2212157 GLYCI DYL ETHERS OF PHENOLI C COMPOUNDS AND PROCESS FOR PRODUCI NG THE
SAME The present invention relates to an epoxy resin applied for'the

el ectric and electronic industries, particularly for e%?p Qt 'ﬁ and

llami nating materials and al so rel ates foga-process for

A .resin..In recent years the transfer noldings of epoxy resin conpositions
have been applied for encapsul ati ng sem conductors such as LSIs, ICs, and
transi stors because QFLYEIDHLgETHERSUOF HHENQINKC |GOMRQNDS | S| s

encapsul ated 10 by the_epoxy resin compositions have been surface-nounted
“and directly subnmerged®N ?§QC§§§d§QRyﬂRQDUQ1§§3EHEQ§AMEhnr of o-creso
novol ac, which is nmainly used today, has well-bal anced properties, but the
epoxy resin conpo- sitions thereof used to be cracked by the heat shock 15
of the dikxect sol deri nfherpresentEpoventdomsdlatam cep AR RPORY eFeBtRoni c
conponents, are required to have a higher tenperature performance and’ ot her
wel | - bal anceappt bpdr forstbacalestyigpasndued gananimnRd e ¥ Hi gh purity,

particularly a 20 | ow hydrol yzabl e chl orine content. . ;
_ particularly. for encapsulating and laminating materials

and also relates to a process for producing the epoxy
‘5 resin.
'In recent years the transfer moldings of epoxy

resin compositions have been applied for encapsulating

semiconductors such as LSIs, ICs, and transistors because (_3

of its high productivity and lo& cost. LSIs encapsulated
10 by the epoxy resin compositions have been surface-mounted
and directly submerged in the solder baths. A glycidyl
ether of o-cresol novolac, which is mainly used today,
has well-~-balanced properties, but the epoxy resin compo-
sitions thereof used to be cracked by the heat shock
15 of the direct soldering process.

Epoxy resins for encapsulating electronic

components. are required to have a higher temperature (:.

performance and other well-balanced properties such AS a
moisture performance and a high purity, particularly a
20 low hydrolyzable chlorine content.

A glycidyl ether of a tris(hydroxyphenyl)methane
and alkyl-substituted products thereof exhibits a higher
temperature performance.

A tris(hydroxyphenyl)methane is, however,

25 1liable to form a product of higher molecular weight or a

oduci ng-t he epoxy&l



A glycidyl ether of. a tris(hydroxyphenyl)nethane and al kyl -
products thereof exhibits a hlgher t enper at ure perfornmance.

substltuted
A

tri s(;hydr oxyphenyl) met hane is, however, 25 liable to forma product of
hi gher nol ecul ar wei ght or a -2- 1 ggl through internol ecul ar reaction

during the glycidyl etherification thereo The hi gher nol

ecul ar wei ght

product of ihegéptﬁif@lﬂuiﬁﬁefxﬁ‘@fééﬁ‘aﬁ%é’cﬂ?&nhdﬁPl@t?OKﬂeeﬂyyaﬂ nt

wei ght and Tts” cured products will 5. have undesirably Tow

density and tejsp:ficdEide {RErE8FEe. The CRIGROF hbBedlLF
reaction and obtain a resin of |ow epoxy equival ent weight,

crossl i nki ng

NPeegHt ar

various net hods

Rave been takeprodud® dOWhdOintermolecul&orréesstionchas nausdoihighnd

Engi neering Chemistry, Vol. 45, p. 2715 (1953) describes a

process which

conpri ses add|eﬁpxpde@mlsalenbfwexghthqmdoxysheuyeq predhahe whlb 5 nol es

‘of eplchlorohydrln per nole of.- the phenolic hydroxyl groups.
_ 5 have unde51rably low crosslinking den51ty and

.ture performance.-

tempera-

To control the intermolecular reaction and

“obtain a resin of low'epoxy equivalent weight

" methods have been taken.up to now.

, various

10 o For-instanee, Industrial and Engineering

Chemistry,'Vol; 45, p. 2715 (1953) describes a process

which oomprises Adding sodium salt of tris (hydroxyphenyl) -

methane into 5 moles of -epichlorohydrin per mole of

the phenollc hydroxyl groups.

15 a ' Accordlng to this process, however,

the epoxy

‘content of the product is as low as 0. 32 equlvalent

per 100 g (viz. the epoxy equlvalent welght is as high

as 313) and the product yleld is also as low as 54%.

Thus this process is not satlsfactory.

S 20 - . 'U.S. Patent No. 4,394;496 describes

a two-

step process which comprises reacting tris(hydroxyphenyl)-

methane with at least 10 moles of epihalochydrin per mole

- of the phenolic hydroxyl groups in the presence of a

coﬁpling cetalyst in the first step and in the presence

25 of a basic compouhd'in the second step, thereby producing

a glycidyl ether'compound.

Lt}

This process aims at raising the epoxy conver-

sion of tris(hYdroxyphenyl)methane, and the epoxy'equivaient



15 ° : According to this process, however, .the epoxy content of the
product is as | ow as 0.32 equival ent per 100 g (viz t he epoxy equi val ent
wei ght- is as hlgh as 313) and the product yield is al so as l.ow as 54% TQ‘§

his process is not satisfactory. 20 - 3 = U S. Patent No. 4,394, 496"
~describes a two- step process which conprises reacting trls(hydroxyphenyl)

met hane Wi t hy@igheast ke Mpéeslednepyipt olyTr éenger compsundl Lhe1pdgnolic -
hydroxyl groups in the presence of a coupling catalyst in the first step

and in the priebeinces 261loée atbathe thepoetiicab vatusecoblist ppodubef eby
produci ng a gl yci dyl ether conpound. This process ains at raising the epoxy
conver - si onhowever s(dguitaikyphanyeéryel dnge, amounthef eppdyodgmabdeent = 1
wei ght of the resultant glycidyl ether conpound is 158, which is close to
‘the theoretichloyinge. andhhenoeodacnothoebvefactonyafﬂs useeiy thege anmount
of hydrol yzabl e chlorine, and hence is not satisfactory for use in the 5
electric %4%%F¥b%|%r|%H%§F¥9n19%%F@u§ﬁ¥¥ U.S. Patent discloses also an

'While this U.S. Patent discloses also an
_oligomeric'compoﬁnd reSulting from intermolecular
reactioﬁ and a proceSS-for_prodhcing the.01i§omer,_
it does not dieciose:any glycidy1 ether compounds.suitable'
10 for encapsuiating eiectronic_components atlthe'present
‘technical level.

o Of glycidyl ethers of the tris(hydroxyphenyl)- -
'methahe_and alkylfsubstituted‘products thereof, the
'compound having no alkyl sobStituent and compounds

15_Jheving a small number of_lower alkyl substituents.are'
highly hygroscopic ahd.compoundS-having a large number
of higher alkyl.substituents show a poor temperature.
performance. Thus, it is necessary to develop a glyc1dyl
ether compound having better balanced properties.
20 ' U.S. Patent No. 4,390,664 discloses glycidyl ;)
- ethers of phenolic compounds produced by the'condensation
. of aromatic aidehydeS'with phenols such as phenol, aikyl-
monosubstituted phenols, and halogen-substituted phenois.
While the 1nventlon of thlS U. S Patent aims at prov1d1ng
25 a glyc1dy1 ether compound improved in high temperature
performance over glycidyl ethers of trls(hydroxyphenyl)--
methane, the product compound is not low in hygrosc0p1c1ty

and moreover the glyc1dyl etherlfylng reaction is carried



ol i goneri'c conpound resulting f.rominternol ecul ar reaction and a process
for produci ng the ollgoner It does not disclose any glycidyl ether
compaunds suitable 10 for encapsul ating el ectronic components at the
présent technical level. O glycidyl ethegs-of the tris(hydroxyphenyl)-
nmet hane and al kyl - substituted products thereof, the conpound having no
al kyl ‘substi t el 23R BMPWATHE IS h ST d t HUATRATA Ghd RSyl ky!
substituents are hi ghl'y hygroscopi c and conpounds having a | arge nunber of
hi gher al kyl sipes igriodRitits gIR@W & 10 @thdre MptuiE ey flowaigei eyl it is
necessary to develop a glycidyl ether conpound having better balanced
groperties. 2@ontains a laddge anaiwerd J¥0 . hy 20 £l ol i el asiase gy ci dy
et hers of phenolic conpounds produced by the condensation of aromatic _
al dehydes wi t lpgateimilsarsuch as' phenol, al kyl - nmonosubstituted phenols, and
hal ogen-substituted phenols. Wile the invention of this U.S..Patent ains
at- providirfg 25 a gl ycithd peasentcdrpmpiiampimwcdyes shigfiyaishper at ur e
per formance over glycidyl ethers of trls(hydroxyphenyl) net hane, the
product conpoihels aford IRWRNA i FAHRVBIE| ty el fsmeshaer (Bve gl yci dyl

etherlfylng reaction |s carrled

GE
R2 R_ll R4 R12 _ R6
~ 0 c O ' O
: c ' (1)
| ®8 o 210
y o [
rL a @ ce R % @ e R X
R7 Xb ' : R X3
L | 1

Y, wnerein each of R' through R® represents'an'alkyl_group.
: of.from 1 to 6 carbon atoms; each of.R7 through Rlz'repre-
Sents a'hYdrOgen'atom, an alkyl Qroup of from 1 to 4 carbon
.10 atoms, or an alkoxy group of from_l to 4 carbon atons;
-Lg“ . .X represents.a chlorine or'bromine atom; GE represents
a glycidyl ether group, a, b, c, d, and e ‘are 0 or 1;
"and n is an average number of from 0. 5 to 5.
Of the glycidyl ether compounds represented
.15. by formula (I), preferred in performance are compounds
~in which each of Rl, R3, and R5 is methyl(.each of'Rz, R4,
and:RG'is_an"alkyl group.of from 3 to 6 carbon atoms, each of

7 8 _9 _10 _11 . 12

Ry Ry R", R"°, R"7, and R is a hydrogen atom, and each

of a, b, ¢, d, and e is 0, that is, compounds-represented'



-4- 1 out according to the conventlonal nethod and therefore the product
gl yci dyl ether conmpound has |ow purity and contains a |arge anmount  of
hydrol yzabl e chlorine in particular. -5 The present-invention ;7
-cnvolves a glycidyl ether of . a phenochSCanound of the formula (1): [ERﬁr
: wherein each of [err] through [err] represents an alkyl group of froml
.to 6 carbbn gt diss feamiulef (EI)xJd through [err] repre- sents a hydrogen
atom an alkyl group of from1 to 4 carbon 10 atons, or an al koxy group of
from1l to 4 carbon atoms; X represents a chlorine or bronmine atom GCE
~represents a glycidyl ther group,.a b, ¢, d, and e are 0 or 1; and n is
an average nurher of from0.5 to 5. thg gl yci dyl ether @gnpounds
represented 15Ty )rnula,(l) prefe ?eg iln performance ar ounds in
whi ch each of I ¢ y i s nrtAyl,| eachllof [err], [err] s an
-al kyl group (© m3 to § car bon ' err]ﬁhg a '
hydr ogen atd onpo 13
- represented

, dach o Jerr],
and e 1s,0, that

’ whereln each of Rz; R4, and R6 represents an alkyl group

of from 3 to 6 carbon atoms, n is an average number of
0.5 to 5, and GE represents a gIYC1dyl ether group.
5 h - Above all, a gly01dy1 ether compound represented

by the formula (I1I):

GE
t-Bt

Q—in

a v
3 ~ (I1I) \J_

o I
GE ) '  GE

» wherein t-Bt represents'tertiary butyl group, n is an aver-
age number of 0.5 to 5, and GE represents a glycidyl ether
group, is partlcularlv preferred in VleW of the performance

10 of the glyc1dy1 ether compound 1tself, ease of the reaction



-5- 1 by the fernmul.a (11): [ERR] , wherein each of [err], and [err]
represents an al kyl group. of from3 to 6 carbon atons, n is an average
nuanr of 0.5 to-5, and CE represents a glycidyl ‘ether group. 5 :
Ab@ve all, a glycidyl ether conpound représented by the formula (I111): GE
GE - GE [ERR] wherein t-Bt represents tertiary. butyl

qr oup, n i d artcadierrm agzseilﬁvb@nd)feaS}! Bt elaigrinGrthepraws dperiggls/ ci dyl
ether group, is particularly preferred in view of the performance 10 of
the glycidyl dmewstegimddund itself, ease of the reaction -6- to form

itself, and ease of obtalnln t he raM/naterlaIs i ndustriall
. gJthe number of alkyl su stltuené; attached

to aromatlc rlngs and the number of carbon atoms in
5  each alkyl substituent are relatlvely small, such gly01dyl
'..ether'compbuhds are highly hygroséopic._ On the contrary, -
when the number @f_éaid alkyl substituents and the
number of said carbon aﬁoms are relatively large, such.
éompounds have poor femperatﬁre ?erformance. Chlorine
10 or brominé'atom,represented by X imparts flame retardancé.
.As an increase iﬁ the average number n of repeating'units,
the'temperatﬁre performance is improved but the_viscosity
increases and this.bauses poor moldability and processabili-
ty. 'On'the,contrary, as a dedreasé in the average number n
15 of:repeating-units) the temperéture perfdrmaﬂce is no£
enough improved.. Hence, the value of n is desired to be
in the range of from 0.5 to 5. _ |
lThe.glycidyl ether éf a phenolic compound can
be produced by reactihg the correSpohding phenolic'com-
L 20 pouﬁd_with aﬁ epichlorohydrin. The phenolic compoﬁnd
correspénding to the glycidyl ether compound'of the formula

(I) is represented by the formula (IV):

OH "OH .
o H g |

@) O (IV)
R3 XC R5 xe




Wien' the nunber -of al kyl substltuents attached to aronatlc rlngs and the
nunber of carbon atonms in 5 each al kyl substituent are relatively smal
such glycidyl ether conmpounds are highly hygroscopic. On the contrary,
“#hen- the nunber of said al kyl ‘substituents and the nunber of said carbon
atons are relatively |large, such conpounds- have poor tenperat.ure
performapce, GhbpeiRethl 8imBH2YI HeeAtAR LARECE8NEABSRY iX thRarts flane
retardance. As an increase in the average nunber n of repeating units, the
t enper at ur efgeRbhaMaMEe is inproved but the viscosity increases and th|s
causes poor noldability and processabili- ty. On the contrary, as a
decrease in the. averaghenphbﬁb1mc160mbouaneaflmgeuﬁbkmulahQIvenpamature

perfornance i s not .enough inproved. Hence, the value of ‘n is desired to be -

in the rangbeoprbdumed. byt hé. cdhdegbatidyl oft paenofl sawiltbriblydroggnpound
~can be produced by reacting_the corr espondi ng phenolic com 20 pound wth
an epi chbor angmakac canbopiidnePmpossdsobd applyasgoithenyedd knewgl yci dyl

‘et her conpound of the fornmula (1) is represented by the formula (IV) [ ERR]
novolak synthesizing reaction. This reaction is carried

_ out at a temperature,of 0 to 180°C in the presence of
a well known acid'catalyst-for'novolak synthesis.. Sucht
catalYéts‘inéiude'miﬁeral acids, e. g.; hydfochloric acid'
10 'sulfurlc acid, ‘and. phosphorlc acid; organic acids, e, g.,'
oxalic ac1d and toluenesulfonlc ac1d~ and salts, e.g.,
zinc acetate. For thls_reactlon may be used anla:omatlc.
: _solvent such as toluene or chlorobenzene."
The molar ratio of the hydroxy aromatlc carbonyl
15 compounds to the phenols is approx1mately from 0.3;1.0'
| to 1.0:1.0. |
In order to achieve'a.largef avérage number n
of repeatiné units, it'is necessary td carry out the
reaction.by using alhighet prbportion of the hydroxy
20 aromatic éarbonyltcOmpound at a someWhat higher termper- '&J
ature in'the'presehce ofta 1arger'amount,of catalyst.
- Suitable alkyl-substituted phenols include
phenols substituted by two alle groups of from 1 to 6
carbon atoms and chlogine- or'bromiﬁe-substitﬁted prodﬁcts
25 of these aialkyl phenols._ Preferably;-one of the two
alkyi substituents is methyl and the other is an'alkyl.
group of from 3 to 6_carbon atoms. Examples of the

preferable dialkylpheﬁcls are methylpropylphenol,



-7- .1, ‘wherein:the sinbols are the sane as those in the formula (1) The
phenol i ¢ conpound of the formula (1V) can be produced by the condensation B
of g%enols with hydroxy 5 aromatic carbonyl conpounds by applying the well
kndWh novol ak synt hesi zing reaction. Thi$ reaction is carried out at a a
tenperature of O.to [err] in the presence of a well known acid catalyst for
novol ak synt haseshylgentytphehgyls) smethylidetylpkendl acand, methylhexyl-
hydrochloric acid, 10 sulfuric acid, and phosphoric acid; organic acids,
e.g., oxalic aphenahd tsboeaeallfonethpt+tierandutylphenelgis moat acetate.
For this reaction may be used an aromatic solvent such as toluene or

chl or obenzene. dgdtrablerinaviewopft heehgiyekgyhr erheréfringongactson _
conmpounds to the phenols is approximately fromO0.3:1.0 to_1.0:1.0. In order
to achieve a |afgeelhvasatbenbrbEPrnanrer epetbenprofdnes, givcidyhethsary to
carry out the reaction by using a higher proportion of the hydroxy 20 '
aromati c carboRPPRBPound at a somewhat higher ternper- ature in the
presence of a | arger ann&gés ' ' '

gfdggi€§¥85énols'may be used alone or in
éombination.' Sﬁall amounts 6fﬁother phenols, e.g.,
phenol, cresol; fesofcinol, catechol, and bisphehol'A,
. can be used additionally.for the purpése of further
10 imparting various desirable properties.
| Suitable_hydroxy aromatié carbonyl compounds
inélude.hydroxy aromaticlketones and hydroxy_aromatic
aldehydes, fof-éxample, hydroXyacétophenone,-methyl—'
hydroxyacetophenone, methoxyhydroxy acetophenoné, hydroxy-
15 bénzaldehYde; meihylhydroxybenzaldehjde, methoxy
“hydroxy benzaldehyde, dimethylhydfoxybenzaldehyde,
chlorohydrobeenzaldehyde,3and bromohydroxybénzaldehyde.
'Of these éompounds, preferfed is-hydtoxybenzaldehyde
and particularly breferred is b-hydroxybenzaldehyde.in_
o E 26 view of'tﬁe perfbrﬁance of.the product. Two or moré of
these hydroxy aromatic carbonjl compounds.may be used
in combination and further with small amounts of other
aldehydes such as formaldehyde, acetoaldehyde, acrblein}
croton aldehyde,'benzaldehyde, and glyoxal. |
25 _ _Phendlic'compbﬁhds of the present invéntion
can_be also given the substituents'by the alkylation,
chlorination, 6r_bromination reaction to the condensétion

prodﬁcts of phenols and hydroxy aromaiic_carbonyl compounds..



Sui t'abl e al kyl -substituted phenols include phenols substituted.by two al kyl .
groups of- from1 to 6 carbon atons and chl orine- or brom ne-substituted.
products 25 of these dial kyl phenols. Preferably,’ one of the two al kyl
gsubstrtuents'is.nethyl and the other isgan alkyl -group of from3 to 6
carbon atons. - Exanpl es of the preferabPe di al kyl phenol s are . '

hyl he h | | d.
et ! hesty! T8 st Sonbion e LR My aﬂﬁéﬁy REHLIERL 2Bre
o ' f t f f

the product Ay 4 SN e%?“#pdé%n&%“r 2R AB e My be used
al one or I N LAEIRId %bsé@ﬂedﬁrﬂy"@rﬁﬁu@ R Hﬂﬁlﬁq{é 1a€on9 arhenol,

cresol., resorcinol, catechol, and bisphenol A can be used addltlonally for

t he purposeeﬁbé&&&ﬁaﬁ,%Q@ﬂ@%gﬂjﬂﬁldﬁﬁ&ﬂﬂgiﬁ#Slrab|e properties. Suitable
hydr oxy ar.omatic carbonyl "conpounds include hydroxy aromatic ketones and

'.'hydroxy zsromatlc ' The reaction of the phenollc compound with

~

an eplchlorohvdrln to produce ‘the’ glyc1dy1 ether
compound is generally carried out in the presence of an
alkali metal hydroxide. Among various iutproVed tech-
_ niques-fof obtaihing high-purity §1YCidyl.ethers, the
10 process of the pteseht inyention is Characteriéed-by'
o reacting a phenolic'COmpound as specified above with
':an-epiChlorohydfin'in-the ptesence'of.aniaprotic poiar'
solvent in_addition to'the alkali metal hydroxide,-
theh removing the unreaCted materials,7the alkali metal
- 15 salt and water as the by-oroducts, and the aprotic
polar solvent, and treatlng the resultlng crude glyc1dy1
- ether of the'phenollc compound W1th an alkallne material
_ _in'an'organic solvent, thereby yielding alhigh-purity
lecidyl_ether'of a phenolic compound.
20 : For the reactlon, eplchlorohydrln is used in _\J'
an amount of about 2.5 to 8 moles per mole of the
phenollc hydroxyl groups.'
The use of eplchlorohydrln in less amounts
than the above_lower llm;t is unde31rable, because |
25 this reeults in such industrial disadvantages that the_
~ intermolecular reaction producee a high-polymer to cause B
a rise'in'the”melt ViSCOSity of the product glpcidyl-

"~ ether compound; the deterioration of product feein_quality,



al dehydes, for .exanpl e, hydroxyacet ophenone, nethyl- hydroxyacet ophenone,
met hoxyhydr oxy acet ophenone, hydroxy- 15 benzal dehyde, -
nethylhydroxybenzaldehyde nmet hoxy hydroxy benzal dehyde,
\fhylhydroxybenzaldehyde chl or ohydr oxyierzal dehyde, and
-bronDhydroxybenzaIdehyde O these conpounds, preferred is
hydroxybenzal dafy deustitepadi | Dt Bsd ye pief €li¢ esnodsnp- dﬂf/dg@](ybemedidehyde in
20 view of the performance of the product. Two or nore of these hydroxy
aromati c carbdriyé weepnfinmsrevep beh leseochidr tonbhant the abdvé uupper with
-smal | amounts of other al-dehydes such as formal dehyde, acetoal dehyde,
dcrol ei n, crotbimit dehyalbso bomdes fedlybe, shucgl yokalmepsly increases
Phenol i ¢ conmpounds of the present invention can be also given the '
substituents byheeohyng|Qfithe rerotientmbktuse Beoresaltohnreaction to

t he condensati-on products of phenols and hydroxy aromatic_carbonyl
conpounds. 5 iBAugtrigd YRRERIPPOERAE 38HLPVELERY BF BPRyl groups are

expected to i sture performance and the conpounds substltuted by
chl orine or- pgﬁ?%% gp hﬁ%re :

Suitable élkali'metal hydroxides for use in
the present invention are, for example,-SOdium hydroxidé
-&na potaséium hydrbxide,_thoﬁgh.not limited to thesé.

10 hYdroxides; . The améunt of alkali metal hydfoxide used
is desired to be about one.equivalent.to the phenolic
hydroxyl qroups.. When the amount of alkali metal |
hydroxide. used is less than about one equivalent, some

" of the phenolic hydroxyl groups remain unreacted and

15 hence the iﬁtermolecular reaction takes place.to form

" a high polymer, which is undesirable. When the amount'
of alkali metal hydroxide used is more than about one
equiﬁaleht,'an increased amount of gel is prodﬁced

to bring about disadvantagés_in the production process.

' g;ﬁ 20_ An aqueous solution of the alkali'metal-
hyaroxide, higher concentrations of which are prefefable,
is used since water must be_remoVéd from the reaction
mixture;.

Suitable aprdtic polar-solvents for ﬁse in the
25 present invention include} fof example, dimethylsulfoxide,
dimethyl sulfone, dimethylacetamide; tetramethylurea,
and hexamethylphosphorylamide. -

 These aprotic polar solvents are used in an



-expected to inmprove inflammbility. 5 | The reacfion of the
.phenol i ¢ conpound with an epi chl orohydrin to produce the glycidyl ether

.. conpound is generally carried out in the presence of an alkali netal - v,

hydroxi de. Among vari ous i nproved techilniques for obtai ning hi gh-purity™
gl ycidyl ethers, the 10 process of the present inventign is characterized
by  r eact itng 2BoWREn @F 20c &19p dH PR tpe AT TAF 3K & Qi & &h R or ohydri n
in the presence of .an_aprotic paolar- solvent in addkﬁ%on tq the alkali netal

hydr oxi de, £ eSSty P Sh @Mt B3 Srtte ARt (e WIGHIOMRTal 15 salt
The rosult ) RYERmE e S SR AoARat SRR h an O -
e al b et | . Rt thoan o
al kall ne maty Juq}tédn ﬁ{eéno St Y &?&ré)&gkearbelbé' éﬂl%zf:lﬂox{rlagt% - puri ty

. glycidyl ether of ol'I'c  conpoun . _ e feaction,

b hhonel ) By 0 R e Rlodb g B0 TURRRE 1 0l

than the abeyRidMAr dridlids irendideUnlcdhedeCases 25 dildssigids in such’

. industrial di"sadvantages that the internolecular reaction produces a high

pol ymer to Geaustated above, When the solvent is used more than '
the abéye_émoﬁnt, the intermolecular reaction proééeds
to_résuit.in“lqw p;oducf quality-aé-Welllas low prdduce

10 tivity, which is undesirable. -

In the present ihvehtioﬁ,'the glyciGYI:ether- N\
_ificatidn of said phénpiié compound can be cérfied out,
1._for instance, as follows:' |

| ' Fi:st, a uniform solution is'prepared_by_

15 mixihg togéther said polyhydric phenol, epichlorohydrin,
and said'aprotic pélar solvent in pfoportions as stated
above. - Then, said alkali metal hydroxide (dissolved
in water) is added to the sélutiqn with stirring to

_ Iiniﬁiate the reaction. . This reaction is'conducted in
20 the.temperatgfe ;anéé of 20 to 80°C, preferably 30 to
70°C. |
In the.case of the present invention, the
reaction temperature.has large influences.. That is,
in decreasing £ehperatu£e,:the selectivity of ﬁhe reaction
25 riseé and the-éontent of'hYdrolyZable chlorine decreaSes.
At too low temperatures thé reaction rate is,_howeﬁer,

undesirably low to decrease the productivity. At

temperatures exceeding 80°C, the effect of the present



ariseinthe nrelt wviscosity of the product glycidyl ether conpound, the
deterioration of product resin quality, -10- 1 and further an increase
in_the amount of gel formed. The use of nore epi-chl orohidrin than the above
upéer limt is also undesirable, since thim nerely increases the vol une of
the reaction mixture to result in 5 industrial disadvantages such as

l,over i ng ofy t henPe QLS | ¥é tYimBebd abhe® Bh&adhtaPholebitapxrdgstion yse 'I_n

the present inventi.on are, for exanple, sodium hydroxide and potassium

hydr oxi de, thoaﬁﬁbgggaﬁl | pesnded hese 10 hydroxides. The amount of
al kali netal hydroxide used is desired to be about one equivalent to the

‘Bhenol i ¢ hydroxyl groupSDuNMm@ thes areaction, ataébatibetmhtbydsoarde used is
| ess than about one equivalent, sonme of the phenollc hydr oxyl groups renmin
unr eact ed ‘and éﬁapémamedtfmomnthennéecuian mizturenund&esrefiacedto form a
hi gh pol ymer, which is undesirable. Wien the anount of alkali metal
hydr oxi de usedprgsa@x@ apdcondensefe- the condensate is separated into
an oil phase and-a-water phase, and the oil phase is
- returned to the reaction system, whereby the dehydratién'
1s performed In this operetion, the temperature snd
pressure are set under such condltlons that the water
10 content 1n_the reaction system may be from 0.5 to 5.0%,
preferably from.0,5 te-3;0%, by weight. Excessive
~ contents of water in the reactien system have such .
adverse effects'thatlthe preduct contains a lerge amount
of hydroljéable ehlorine and-has_é'high-epexy equivalent
15 weight-and moreover tnat_much'epichlorohydrin is wasted
by hydrbleis; The pressure is necessariiy fixed when
the temperature is set according to the composition of .
the reactien mixture;
| To earry out the reaction uniformly, the alkali
gﬁ 20 metal hydroxide is-added intermittently in small amounts
or contlnuously at a low rate over 2-7 hours. Adding
the ‘alkali metal. hydrox1de momentarlly or quCkly causes
the reactlon_to_proceed locally, resulting in gel
formation end/or_making itlimpossible to maintain the
25 predetermined concentratien of water, which is not
desirable. o
After'finish of tne reaction,'the unreacted

materials and by-products are removed in conventional



eqU|vaIent an |ncreased anmount * of gel is produced to brlng about

di sadvant ages in the production process. 20 ' An agueous solutlon
of the alkali netal hydroxide, higher concentrations of whi ch are
preferable, is used since water nust be jzenoved fromthe reaction mixture.
Sui t abl e aprotlc polar sol vents for use |n the 25 present invention

I ncl ude, 7fo rqﬁ%% fo nq&ﬂ% éﬂga |
di met hyl gice'g)gm e, ?etramat ﬂoﬁea )@e{% hexanet ﬁ phosp oryﬁpmh orQI'hese

aprotic pO'ﬁga%&hV%&bﬁr%h%ﬂ#¥ﬂ§'w&ﬁ@} elfﬂﬂdﬁad‘EyiﬂiéﬂliﬁgtiﬁHts
preferably 40 to 80 parts by "wei ght based on 100 parts by wei ght of

- epichl oro- awdr ithel$eéidudhdnidad nSelev &ie Igaydﬁ.eatizn RiHG Y8Mdowunts, the
content of hydrolyzable chlorine in the 5 product is not notably reduced

o

*

and nor eoversphdred eithdaox Wrogindit) Salsmamt seleranid®e Erofhiketionaindesi rabl e -

as stated above. When the solvent i.s used nore than the above anount, the
i nt er ol ¢ ulssl viemdst |srmt¢1p|a(x:e@¢shytlo irsedan iy 1i rkeltmnqoramﬂmteth;all ity as- vveI I
as IOM/produc-
: ethyl ketone ‘and aromatlc solvents such as benzene and
toluene to dlssolve the glyc1dyl ether compound The
alkali metal salt Wthh is 1nsoluble, is removed by
flltratlon or washlngpw1th water.- The aprotic polar
10 solvent is removed by washing with Water.
'While alcrude glycidyl ether compound can be
obtalned by evaporatlng the organlc solvent from the |
' above solutlon, this - solutlon contalnlng a crude .
'.glycrdyl ether compound, according to. the present.inven--
15 tion; is further treated with an alkaline material.
| .Suitable alkaline materials for this treatment
1nclude alka11 metal hydrox1des, alkallne earth metal

hydrox1des, and alkall metal carbonates, for example,

sodium hydroxldey potas51um hydroxide, calC1um_hyerX1de,

20 sodium carbonate, and_potassium carbonate. ' -’

The alkaline.material is used in an amount of
0.01 to 0.10 mole per mole of the phenollc hydroxyl
groups. |
| When the amount_of alkaline material used is
25 lessfthan the above lower-limit, the content of hydrolyz-
" able chlorine is not reduced effectlvely. When the
amount exceeds the above upper limit, the polymerization

through the intermolecular reaction tends to take place.



10 tivity, which is undesirable. In the present. i nvention, the glycidyl
ether- ification of said phenolic conpound can be carried out, for ,
i ngtance, as follows: First, a uniformsolution.is prepared by 15 m xing
toze_her sai d pol yhydric phenol, epichlorowdein, and said aprotic polar
solvent in proportions as stated above. Then, said alkali netal hydroxide

(dissol ved {n vater) i's adegien ife ReLuELEN himsttsrhngstpihal tiate the

reaction. This reaction is conduct In 20 e tenperature range of 20

to [err], pr ef Sbvidid s 30 t Qb &blis - sd Tut '6n CHS EmPked NPi B CERE s ENGhON, the
reaction tenperature has large influences. That is, in decreasing

tenperature, the cigbeglyvidyl Gbthde eSmsbned 2b thésesgandct beleentent of
‘hydrol.yzabl e chl orine decreases. At too |ow tenperatures the reaction rate
i's, however, umi@streadted|aw 40-TegPCasert Be pinduesi vot yevéral enparat ures
exceeding [err], the effect of the present =~ -12- E
_ -5 At temperatures below 40°C the content of -
' hydroleablé chlorine is not redﬁéed effectively, while
~at températurés'above ;00°C.the polymerization is
liéble to-take-plaée..
'..The excess alkaline material is neutralized
10 . ‘with phosphoric acid, Carboh’dioXide gas or the like,
and the resulting salt is removed by filtration or
washing with water, and_then the organic solﬁent is
‘removed by distillaﬁioﬁ to recover the intended high-
purity qucidyl-etHe: of a.phénolic éompound.”_ |
15 o The glycidyl ether of a phenolic compound of
-the-présent invéntion.can be mixed with hardéners
.to.provide epoxylfesin Compositions.l These compositions
can be used extensively to form epoxy resins having
high temperature-performance, low hygroscopicity, and
Mot 20 good hechénicéllpropérties. - |
~ The above hardeners include polyhydric phenols
such as phenol.novolak; cresol novolak, pbleinylphendl
- and the phenolic cohpound,of.the.formula (IV) ; -amine
typé Cufing agents_SuCh as'diaminodiphenylmethane and
25 diaminodiphenyl'sulfone;'énd acid aﬁhydride type curing
agents such as pyromellitic anhydride, trimellitic
anhydride, and benZOphenonéﬁetracarboxylic dianhydride.

In general, these hardeners are selected according to



1 “invention is limted and the internol ecul ar reacti.on issundesirably 
pronoted. During this reaction, volatile matters are evaporated fromthe
creaction mxture under reduced 5 pressure and condensed, the'condensateglﬁ
~ $eparated into an oil phase and a water ¥hase, and the oil phase is v
returned to the reaction system ‘whereby the dehydration is performed.” in
this operlatithe irddkivieigeek atppkicatignessiireuted epoxyindesissich condi tions
that the water 10 - content in the.reaction systemmy be fromO0.5 to 5.0%
preferably fRaghydrio phadigldane fittedxbes sencapsmtianion gpurpesesin t he
- reaction system have such adverse effects that the product contains a large
© anount of hyahdblgmangse are ofi teednfPhalanimed Ra@d cpedRE BHIN 415  wei ght
and noreover that -nuch epichlorohydrin is wasted by.hydrolisis. The o
.pressure i s ThRs Ha1dgnerscar aHeted hen tamperts % ¢s7 sE® hetording to the
conposi ti.on of the reactjon mxture. To. carry out,the reaction uni%o my,
“the al kal RAUHEALENE FOxFRR FROBARECTRE TR ERERRY 1R nEREIIY S Lts or -
continuously at_ a |ow rate over 2- 1 hours._€ddin? t he aéka%i met al
hydr oxi de nn‘?ﬁh‘?%rcf?r@p%? ‘%m RSP CERR TIWRE (23 ctERR ERABrBeked 1 ocal ly,
- resulting 'rbéﬁﬁvalent_or more than 1.2 equivalents_to the epoxy '
‘groups, the curing is imperfect and the cured product
will not be low hygroscopic. |
10 . Depending on the_prodﬁct applications, known
suitable additives can bé'incorporated_into the epoxy
resin éompritions,' Such_additivés.include fillers,
accelerators, flame retafdants,'mbld-releasing agents,.
surface treating agents and the like.
15 - Fillers include silica, alumina, talc, ciay,
and glass fiber;.accéleratofs include imidazole compounds,
tertiary amines, and phosphoric compounds; and flame
' retardants'inglude brominated.époxy resinsfand antimony
trioxide. Mold-releasing agents include waxes and
20 metal salts bf higher fatty acids including zinc stearate; _';J
and Surface_treating;agents_includé silane coupling |
agents.
When used as an encapsulating material, the
epoxy resin composition may contain various elastomers
25 for the purpose o:'lowerihg the stress which will be
- caused in the cured composition. 'Such elastomers include,

for example, polybutadiene rubbef; butadiene-acrylonitrile

copolymer, and silicone rubber.



formati on and/-or making it inpossible to naintain the 25 predeterm ned
concentration of water, which is not desirable. After finish of the
regction, the unreacted materials and by-products are renoved in

cénventi onal -13- 1 or well known netyigds. That is, the unreacted

epi chl oro- hydri.n and remaining water are renoved by distillation, and the

residue cantaining the gyl Ay KINGE KP 6I§léné%so%ut | jgani c

solvent sel'ected fromketone 5 solvents such as neth et one and

met hyl ethyl deetuie coihrmtdes Sl &/ 8t €h StiEd 1BSs mre&woéwlé&!&@n_e to
di ssolve the glycidyl ether conpound. The alkali netal salt, which is

‘insal ubl e, i stheerpaasey invénticonN the VESHipIE tidh V@t@ired ThecERd Did C

polar 10 solvent is renoved by washing with water. Wile a crude glycidyl

- ether conpourith ciéhre bmorobere ivedh Ib yk revap anald vy trhetlosd)asnich soé vierdngfern t he

above solution, this solution containing a crude glycidyl ether conpound

accord|ng5x)mqkdqnqﬁugqmprnsﬁmon molding, or 1nject10n molding.
For the fabrlcatlon of lamlnated boards by
u51ng the resin comp051t10n of the present 1nvent10n,
glass f1bers_or organic flbers are 1mpregnated with a
nniform solution.of the composition in a solvent such

10 as methyl ethyl ketone, toluene or ethylene glycol
monomethyl ether snd,then dried by heating to form
prepregs; which.are then compression-molded. |

| The_glfcidyl ether compound of the present
inventlon can provide epoxy_resin compositions which,

15 as encapsulants for'electronic~conponentstand'as.leminated
board materials, can be cured into moldings having
low_hygroscopicity and temperature perforﬁance durable
for use at higher temperatures. These’cOmpositions have

' improved processablllty and can be molded 1nto cured
gg. 20 products of hlgher rellablllty.
| o Accordlng to the process of the present 1nven-
tion, hlgh—purlty glyc1dyl ether compounds of low
hydrolyzable chlorine contents and small epoxy equivalent
weights can be obtalned 1ndustr1a11y with good produc-
25 thlty. : |
| | The_present invention is illustrated with
reference to the following examples.

In the examples, the epoxy equivalent weight



15 tion, is further treated mﬁth ah-arkaline material. Suitable al kaline.

~ materials for this treatment include al kali nmetal hydroxides, alkaline _
earth metal hydroxides, and al kali metal darbonates, for exanple, sodiumyi

-hydrOX|de pot assi um hydr oxi de, cal ci um hydr oxi de, 20 sodi um car bonat e, and
pot assi unlcaibodefdnedhasalthe moderatlen ateightuset] the pampunsid 0. 01 to
-0.10 nol'e per nol e of the phenolic hydroxyl groups. Wen the anount of :
al kal i ne nat peraepegydgiroups | ess than the above lower linit, the content
of hydrolyz- able chlorine:is not reduced effectively. . Wen the anount
exceeds the above uppefhe fivdralyzaidie shloine cankeniywapdeter-

I nternol ecul ar, reactign -tends to take pl ace, The al kaline_material in

- the form of PiredyBYdEis 5&1"&(5’&3(%55%]& i ?@Wxﬁﬁ%t#ﬂt%@%@%tlon of

tor 907 St e8odBa BRcAdehanls HIuELh °ors°$c¥£a”%%ﬁ8€rr£f €Lt ow [orr]

the content gf %dro'eaéa%&t%@eoun 0Bk B LSS L dna W
tltratlng the released chlorine ions w1th a 511ver

nltrate solut;on. The found value was expressed in the

parts per million_based on the.epoxy.resln..;_

100 . - . The water content in the reaction system was

measured by the Karl Fischer’ s method. - _' &)"_'

The average number of repeating units was
calculated from the average molecular weight determined
by using a gel permeatlon chromatograph (TRIROTAR SR-IT
15- manufactured by Japan Spectroscoplc Co., Ltd.).
| Propérties of cured products were evaluated
“.as follows: | .
| Glass'transitlon temperature:‘ Measured'byg
.'using a thermal mechanical analyzer (Model TMA 10
20 manufactured by Daini Seikosha Co., Ltd.);

Flexural strength and flexural modulus: Measured
in accordance”wirh JIS K46911 by using an Instron universal
material tester (INSTRON Model 1122 [INSTRON is a reglstered Trade Mark]).

| ' Boiling water absorptlon- The change 1n the
25 ueight of_a test speclmen-was measured under the condltlons:
temperature 121°C, pressure'i atm., and period 75 hours,
by using a high-pressure steam'environment testerl(Model

" PC-305S manufactured by ﬁirayama Seisakusho Co., Ltd.).



“at. tenperatures above [err] the polynerization is liable to take place. The
excess al kaline material is neutralized 10 wth phosphoric acid, carbon
d|g{Lde gas or the like, and the resulting salt is renoved by filtration or
ma§h|ng with water, and then the organic-sbBvent is renoved by distillation
to recover the- |ntended high- purity glycidyl ether of a phenolic conpound.
15 1 HhﬁegeytldylEx&hplesfla6phndoCompanapmuadReferbatpaésent
invention can be m xed with hardeners to provi de epoxy resin conpositions.
These conposi tExamptesa bebused extensively to form epoxy resins having high
t enper at ure perfornmance, .| ow hygroscopicit and 20 ood nechani cal
properties. The above haEE@heP Pheng §1p5%9h9§WP§ BRENBMSUB{EENOAS phenol

novol ak, cresol, novol ak, V|n | t he phengl i.c coppound of the
formula (1V); ¥HAB #ypes BW nbngﬁgﬂig acﬂggsgdPgnPn Hﬁﬁﬁﬁﬂggﬁﬁﬁ ane and

ool e BB 2 od ??cpaﬁﬁb}é?%'agguiﬁﬁﬁlg“%% ERoRyAYELLT®

benzophenonetetracarb xylLisC a erde er e_hardeners are
selected accorglﬁﬁ rgg &¥ed thg%Rér in reag% %thpp%a wizh’§ |

thermometer, stirrer, and condenser'under reflux with
stirring at 95- 105°C for 6 hours. L |
Thereafter, each of the reactlon mixtures

10 was neutralized w;th a 10% aqueous.sodlum hydrox1de
solution,_and'weshed twice with water. Then,'tﬁe unreacted
monomers were remo?ed by distilletion tof&ield a reddish
'Browh phenolic compound. The average numbers of repeating
units ef'the reshlting phenolic eempounds'are shown in

15 Table 1.
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t he indi vi dual

appl i cations of  cured epoxy resins.
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phenols are fitted for encapsul ation purposes and amines are fitted for
These hardeners are used in amounts of 0.7 tQ™.

lsani nat ed board producti on.

i25
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When t he anount
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nore than 1.2
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and surface treating agents include silane coupling agents. Wen used- as an
encapsul ating material, the epoxy resin conposition may contain various '
eIQQ%oners 25 for the purpose of lowering the stress which will be caused

i .the cured conposition. Such el astonmers 3thct ude, for exanpl e,

pol ybut-adi ene rubber, butadi ene-acrylonitrile copolymer, and silicone
tubber. 1-- Referleortiedc @xamipdta g el ectroni ¢ conponents such as

sem conductor devices with the resin conposition of the present invention,
the conposition is cured @hemadiisy compcvand ovase pieptedk megerding e net hod
such as transfer 5 nol ding, conpression nolding, or injection nolding.- For
the fabricati dheoProsadwnesd dfoRafengntisilhExampeled exanplosiginh of the

present invention, glass fibers or organic fibers are inpregnated with a

uni f or m sol uti%#® & A eRhydina-FravtE rbsnadnendi &t © ol 1RResAL et hyl
ket one, toluene or, ethyl | ycol jononet.h ether and then dried b
heating to > o place >531:'6%%89 gyog. 3-m§t_ yl-yé-t-tbutylprijenor}.. q[rhe. y

' average_number of repeating units of the resultant

compound was 2.2,

Refefential_Examplé 8
246'5 of 3emethy1;6;tfbutylphenol, 54 g_of*
-10 o-cresol, and 3.8 g of'p-toluehesulfonic acid (mono-
hydrate)'were'mixed in the.same reactor as Referential
Exaﬁple 1, and then 16.7 g of a 36% aqueous_solution
- of f0rma1dehyde_ﬁas,added dropwise for an hour at a
temﬁerature Qf'QS-IOS?C,'the mixture being maintained
15 for one hour with stirring. |
| 97.5 g of @-hydroxybenzaldehyde was added
'..into the mixfure and reacted.for six hours under
:eflﬁx;\ Then the same aftér-treaﬁment as Referential
L ' Example 1 Was_carried out to'obtain a phenolic compbund.
20 - _ The_aVerage number of repeating units was
2.2 (each of the numbers of.repeaﬁiﬁg units derived
.ffom p-hydroxybenzaidehyde and formaldehyde was 1.8

and 0.4 respectively.).

Examples 1-10 and Comparative Examples 1-6
25 o ' Each of the phenoiic compounds was reacted with an

epichlbrohyd;in_(names'and amounts of the phenolic compounds



‘prepregs, which are then conpression-nol ded. The glycidyl ether. conpound of
the present invention can provi de epoxy resin -conpositions which, 15 as
encapsulants for electronic conponents and as | am nated board naterlals <
qan be cured into noldings having I ow hygroscopicity and tenperature "
perfornance durabl e for use at higher tenperatures. These conpositions have

o1 abi 111y SRS COPAPRGY  8F (e ppoeseRyaF ipatg, SHERR £, zRESH Eh" o M on
hi gh- d
and sl tﬁp%éig'e%% JERUEE SRMERYEUTIBhe YR RCkUERBLE, BHEPRERD, PN Coe

PO 25, Bt cELBCPESSERA SHYLLOR htopblsabeguelp [oferenee Lo
1. is.defi neéoﬁelhesugoagi&ﬂk%nmsmat4_@% 558e889X¥oBEEN hPRECRRA®Y Or OUP.
5 sdlution and a céndéhserQequipped.tubular separétor for
cooling and iiquefying the watér'and epichlofohyarin
vaporized ffom the reaétion syétem, sepétating~the'
condensed-liquids.into an organic layer and a water
layer by,ﬁtilizing tﬁé specificﬁéraVity.difference}
.10 and retﬁrning the orggnié 1aYer into the reaction system
.while excluding the'wéter_layer; | |
| This reaction_was'Carried oﬁt in the pfesencé
of dimethylsulfoxide as an aprotic polar solvent,
while adding continuouSly said sodium hyd£OXide solﬁtion
' '15 ovér 4 hoﬁrs,.the améuﬂté of saia solﬁént ahd-sodium_
hydrox1de solution belng shown in Table 2. |
After flnlsh of the reactlon, the unreactea_ -
L epichlprohydr;n was_removed by dlstlllation under
_ reduéed preésure, and ﬁhe fesidue was dissolved ih-SOO g |
' 20. of methyl.isobutyl ketone. This solution was washed L/ |
-three'timés With 120 g of wéter to remoVé the byéproduct
salt and the éprotic polar solvent. |
Further, a 10% aqueous sodium hydrox1de solu-
tion, the amount of whlch is shown in Table 2, was
25 added 1n-about 10 mlnuteslto,the_methyl_lsobutyl ketone
solution while keépihg the temperature at 80°C. After
2 hours'_standing) the resulting mixture was neutralized

by blowing carbon dioxide gas thereinto. The resultant



The hydrol yzabl-e chlorine content was deter- mned by dissolving a sanple
of epoxy resin in dioxane, 5. adding an alcohaolic solution of potassium
hydgroxi de, heating the m xture under reflux for 30 mnutes, and titrating
thé rel eased chlorine ions with a silver-nRerate solution. The found val ue
was expressed in.the parts per nmillion based on the epoxy resin. 10

The water QonigiRproBudie Jalacwald) rerfdvia WF il ibdYaddecHen | tia scher’ s
met hod. The aver age nunber .of ‘repeating units was cal culated fromthe a
aver age nol ecgolivesti glis defrrvenas; @A sisii g taiagye) mmrm,atglqudybrrat ogr aph
(TRIROTAR SR-1l 15 manufactured by Japan Spectroscopic Co., Ltd.).
Properties of etireats orfodin spo/lqﬂarda:\nad e las Wente mf:staﬂesd;.s tPabiis? t i on
tenperature: Measured by using a thermal nechani cal anal yzer (Mdel TMA 10
20 manuf act ur & shpwEainAorss ieshal hasirolyzrble migapidle sammpts and
flexural nodulus; Measured in accordance with JI'S K-6911 by using -an

I nstron unidverdd¥l SRA% ieguivasient WeNSHEN mfdeﬁh%ez:px{qm i's a

regi stered Trade Mark] ). Boiling water absorption: - The change in the 25
melght of a test specinen was neasured under the condltlons

_Comparatlve Example 7
A glycidyl ether gompouhd was prepared accord-
ing to the procedures of Example 1 except that, after

glycidyl etherification, the solvent was immediately.

o 10. removed from the.methyllisobutyl ketone solution of thel'
crude glycidyl ether.compound'without adding the 10%
aqueous sodium hyaroxide'solution.

Resulps of evaluetioh on properties of the
product are Showﬁ in Table 2.
15 Cemparative Example 8
A-glycidyl ether compound was prepared eCcord-
ing to the procedufesfof_Example.l exeept'using no
o | aprotic. polar solvent.

Results of evaluatlon on properties of the

20 product are shown in Table 2.

Comparative Example 9
Glycldyl etherlflcatlon of the phenollc com-

pound prepared in Referentlal Example 1 was carried

out accordlng to the method descrlbed in Example 3 of

25 U.S. Patent No. 4,394,496.



tenperature [err], pressure 2 atnr and perrod 75 hours by using a-
- hi-gh--pressure steam envi'ronnment tester (Model PC- 305S nanufactured by.
{;rayan& Sei sakusho Co., Ltd.). -18- 1 .Referential Exanples 1-6 and . ,
Eonparative Referential Exanples 1-6 Eads of phenols, the names and.anmourts
of which are shown in Table 1, 122 g of .p-hydroxybenzal - 5 dehyde, and 3.8

g of p-teluene sul fonifgagcid,(MARQ0YEr dlsekneebhicheaGicedopatinder in a
r eact or equi pped with a thermometer, “stirrer, and condenser under refl ux

with stirri pgephr88- fiar R]ef%@én@.:.bQUES:amﬁlér akindr 926agh oFf eipiehleadtH on

m xtures 10 was neutralized with a 10% agqueous sodi um hydr oxi de sol ution,
and washed hwyieénwwebewehargedThatp theeparandiced lemkokeud ppede r enoved by .
distillation to yield a reddi sh brown phenolic conpound. The average '

nunbers of Wephaarbgf@ﬂebstbermhmeﬁesulﬁﬁngrpﬁen@mﬂcc©@@§@@ﬁds are shomn in
15 Table 1.
5 After dlssolutlon of the phenollc compound the solutlon

was heated to the reflux temperature, and further 1.44 g
of a 60% aqueous solutlon of benzyltrlmethylammonlum
- chloride was added. The mlxture was maintained at the |
same temperature:(lié—120°d) for 1 hour and then cooled
10 - to 50°C.'.At this temperature, 333.3 ml of 3 molar NaOH
- in saturated Na2CO3 aqueous'solution'was added_and
reacted for 1 hour.
The resultlng mlxture was.allowed to stand,
- and then the separated aqueous layer was_removed, and
15  further 166.7 ml of 3]molar'NabH in saturated Nazcoj
aqueous solution was added and:reacted at 50°C for 1
hour. . | | |
'The resulting mixture was again allowed to
'stand "and the separated'aqueOus layer was removed,
20 and then the organlc layer was washed with 300 ml of ;;
al wt.s aqueous acetic ac1d solutlon and further 5
times with 300 ml of pure water. Then, the unreacted
o epichlorohydrin-uas renoved by distillation under reduced
pressure to produce a glycidyl ether compound.
25 -_: The epoxy'equivalent weight of this product
was 216 and the hydrolyzable chlorine content therein

was 1080 ppm.



- 19- [ERR] - -20- 1 Referential Exanple 7 A phenolic conpound was
prepared according to the procedures .of Referential Exanple 1 except using
246, g of 3-methyl-6-t-butylphenol and 54 g of mcresol 5 in place of 328 ¢
of *3-net hyl - 6-t-butyl phenol. The average Rd4nber of repeating units of the
resul tant conpound was 2.2. Referential Exanple 8 246 g of

3- et hyl - 6-t: butyl phenol, 54 g of 10 o-cresol, and 3.8 .g of

p-toluenesulfoniq acid (nmpno- hydrate) were niﬁgd in the same reactor as
Ref erenti al Exarrwe T; olﬂb then 167 g of—at36%agtreogs—sptutton of
f or mal dehyde was anlegrbpmﬁse for gn hpur {at ja tenpgraturejof 95-[err],
the m xture being @&} Btigine® 1p  {or (onej hodr wi thistinging. :
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97.5 ¢ of p hydroxybenzaldehyde was added into the mxture and reacted for
Then the sane after-treatnent as Referenti al

si x hours under
anple 1 was carried out to obtain a phenolic conpound. 20

average nunber of repeating units was 2 25 each of the nunbers of

ref | ux.

The:

repeatihé_

units derived fron1p hydr oxybenzal dehyde and fornal dehyde was.1.8 and 0.4

respectively.).

Exanpl es 1-10 .and Conparative Exanples 1-6 25

Each of the phenolic conpounds was reacted with an epichl orohydrin (names
~and anounts of the phenolic conpounds
epi chl orohydrin are shown in Table 2)
t herno- neter,. _
. continuous addition of a 40@6aqueous sodi um hydr oxi de 5 sol ution .and a

condenser - equi pped t ubul ar “separator for cooling and |iquefying the water
and. epi chl orohydrin vaporized fromthe reaction system separating the

baffle

'condensed l'iquids into an organlc | ayer and a water

stirrer,

-21- 1. and anounts of _
in a separable flask equipped with a

~and further a dropping funnel

Epoxy
equivalent |
weight

219

216

- 217

215

209

1228

209

207

:215

217

Hydroleable
chlorine

content
(ppm)

140

150

140

- 160

180

150

190

190

150

130

Amount of

10% aqg.

(g)

*
2074

Table 2 (Cont'd.)

Water
content
in reaction | NaOH soln.

system (%)

1.9 .

2.0

1.8,

1.9

2.0

1.7

for

- Cont'do



l'ayer by utili-zing the specific gravity difference, 10 and returning the
.organic layer into the reaction system while excluding the water | ayer.
Thikg: reaction was carried out in the presence of dinethylsulfoxide as an
aprotic polar solvent, while adding conti pgously said sodi um hydr oxi de
solution 15 over 4 hours, the ampunts of said solvent and sodi um hydroxi de
Solution being shown in Tablle 2. After finish of the reaction, the

unr eact ed epi chl orohydrin was renoved by distillation under reduced

pressure, and the—tresiHue \Alac! dissaollved in 500 3!20 of methyl isobutyl
ketone. This sol utionjwag mdshej threq tinep M/%P 120 g of water to renove -
t he by-product sal & anfl the qpro i c {pollar solseht. Further, a 10% aqueous
sodi um hydr oxi de sﬁlu- tion, fthe{anyunt| qf wﬂﬂphﬁ:s shown in Table 2, was
25 added in aboutf10 rinytesi tolthg ngthyl jQop@yl ketone solution while
keeping the tenperaturg atf [err]|{ Affter] 2 hours lst,andlng,' the resulting
m xture was neutralized by bliowi pg darlon di pbxi e gas thereinto. The
resul t ant : '
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L22-1 by- product - ‘salt was reaned by filtration and then the sol vent was
fenmoved by-distillation. Thus, glycidyl ethers of the pol yhydri.c phenols -
- were obtained. Table 2 shows properties (hydrol yzabl'e chlorine contents 5\JT
akd epoxy equival ent. wei ghts) of these prdlucts. Conparative Exanple 7 A
gl yci dyl ether conpound was prepared accord- ing to the procedures of
Exanpl e 1 except that, after glycidyl etherification, the solvent was
imediately 10 renoved fromthe nethyl isobutyl ketone solution of the
crude glycidyl ether conpound without adding the 10% aqueous sodi um
hydr oxi de sol ution. Results of evaluation on properties of the product are
shown in Table 2. 15 Conparative Exanple 8 A glycidyl ether conmpound was
prepared accord- ing to the procedures of Exanple 1 except u5|ng no aprotic
" polar solvent. Results of evaluation on properties of the 20 - product are °
shown in Table 2. Cbnparatlve Exanple 9 (Hy0|dyl etherification of the:
‘phenolic com :
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pound prepared.in Referential Exanple 1 was carried out according to the
nethod described in Exanple 3 of 25 U.S. Patent No. 4,394,496. = -23- That
144.0 g of the phenolic conpound prepared in Referential Exanple 1 and
%gﬁ of epichloro- hydrin were charged FnR8 & separabl e f1ask equi pped
mnth a baffle, thernonmeter, stirrer, and condenser. 5 After dissolution of

the phenol iic- exEpEIRG 11hep 5 Glridt imp&%ﬂw Ekdndplide 1®ilax tenperature,
and further 1.44 g of a 60% aqueous sol ution of benzyltrimethyl ammoni um

chloride was added. Therafiddus eyIMARsidE Rt eredaipdurris ahoveniper at ur e
(119-[err]) for 1 hour and then cooled 10 to [err]. At this tenperature,
333.3 m of 3Tadlar Na@td blsatdedatestt ovirfh s eoare ks olamdlak wassetided and
reacted for 1 hour. The resulting m xture was allowed to stand, and then
the separated ey e wpsrdenear, et tegvinee oianil 95° Gur thwkphisser 7 phosghiner| ar
NaCH i n saturated(;err] aqueous sol ution was added and reacted at [err] for
1 (used as an accelerator), and fused silica (used as a
filler) in proportlons (g) as shown in Table 3._ Each
biend-was heated ahd kneéded'on'a roll mill, and molded
by press1ng at 175°C for 5 m1nutes. Further, each mdlded
“product was post—cured for 5. hours in a 180°C oven to
10 produce a cured mgterlal.
Table 3.sh6ws the glass transition temperature,

bdiling water absorption (%), flexural strehgth, and

flexural modulus of each of the cured materials.



hour.. The resulting mixture.was again allowed to stand, and the separated
aqueous | ayer was renoved, 20 and then the organic Iayer was washed with
00 M of a 1 w.% aqueous acetic acid solution and further 5 times with ™
800 m of pure water. Then, the unreaet28 epichl orohydrin was renoved byJ
di stillation under reduced pressure to.produce a gl ycidyl .ether conpound.

25 The epoxy equival ent wei ght of ‘this product was 216 and the
hydr ol yzabl e chl orine content thereln was 1080 ppm - 24 - [ERR - 25-
[ERR R | | _
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-27- [ERR -28- .1 Exanples 11-20 and Conparative Exanples 10-16 Vari ous
gl ycidyl ether conpounds shown in Table 3 were bl ended each with a phenol
novol ak (used as a hardener, softening point [err]), triphenyl phosphine 5
(us%d as an accel erator), and fused silicazgused as a filler) in
proportions (g) as shown in Table 3. Each bl end was heated and kneaded on a
roll mll, and nolded by pressing at [err] for -5 minutes. Further, each
ol ded product was post-cured for'5 hours in a [err] oven to 10" produce a
cured material. Table 3 shows the glass transition tenperature, boiling
wat er absorption (%, flexural strength, and flexural nodulus of each of
the cured materials. o
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- 33 -"CLAIMB:-- 1. - Aglycidyl ether of a phenolic conpound of the
formula (1): [ERR] 6 , wherein each of R through R represents an alkyl
group. of from1l to 6 carbon atons; each of R through 12 R represents a
hyd?bgen.atqnl an alkyl group of from1 to44 carbon atons or an al koxy
group of from1l to 4 carbon atons; X represents a chlorine or bronmi ne atom
GE represents a glycidyl ether group; a, b, c, d, and e are 0 or 1; and n

i's an average nunber of from0.5 to 5. 2. A glycidyl ether of a
phenolic conpound of the fornmula (11): -34 - [ERR
\
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~, wherein each of [err] .and [err] represents-an—akaL—gLoupuoi_iron13 to

6 carbon atoms; GE represents a glycidyl ether gr average

gunber of from0.5 to 5. 3. A gI yC| dyl et mmﬂ lﬂHi'ﬂleﬂ“"Tﬂl conmpourg, .

of the fornula (111): GE. - “CGE CGE [ERR] -

, wherein-t-Bt repreéeﬁts tertiary butyI GE represents a egC|dyI et her

. group; and n is ge numnber of fron10 5 to 5 4. An epoxy
.conposi tion conpr|5|ngba gl ycidyl- ether of claim1 and a hardener. 35
- 5. 1an epoxy ¥in et i Ry RhepISidicgormaiEd AE cthe m 1 and

a pol yhydric phenol 6. * An encapsul ating conposition conprising a-
glycidyl et f@xml al@)m 1 and a pol yhydri ¢ phenol. 7. - A process of

- preparing a glycidyl ether of the fornula (1): :

® (1)

,.wherein each of Rl through RS represents an alkyl

:group of from 1 to 6 carbon atoms, -each of R7 through

R12 represents a hydrogen atom, an alkyl group of

from 1 t°.4 carbon stoms or an alkoxy group of from 1

'_to_4 carbon atoms;-X.represents a chlorine or bromine

" atom; GE represents a giyoidyi:ether'group;'a, b, c, 4,
and_e.are O_or_l:_and n is enﬁaverage number of from &./
0.5 to 5. |
2. ' A glycidyl ether of a phenollc compound of the

formula (I1):



CE - N . . G . _ CGE [ERR] ,.wherein each of
[err] through [err] represents an al kyl group of from1I t0 6 Carbon atormns;
~each”of [err] through [err] represents a hydrogen ato of .
froml to 4 carbon atons or an al koxy greup4 of from 1“'“""““““ mimms X
represents a chlorlne or brom ne atom CE represents a*gl yciHyl" etsher

group; a, b,- d, and e are 0 or 1; and.n is an average nunber of fromO0.5 -
fo 5, mhlch conprlseq reacting a phenolic ccnpound of the fornula (rv):

- 36 - [ERR] , ereijn each of [err] GﬂW()C [err] repres&h an al kyl
group of from 17t®% |carbonm atonms; eadh &* R thrpugh 12 R “oresents a
hydrogen atom _ag/ al klyl grdup of fro #{to 4 carbbn atons '

group of from carbore atonrs [ esaRt-s— & br oni{d&)at om
GE represents ycidyl ether group b, |c, d,|and
. o - ’ CH

CH3 CHj ?

GE . T GE

, wherein each of Rz,'R4, and R° represents an alkyl

group of from 3 to 6 carbon atoms; GE represents a

\f/ : lecidyl ethet'group;.and n is an average number of
from 0-5.t0_5, | |
3. A glyc1dyl ether of a phenolic.compound of
the formula (III)
' GE GE
t-Bt _t-Bt .
e O (IIT)
CHj3 - CHg
—

, wherein t-Bt represents tertiaxy butyl}'GE represents
a glycidyl ether group; aﬁd n is an average number of
' : from 0.5:t6 5.
N 4, An epoxy comp051t10n comprlslng a glycidyl

ether of clalm 1l and a hardener.



e are 0 or 1; and n i s an aver age number of fFom 0.5 0 5 with an -
epi chl orohydrin in the presence of an alkali mmmmnn“(“mL [
polar solvent, then treating. the resulting Crgﬁ ' % of the,.i}

iphenol i ¢ conpound with an-al kaline materggl-in dn brgani

d an aprotic

% Solvent. 8.

A process of claim7, wherein said aprotic polar solvent is

oxi de,  di
phosphory
aprotic polg%hagl

di net hyl sul
hexanet hyl -

. hydroxi de,
. B 7 o

et hyl sul f.aone
f5Fhekyocthp
100 parts by ME|gé?n%%b§ﬁugg?c }

7, Wwherein gn epichl ohg- shydbishi
equi val ents per the. phenolic hydroxyl”™ groups.

; erein said

aagﬁegg&%%i%fp%%ﬁba.loo.parts by wei ght per

| or

A process of claim

2% %3 ohipoa taFRH Ronr i2ind @ 8 o
_ | I _ A process of claim .
7, wherein gaidiabhakicne®t 8l budiaxildands as @dilyhyiardicophdao1not assi um:

11.

or a mxture of them and used in an anount of about -

A process of preparing a glycidyl ether of the

formula {T)

GE , GE _
R2 .Rll= rl? R6 :
o i ~/
O C — —C: —~0O (1)
N _ RS 210
gl X, - RO X,
=" " @G
— ~n
,.whereln each of R™ through R™ represents an alkyl group
of from 1 to 6 carbon'étoms; each of R7_through'R12
_-represents'a hydrogen atom, an alkY1 group of from 1 to
. 4 carbon atoms or an alkoxy'group of from 1 to 4 cérbon
o/

atoms; X represents a chlorine or bromine atom; GE

represents a glycidyl ether gréup; a, b, ¢, d, and e

are 0 or 1; and n. is an average number of from 0.5 to

5, which compriSes reacting a phenolic compound of the

formula (IV):

S R L



one equival ent .per the phenolic hydroxyl groups. 12— A-process_of
claim?7, wherein said phenolic conpound is reacted orohydrln
at atenpera- ture of from20 to [err]. 13. _ wwwam 7,
wheir€in said phenolic conpound is reacted Wigt . an eplc cor plng
the water content of the reaction systemin the range of fromO0.5 :
5:0.weight % 14. A process of claim7, wherein said alkallne
material is selected from al kali net al hydrexldes al kaline earth neta
hydr-oxi des, and A#kall nmetal carbonates. 15. - A processoaf claim?7,
“wherein said al kgl materiBl is used igyan|anmount of 0.01 tjo Q610
equi val ent per theph nolloRhydroxyI pups. | 16. r12 A prao s of claim
7, wherein the Ode ¢l yci dyl et her he phenolbc conpourd A treg*sf
rom

with said al ka maferial yin an organjc solvent at ate ure
40 to [err]. ' 10

: 5

+ wherein ‘each -of R1 through R6 represents an alkyl
group of from l to 6 carbon atoms; each of R7 through
Rlz'represents a hydrogen atom, an alkyl group of_from '
1l to 4 carbon atoms, or an alkoxy group of from 1 to'4
carbon atoms;:X represents a chlorine or bromine atom;
GE represents a.glycidyl ether group; a, b, ¢, 4, and

. e are 0 or i;'and n-is'an average number of from 0.5 to
g _
with an epichlorohydrin in.the preserice of an alkali
metal hydroxide and an aprotic polar solvent, then
treating thegresultingicrude glycidyljether'of the
phenolic compound with an slkaline material in an organic
solvent. ) |
8. - A process of clalm 7, whereln sald aprotlc
polar solvent is d1methylsulfox1de, dlmethylsulfone,
dlmethylacetoamlde, tetremethylurea, or hexamethyl-
phosphorylamlde.
9. A process of claim 7 whereln said aprotlc

, - polar solvent is used in an amount of 20 to 100 parts

by weight per 100 parts by weight of an eplchlorohydrln.



T R

10. A process of claim 7, wherein an epichloro-

Iyl

hydrin is ﬁsed in an amount of 2.5 to 8 equiValehts

' per tﬁe_phenolic hydroxyl groups.

.11;' . _.A process'of:claimd7, wherein'said alkali.
metal hydroxide.is sodiuﬁ'hydroxide, potéssium hydroxide,
or a mixture of them and used in an aﬁount of about
.one equivalent_per.the pheholic hydroxyl groups.

12. - A pmcess of claim 7, wherein said phenolic
compound is reacted w1th an eplchlorohydrln at a tempera—
ture of from 20 to 80°C.

13. A process of clalm 7, wherein sald phenollc
compound is reacted w1th.an eplchlorohydrln keeplng

the water content of the'reactiopfSYStem in- the range

of from 0.5 to 5.0 weight %. o |

14, A process of claim 7, Qherein said alkaline
materiai is_Selécted from alkali metal'hydroxides;

alkaline earth metal hydroxides, and alkali metal

carbonates.
15. - A process of claim 7, whereln said alkallne
mater1a1 is used in an amount of 0.0l to 0.10 equivalent \,J

per the phenolic hydroxyl groups.

16. | A process of claim.7; wherein the crude

lecidyi ether of the phenolic_compound is.rreated with
said.alkaline materiel in_an organicdsolvent at a-temperature

"of from_40 to'100°c.

) )



