkages in the pheno

novol ac parf?%'%upturel?% pro%%ceraa%agﬁbl as a by-product. [0009] On
t he other hand, as exanpl es of epoxy resin conpositions devel oped
with a focus on inprovenment of noisture resistance and reduction of
stress tent docupents 7 and 8 di scl ose epoxy_ resin conpositions

usi ng @P@g]eﬁ‘é‘g"é&g% ﬁgﬁﬁﬂleﬁtﬂ?ﬁﬂ &’écqré%tﬁﬁ%es’a%&“éeﬁ&@eﬂoﬁ reRngRtg GRne agents
therefrom but neither of these resins is developed with a focus on

i mpr ovEeERRE RarvethegrelnvettigatidhAn expmBlSy el knewm @porh desip tHERE RS i 2
conprises using a styrenated phenol as a starting material and

conver Rimghaleng-basgd pesial Batent deeumeypt &igscatbep haroblisgtion tof psnaghthol aralkyl
hi gh-boi |l i ng substance remains in the resin thereby causing a probl em
of det mwsiropatinnene@nsilaigng mypentli ofs samdotimators esi szthee defribes ghod flame
Techni cal Documents Patent Docunents [0010] Patent docunent 1:
JP2005re3AaBdy, AvPatogritireddeargivh, 2nd J&v thdrnded Gk padidiasiethe wWeiauivahwBile,
JP2000- 129092 A Pat ent docunent 4: JP2004-59792 A Patent docunent

5: 3?7 HiBed2Q83Ant Rap@pbsed GC tufiH afent WP UhdtenSP 8QbctArd, ah @ dbsaibes it the
7: JP HO05-132544A Pat ent docunent 8: JP HO5- 140265A Summary of the

| nvent h@ihg 448QHkleftARi@be thp@tink Mas el re¥R A GNHb%eved HFOM At path 2 RAMYy]
resin that has excellent curing properties and perforns mﬁtﬁ

excel | Bty fAabR Fighatyiansky] RAGELLRNLoTRbSItY: 8n @ 8ihe RN LRt iR Wome
dielectric properties in applications such as |am nation, nolding,

casti n&ses@@ﬁlﬁ%r@ﬁot ARELLNS ditkBve fo?lIHﬁI%Vi'ng%a% o4y, cgr..eSi n

conposition that has excellent curing properties andlylelds a cured

product of excellent flame retardancy, excellent noisture resistance,

and low dielectric properties and is useful as a material for

encaps i el ectric d .el ect.ronic rts as a circuit board .

ot o+ LPOHGHEE B HaRaNE B B PR ebio Ao B iSOGy sBPR esins

conpositipn. .J]0Q12] Accordingly, this invention relates to a X

oy bRt R RGP tepisbint o Py SR ol i FeHe RPt BRI o

(1) wherein a nonohydri.c hydraoxy conpound represented by the
bisphenol type are’liquid at’ambient temperature and, although they enjoy wide usage

because they are easy to work with and can be readily mixed with curing agents, additives,



“HC-CH3(a) R3 (R is a hydrogen atomor a hydrocarbon group of 1 to 6
carbon atons; R2 is a substituent represented by the foll ow ng
formula (a); nis a nunber of 0 to 20; pis a nunber of 0.1 to 2.5;
and R3 is a hydrogen atom or a hydrocarbon group of 1 to 6 carbon
atons.) (Here, pis a nunber of 0 to 3 and each of R and R3 is a
hydr og@R4 &k lke they Tryernh dxoRiems Y bash resistanceand peipiyan rostsinge) Epgg regins
Further, this_invention relates to a nethod for producing a
pol yhy @ iccrhsalir eavplaceivh eieatknewhplor sieprpvesc heg ras@encgehamti thelyy Hexfyyn
conpound represented by the follow ng general fornula (3) with a
st yr enénsafigenthtip dlagfe retagddneyof t he hydroxyl group of the pol yhydric
hydr oxy conmpound to 0.1 to 1.0 nole of the styrene in the presence of
10 to 400 wt ppmof an acid catalyst at a reaction tenperature of 40
to 120t to introduce a substituent represented by the aforenentioned
f or nul §0008) Additioneotbanitemshaté rger-dfaséd@amel sebyrdanic ishydtlosed soapmumtk to
OHON
improve flame retardancy without using a halogen-based flame retardant. However, the use
of a phosphate ester-based flame retardant does not provide sufficient moisture resistance.
Furthermore, a phosphate ester undergoes hydrolysis in an environment of high temperature
and high humidity thereby presenting a problem of degrading reliability as an insulating

material.

[0006] Regarding a means to improve flame retardancy without incorporating phosphorus or
halogen atoms, patent documents 2 and 3 disclose applications of aralkyl type epoxy resins of
biphenyl structure as encapsulating materials of semiconductors. Patent document 4
discloses the use of an aralkyl type epoxy resin of naphthalene structure. However, these
epoxy resins do not perform sufficiently in either of flame retardancy, moisture resistance,

and heat resistance.

[0007] On the other hand, patent document 5 discloses benzylated polyphenols and epoxy
resins derived therefrom as examples of substances developed with a focus on improvement of
heat resistance, moisture resistance, and crack resistance, but not on improvement of flame
retardancy. The epoxy resin in question is obtained by using a phenol novolac as a starting
material and subjecting it to addition reaction with benzyl chloride. However, the reaction is
carried out under a strongly acidic condition wherein hydrochloric acid generated in the
reaction is utilized as a catalyst and, as a result, the metﬁy]ene linkages in the phenol novolac

partly rupture to produce phenol as a hy-product. That is, the problem encountered here is



“[0014] Further, this invention relates to an epoxy resin represented
by the follow ng general fornula (4) wherein a nonofunctional epoxy
resin represented by the follow ng general forrmula (5) accounts for
3% or |ess by area when det ected by gel perrreati on chr onmat ogr aphy
(GPC, '1 det ect or) Gis a glycid group; R _is a hydrogen

at om off %“ﬁgf&?@@&%&# 5@50%1@*' El%fgecwﬁbwna% e regn fegdgto deterioration
substituent represented by the aforenentioned formula (a); R3is a
hydrogé‘ﬁc‘a"fwr@Peréleﬁ?’a#b%aérr%ﬁag?eoup of 1 to 6 carbon atons: nis a
nunber of 1 to 20; and p is a nunber of 0.1 to 2.5.) R3 (Here, G
is a glycidyl group; each of R and R3 is a hydrogen atomor a

hydr ocarbon group of 1 to 6 carbon atons; p is a nunber of 0 to 3.)

[ 0015] {0908t Rerther hiteni doramenoh diselbsasdke tegctiomeftalmdgnblorovproditbiargy@ne in
epoxy resin that conprises reacting the aforenentioned pol yhydric

hydr oxyhe piisencaiof hn epidcdatdycgmsdan exanfrd®dbhetBbis for fpusdueirg, a styrene-modified
invention relates to an epoxy resin conposition conprising an epoxy
resi n apeblae. Adthisgesgion ussderasly @itic aflfdietddidods 4 Bealgftartdi@nicnpaedures,
pol yhydric hydroxy resin and the aforenenti oned epoxy resin are

i ncor pelicdatk pebRm BSHRM dalirsdIPBaAGEe the AnaBdkhd BikagedlirSthe PUERY! n8¥olac
relates to a cured product of epoxy resin produced by curing the

af or enpatilyORSHRRO¥YoANESE Ph&RIROS bl pedliuct. Bri ef Description of the

Dr aw ngs
[0009] On the other hand, as examples of epoxy resin compositions developed with a focus on
improvement of moilsture resistance and reduction of stress, patent documents 7 and 8
disclose epoxy resin compositions using styrenated phenol novolac resins and epoxy resins
derived therefrom, but neither of these resins is developed with a focus on improvement of
flame retardancy. Moreover, since the method employed comprises using a styrenated phenol
as a starting material and converting it to a novolac, the styrenated phenol which is a
high-boiling substance remains in the resin thereby causing a problem of deteriorating curing

properties and heat resistance.

Prior Art Technical Documents

Patent Documents

[0010] Patent document 1: JP2005-344081 A
Patent document 2: JP H11-140166 A
Patent document 3: JP2000-129092 A
Patent document 4: JP2004-59792 A

Patent document 5: JP HO8-120039 A



“[0017] Fig. 1 is a GPC chart of the polyhydric hydroxy resin obtained
in Exanple. Fig. 2 is a GPC chart of the polyhydric hydroxy resin
obtained in Synthetic Exanple. Fig. 3 is a GPC chart of the epoxy
resin obtained in Exanpl e. Fig 4 is a GPC chart of the epoxy resin
obt ai ned in nt heti c Exa Preferred Enbodi nents of the Invention
[0018] Firstha @HéoﬁHPVHiHEP§4ﬁ§a§%%% resin of this invention
(hereinafter referred to as StPN) is explained. StPN of this

i nventi on i Faterdesengréd: W}@éﬂ@?é‘%‘“ﬁorwl a (1) and it can be
produced by reacting a pol dric hydroxy conpound (hereinafter also
referred toF@@Hﬁdpvhyﬂﬁﬁ%Jﬁy%%d¥W2@bﬁpound (3)) with a styrene.

[0019] Addition of a styrene to a pol yhydric hydroxy conpound is
generally effected by carrying out the reaction in the presence of an
acid catal yst such as hydrochloric acid at high tenperatures in the
range Stmb2GybbthbdavéationHowever, when the reaction is carried out in
the presence of an acid catalyst at high tenperatures, there arises a
problemthat the reaction is acconpani ed by cl eavage of the nethyl ene
l'i nking groups in the polyhydric hydroxy conpound and a nonohydric

phenol [d031pRAdiEsRE oBShid iRYericAddClo. protidk SnPGRE) Bhén 1tRa S HRPELLSHR curing
secondary reaction such as this and reduce the formation of the

by - pr o gk by iRV fofm P REMHOLxcOYe A FRRRY Rehrh By 8REHR IndiQTREFR It e L hd
wi thin the range of 40 to 120t and reducing g%e anount of catalyst to

W t hi nlo%&‘@iefe@ﬂ&eprgﬁerﬁgs {rpaﬁb(f]?at@&m sulch B FMH%%&? A Lot gxé/asﬁggpm@gan, and

produced in this manner ests exce ent curl ng P opert es an

heat . ﬁ'l?ehlﬁiea& OWQQ Q? %?(ﬁ% r@ﬁn%ﬁ&gsélﬁgh&g?ﬂgs é}&gll % %grsoggr%lea aBd yields

[ 0020] e content nono ric r oxy conpou

secondar eac resen for nentlo

For mu 8o SR iseETt S ek PR S & ed%n%%amf@erﬁ HgHETyar @C%%&?E%dwlecmc
conpound t he dric dr oxy resin compone i s. prefer

3% or PR r%é% i e el B G ulﬁ@?ﬁslgﬁrwn@w?%m{va@@gﬁﬁﬁ s’
(GPC, Rl detec the content is higher than this, the

by- pr offffett %ﬁ% ﬁ%f}ax\h %@&PBWW&ﬁafﬁd@M theSa ERASY SPSiR gorppRsition.
curing propertles of the polyhydric hydroxy resin when the resin is
used as a curing agent for epoxy resins. Furthernore, the nonohydric
hydr ox ound tends to | ower the crosslink density of cured epoxy
resin E/fﬁé?] oxfénaly.ithisairvenjicnerelateetd s walybedri( DoRety Tsen pairgseptidily the
hydroxy resin contains a styrene oligonmer as a by-product in addition
t 0 t heloHowmigygtnewl hyrdrdx Y1) corgyeimnal monblisiriol iygome reoinpoppnd cepcesinad ey the
by-product in the polynerization reaction of a styrene itself and, in
part i cllawingigenérsl foomtii (Apttcamsmia (dr@¥ ondbediylaaca weigiitecadibppd permddiion
t he nonohydric hydroxy conpound, the styrene oligoner tends to

det er i girainatogtiphpGPCPREddte@sr)and heat resistance. [0022] In a cured
product of epoxy resin, a hydroxypropyl group forned by the reaction
of an epoxy group with a hydroxyl group is said to be inflanmmble.
However, additionggf a styrerpgyto a pol yhydric hydroxy conpound in

order to enhanB he[hydrd&¥%%§g i val ent reduces the proportion of
i nf

al i phatic carbo he i Ie conponent derived from an epoxy
group and enabl czedc QFCt to nanlfest a hi gh degree of
flame retardapcy, Fu t hery, di tAen of a ﬂ th aromatic styrene
intensifies thB2dromatic Perty of a polyhydric hydroxy resin and

is effective for inproving noisture resistance as well as flane

retardancy. [0023] Thus, the aforenentioned materials afford highly
fl ame-ret ar dant epoxy’re5|n conposi tions, particularly suitable for
use in encapsulatlon ofljenlconductors That is, the

@ (a)

Rz



" conposi tions have excellent curing properties and, at the sane tinme,
mani f est excellent flane retardancy and noi sture resistance and | ow
elasticity. The use of these materials affords highly reliable
encapsul ating nmaterials for electric and electronic parts and
materials for circuit boards. [0024] StPN of this invention can be
pr oducdB: iy a tdrogeriptanp Ar pdydrdcarbopferpist oy & b carbpa rasxys: g eusidbstiBient
represented by general formula (3) and a styrene. As to the ratio of
t he t woep¥esertipdby Bwdolomng fhmuda (Wianis o mupheasfof P 4b LY b in atrhvenlrenn§e 1¢6 2.5;
0.1 to 2.5 noles, nore preferably in the range of 0.1 to 1.0 nole,
still rmoddsps ehpdmbéryatom drlwehydarmgebonfgrouBoftico®. @rhmolagomper 1 nol e of
pol yhydri c hydroxy conpound (3) in consideration of the bal ance of
the flame retardancyipf the cured product to be produced and the
curing propertie§1 fl the materials to be cured. In the case where the

styrene is used i anount smaller than the aforenentioned range,
the properties of raw mat eri al pol yhydric hydroxy conpound renain
uni nproved. In the/case where the hyrene is used in excess of the

af orenent i oned rld@geHs t\here is a {2 dency that the density of

functional grioup econes too | ow and the curing properties
deteriorate. |0 I n/the af orenenti oned reaction, the styrene adds
to an aromati cofntRai ning an OH group in pol yhydric hydroxy
conmpound (3), that Rg, substitution of a styrenyl group represented
by the aforenentioned fornula (a) takes place. The styrene adds to
the ortho and/or para position where it is free of a substituent,

mai nly 40 the_para.pqositi.on, in the I r.i c ,hydr oxy ,conpound
0026] G i BHTuBS Bt by Brord el G B kAR BTGB R & Bftrocarbon
preferably i.n the ran of, 0.01 to 10.0 Pa s. For ease of working,
t he neﬁ¥“$ﬁ§25%?f§ﬂ?ggﬁ8%gr the better in the aforenentioned range.
[ 0027] The softening point is in the range of 40 to 150t, preferably
in the range of 50 to 100C. The softening point as used here neans
t he softening Boint determned by the ring and ball nethod according
to Ji SYR1I3hE7rthea, Hiis grysRtipm velates 40 ¢gnetbad gf{j peduing drelyhydrmbydipey 1esin
incorporated in an epoxy resin, the heat resistance of the cured
pr oducthafepmprigrsapading\fedyydaic Sgflroen cemppwidrepiesertiedyhe the fldawing general
the flow properties during nolding deteriorate. [0028] The synbol R2
is a sfopman(3) grtbostyrepe ebemtedbiymolh of tifedrydrmemt grome of the privhadrfaydroxy
The synbol p is a nunber of 0.1 to 2.5 and neans the average nunber
( nunbecomapmemddge 0. 1ofo s0ymdayf thgr syEneiintthe gresedtetad 106re 400evtoppni iofign apid
is preferably 0.1 to 2, nore preferably 0.1 to 1.0, still nore
pr ef er edthlysDat3a tenction mosperpiet ef abky 1203 tbAnRoduce S substitulaat ppessehted by
rings at both ends can be substituted with a maxi mum of 4 styrenyl
gr oupsttangdofchntith <l fAREMIANS th TR B nzEh 198z CR Bhdsol stk hl8iced chpdund.
maxi mum of 3 styrenyl groups, StPN can be substituted wth a maxi num
of 8 styrenyl @ups when is 1. From anot her point of view, the
nunber of suBst groups per one nol ecul e (nunber
average) of S ntion is preferably 1 or nore, nore
preferably 2 Hpreferallyy 2.6 to 4. [0029] In
formula (a), I s\a hydrogen /at om or a hydrocarbon group of 1 to 6
carbon atons, preferably a hydrogen atomor an alkyl group of 1 to 3
carbon atons, still nore preferably a hydrogen atom Wat is R3 is
decided by a styrene to be used as a raw material in the reaction.
[ 0030],. | neral .formula (1), n is a nunber of 1 20, a t he nean
of | OOBHRETEE i Phor ey SR 555 eFbe GBS oo ba o e Semerel
met hod_ f or . pr od cin% StPN of this invention is explained. A phenol
novol el (i grfiezel PBIIRPHICEORRITRIRY Teshpisarrdettey byc ks flagineosensral
invention. [0032] A phenol to be used in the production of this

formula (5} accounts for 3% or less by area when detected by gel permeation chromatography

(GPC, RI detector).



“A phenol may contain a small anount of other phenolic conponents. For
exanple, in the case where phenol is used, exanples of other phenolic
conponents include o-cresol, mcresol, p-cresol, ethyl phenols,

i sopropyl phenol s, tert-butyl phenols, allylphenols, phenyl phenols,

2, 6-xyl enol, 2,6-diethyl phenol, hydroqui none, resorcin, catechol,

1- napht hol , 2- KGol,, 1,5 n@6hthal enediol, 1, 6-naphthal enediol,

1, 7- napht hal ene , 6- nap nedi ol , and 2, 7- napht hal enedi ol .
These phenol s or Hm xture of two kinds or nore.
[0033] A styrene PaA he reacti{dn with a pol yhydric hydroxy
conmpound is stgﬁz e o0 25 sulfstituted with a hydrocarbon group
of 1 to 6 carb styrenes may contain a snmall anount of

st ﬁr
n‘atons. THhes
ot her reaction conponents. In the case where such other reaction
conponent is a conpound containing an unsaturated |linkage |ike a
- met hy [(Bdrgr €rie a gificidyh gkdvenReisey hydrdgmeatomoarmahphrecarbengotipiod phe Bearbon
i ndol e, or vinyl napht hal ene, the product pol yhydric hydroxy conpound
i S bouaidniso Rhav e sabgyitaed rgpresmbdty blye sfoedneantdasd umdlaad);aRs is a hydrogen
substituent on its aromatic rings. A phenol resin to be produced by
t he nekfoatoph Hyllideatbou epbier T 6F 6 RaADMCItHIEs:an ROL Whet 6f NyEROX¥nd BSE A
may contain a polyhydric hydroxy resins carrying such substituents.
Li kew sembéioreposy. 4 esin to be produced by the nmethod of this
i nvention for producing an epoxy resin may contain an epoxy resin
carrying such substituents. [0034] This reaction nmay be carried out
in the presence of an acid catal yst and the anmount of the catalyst is
in the range of 10 togd00 ppm preferably in the range of 100 to 350
ppm Wien the anmouRt_ ¢Xceeds this range, the nmethyl ene |inkages of
phenol novol ac tend be cl eaved easily and a nonohydric phenol
produced as a by-pr of the cleavage deteriorates curing
properties and heat sistance. On the other hand, when the anmount is
bel ow this rangg, HdrecmeRetivity @) the styrene drops and a |arge
anount of the styrene nonlonmer remains unreacted. The anount of the
cat al yst used hier ans J/t he anount used against the total weight of
the raw materia hydfipc hydroxy conmpound and styrene. [0035] This
reaction may be carri'ggd out in the presence of an acid catalyst. The
acid catalyst may be selected suitably from known inorganic and
or gani €leaeiis. 2 dpadylereure saghsf Bs and Bp tikehydrpgandton or d $ivdiperrbas group of 1
hydrochl oric acid, sulfuric acid, and phosphoric acid, organic acids
such al® & earhbancatampich isewainler gEP th 31 ri f | uor oaceti ¢ acid,
o-tol uenesul fonic acid, dinmethylsulfuric acid, and diethylsulfuric
acid, Lewis acids such as zinc chloride, alumnumchloride, iron
chloride, and boron trifluoride, and solid acids such as ion exchange
r esi n, [0ati]iFuathed thisayyensioh relatea kalrineehoddadhrodadihg #n efoRPD 3G n tHa€ comprises
reaction is carried out at a tenperature in the range of 40 to 120t
At a treapigihdkafrbakitivrel ipslyhpdigehydrbier regiactitly bgiyhlehoppEiand t he
reaction tine becones |onger. On the other hand, at a tenperature
above this range, partial cleavage of the nethyl ene |inkages of
phenol novol ac tends to occur easily and a nonohydric phenol produced
as a byo ) eChr @k, LIS i64BBYA9 A LELL Qﬁ&ry%siﬁléf)ﬁlﬂ&ib%rp&%ﬂisﬁ% Hoxy
heat resistance. [0037] The reaction is normally carried out for a
perio t.o 4 i i .
Cpeci g e e S A Lol SR o3l ol R OB et
pr opangl,, : gl | t.hyl cell osolwve, and hyj....
Cel T oot ihe A Rion 8 LIS aKE RcoralBithY b EF porR SRl eSSt
i sobutyl ketone, ethers such as dingthyl. ether, diethyl ether, .
i+ Sop Py SRR FIREE ieh FabbRa, HOTkh Pl BN e oM S impT couring the
conpounds such as benzene, tol.uene, chlorobenzene, and

alorementioned epoxy resin composition.



“of the aforenentioned monohydric hydroxy conpound. In this manner,

t he content of a nonofunctional epoxy resin represented by the

af orenenti oned general fornula (5) (hereinafter also referred to as
nmonof uncti onal epoxy resin (5)) in StPNE can be nai ntai ned bel ow 3%
[0042]EEK§ des.the %ﬁﬁi ion of StPN with epichlorohydrin, it is

possi bl eﬁﬁ g $at conprises reacting StPN with an allyl
hal i de to forn1an allyl ether conpound and then reacting the ally

et her conpound with a peroxide. The aforenentioned reaction of StPN
wi th epichlorohydrin can be carried out in the same manner as

or di nafYPidpoxi dati on reaction. [0043] For exanple, the

af orenmenti oned StPN is dissolved in an excess of epichlorohydrin and
t he sol utHignt isg GRC ehasd of the pelybydiinhydnespessohtainest indixanipkal i et al
hydr oxi de such as sodi um hydr oxi de and pot assi um hydroxi de at a

t enper at Udfig 2 ig at(RC rkargef tbe palghydriclisGliroxypesihobtdihed inSyntietic dAxgmplf 30
to 80t, for a period of 1 to 10 hours. The anpunt of the al kali netal
hydr oxi déig.8 bbe Gi¥echdrépithe spoxy rbdie obnge infEx@mBlde 0 1. 5 nol es,
preferably in the range of 0.9 to 1.2 noles, per 1 nole of the

hydr oxyl| Rjg.ouip acdiPCSEIRNE oftie thedy, redih bhiatgld i8 SiyatHeee BRydplen 1S used in
excess of 1 nole of the hydroxyl group of StPN, it is normally used
in an anount in the range of 1.5 to 30 noles, preferably in the range
of 2 to 15 noles, per 1 nole of the hydroxyl group of StPN. Upon
COﬁp|eE&g@n@&E$ﬂﬁdﬁ@§@§MQHehhﬁﬁu&%CGSS epi chl orohydrin is distilled
off, the residue is dissolved in a solvent such as toluene and net hyl
|sobutyl ketone, the solution is filtered, and the filtrate is washed
with water to renpve i norganic salts and stripped of the solvent by
distil i 0. 4 r .
compostTran i e bt AL e P s tphfn (BN RRT el RS

curing %ﬂgﬂ%d %%9 o?ﬁl—h% hnavrég cgnhles reO| ée% ed&*%rsc%eg% Io%"lmrﬁ q {)1 %c?, c%%b groguced

conposition in or 8Ment rone s nc
part oy the whole oxy resi 2) . 05|t n,in whi

D or emBhr e sl e TogPRSY BBl QAR Ten alatit 40 gt piighyaie
curing e sition in which the aforenenti oned St PNE and
St PN aP@gP 8?%%%3@§§)%Egﬁ%%$?9%ly as a part or the whole of the
epoxy resin and the curing agent. [0045] The conpositions descri bed
in 2) and 3) above respectively contain StPN as an essenti al
conmponent. The anmount of StPN to_be incorporated is normally in the
range 6019 Addivion Gz styrene terglyhygriefhaidznyycompound is gn@@aﬁf eﬁe@t@d 8y
parts by weight, per 100 parts by weight of the epoxy resin.

amount carmeh et thieapaction gn prearresswse of poand eftilyst suchms hygnoovprig achﬂ ahbigh
retardancy and noi sture absorption while an anmount |arger than this
causestennerabkenndhe datgerdf dRGtd e T hdoeeser,nghapr thperddiies iofartiaé capiaxthe
resin conposition and the strength of the cured product. [0046] In

t he capreswrenaiShBN chimlyss atlhigh téhperahioke théretaigeCcalbioblEna LM the +dation is
anount of StPN to be incorporated is nornmally decided in

consi dedcaipie®@fbyt FRabaleant ehdeheaend hakyd zexips BOYhe/ PoBRYARE 1SRNy
and the epoxy equival ent of the epoxy resin. The equivalent ratio of

the epempoufdiand aOmédiRygHE bRdhoRBetbdilcad Qt@ ra"ﬁ%'-ﬁrﬁdtﬁdﬂ Lhe pés@-ﬁg,etoosfupgre%s a
to 5.0, preferably in the range of 0.5t When t he equi val ent

rati o ifoflabShadi®hd8ich ¥s SHBLLEN e&ﬁ@nthk *’Eoﬁnaﬁc!%e off td ﬂﬂpfbrdg&efntohaﬁfdﬁf

t he epoxy resin conposition deteriorate and the heat resistance

nmec han }f}; &I%EQ&E 'theaﬂaqcttl&ete tpléleat&fest %t '?; éjra%%% gf"tﬁ)t toq%b§t E}%ﬁ ﬂaf]%ci%g

wel | . er “curing agen e use ogether w't

am)unt of suc ur . agent to or orat

deci de! .rﬁmsuacﬂp oot vty R & 1 4@5 PP bie B pdpound
StPN in

pro&uced ﬂggm%zner mam%es?s &%gﬁe%t C nng p pert1eg éﬁga%t%la stlagcetw en used

as a curing agent for epoxy resins.



“StPNis smaller than this, a poor effect is produced for reducing

noi sture absorption and inprovi ng adhesi veness and fl ane retardancy.
When the anout of incorporated StPNis larger than this, there arises
a problem of deterioration of the curing properties and the strength
of the cured product. In this case as well, the equivalent ratio of
the epoxy resin to the conmbined curing agents is kept in the

af ore ti d range. 0048 a curing agent ot her than StPN, any
mat er i 28§ﬂ§? TSk I%Pél%yr@fﬁ*rmoggf@mpow? Pé‘tﬁ’b‘ﬁiﬁr Praispeondary yraction
used and_exanpl es_jncl ude di cyandj am de, acid anhydrides, pol yhydric
phenol &0d ZeRYeRNERARPY @ea#area%%%ﬂ generalfarxmulex(2) ﬂ@g%n%féﬂwémﬂérred to as
pol yhydric phenols are preferably used as _curing agents in the areas
such agwepipalsdivaregropPosethi2ondhe Pelysydehlraxhiegin eapopentgp preferably
electrical insulation is required. Specific exanples of curing agents
are ded¥%ribless belagen wheo4gjecBddet gélepmantyineshromatdgrarhyi GFEh Riddétetdsr).
i ncl ude phthalic anhydride, tetrahydrophthalic anhydride,

met hy| Wetendhy dordgriitinhlgher Brainytlisi the, bylrerdiry droophydral hydreyhyspode] tends to
met hyhexahydr opht hal i ¢ anhydri de, nethyl himc anhydri de,
dodecylistaciorand thearulaingiroiesrtieadithe aolplgtricleydra@aydrebini witdnl the ir€sin is used as a
anhydri de. [0050] Specific exanples of the pol yhydric phenols include
di hydr ewrigrepeat for spid rasindiFapihenadre Ahe bhEpRERN hyfdroyicepBOREA teSds to lower
fl uor enebi sphenol, 4, 4'-bi phenol, 2,2'-biphenol, hydroqui none,

I €SOr CiHa, cré3link apifyal enedicpdxyaosn thibyHadterietatifl GBS re@b@R. S such as
tris(4-hydroxyphenyl) net hane,

1,1,2,2-tetraki s(4-hydroxyphenyl) et hane, phenol novol ac, o-cresol
novol ac, napht hol novol ac, and pol yvi nyl phenol . The exanpl es further

i ncl ud I J I r s
APt o R S R B R B Nl giion o
bi sphegpal r i , - bl pheno . - bi phenal .
hydr oqﬁl%ngﬁg?ﬁsjrdg%og%@ﬁ%f gﬁiﬁﬂ nalflf)El hf%g e Hgél—?%l &ahidpdgm‘%dor? eeﬁsb ?"r%ocglé: 1é At the
such as,fornmal deh schl or.

d de, i t hyl.bi | . d .
o e h PR R e oBh 3SR R B LR iR RN 1 lBntaingd aspadow mlesalr
i | ude . ti i h 4. 4" - di i di | th ,
A R neRl RS i Bondt gt fvafieR SR TR s R T Fomer tends to

m phenyl enedi am pe, and .p-xy]yl enedi am ne and al i phatic am nes such
as et hSA'ERUAISTTHS PrREE SR\ 12h &F1S4M%e, di et hyl enetri ani ne, and
triethyl enetetram ne. One kind or a mxture of two kinds or nore
of these curing agents nay be used in the aforenentioned conposition.
[0052] The epoxy resin to be used in the aforenentioned conposition

i s sel[882Bdnfar waed pregueirid speorresinng hydrownrrropy!l mpewr feposd/byytheupsaction of ke
nol ecul e. Exanpl es of such conpounds include epoxi des of dihydric
phenol eposyigtvuasvibi s plvdreal] groubissyitbtvdie iRflammable. However, addition of a styrene
3,3 ,5,5 -tetranet hyl bi sphenol F, bisphenol S, fluorenebisphenol,

2, 2' - biophpslphydrid, 13/dr&y>ontpetuid irebddyd tddertiands thedhyadeybil pheinalent reduces the
resorcin, and a napht hal enedi ol , epoxides of trihydric or higher
phenol sropat€ibn @$ aliphsi{cAcdiyslt oxyHRhaNX @l @nthonent derived from an epoxy group
1,1, 2, 2-tetraki s(4- hydr oxyphenypet hane, phenol novol ac, and o-cresol

novol agnd epMiédas Bired sbdist ABtBhMEMt BY hEAPNEOBHBRSA Je@Id@icy. Further,
di cycl opent adi ene and phenol s, epoxi des of biphenyl aral kyl type

phenol j@Riti@sSohs BighAlNESnERR é%% RhenQirss and Lbsehb q:;regs?ghxﬂ Bi %Hgsflis}xhc

and epoxi des of naphthol aral resins synthesized from napht

and p-poh3yGaE, Aha Rl GfdedlGe fof iR qx ' ' ’
R R e e R A e
in 1) or 3) above conprises StPNE as an essential conponent. It is
al l owabl e to incorporate an epoxy resin, different in kind from

St PNE, [Obﬂ%] t ’Hu%s, e&%ngogreen%n io(z:l(e) ggée%ilafsn hff(l)rrgl thg’lglh v G asn%-re E[] arcl)igc eSE:gy' FI]S.SI;

compositions, particularly suitable for use in encapsulation of semiconductors. That is, the



*[0056] Exanpl es of the pignent include organic or inorganic extender
pi gments and scaly pignments. Exanples of the thixotropic agent

include materials based on silicone, castor oil, aliphatic am de wax,
oxi di zed pol yet hyl ene wax, and organi c bentonite. [ 0057] Furt her,

it is allowable.to use a curing accelerator.in the epoxy.resin
Conpos T Grs TS SRRUBHCHGHE PropRatees r§ e a BT SeiHaigleme
accelerat§{ |ncIHdes am nes, im dazoles, ganlc phosphi nes, Lew

aci ds e A I%EOIS%%EF%J?tE‘é‘?eI %P toar F]?a'il%} FFPﬁé’éesoééhesésmatemlS alfords
1, 8-di azabi cycl o(5, 4, 0).undecene-7, tri.ethyl enedi am ne,

benzy! Highex ﬁ%l}aé’}ﬁ macabpylpianm el fe, clastre emgll oleatiais Paitopnd apaerials for
tris(di nmethyl am nonet hyl ) phenol, im dazol es such as

2- neth?ﬂ@ﬁ*%%% e, 2- phenyllnldazole, 2- et hyl -4-net hyl i mi dazol e,

2- phenyl- 4- net hyl i m dazol e, and 2-heptadecyli m dazol e, organic
phosphi nes such as tributyl phosphi ne, nethyl di phenyl phosphi ne,

tri phenyl phosphi ne, di phenyl phosphi ne, and phenyl phosphi ne,

t et r a- {1984} $AN efthphiosehioni cambe etedrcsdibs thet addétbnbenetf asof pulyhydiée hydroxy
t et raphenyl phosphoni um t et raphenyl borate, tetraphenyl phosphoni um

et hyl t earphremd| (Boreat@entad by tgeherabfsryihiah@s phd Ristitet e tAlsab why tdnrdtks tvwdth
tetraphenyl boron salts such as 2-ethyl-4-nethylim dazole

t et r aptignyddatiemttie atyterld-i8pEdithPRIR AR tange bEd. L 3PREMYIIAY HRkEprefddhly in the
amount of the curing accelerator to be added is normally in the range

of 0. 2rdifyeDf PAr {0510 Yool st mPRIprdRPHPAN thManvebobi t8f.4 Hx%leeB&XY mole of
resin. [0058] If necessary, it is further allowable to use a nol

r el easgoigueRle 151468y ARniRRAY B N ANHa6En ¥Bthe HA14HRLBE magﬂaﬂ@ﬂ%aﬁaﬁty of

as r -egC|doxypropyItr|nethoxyS|Iane a colorant such as car

bl ack, 4@ cjuL" !Fr!’c% g@ﬁtod g%h@fﬁr%r : ca é‘rﬁ'e?@&' tﬂg maer?dll fhe cﬁ?eqlu

agent such as silicone 0| such as cal ¢ci um steara e
in the n _of ion

resin %%%3@%?%?@%Q%§8¥P8§k%%3en |0H£%§ﬁ ée%dﬁv%pFl%Q{ “Jﬁ?%gggﬁ¥b§w
di ssol ving.the,.gonpositian, i nic solvent to.a state

var ni sHeB el B ARTRRSh AR by B Eh IR C%%%ﬂ@geglﬁgggm&pwﬁ Invtheeeee
nonwove ric, and ligquid crystalline ster nonwgven fabri

with t® eﬁ?gﬁﬁ??ﬁenedﬁ&s‘? F"r?é fﬁ’@ alyeips ‘PO A eBBYithgyetp? tendency that the
circun& ancgé the conposition is made into a |lam nate by coating a
sheet - 1§08kY phivaetional grpms Becomss teorlow gl theguging rrererseedeteriesape.
polyimde film and polyester filmwth a solution of the
conposition. [0060] The epoxy resin conposition of this invention
yields a cured product when cured by heating. The conposition has
excel | @ALS]dathnefopmupéionpdreaghien, threstriene ddgy todnciromatic Hre ednit@iningfana®id
retardancy, |ow noisture absorption, and | ow el asticity. The cured

pr oducgrouaninbeolghplres sigdrosy @nmpoludd Ng), t thahnkquebsitotioraf castymgyl group
conpressi on nol ding, and transfer nolding. The nol ding tenperature is
nor mal feprdsantetl dyr thn gorefehB0hddofoRR (. (aEXwp lpisce] VRS dfyrdid Sddsreseh iodiho
is explained in nore detail below with reference to the exanples.

[ 0062] ar{dRynidiaSiositdh piedey iy & frée b 8rsQEstitiest, MaikdagdPthe phra position, in the

polyhydric hydroxy compound.
[0026] The melt viscosity of StPN of this invention at 150°C is preferably in the range of 0.01

to 10.0 Pa - s. For ease of working, the melt viscosity is lower the better in the aforementioned

range.
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"In a 1-L four-necked flask were placed 105 g of a phenol novol ac
(BRG 555 manufactured by Showa H ghpol yner Co., Ltd; hydroxyl

equi val ent 105 g/eq., softening point 67t, nelt viscosity at 150t
0.08 Pa s) as a pol yhydric hydroxy conpound conponent, 5.3 g of

t ol uen 0.0r8. 300 of p-tolu ul fonic acid as an_acid
ot ot y 002 e reltehi i AL ket ety 013 SO BT eing riedl Ay fhoic
styrene _was_ added dropwi se to the mxture at 100C with stirring over
3 hour s ARHPIEPIRE AR AG UeHENGE 04508 the tptisnieaaint detrniedy e fhegand ball
continued for additional 2 hours at 100C and 0.071 g of 30% Na2CC3
was addsdhed 2FretHipg(te FES-KnOf e BtenottP R hevng 2 sphenimigxpaintelowss thare phis is
di ssolved in 485 g of MBK and the solution was washed 5 tines with
wat er &gcogprratetiippn ephyy MsBK thabeati resipfanesiofohe currfeprodedt fetatiopztes Sithen
and a pol yhydric hydroxy resin wei ghing 250 g was obtai ned. The
pol yhy thé eoftepthemejntriebigher thad thishyhdfloxydropsytiesy duremg mokdipletegiegte, a
softening point of 82t, and a nelt viscosity at 150t of 0.21 Pa s.
This resin is referred to as StPN-A. A neasurenent by gel perneation
chromat ography (GPC, Rl detector) indicated that nonohydric hydroxy
conpou 28R Thasaohu Rs if DstylendVelvyip @e@asenidieby3RE afdrambndneBtifiNnda (. The
shown in Fig. 1. [0063] Synthetic Exanple 1 In a 1-L four-necked
flask wehBolph s ednikderHfafl do Rk MaMOLBES a(BRE BmbER MM WWRehRY of
Showa Hi ghpol yner Co., Ltd) as a pol yhydric hydroxy conpound
CONpoNgirenyd Fﬁ)@s M trd Rt RFonedMdndl rinkl pGs pREFaPPM 1 &f 2, more preferably 0.1 to
o]

p-tol uenesul fonic acid as an acid catalyst and the m xture was heat ed

to 1508 0, THEMord PPetBrabil @3 10h) meft SLEFEIE 0MaS Bd e%%%ﬁcﬁeﬁr%sta@%mh

m xture at 150t with stirring over 3 hours while allow ng t

reacti : [ | 0 i3 .

nour s, St AR e e B IR A s Y R shleBRRl % phou
reacti 1.x1 ' re_was t di ssplved i 85 of, M BK an
the-sof e b b SegdBedlthndl Rt NP It G SPrlEn B Roeviiie 1
distilled off under reduced pressure and a pol yhydric hydroxy resin
wei ghi AJ&%7MG %ssggﬁ?éigﬁ%‘ﬂ).s whed Ib%ﬁyhydri c hydroxy resin had a
softenin oint of 80t, a nelt viscosity at 150t of 0.19 Pa s, and a
hydr oxyl %é‘g‘ﬂiax?a?héﬁ#m obEe Ve U Of lastiied shaperias e ehammisenle
A neasurenent by gel perneation chromat ography (GPC, Rl detector)

i ndi catednReR éYerﬁﬁ‘%(?ﬁ? Y ef thirdPEsipion daprsisably 2)or moEe arire Prefprably Soprpyore,
area and a styrene di mer accounts for 0.8% by area. The GPC chart of
St PN- Bstild moppiyefarpblEi2f to. | n Figs. 1 and 2, A is the peak of
nonohydri ¢ hydroxy conpound (2) while Bis the peak of the styrene
dimer. [0064] (Synthesis of epoxy resin) Exanple 2 In a
four-necked separable flask were placed 150 g of StPN-A obtained in
Exanpl ©029] Bifermgulef(ale Bis ihh dydivgen atoramda A8dgearbod petupydf drte 6gdayteal atoms,
di ret hyl ether and the m xture was stirred to effect dissolution.

Af t er pirefdrablnadhsisedentdtan ob@auilkydgrodphd 1St Adarboh M@msNBEilhindteefabbly a
65t under a reduced pressure of 130 mmHg and 47.9 g of a 48% aqueous
sol ut i Bylrofens @l MWhndisoRd dedptedadde dtdenp'h 56 1R¥@as4h RoW mSateriflCin the
reaction was effected under reflux conditions and the water and

epi chl gaehydrin distilling out during the dropw se addition were
separated in a separation tank while returning the epichlorohydrin to
the reaction vessel and withdrawing the water fromthe system Upon
conpl etion of the reaction, the salt formed was renoved by filtration
and th bl .1 . A i

api chl P el etk sl A iy s SRIESE 300 SFLEE oA B8 LY PR Erethy T ehe
wei ghi n e epoxy resin had an epoxy equival ent of 325 g/eq.
a soft%%?%ég%gf%gabf 60t, and a nelt viscosity at 150C of 0.19 Pa s.
A neasurenent by gel perneation chromatography (GPC, Rl detector)

[0031] Next, the method for producing StPN of this invention is explained. A phenol novolac is
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“stripped of the epichlorohydrin by distillation to give an epoxy
resin (St PNE-B) weighing 170 g. The epoxy resin had an epoxy

equi val ent of 330 g/eq., a softening point of 57C, and a nelt
viscosity at 150C of 0.18 Pa s. A neasurenent by gel perneation

chr omat ogy aph C, Rl detector).indicated that nof uncti onal epoxy
corrpouhlag{ %%)p %%@%ﬁ?gd?ﬁ C%’?}ﬂi%ngég)ﬁ%%ﬁ%go Ky f’ﬁyﬁgﬁ%‘"di nmer accounts
for 0.6% by area. The GPC chart of StPNE-B is shown in Fig. 4. In
Figs. 3 and 4, A is the peak of nonofunctional epoxy conpound (5)

whi |l e i h ak of the styrene diper. [Q066] Exanple 3 and_
Conpar qu@gﬁ Eﬁ%ﬁg@e‘gﬁ liseéﬁuﬂ? prodycioy pidlis Roldptie Bydrapy epmyjopss(3) is phenol
novol ac type_ epoxy resin (OCNE: epoxy equival ent 200, softening point
650) vva%P%Fs"é’HS%tlé’rYe‘%b'&k? hydeqeprhon f tah garBpypREomsemd sxmaglef At phenol
Exanple 1, StPN-B obtained in Synthetic Exanple 1, and a phenol

novol aguisttutepSwith2 8 1hydpwrbe @raw Bycldsn crisolchethvdetienplsd isprypytidienols,
Ltd.; OH equivalent 103, softening point 82C) were used as curing
agent sterfFhetybpgerylsy elylphends, t 4ral ebensigheagentOfwidess ebapds nplssholvior hphenol
silica (average particle dianmeter 18 jim as a filler,

t ri phesmtisplrosp hritte aasalkylcgrmoiup @f dctreB engioor stomnds péferreddaidt pheasl is more
according to the reci pe shown in Table 1 to fornulate an epoxy resin
conpospidf@ted. Thi s epoxy resin conposition was nol ded at 175C and
post-cured at 175C for 12 hours to yield a cured product and test

pi eces Warghepblepay eshthinih e aglstStoftReUendNoh®sheitts f oy eRaMdld 81 Yhe
of properties. The nethods for testing the properties are descri bed

in det @isk m@k@ﬁh@mistﬂ;ed,re@awe% oBbfhes Eyam;_ni: BonlfdHeBtsdncli@O6-Lesdl) m-cresol,
Mol ecul ar wei ght distribution of polyhydric hydroxy resin and epoxy

resin ,. e n gﬁ% i i t I
Che. DiRErRle GRAD Eél?é@bffo%? vRRe %%‘?‘%?’?’“5‘3%%2}3{%“?3% A filencls,

of TSK@@-lxy Hgfr%%ﬁgeg%d%mw ﬁf&rgélggmgeyy nia!-&'§ b éocajperc cﬁ,r alt-lila }éoll Zgn(?etlpﬁ%l,

of TSKgel ~Supér manuf act u 0SO rporatio nd " a

refr aC%,%é%p%&gféxe&ﬁ ) 1,%3@%8&}%%%‘%’?{%5}; lgﬁriaa%tﬁaq%r{eﬁpd dr20g-1lf£p§$;h$§ne§1iolnd\tn'd

sol ven ow rate a colunm 't énper

aut ot SaBBPEERG" RBP R PieRaEOF PRE AN AT e TREPE &9 KEHAPAEPI e

by Mei hosha Factory Ltd.) according to the ring and ball method
specified by JI S-K-2207. [0069] 3) Melt viscosity

[0033] A styrene to be used in the reaction with a polyhydric hydroxy compound is styrene or
styrene substituted with a hydrocarbon group of 1 to 6 carbon atoms. These styrenes may
contain a small amount of other reaction components. In thé case where such other reaction
component 1s a compound containing an unsaturated linkage like « -methylstyrene,
divinylbenzene, indene, coumarone, benzothiophene, indole, or vinylnaphthalene, the product
polyhydric hydroxy compound is bound to have a group generated by such a compound as a
substituent on its aromatic rings. A phenol resin to be produced by the method of this
invention for producing a polyhydric hydroxy resin may contain a polyhydric hydroxy resins
carrying such substituents. Likewise, an epoxy resin to be produced by the method of this
invention for producing an epoxy resin may contain an epoxy resin carrying such

substituents.
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" The neasurement was made with a Brookfield rotational visconeter,
CAP2000H, at 150t. [0070] 4) Measurenent of hydroxyl equival ent
Wth the use of a potentionetric titration apparatus, the specinen
was acetylated with a solution of acetyl chloride (1.5 nol/L) in
1, 4-di oxane, the excess of the acetyl chloride was deconposed with
water, and the acetic acid formed was titrated wth potassium

hydr oxi 5 mol/L). [0071]. Neasur ement of epox ui val ent

The. opdfTbAnRaBmHioB e artieh B oG PR TIc of GhB0d liaBih Eh QHhgmount of

tetraet hyl amponi um brom de, in acetic acid was added, and the

titrat itﬁ%l?%@stplé i Breranesei ) ta 409 pem; Bistesthly getherpagy ¢ 148 t3§0rrm nBhsn

In acetjc acid using a potentionetric titration apparatus. [0072] 6)

Gel ti e amoynfexeordsithis vapge, Bisonrethylesp hnkeges 95pherg n%@éacﬁpra&fet@ bgslegved

pl ate, heated to 175C i n_advance, of a gel tester (manufactured by

Ni sshi fariEIde menohydrig phenql psodsised pive Ay waeslust ¢frthe dleaiags dgtdrionates mering

polymer stick at a rate of 2 rotations per mnute, and the tine

r equi r eeHeviiestand hwpb dsimbanceoOh dhelethenhandy ehge the ameuntds belew ehisiraegk, the

[0073] 7) Coefficient of l|linear expansion (CTE), glass transition

poi nt {dag}ivity of the styrene drops and a large amount of the styrene monomer remains unreacted.
The amount of the catalyst used here means the amount used against the total weight of the

raw material polyhydric hydroxy compound and styrene.

[0035] This reaction may be carried out in the presence of an acid catalyst. The acid catalyst
may be selected suitably from known inorganic and organic acids. Specific examples include
mineral acids such as hydrochloric acid, sulfuric acid, and phosphoric acid, organic acids such
as formic acid, oxalic acid, trifluoroacetic acid, o-toluenesulfonic acid, dimethylsulfuric acid,
and diethylsulfuric acid, Lewis acids such as zine¢ chloride, aluminum chloride, iron chloride,
and boron trifluoride, and solid acids such as ion exchange resin, activated clay,

silica-alumina, and zeolite.

[0036] The reaction is carried out at a temperature in the range of 40 to 120°C. At a
temperature below this range, the reactivity drops and the reaction time becomes longer. On
the other hand, at a temperature above this range, partial cleavage of the methylene linkages
of phenol novolac tends to occur easily and a monohydric phenol produced as a by-product of

the cleavage deteriorates curing properties and heat resistance.

[0037] The reaction is normally carried out for a period of 1 to 20 hours. A solvent may be used

in the reaction and specific examples include alcohols such as methanol, ethanol, propanol,
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"Wth' the use of a thernmpnechani cal nmeasuring apparatus, TMA 120C
manuf actured by Sei ko Instruments Inc., Tg was determ ned while
raising the tenperature at a rate of 10C /mn; a 1 (CTE bel ow Tg) was
obtained as the nean of the values in the range of 30 to 50t while a

2 (CTE s, ohtai ned as the nean.of the values in the range
of T LRSSt Ry oo BT s sl FET BBl abRRodR i P s ere
The neasuyr n s made t.h ree- point bending tes t ambj ent
PR S R T e R e gf?aeréﬁlgetthy Siher
To eval,uate the adhesive sirength, .the tensile shear strength was
measur S854Y° FH}eﬁgtevﬁEY%rﬁé‘e?wgn%Wa L DT ROTPOE YIS 2 DEniRe,
between 2 co qer sheets hy.a. conpression nol di ng machi ne and
post-cﬂﬂ?ﬂﬁ’§Im?h@F”?%ﬁmﬂfmﬁﬁﬁw§mzﬁﬁb76] 10) Water absorption The
speci nen was all owed to absorb water at 85t and 85%rel ative

hum dity, against the standard condition of 25t and 50%rel ative

humdity, for a period of 100 hours and the change in wei ght was
measur MBSI@@pﬂetqgl)ocﬁlgjﬁgeneg@w wed ¢y effect this reaction comprises either introducing

the whole raw materials together and allowing them to react at a prescribed temperature or
introducing a polyhydric hydroxy compound and a catalyst first, keeping them at a prescribed
temperature, and adding dropwise a styrene. In the case of dropwise addition, the period
therefor is normally 1 to 10 hours, preferably 5 hours or less. Upon completion of the reaction,
the resin of this invention is obtained by removing the catalyst if necessary and distilling off a
solvent when it is used or the target product is obtained by directly discharging while hot

when a sclvent is not used.

[0039] Next, the epoxy resin of this invention is described
The epoxy resin of this invention (abbreviated as StPNE) is represented by general
formula (4). The polyhydric hydroxy resin (StPN) is represented by general formula (1).

StPNE can be produced by epoxidizing StPN.

[0040] In general formulas (1) and (4), the symbols commonly used therein have the same
meaning. The symbol G is a glycidyl group and formed by the reaction of the hydroxyl group

in general formula (1). The symbol R1 is a styrenyl group.

[0041] StPNE of this invention is advantageously produced by the reaction of StPN
represented by the aforementioned general formula (1) with epichlorohydrin, but it may be

produced otherwise. However, a care is exercised so that StPN does not contain more than 3%
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“The specimen nol ded with a thickness of 1/16 inch was tested
according to UL94 V-0 and the flame retardancy is expressed as the
sum of burning tine of 5 test specinens. [0078] [Table 1] Exanple 3
Conpar ative Exanple 1 Conparative Exanple 2 OCNE 65.1 65.1 99.0

St PN Ao§ttﬁle\l- a%rgllr\{entioned monohydric hydroxy compound. In this manner, the content of a

monofunctional epoxy resin represented by the aforementioned general formula (5)
(hereinafter also referred to as monofunctional epoxy resin (5)) in StPNE can be maintained

below 3%.

[0042] Besides the reaction of StPN with epichlorchydrin, it is possible to adopt a method that
comprises reacting StPN with an allyl halide to form an allyl ether compound and then
reacting the ally ether compound with a peroxide. The aforementioned reaction of StPN with

epichlorohydrin can be carried out in the same manner as ordinary epoxidation reaction.

[0043] For example, the aforementioned StPN is dissolved in an excess of epichlorohydrin and
the solution is allowed to react in the presence of an alkali metal hydroxide such as sodium
hydroxide and potassium hydroxide at a temperature in the range of 20 to 150°C, preferably
in the range of 30 to 80C, for a period of 1 to 10 hours. The amount of the alkali metal
hydroxide to be used here is in the range of 0.8 to 1.5 moles, preferably in the range of 0.9 to
1.2 moles, per 1 mole of the hydroxyl group of StPN. Further, although epichlorohydrin is
used in excess of 1 mole of the hydroxyl group of StPN, it is normally used in an amount in the
range of 1.5 to 30 moles, preferably in the range of 2 to 15 moles, per 1 mole of the hydroxyl
group of StPN. Upon completion of the reaction, the excess epichlorohydrin is distilled off, the
residue is dissolved in a solvent such as toluene and methyl isobutyl ketone, the solution is
filtered, and the filtrate is washed with water to remove inorganic salts and stripped of the

solvent by distillation to yield the target epoxy resin.

[0044] The epoxy resin composition of this invention comprises at least an epoxy resin and a
curing agent and there are the following three kinds.

1) A composition in which the aforementioned StPNE is incorporated as a part or the whole of

15



'84.9°84.9 51.0 Silica 800 800 800 Curing accelerator 1.2 1.2 1.2
Carbon black 5 5

the epoxy resin.

2) A composition in which the aforementioned StPN is incorporated as a part or the whole of

the curing agent.

3) A composition in which the aforementioned StPNE and StPN are incorporated respectively

as a part or the whole of the epoxy resin and the curing agent.

[0045] The compositions described in 2) and 3) above respectively contain StPN as an
essential component. The amount of StPN to be incorporated is normally in the range of 2 to
200 parts by weight, preferably in the range of 5 to 80 parts by weight, per 100 parts by
weight of the epoxy resin. An amount smaller than this produces a poor effect for improving
flame retardancy and moisture absorption while an amount larger than this causes a problem
of deteriorating the curing properties of the epoxy resin composition and the strength of the

cured product.

[0046] In the case where StPN is used as the whole of the curing agent, the amount of StPN to
be incorporated is normally decided in consideration of the balance between the hydroxyl
equivalent of StPN and the epoxy equivalent of the epoxy resin. The equivalent ratio of the
epoxy resin to the curing agent is normally in the range of 0.2 to 5.0, preferably in the range of
0.5 to 2.0. When the equivalent ratio is either larger or smaller than this, the curing
properties of the epoxy resin composition deteriorate and the heat resistance, mechanical

strength, and the like of the cured product deteriorate as well.

[0047] Other curing agent may be used together with StPN. The amount of such other curing
agent to be incorporated is normally decided in such a range as to maintain the amount of
incorporated StPN in the range of 2 to 200 parts by weight, preferably in the range of 5 to 80

parts by weight, per 100 parts by weight of the epoxy resin. When the amout of incorporated
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"5 Carnauba wax 3 3 3 Content of silica (w% 83 83 83 [0079] [Table

2]

Exanple 3

StPN is smaller than this, a poor effect is produced for reducing moisture absorption and
improving adhesiveness and flame retardancy. When the amout of incorporated StPN is
laxger than this, there arises a problem of deterioration of the curing properties and the
strength of the cured product. In this case as well, the equivalent ratio of the epoxy resin to

the combined curing agents is kept in the aforementioned range.

[0048] As a curing agent other than StPN, any material generally known as a curing agent for
epoxy resins can be used and examples include dicyandiamide, acid anhydrides, polyhydric
phenols, and aromatic and aliphatic amines. Of these compounds, polyhydric phenols are
preferably used as curing agents in the areas such as encapsulation of semiconductors where
a high degree of electrical insulation is required. Specific examples of curing agents are

described below.

[0049] Specific examples of the acid anhydrides include phthalic anhydride,
tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride, hexahydrophthalic
anhydride, methyhexahydrophthalic anhydride, methyl himic anhydride, dodecylsuccinic

anhydride, nadic anhydride, and trimellitic anhydride.

[0050] Specific examples of the polyhydric phenols include dihydric phenols such as bisphenol
A, bisphenol F, bisphenol 8, fluorenebisphenol, 4,4"-biphenol, 2,2’-biphenol, hydroquinone,
resorcin, and naphthalenediol and trihydric or higher phenols such as
tris(4-hydroxyphenyl)methane, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, phenol mnovolac,
o-cresol novolac, naphthol novolac, and polyvinylphenol. The examples further include
polyhydric phenol compounds synthesized from a phenol, a naphthol, or a dihydric phenol
such as bisphenol A, bisphenol F, bisphenol S, fluorenebisphenol, 4,4’- biphenol, 2,2’-biphenol,

hydroquinone, resorcin, and naphthalenediol and a condensing agent such as formaldehyde,

17



“Conparative Exanple 1 Conparative Exanple 2 Content of nonohydric
hydr oxy conmpound (GPC % by area) 1.2 5.5 - CGel tinme (s) 27 48 25 Tg
(t) 111

acetaldehyde, benzaldehyde, p-hydroxybenzaldehyde, p-xylylene dichloride,

bischloromethylbiphenyl, and bischloromethylnaphthalene.

[0051] Specific examples of the amines include aromatic amines such as
4,4’-diaminodiphenylmethane, 4,4’-diaminediphenylpropane, 4,4’-diaminodiphenyl sulfone,
m-phenylenediamine, and p-xylylenediamine and aliphatic amines such as ethylenediamine,
hexamethylenediamine, diethylenetriamine, and triethylenetetramine.

One kind or a mixture of two kinds or more of these curing agents may be used in the

aforementioned composition.

[0052] The epoxy resin to be used in the aforementioned composition is selected from
compounds containing two or more epoxy groups in the molecule. Examples of such
compounds include epoxides of dihydric phenols such as bisphenol A, bisphenol F,
3,3’,5,5’-tetramethylbisphenol F, bisphenol S, fluorenebisphenol, 2,2’-biphenol,
3,3’,5,5-tetramethyl-4,4’-dihydroxybiphenol, resorcin, and a naphthalenediol, epoxides of
trihydric or higher phenols such as tris(4-hydroxyphenyl)methane,
1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, phenol novolac, and o-cresol novolac, epoxides of
resins obtained by copolycondensation of dicyclopentadiene and phenols, epoxides of biphenyl
aralkyl type phenolic resins synthesized from phenols and bischloromethylbiphenyl, and
epoxides of naphthol aralkyl resins synthesized from naphthols and p-xylylene dichloride.

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

[0053] The composition described in 1) or 3) above comprises StPNE as an essential
component. It is allowable to incorporate an epoxy resin, different in kind from StPNE, in this
epoxy resin composition. In this case, any of ordinary epoxy resins containing two or more

epoxy groups in the molecule may be used. Specific examples include glycidyl ethers derived
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from dihydric phenols such as bisphenol A, bisphenol S, fluorenebisphenol, 4,4’-biphenol,
2,2’-biphenol, hydroquinone, and resorcin, trihydric or higher phenols such as
tris(4-hydroxyphenylymethane, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, phenol novolac, and
o-cresol novolac, phenol aralkyl resins, biphenyl aralkyl resins, naphthol aralkyl resins, and
halogenated bisphenols such as tetrabromobisphenol A. These epoxy resins may be used
singly or as a mixture of two kinds or more. In the case where the composition comprises
StPNE of this invention as an essential component, the amount of StPNE to be incorporated

is in the range of 5 to 100%, preferably in the range of 60 to 100%, of the whole epoxy resin.

[0054] It is allowable to incorporate suitably an oligomer or high molecular weight compound
such as polyester, polyamide, polyimide, polyether, polyurethane, petroleum resin, indene
resin, indene * coumarone resin, and phenoxy resin as a modifier or the like in the epoxy resin
composition of this invention. The amount to be incorporated is normally in the range of 2 to

30 parts by weight per 100 parts by weight of the epoxy resin.

[0055] Further, it is allowable to incorporate an additive such as inorganic filler, pigment,
flame retardant, thixotropic agent, coupling agent, and flowability improver in the epoxy
resin composition of this invention. Example of the inorganic filler include silica powder such
as spherical or crushed fused silica and crystalline silica, alumina powder,- glass powder, mica,
tale, calcium carbonate, alumina, and hydrated alumina. When used in an encapsulating
material for semiconductors, the amount of the filler to be incorporated is preferably 70 wt%

or more, more preferably 80 wt% or more.

[0056] Examples of the pigment include organic or inorganic extender pigments and scaly
pigments. Examples of the thixotropic agent include materials based on silicone, castor oil,

aliphatic amide wax, oxidized polyethylene wax, and organic bentonite.
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[0057] Further, it is allowable to use a curing accelerator in the epoxy resin composition of
this invention if necessary. Examples of the curing accelerator includes amines, imidazoles,
organic phosphines, Lewis acids, and the like; specifically, tertiary amines such as
1,8-diazabicyclo(5,4,0)undecene-7, | triethylenediamine, benzyldimethylamine,
triethanolamine, dimethylaminoethanol, and tris(dimethylaminomethyl)phenol, imidazoles
such as 2-methylimidazole, 2-phenylimidazole, 2-ethyl-4-methylimidazole,
2-phenyl-4-methylimidazole, and 2-heptadecylimidazole, organic phosphines such as
tributylphosphine, methyldiphenylphosphine, triphenylphosphine, diphenylphosphine, and
phenylphosphine, tetra-substituted phosphonium  tetra-substituted borates such as
tetraphenylphosphonium tetraphenylborate, tetraphenylphosphonium
ethyltriphenylborate, and tetrabutylphosphonium tetrabutylborate, and tetraphenylboron
salts such as 2-ethyl-4-methylimidazole tetraphenylborate and N-methylmorpholine
tetraphenylborate. The amount of the curing accelerator to be added is normally in the range

of 0.2 to 5 parts by weight per 100 parts by weight of the epoxy resin.

[0058] If necessary, it is further allowable to use a mold release agent such as canauba wax
and OP wax, a coupling agent such as 7 -glycidoxypropyltrimethoxysilane, a colorant such as
carbon black, a flame retardant such as antimony trioxide, a stress reducing agent such as
silicone oil, and a lubricant such as calcium stearate in the epoxy resin composition of this

invention.

[0059] The epoxy resin composition of this invention can be converted to a prepreg by
dissolving the composition in an organic solvent to a state of varnish, impregnating a fibrous
material such as glass cloth, aramid nonwoven fabric, and liquid crystalline polyester

nonwoven fabric with the varnish, and removing the solvent. According to circumstances, the
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" 25 332 [0080] Exanples 4 and 5 and Conparative Exanples 3, 4, and 5
In these exanpl es, StPNE-A obtained in Exanple 2, StPNE-B obtained in
Synthetic Exanple 2, and an o-cresol novol ac type epoxy resin (OCNE:
epoxy equi val ent 200, softening point 65 t) were used as epoxy resin
conponents and a phenol aral kyl resin (PA: MEH 7800SS nanufactured by
Mei wa ISPREPTECT HuyRafs RIS, 2 [aryatedyy efiing A ehret-diles matgripletichspioper foil
67t) and .a phenal novolac (PN. PSM 4261 manufactured by Gun Ei

Cheni c&faipkeardesljoibgolyipidg Him agdpplyester dip vitisa S%‘Mreﬁ%h@cwqﬂtw@zt )
were used as curing agent conponents. Further, spherical silica
(average particle dianeter 18 Lt m) was used as a filler and

tri phenyl phosphi ne was used as a curing accel erator. They were
conpoulfEd] Tbe spetivngsinocontpesition iop ehis mwntipm yikkds @ c@et prédyctmiban @ured by
epoxy resin conpositions. The nunerical values in the table denote
parts byatied. e cohp@@idn Haveseellepbayringsiopertiospod kitd @nsl pedectink dedllant
175r and post-cured at 175r for 12 hours to yield cured products and
speci miamepreepaned), lovomddtare alfeebtiphodndtiswwasicitgsTied clietl @odadti @hybe
of properties. The results are shown in Table 4. [0082] [Table 3]

Ex. 4 BEyrochssedbp amolding technique such as casting, compression molding, and transfer molding.

The molding temperature is normally in the range of 120 to 220C.

Examples
[0061] This invention is explained in more detail below with reference to the examples.

[0062]
(Synthesis of polyhydric hydroxy resin)
Example 1

In a 1-L four-necked flask were placed 105 g of a phenol novolac (BRG-555 manufactured
by Showa Highpolymer Co., Ltd; hydroxyl equivalent 105 g/eq., softening point 67°C, melt
viscosity at 150C 0.08 Pa * s) as a polyhydric hydroxy compound component, 5.3 g of toluene,
and 0.078 g (300 ppm) of p-toluenesulfonic acid as an acid catalyst and the mixture was
heated to 100C. Then, 156 g (1.5 mol) of styrene was added dropwise to the mixture at 100°C
with stirring over 3 hours while allowing the reaction to proceed. The reaction was continued
for additional 2 hours at 100C and 0.071 g of 30% Na2COs was added to neutralize the
reaction mixture. The mixture was then dissolved in 485 g of MIBK and the solution was
washed 5 times with water at 80°C. Then, the MIBK was distilled off under reduced pressure

and a polyhydric hydroxy resin weighing 250 g was obtained. The polyhydric hydroxy resin
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Oorrp Ex. 4 Conp. Ex.5 StPNE-A St PNE-B OCNE 99.7 115.7 98.0 114.3 80.0
PA PN 50.3 34.3 52.0 35.7 70.0

had a hydroxyl equivalent of 261 g/eq., a softening point of 82C, and a melt viscosity at 150C
of 0.21 Pa - s. This resin is referred to as StPN-A. A measurement by gel permeation
chromatography (GPC, RI detector) indicated that monohydric hydroxy compound (2)

accounts for 1.2% by area. The GPC chart of StPN-A is shown in Fig, 1.

[0063]
Synthetic Example 1

In a 1-L four-necked flask were placed 105 g of a phenol novolac (BRG-555 manufactured
by Showa Highpolymer Co., Ltd) as a polyhydric hydroxy compound component, 5.3 g of
toluene, and 0.131 g (500 ppm) of p-toluenesulfonic acid as an acid catalyst and the mixture
was heated to 150°C. Then, 156 g (1.5 mol) of styrene was added dropwise to the mixture at
150C with stirring over 3 hours while allowing the reaction to proceed. The reaction was
continued for additional 2 hours at 150C and 0.118 g of 30% Na:COs was added to neutralize
the reaction mixture. The mixture was then dissolved in 485 g of MIBK and the solution was
washed 5 times with water at 80°C. Then, the MIBK was distilled off under reduced pressure
and a polyhydric hydroxy resin weighing 247 g was obtained. The polyhydric hydroxy resin
had a softening point of 80°C, a melt viscosity at 150C of 0.19 Pa - s, and a hydroxyl
equivalent of 261 gfeq. This resin is referred to as StPN-B. A measurement by gel permeation
chromatography (GPC, RI detector) indicated that monohydric hydroxy compound (2)
accounts for 5.2% by area and a styrene dimer accounts for 0.8% by area. The GPC chart of
StPN-B is shown in Fig. 2. In Figs. 1 and 2, A is the peak of monohydric hydroxy compound (2)

while B is the peak of the styrene dimer.

[0064]
(Synthesis of epoxy resin)

Example 2

22



“Silica 800 800 800 800 800 Curing accelerator 1.2 1.2 1.2 1.2 1.2
Car bon bl ack 5

In a four-necked separable flask were placed 150 g of StPN-A obtained in Example 1, 319 g
of epichlorohyrin, and 48 g of diethylene glycol dimethyl ether and the mixture was stirred to
effect dissolution. After uniform dissolution occurred, the solution was maintained at 65C
under a reduced pressure of 130 mmHg and 47.9 g of a 48% aqueous solution of sodium
hydroxide was added dropwise over 4 hours. The reaction was effected under reflux conditions
and the water and epichlorohydrin distilling out during the dropwise addition were separated
in a separation tank while returning the epichlorchydrin to the reaction vessel and
withdrawing the water from the system. Upon completion of the reaction, the salt formed was
removed by filtration and the filtrate was further washed with water and stripped of the
epichlorohydrin by distillation to give an epoxy resin (StPNE-A) weighing 172 g. The epoxy
resin had an epoxy equivalent of 325 gfeq., a softening point of 60°C, and a melt viscosity at
150C of 0.19 Pa + s. A measurement by gel permeation chromatography (GPC, RI detector)
indicated that monofunctional epoxy compound (5) accounts for 1.1% by area. The GPC chart

of StPNE-A is shown in Fig, 3.

[0065]
Synthetic Example 2

In a four-necked separable flask were placed 150 g of StPN-B obtained in Synthetic
Example 1, 319 g of epichlorohyrin, and 48 g of diethylene glycol dimethyl ether and the
mixture was stirred to effect dissolution. After uniform dissolution occurred, the solution was
maintained at 65C under a reduced pressure of 130 mmHg and 47.9 g of a 48% aqueous
solution of sodium hydroxide was added dropwise over 4 hours. The reaction was effected
under reflux conditions and the water and epichlorohydrin distilling out during the dropwise
addition were separated in a separation tank while returning the epichlorohydrin to the
reaction vessel and withdrawing the water from the system. Upon completion of the reaction,

the salt formed was removed by filtration and the filtrate was further washed with water and
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stripped of the epichlorohydrin by distillation to give an epoxy resin (StPNE-B) weighing 170
g. The epoxy resin had an epoxy equivalent of 330 g/eq., a softening point of 57C, and a melt
viscosity at 150C of 0.18 Pa * s. A measurement by gel permeation chromatography (GPC, RI
detector) indicated that monofunctional epoxy compound (5) accounts for 5.0% by area and a
styrene dimer accounts for 0.6% by area. The GPC chart of StPNE-B is shown in Fig. 4. In
Figs. 3 and 4, A is the peak of monofunctional epoxy compound (5) while B is the peak of the

styrene dimer.

[0066]
Example 3 and Comparative Examples 1 and 2

In these examples, an o-cresol novolac type epoxy resin (OCNE: epoxy equivalent 200,
softening point 65°C) was used as an epoxy resin component and StPN-A obtained in Example
1, StPN-B obtained in Synthetic Example 1, and a phenol novolac (PN: PSM-4261
manufactured by Gun Ei Chemical Industry Co., Ltd.; OH equivalent 103, softening point
82C) were used as curing agents. The epoxy resin and the curing agent were compounded
with silica (average particle diameter 18 1 m) as a filler, triphenylphosphine as a curing
accelerator, and other additives according to the recipe shown in Table 1 to formulate an
epoxy resin composition. This epoxy resin composition was molded at 175C and post-cured at
175C for 12 hours to yield a cured product and test pieces were prepared from the cured
product and tested for a variety of properties. The methods for testing the properties are

described in detail below and the results are shown in Table 2.

[0067]
1) Molecular weight distribution of polyhydric hydroxy resin and epoxy resin
The measurement was made with an apparatus for GPC (Model GPC 515A manufactured

by Nihon Waters K.K.) equipped with 3 columns of TSKgel SuperHZ2000 (manufactured by
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[0083] [Table 4] Ex. 4 Ex. 5 Conp. Ex. 3 Conp. Ex. 4 Conp.

Tosoh Corporation), 1 column of T'SKgel SuperHZ4000 (manufactured by Tosoh Corporation)
and a refractive index (RI) detector while using tetrahydrofuran as a solvent at a flow rate of

0.6 ml/min and a column temperature of 40C.

[0068]
2) Softening point

The measurement was made with an automatic softening point measuring apparatus
(ASP-M4SP manufactured by Meihosha Factory Ltd.) according to the ring and ball method

specified by JIS-K-2207.

[0069]
3) Melt viscosity
The measurement was made with a Brookfield rotational viscometer, CAP2000H, at

150%C.

[0070]
4} Measurement of hydroxyl equivalent

With the use of a potentiometric titration apparatus, the specimen was acetylated with a
solution of acetyl chloride (1.5 mol/L) in 1,4-dioxane, the excess of the acetyl chloride was
decomposed with water, and the acetic acid formed was titrated with potassium hydroxide

(0.5 mol/L).

[0071]
5) Measurement of epoxy equivalent
The specimen was dissolved in methyl ethyl ketone, a solution of tetraethylammonium

bromide in acetic acid was added, and the titration was performed with a solution of
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perchloric acid (0.1 mol/L) in acetic acid using a potentiometric titration apparatus.

[0072]
6) Gel time

The specimen of epoxy resin composition was placed on a plate, heated to 175°C in
advance, of a gel tester (manufactured by Nisshin Kagaku Co., Ltd.), the specimen was stirred
with a fluorine polymer stick at a rate of 2 rotations per minute, and the time required for the

specimen to harden or the gel time was determined.

[0073]
7) Coefficient of linear expansion (CTE), glass transition point (Tg)

With the use of a thermomechanical measuring apparatus, TMA 120C manufactured by
Seiko Instruments Inc., Tg was determined while raising the temperature at a rate of 10C
fmin; @1 (CTE below Tg) was obtained as the mean of the values in the range of 30 to 50C

while a2 (CTE above Tg) was obtained as the mean of the values in the range of Tg plus 20

to 40C.

[0074]
8) Bending strength and bending modulus
The measurement was made by the three-point bending test at ambient temperature

according to JIS K 6911.

[0075]
9) Adhesive strength
To evaluate the adhesive strength, the tensile shear strength was measured by molding

the specimen measuring 25 mm X 12.5 mm X 0.5 mm between 2 copper sheets by a
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compression molding machine and post-curing at 180°C for 12 hours.

[0076]
10) Water absorption

The specimen was allowed to absorb water at 85C and 85% relative humidity, against the
standard condition of 25°C and 50% relative humidity, for a period of 100 hours and the

change in weight was measured.

[0077)
11) Flame retardancy
The specimen molded with a thickness of 1/16 inch was tested according to ULL94 V-0 and

the flame retardancy is expressed as the sum of burning time of 5 test specimens.

[0078]
[Table 1]
Comparative | Comparative
Example 3
Example 1 Example 2
OCNE 65.1 65.1 99.0
StPN-A 84.9
StPN-B 84.9
PN 51.0
Silica 800 800 800
Curing accelerator 1.2 1.2 1.2
Carbon black 5 5 5
Carnauba wax 3 3 3
Content of silica (wt%) 83 83 83
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4.7 4.9 4.7 4.8 Bending strength (MPa) 117 121 115 119 151 Bending
nodulus (GPa) 20.7 21.3 20.2

[0079]
[Table 2]
Comparative | Comparative
Example 3
Example 1 Example 2

Content of monohydric hydroxy

1.2 5.5 -
compound (GPC % by area)
Gel time (g) 27 48 25
Tg (C) 111 105 165
CTE (<Tg,x10) 1.1 1.2 1.1
CTE (>Tg,x104) 4.8 4.5 4.3
Bending strength (MPa) 110 101 158
Bending modulus (GPa) 19.6 19.0 25.7
Adhesive strength (MPa) 1.33 1.31 1.11
Water absorption (wt%) 0.20 0.20 0.26
Burning time (s) 21 25 332

[0080] Examples 4 and 5 and Comparative Examples 3, 4, and 5

In these examples, StPNE-A obtained in Example 2, StPNE-B obtained in Synthetic
Example 2, and an o-cresol novolac type epoxy resin (OCNE: epoxy equivalent 200, softening
point 656°C) were used as epoxy resin components aﬁd a phenol aralkyl resin (PA:
MEH-7800S8 manufactured by Meiwa Plastic Industries, Ltd.; OH equivalent 175, softening
point 67°C) and a phenol novolac (PN: PSM-4261 manufactured by Gun Ei Chemical Industry

Co., Ltd.; OH equivalent 103, softening point 82C) were used as curing agent components.
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©20.8 20.2 Adhesive strength (MPa) 1.31 1.26 1.31 1.25 1.14 Water

absorption (w% 0.22 0.23 0.23 0.24 0. 26

Further, spherical silica (average particle diameter 18 i m) was used as a filler and

triphenylphosphine was used as a curing accelerator. They were compounded according to the

recipe shown in Table 3 to formulate epoxy resin compositions. The numerical values in the

table denote parts by weight.

[0081] These epoxy resin compositions were molded at 175°C and post-cured at 175C for 12

hours to yield cured products and specimens prepared from the cured products were tested for

a variety of properties. The results are shown in Table 4.

[0082]
[Table 3]
Ex.4 Ex. 5 Comp.Ex.3 | Comp.Ex.4 | Comp.Ex.5

StPNE-A 99.7 115.7
StPNE-B 98.0 114.3
OCNE 80.0
PA 50.3 52.0 70.0
PN 34.3 35.7
Silica 800 800 800 800 800
Curing accelerator 1.2 1.2 1.2 1.2 1.2
Carbon black 5 5 5 5 5
Carnauba wax 3 3 3 3 3
Content of silica

83 83 83 83 33

(wt2%)
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" Burring time (s) 45 61 59 85 223 Industrial Applicability [0084] The
epoxy resin and the polyhydric hydroxy resin of this invention, when
formul ated into an epoxy resin conposition, exhibit excellent curing
properties and yield a cured product that has excellent flanme

retard | ow noi sture absorption, and | ow elasticity and is

sui t abl'e r applications such as encapsul ation of electric and
electroniinﬁﬁr s and for use as a circuit board material. In

parti cul ar, %%& elimnate or reduce the use of flane retardants that
are environnental |oad substances while exhibiting excellent curing
properties and flane retardancy and securing excellent noldability.

Clains [(Jarm 1] A polyhydrj ¢ hydrgxy resin represented by[the
foll owi ng|general fornmula (1) wherein |a nonohyeine. Bydfony. BonfoupdEx.
represented by the follow ng gendxat florBwl@a (|2) accounts for |{3% or
| ess by area when detected by gel perneation ghroiatographBy (GPC, 5R
det ector)
Content of  monchydric
hydroxy compound 1.1 1.1 5.0 5.0 -
(GPC % by area)
Gel time (s) 29 26 45 42 27
Tg (C) 117 125 110 119 131
CTE (<Tg,x10%) 1.1 1.1 1.2 1.2 1.1
CTE (>Tg,x10%) 4.8 4.9 4.9 4.7 4.8
Bending strength (MPa) 117 121 115 119 151
Bending modulus (GPa) 20.7 21.3 20.2 20.8 20.2
Adhesive strength (MPa) 1.31 1.26 1.81 1.25 1.14
Water absorption (wt%) 0.22 0.23 0.23 0.24 0.26
Burning time (s) 45 61 59 85 223
Industrial Applicability

[0084] The epoxy resin and the polyhydric hydroxy resin of this invention, when formulated
into an epoxy resin composition, exhibit excellent curing properties and yield a cured product
that has excellent flame retardancy, low moisture absorption, and low elasticity and is
suitable for applications such as encapsulation of electric and electronic parts and for use as a

circuit board material. In particular, they eliminate or reduce the use of flame retardants that
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"Heré, RI, is a hydrogen atom or a hydrocarbon group of 1 to 6 carbon
atons; R2 is a substituent represented by the following fornmula (a);
nis a nunber of 0 to 20; pis a nunber of 0.1 to 2.5; and R3is a
hydrogen atom or a hydrocarbon group of 1 to 6 carbon atons; OH

HC- CH3( 2 . Her i s .a nunber .of 0.to 3 an ach. of R and IS
 hydr GHe BT BRY B GBS § P Rne R e S GPaPEES and flame
[Caim A net hod for produci .2 pol yhydric hydroxy resin that
conpri§é%r¢¥5ﬁﬁgﬁﬁmﬁmﬁ%FVﬁyﬁﬁFE&ﬂggyﬁky conpound represented by the
following general forrmula (3) with a styrene in the presence of 10 to
400 wt ppm of an acid catalyst at a reaction tenperature of 40 to
120t to introduce a substituent represented by the aforenenti oned
formula (a) to the benzene rings of the polyhydric hydroxy conpound;
HC-CH3 I CaZ R3

31



“(a) - Here, each of R and R3 is a hydrogen atom or a hydrocarbon
group of 1 to 6 carbon atons and n is a nunber of 1 to 20. [C aim 3]
A nethod for producing a polyhydric hydroxy resin described in claim
2 that conprises reacting 1 nole of the hydroxyl group of a

pol yhydri ¢ hydroxy conpound represegﬁeﬂ by general fornmula (3) with
0.1to 1.0 mole of a styrene. [C ai n'8™  An epoxy resin conposition
conprising an epoxy resin and a curing agent wherein a polyhydric
hydroxy resin described in claiml is an essential conponent

constituting a part or the whole of the curing agent. [C aim 5] A
cured ﬁg@ﬂﬂgﬂ of epoxy resin produced by curing an epoxy resin
conposition described in claim4. [Claimb6 ~An epoxy resin

r epr esentfedolhydrirehydsprsortisingrepessenigl WorhafpRowing gﬂh@ﬂbi{%mala (1) wherein a

nmonof uncti onal epoxy resin represented by the foll ow ng general
f or mul aopShydyerdoidnexy dompoBY présested by the fdlowinergedetad &ranild(P) gedounts for
permeati on chromat ography;

3% or less by area when detected by gel permeation chromatography (GPC, RI detector);

r, OH

@/CH A
AN A

(Rz)p

HC-CH,4 (a)

Here, R1 is a hydrogen atom or a hydrocarbon group of 1 to 6 carbon atoms; Rz is a
substituent represented by the following formula (a); n is a number of 0 to 20; p is a number of

0.1 to 2.5; and Rs is a hydrogen atom or a hydrocarbon group of 1 to 6 carbon atoms;

HC-CHs (2)

Here, p is a number of 0 to 3 and each of R1 and Rs is a hydrogen atom or a hydrocarbon

group of 1 to 6 carbon atoms.
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"G CH3 (a) R3 Here, Gis a glycidyl group; R is a hydrogen atom or

a hydrocarbon group of 1 to 6 carbon atons; R2 is a substituent
represented by fornula (a); nis a nunber of 0 to 20; p is a nunber

of 0.1 to 2.5; and R3 is a hydrogen atom or a hydrocarbon group of 1

to 6 carbon atons; Here, Gis a glycidyl group; p is a nunber of

0 to 3: and each of R and R3 is a hydrogen atom or a hydrocarbon

group B@?l %? 6 carbon atons. [C aim 7] A nmet hod for producing an

epoxy A “t hat conprises reacting a pol yhydric hydroxy resin

described in claim1l with epichlorohyrin to convert the hydroxyl

group of 4 Wéﬂw&f9m9’a>flue1nwon05&vd%§w¥r% repin Lhaticgmprisesrepctipeony polyhydric
Claim8

[ hydroxy compound represented by the following general formula (3) with a styrene in the

presence of 10 to 400 wt ppm of an acid catalyst at a reaction temperature of 40 to 120°C to
introduce a substituent represented by the aforementioned formula (a) to the benzene rings of

the polyhydric hydroxy compound,

o, OF <, OH
@ < chte @ )n H (3)
b .
<,

Here, each of R1 and R3 is a hydrogen atom or a hydrocarbon group of 1 to 6 carbon atoms

and n is a number of 1 to 20.

[Claim 3]
A method for producing a polyhydric hydroxy resin described in claim 2 that comprises
reacting 1 mole of the hydroxyl group of a polyhydric hydroxy compound represented by

general formula (3) with 0.1 to 1.0 mole of a styrene.

[Claim 4]
An epoxy resin composition comprising an epoxy resin and a curing agent wherein a

polyhydric hydroxy resin described in claim 1 is an essential component constituting a part or
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~ An epoxy resin conposition conprising an epoxy resin and a curing
agent wherein an epoxy resin described in claim6 is incorporated as
an essential conponent. [C aim9] A cured product of epoxy resin
produced by curing an epoxy resin conposition described in claim 8.

the whole of the curing agent.

[Claim 5]
A cured product of epoxy resin produced by curing an epoxy resin composition described in

claim 4.

[Claim 6]
An epoxy resin represented by the following general formula (4) wherein a monofunctional
epoxy resin represented by the following general formula (5) accounts for 3% or less by area

when detected by gel permeation chromatography;

R, 0G oG

[\/<°H2 \vlp (4)
(R2)p

(R2)p

HC-CHj (a)

Here, G is a glycidyl group; Riis a hydrogen atom or a hydrocarbon group of 1 to 6 carbon
atoms; Rz is a substituent represented by formula (a); n is a number of 0 to 20; p is a number

of 0.1 to 2.5; and R3 is a hydrogen atom or a hydrocarbon group of 1 to 6 carbon atoms;

R, oG

HC-CHs

Ki:! (5)
P
Ra
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Here, G is a glycidyl group; p is a number of 0 to 3: and each of R: and Rs is a hydrogen

atom or a hydrocarbon group of 1 to 6 carbon atoms.

[Claim 7]
A method for producing an epoxy resin that comprises reacting a polyhydric hydroxy resin
described in claim 1 with epichlorohyrin to convert the hydroxyl group of the polyhydric

hydroxy resin to a glycidyl ether group.

[Claim §]
An epoxy resin composition comprising an epoxy resin and a curing agent wherein an

epoxy resin described in claim 6 is incorporated as an essential component.

[Claim 9]

A cured product of epoxy resin produced by curing an epoxy resin composition described in

claim 8.
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