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AND DERI VATI VES OF SAI D ADDUCTS The present invention is concerned

wi th adducts of phenolic conpounds and cyclic terpenes, with condensation
pfoducts of said adducts and an al dehyde or ketone, with glycidyl ethers of
sai d condensation products and with the usge aof said condensation products
or said glycidyl ethers in the production of thernbpset conpos&ti %
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the use of said condensation products or said glycidyl
ethers in the production of thermoset compositions.

Epoxy resins are widely utilized as thermosetting
resins in a variety of fields, such as laminating,
painting, adhesion, sealing, encapSulating, casting and
the like. |

In recent years, more severe demands have been set
for the macromolecule epoxy resins used for micro-
encapsulating electronic equipment and the epoxy resins
currently used in the market do not meet such higher
demands. For instance, an epoxy resin composition which
is cured with a novolak resin, as now applied to the
field of miqro—encapsulatind semiconductors, frequently
fail advanced tests for high thermal resistance and low
hygroscopicity. The high integration technology. of
semiconductor devices had led to miniaturization and
thinning of the components. Furthermore, the mountings of
semiconductor devices are now switching over to surface
mountings, wherein the devices have to be directly
immersed in a bath of molten solder. They are thus
exposed to high temperatures thereby expanding moisture
absorbed in the encapsulating resin to cause cracking
taking place. '

Consequently, high thermal resistance and low
hygroscopicity are required at the same time for cracking
' resistant encapsulating material, and the presently
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adducts obtained by reacting a mono- or dihydric phenolic
compound with a cyclic terpene.

The cyclic terpene-éompound, which is the.raw
material for preparing said cyclic terpene-skeleton-
containing polyhydric phenol compound, may be a
monocyclic terpene compound or a bicyclic terpene
compound, and may typically be éxemplified as follows:

Limonene:
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Pinene:
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Menthadiene:

CH: I-'I\Csz CH; \CH%

3,8-form 2,4-form

Preferred cyclic terpenes are limonene and the
terpinenes.

The mono- or dihydric phenolic compounds, the other
starting material for preparing said adducts, may be
exemplified by phenol, cresol, xylenol, propylphenol,
nonylphenol, hydroquinone, resorcinol, methoxyphenol,
bromophenol, bisphenol A, bisphenol F and the like.
Phenol is the préferred reactant.

The addition reaction between said cyclic terpene
compounds and said phenolic compounds may be performed by
reacting one mol of the cyclic terpene compounds for 1 to
12, preferably 2 to 8 mol, of the phenolic compound. The
presence of an acid catalyst is recommended and the



Preferred cyclic terpenes are linonene and the terpinenes. The nono- or
di hydri ¢ phenolic conpounds, the other starting material for preparing said
adducts, may be exenplified by phenol, cresol, xylenol, propyl phenol,
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and the like may usually be used. The reaction should be
continued long enough to prepare adducts comprising at
least 1.5, preferably 2 phenolic moieties per cyclic
terpene moiety. Reacting for 1.5 to 8 hours is usually
adequate for achieving that purpose. The adducts prepared

in this manner from limonene and phenol, respectively

from o-terpinene and phenol are represented by the
following formulae:
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The invention also provides novel compositions
obtained by condensing the aforesaid adducts with an
aldehyde or ketone. '

Suitable aldehydes or ketones used in the
condensation reaction with the aforesaid adducts are
formaldehyde, acetaldehyde, benzaldehyde, hydroxy
benzaldehyde, acetone, cyclohexanone and the like.
Formaldehyde is preferred.

The molar ratio of the phenol compounds to the
aldehydes and/or ketones in the condensation reaction is
one mol of the adduct to 0.1-1.0, preferably 0.2-0.7 mol
of the aldehydes or ketones, and the reaction is
preferably performed in the presence of an acidic
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reaction, an inert solvent such as aromatic hydrocarbons,

alcohols, ethers or the like may be used.

The invention further provides the reaction of the
aforesaid condensation products with epichlorohydrin to
obtain useful nbvel glycidyl ether (epoxy) resins.

Typical modes of the reaction will now be described in
the following paragraphs.

At first, said condensation products are dissolved in
epihalohydrins of 2-20 molar equivalent for one molar
equivalent of the phenolic hydroxy group of said
condensates. Then, the solution is allowed to react by
addition of an alkali metal hydroxide in a solid or in an
aqueous solution of 1-2 molar equivalent for one molar
equivalent of the phenolic hydroxy group whilst stirring .
the reaction mixture. .

This reaction may be performed under atmospheric
pressure or reduced pressure, and the temperature may be
from 60 to 105 °C in the reaction under atmospheric
pressure and from 50-80 °C in the reaction under reduced
pressure. The reaction may optionally be performed in a
manner of dehydrating the reaction system, by
azeotropically distilling the reaction solution while
maintaining a certain predetermined temperature, by
cooling the evaporated vapour to give a condensate, by
separating an oily component from aqueous component in
said condensate and by returning the oily component



-5- catalyst at a tenperature ranging from40 [err]Cto 200 [err]C for 1-12.
hours. The acidic catalyst used in the condensation reaction may be
chosen from mineral acids such as hydrochloric acid, sulphuric acid and
the like, organic acids such as oxalic acid, toluene sul phonic acid and the
I'i ke, and organic acid salts. The anpunt_of the acidic catalyst used in the
reaction is 0.5-5 parts by weight for 100 parts by weight of the adducts.

I n the condenssepanatedcfrom, the ?ﬁ%?@u§oF9@H?n§H€htﬁs BeokgefElon

Pﬁ?{ﬁg?fgfgiidggsfﬁﬁLSThethaﬁtgé?tbe théeaﬂﬁﬁlbemgﬁ&ﬂ.hydroihdeiBheuldon
_ ( e _reaction o aforesaid cpndensatio rod W th
ep|phlorohydr|hetBe5S?EmﬁdyéﬁFﬁFmﬁgggPLSerrd??ngfﬂg?ufigoggg gegﬁﬁé.
Typi cal nodes périba o€att tonswhblirsoinberdesctobsuppnesheahoabowphg
par agr aphs. At . first, said condensation products are dissolved in

epihalphydrinerPCE}Qﬁ'nDIar equi val ent for one nol ar equival ent of the
phenol i ¢ hydroxy gRfibprotompildtiondefisthesreanbihon; htheobyrrsadnsed| | owed

to react by adg.ti kal.i O¥i: 6@ ki 3 i SR
nqueous sof ut oiosrapls $A1Es Ark, FERBLelyBYOXLIE-aRIOTEY EyPUasAIfG |
phenol i ¢ hydr oy thr vasewhi esd §hepr thg pﬁ§eaéﬁe@iéﬁlhﬁ}PﬂwQFln 1SThi s

reaction may beecpeibar Bgdqayaeen 1ahgpanaet eeaueedupeessuredicedipeether e,
and the tenperature nmay rom60 to 105 [err]C in the reaction under

be f
at nospheri ¢ pr@??&?égﬁﬂdePP5¥1§8m§8PQF§TC in the reaction under reduced
pressure. The reactTnothenyeaptional kpibhlpeohydréd orr epibmomeohyprin is

ggrﬁ?TghlagiTQ%shgii&l%%e%YEEeghi%ye%&%%ﬁ%ﬂ@h&&h%ya S alo B KR r@action
usually used as said alkali metal hydroxides.

Moreover, a catalyst comprising a quaternary ammonium
salt such as tetramethyl ammonium chloride, tetraethyl
ammonium bromide and the like; or a tertiary amine such
as benzyldimethylamine, 2,4,6-tris-(dimethylaminomethyl)-
phenol and the like; or an imidazole such as 2-ethyl-4-
methylimidazole, 2-phenylimidazole and the like; or a
phosphonium salt such as ethyltriphenylphosphonium iodide
and the like may be employed in this reaction.
Furthermore, an inert organic solvent of alcohols such as
ethanol, isopropanol and the like; of ketones such as
acetone, methyl ethyl ketone and the like; of ethers such
as dioxane, ethylenéglycol dimethylether and the like;
and of aprotic polar solvents such as dimethyl
sulphoxide, dimethyl formamide and the like may be
employed in this reaction.

The glycidyl ether resins so obtained are
compositions which may be employed as such or in
admixture with other epoxy compounds, or bisphenols such
as bisphenol A or F, resorcinol, hydroquinone, phenol
novolak, cresol novolak and bisphenol A novolak.

The glycidﬁl ether resins of thé present invention
will usually be reacted with a curing agent and, if



mai ntaining a certain predeterm ned tenperature, by cooling the evaporated
vapour to give a condensate, by separating an oily conponent from agueous
conponent in said condensate and by returning the oily conponent
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anhydride and amines such as diamino diphenyl methane,
and diamino diphenylsulphone are suitable curing agents.

The curing accelerators may be imidazoles, such as 2-
methylimidazole, and 2-ethyl-4-methylimidazole, amines
such as 2,4, 6-tris(dimethylaminomethyl)phenol, and
benzylmethylamine, organic phosphor compounds such as
tributylphosphine and triphenylphosphine. The inorganic
fillers may be exemplified by silica, glass powder,
alumina, zirconia and the like, and the fire retardants
may be brominated epoxy resins, antimony trioxide, and
phosphoric acid.

The cured products of the glycidyl ether resin
compositions according to the present invention have a
higher thermal resistance and a lower hygroscopicity as
compared with the cured product of the conventional epoxy
resin compositions. Thus the epoxy resin compositions of
the present invention are able to be advantageously used
in the fields of various encapsulating, laminating,
moulding, adhesion and surface coating applicatibns.

The aforesaid adducts and their condensates with
aldehydes or ketones can be employed as components for
preparing thermoset macromolecular compounds. The adducts
are at least dihydric hydroxy compounds whilst the
condensates, like novolak-phenol type resins, are



as di oxane, ethyleneglycol dinethylether and the |ike; and of aprotic polar
sol vents such as di net hyl sul phoxide, dinmethyl formam de and the |ike may
be enployed in this reaction. The gl ycidyl ether resins so obtained are
canpositions which may be enployed as such or in adm xture with other epoxy
conpounds, or bisphenols such as bisphena gA_or F, resorcinol

hydr oqui none, phenol novol ak, cresol novol ak and bi sphenol A novol ak.
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In a further aspect this invention is concerned with
a particular use of the aforesaid adducts or condensates
namely as components of thermosetting compositions in
admixture with diglycidyl ethers of bishydroxy biphenyl
compounds, preferably having the following formula:

wherein R represents hydrogen atom or methyl group, R’
represents hydrogen atom, methyl group, ethyl group,
isopropyl group, phenyl group, chlorine atom or bromine
atom with the proviso that the substituents R' may be the
same or different from one another and m is a number with
an average value of from 0 to 5. Of such biphenylic
compounds the diglycidyl ether of 4,4'-dihydrokxybiphenyl
is the compound of choice. Other suitable diglycidyl
ethers are those obtained by reacting 3,3',5,5'-



tri butyl phosphi ne and tri phenyl phosphi ne. The inorganic fillers may be
exenplified by silica, glass powder, alumna, zirconia and the |ike, and
the fire retardants may be broninated epoxy resins, antinony trioxide, and
phosphori c aci d. The cured products of the glycidyl ether resin
conpositions according to the present inweption have a higher thernmnal
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tenperature (18hermometenr, raorsé:)lrrm @tntdractrleﬁéupq @famﬁnseﬁdms fiilded

kg. merr] or gpRg) 3380%%3d w64H2lof phenol and 34 g of a complex of
boron trifluoride etherate, and, while maintaining the
temperature at 70 to 80 °C, 816 g (6 mol) of limonene was
added dropwise into the mixture during a time period of 3
hours. Stirring was continued for another 2 hours. After
three times washing of the reaction product with
distilled water and a removal of the unreacted phenol and
by-product by distillation under reduced pressure,
followed- by a maintenance of the mixture at 5 mmHg and
160 °C for one hour, 1520 g of a dihydric cyclic terpene-
skeleton-carrying phenol compound (adduct) was obtained.
As a result of analysis by liquid chromatography, the
purity of this phenol compouﬁd was found to be 89%.

Next, 1100 g of the cyclic térpene-skeleton—carrying
phenol compoﬁnd (adduct) prepared in the above-mentioned
manner, were dissolved in 1000 g.of toluene and 5 g of
oxalic acid by raising the temperature to 80 °C. To this
solution 75 g of aqueous formaldehyde (36%) were added
dropwise during a time period of one hour while
maintaining the temperature of the solution at 80 °C. The
mixture was allowed to react at 80 °C for another hour.
Thereafter, water and toluene were removed by vacuum-
heating at 5 mmHg and 160 °C for one hour. The obtained
macromolecularized polyhydric phenol compound



strength (15.1 kg.mm{err] or nore) and an excellent | ow noisture adsorption
(‘0. 73% by wei ght or even better). In a further aspect this invention is
concerned with a particular use of the aforesaid adducts or condensates
nanely as conponents of thernpbsetting conpositions in adnmixture with
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1080 g of isopropyl alcohol which were mixed to form a
solution and then heated to 35 °C. To the reaction
mixture, 544 g of an aqueous solution of sodium hydroxide
(48.5% by weight) was added dropwise during a time period
of one hour, while the temperature of the reaction system
was elevated gradually to 65 °C at the end of the
dropwise addition. Thereafter, the mixture was allowed to
react for 30 min. while being held at a temperature of

65 °C. After the reaction, the by-produced salts and the
sodium hydroxide were removed from the reaction mixture
by washing with water. Next, the excess (unreacted)
epichlorohydrin and the isopropyl alcohol were removed by
distillation under reduced pressﬁre to yield a crude-
diglycidyl ether resin.

The crude polyglycidyl ether resin was then dissolved
in 1300 g of toluene and combined with 30.0 g of an
aqueous solution of sodium hydroxide (48.5% by weight).
The combined solution was allowed to react at 65 °C for
one hour. After the reaction, the reaction system sodium '
phosphate was added to neutralize the excess of sodium
hydroxide. Then the product was washed with water to
remove by-produced salt; the solvent was removed from the
system under reduced pressure. The obtained polyglycidyl
ether compound was a pale yellow solid with a softening
point of 68 °C, it had an epoxy equivalent weight of 249.
Example 2

A series of reactions and after treatments similar to
those described in Example 1 were repeated except that
80 g of benzaldehyde was used in lieu of 75 g of the
aqueous solution of formaldehyde (36%), and the amount of



-9- tetranmethyl -4, 4'-di hydr oxybi phenyl, 3,3 ,5,5 -tetraethyl- 4,4

"=di hydr oxybi phenyl, and 3,3',5,5" -tetrapropyl -4, 4' - di hydroxybi phenyl wth
epi hal ohydri ns. The thernosetting resin systens set out in the
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e hydr o oyl L e e bt adaict & v
pene- skel éton-carrying .phenaol c¢ und .(adduct ) _was
obtained. As” a (%@l &f ARGV YAS é%e& &%gﬁ%&% qﬂﬁ‘é?n&&% ty of
Ehl s phenﬁl | c?r@iwqm. o @fw& ]fdil'igﬁr&%’/ocyclidd\lwetr_ pehEd@keleftonte cyclic

er pene- skel et on-car.ryin nal _conpaund ,.ta . ? i :
above- nent i onedzmﬁé%, %@%i?&ﬁ%‘éﬂﬂ%%&&%ﬁ% (;%{}368‘;?% an&te%%&ngfd
oxalic acid byy @ diimmitchehremadogmaph ito a@@lwsdis.C. To this solution 75 g

of aqueous formal d 369 ed.sdr.0 i i : of
one hour while mai ﬁ%i %g%%’ﬂ%p%% ?rlcethowia%%gﬁh%o%etaatd%ﬁgfﬁc

The ni xture waPenfarmad @@ rthedihyddq Sompe i mEnneduSimid@te d er
wat er and tol el tWeie&s B d P s le] had igigreatl 5 0mgHp fard 160 [err] C

for one hour. Hlaecroo%o Ienc(:‘h aaniCzreo@maloﬁcylﬁlya xiizce%kije%ﬁh%%gt{p%lﬂl% QJCJH. yCeCiri%%und
solid with a softening point at 121 °C. Then, 1020 g of a
macromolecularized polyhydric phenol were reacted with
2775 g of epichlorohydrin in a manner similar to that
described in Example 1, to give 1250 g of a polyglycidyl -
ether compound being a pale yellow solid with a softening
point at 70 °C and an epoxy equivalent weight of 254.

The epoxy resins prepared as set out herein were

. evaluated in encapsulating formulations marked in Table
I, all parts are parts by weight, 2 comparative resin
" systems were also evaluated.

Carnauba wax was used as mould releasing agent. Each
set of ingredients was mixed on a roll at a temperature
ranging from 90 °C to 110 °C during 5 min. and the molten
mixture was poured out in a sheet form and after
solidification, pulverized-to give the respective
material ready for moulding. Each of the compositions was
subjected to low-pressure transfer moulding at a die
temperature of 180 °C for a moulding time of 180 sec. to
produce a test piece for determining hygroscopicity
comprising a 44 pins flat plastic package (FPP)



- 10 - (condensate) was a yellow solid with a softening point at 126

[ferr] C 1020 g of the macronol ecul ari zed pol yhydri c phenol conpound
(condensate) prepared in the above-nenti oned manner were reacted with 2775
g.of epichlorohydrin and 1080 g of isopropyl alcohol which were mxed to
fforma solution and then heated to 35 [errjJ&£.- To the reaction m xture, 544

g of an aqueous sol ution, of so iun1h¥droxige &481896b¥ meightﬁ S %dded
dropwi se duri n§R&2PFhReapiRfod BATBYetABur INGNPPRLEABIPHFEFaCUFE R he
reaction systengoasc efeyag toigradums | Jehonstrdeed | th aTabbe Bndeachtdt
dropwi se additign._Thereafter m, X . \\AS | oyed 0O mn
whi | e bei ng he#gea ageFé ErgFu%g$8fl §QP§%$?CPQXFt§§ F%gepgggki%ﬁ?eghe

by- produced saptredart havisgdauhibhdgdrsdetwensitinpysempesatune pBgcai on
m xture by washing,w A e c ) epi chl orohydrin
and the isoprog?P nggﬁgﬁgkgﬁét§§§%9egﬁgﬁ §%§§?I%g??gg Eﬁger reduced
pressure to yi engapsgladdng sepdicopdustesr de¥icRs. The crude

pol ygl yci dyl ether resin was then dissolved in 1300 g of toluene and
conbined with 30.0 g of an aqueous sol ution of sodi um hydroxide (48.5% by
wei ght). The conbi ned solution was allowed to react at 65 [err] C for one
hour. After the reaction, the reaction system sodi um phosphate was added to
neutralize the excess of sodium hydroxide. Then the product was washed with
water to renove by-produced salt; the solvent was renoved fromthe system

under reduced pressure. The obtai ned pol ygl yci dyl ether conmpound was a pal e
yel low solid with a softening



point of 68 [err]C, it had an epoxy equival ent wei ght of 249. Exanple 2
A series of reactions and after treatnents simlar to those described in
Exanple 1 were repeated except that 80 g of benzal dehyde was used in |ieu

of- 75 g of the aqueous sol ytion of fornal dely¥de (36%,| and the anount| of

t he macronvol-ecul ari zed pol Yhydri ¢ phenol used in the rleaction with

epi chl orohydrin was alteregd to 1050 g, to give a polyglycidyl ether wyth a

sof t eni ng ‘porptgat 71 [err}C and an epoxy equi val ent i ght of 252. Ekanple

3 A react§ ofl"and after|treatment similar to those [described in Expnple

1 were repgatedgexcept thaf; 816 g (6 nol) of terpinene was used in |]eu of
cafrying

the |inonege 4 0Bgi ve 1480 of a dihydric cyclic terpegne-skel et on-
phenol codgo

anal ysi s. hExt a condg¢nsation with fornaldehyde r actlog was pes
on the di h§ d&%CQC SHhpgund €n a ganner sinHl B t hait gﬁbed in BEQ
1, to givevl0>g ofw—a mac] onol ecul ari zed pﬂlyhydrlc hen ‘;,.onpound\l
yellom/solbdumngh a softenijng point at 121 [err]C Then, 1020 g of a
nacronnlecﬁlq;hged pol yhydii ¢ phenol were reacted with 2775 g of
epi chl or oh&dr n>1n a mannef simlar to that described n Exanple 1, t
1250 g of a ponegC|dyI efher conpound being a pale |l ow solid wt
sof t eni ng p0|nt at 70 [err]C and an epoxy equi val ent i ght of 254.
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The epoxy resins prepared as set out herein were evaluated in encapsul ating
formul ations marked in Table |, all parts are parts by weight, 2
conparative resin systens were al so eval uat ed. Car nauba wax was used as
moul d rel easi ng agent. Each set of ingrediegats was mxed on a roll at a
tenperature ranging-from90 [err]Cto 110 [err]C during 5 min. and the

nol ten m xt ur e RRESTXSired out in a sheet formand after solidification

pul veri zed-to give the respective materi al ready for noul ding. Each of the

conpositions subjected to IOWFpressure nsfer |, di d|e

t enper at ur e o$a§80 ‘T'er FPE COPPRAIHSAN; A2l f§ﬁpgu %%egﬁ O&Ya t est
pi ece for determ ning KL.E.0osndeircithe ¢mmﬁemsmﬁg"EP4x0ﬁEn38DIamswlastlc
package (FPP) I g a
damy tip. The nnuldlnggqm¥w§ %ﬁﬁ? enF f@ﬂgFEr?P& f§9f§%ﬁgﬁgﬁ$°2§

dermonstrated in Table 167 8&ch of the materials of this invention gave an

excel | ent cured‘zoroductpotiawoa@a@:ﬂyo&h amqawl@%&hp&u%%@qtlumﬁﬁf a

| ow hygroscopici'ty ‘and_t hus béj hg sui'ted f encapsul ating _sem con or
devi ces. K.K. under the tradename "EPIKOTE 1032 H60"

Epoxy equivalent weight 169; SOftenlng point

62 °C

3 ... Available from Yuka Shell Epoxy K.K. under the
tradename "EPIKOTE 5050": Epoxy equivalent
weight 385; bromine content 49%

*4 ... Available from Cun'ei Kagaku K.K., softening
point 85 °C '

4' .. A polyfunctional phenol resin derived from
phenol and hydroxy benzaldehyde: Softening
point 120 °C; Phenol equivalent weight 98

*5 ... Available from Tatsumori K.K. under the
tradename RD-8

*6 ... Available from Shin'etsu Chemical K.K. under

the tradename KBM-403

*7 ... Determined by transition point of thermal

. expansion curve

*8 ... Hygroscopicity after the exposition to 100%

relative humidity at 121 °C for 100 hours

"*9 ... The number of the cracked pieces of the total

16 pieces of FPP (44 pins) which had been

exposed to moisture at 85 °C and 65% relative

humldlty for 168 hours, followed by an
immersion in a bath of molten solder at 260 °C
for ten seconds.



- 13 - [err] - 14 - RemarKks: *1 ... For
conparison, available from Yuka Shell Epoxy K. K. under the
tradenane "EPI KOTE 180 H65": Epoxy equivalent ‘wei ght 201; Softening
pai nt 67 [err]C *2 ... For conpari avai | abl e from Yuka Shel
Epoxy K. K. under the tradenane "E OTE 1032 H60": Epoxy
Equivilintsne:ghggéga 4Sof t eni ng poi nt 62 [err]C *3 ... Available
rom Yuka She paxy h den | KOQTE 5050":
Epoxy equi val ent a's %e¥§%?E§§5%qglgﬁFﬁewégﬁtgngg§§ ? gﬁ. Avai |l abl e

from Cun' ei Kaghhumbmetsrsohmdhﬁngeflux—cong@mm@rgyepgrmpged4242 gpnof

pol yfuncti onal
benzal dehyde:
98 *5 ... Avai

é@ enﬂlgh%f&:ﬂﬁ-@ \Qed 5‘c rs‘irz-né: trame thRAie R phaRd 1Ny dpdy o

fteni
lodhlep rpéxygarrmm amd<5%@e|° t HSOPropyl &

C Phenol equi'val ent melght

8 *6

Avai | abl e Jgesg}r%mne ds%iliittﬁiﬁma%alhéétléd ;t%d];es °c, follbkedtbgdenane
)Y rans on polnt O ansi on
dtcﬁ gt°r17re utrl'or?f‘i Q%PO@/Of an a ap ive

hum dity at 12kdlﬁﬁﬂdifbf sHHIdmnhyﬂrox1de (48.5% by weight). During

KBM 403 7 ...
curve *8 ...

the dropwise addition, the temperature of the solution
gradually lose until the reaction mixture reached 65 °C
at the end of the dropwise addition. The reaction was
continued at 65 °C for 30 minutes.

The reaction product was washed with water to
remove the by-product salts and excess of sodium
hydroxide. Then, the reaction product was further
purified by distillation under reduced pressure, to
obtain a crude epoxy compound. The thus obtained crude
diglycidyl ether compound was dissolved in 596 g of
toluene, followed by 12.9 g of an aqueous solution of
sodium hydroxide (48.5% by weight) being added thereto
for effecting a reaction at 65 °C for one hour. Sodium
primary phosphate was added to neutralize the excess of
sodium hydroxide, followed by water-washing for
removing the by-product salts.

The diglycidyl ether thus obtained was completely-
liberated from solvent by heating under reduced
pressure. The thus obtained purified diglycidyl ether
compound had the general formula marked hereinbefore,
wherein polymeriZation degree (m) and epoxy equivalent
weight were 0.1 and 185 respectively. This epoxy resin
will be referred to as "Epoxy Resin al" hereinafter.
Example 5

In place of 4,4'-bishydroxy-3,3',5,5"'-tetramethyl-
biphenyl employed in example 4, use was made of 186 g
of 4,4'-bishydroxybiphenyl but, in all other respects



*9 ... The nunber of the cracked pieces of the total 16 pieces of

FPP (44 pins) which had been exposed to noisture at 85 [err] C and
85%relative hum dity for 168 hours, followed by an

inmmersion in a bath of nolten solder at 26Pg[err]C for ten seconds.
-~ 15 - Exanple 4 In a 51 reactor equi pped wWth a stirrer, a

t hermonet er, aod &heefslame cecdpesears bwhad folddwed? ip example 4.
4, 4 - bi shydroxy-3, 3,5 > chus! SLATRENY i BIRRTAKY, obhRy ¢ellintRlaphhyeonydrin.

and 504 g. of isopropy sol ution was heated to 35
[err] C, fol | owS@neradr sarikes Metll’ﬂéﬁforr@r V@%%POWGI‘.}GE‘(}W an aqueous

sol ution of sodadPday dim)X st RGN weldghteelr2e dnoRMEa 57

addition, the terrperature of t elon gradyal I'y | ose unti] the reaction
m xture reachedesPecdived vat Tthﬂé @rPd’xcyT rteﬁé'ndlwd‘d‘\;\‘n Fodierres tPés eaction
was continued aMEpexy ®Rddia fam mﬁalmatmr, The reaction product was

washed with water rempve .t he hy-pr ct salts _and ess of sodium
hydr oxi de. Then, th@%a&q d‘ﬁ‘ rag swlel]ftet ﬁg@%ﬁeﬁcég by distillation

undgr aedrceddmmmmm;ldms caimtq:marrg uﬂre @henp ledipoomehe 'Eulkiud’tus ?blt fu ne(cji
crude diglyci C%M“l?@ \fﬁg ot Ol uene ol I owe
by 12.9 g of- a# aqueous sorq) 10 rom?lL o?‘fgi 5% by wei )
bei ng added t hdioamalidehyvde &Qﬁdﬁjlsétreeéiﬁﬁm tl%tﬁj

Sodi um pri mary gHeshatigndiesh Mtk 1 e fédn&dé&eemme&qdi um
hydr oxi de, fcﬂléﬁg%% Qy wat er - washi ng for

The testing of the formulations was identical to
the methods described in example 3. Table II, marking
parts by weight, shows the results so produced.

The respective epoxy resin compositions obtained
with the epoxy resins of this invention were low both
in modulus of elasticity and hygroscopicity as compared
to the prior art formulations. They have excellent
crack resistance under soldering and high volume

resistivity with excellent electrical characteristics. )
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in modul us of elasticity and hygroscopicity as conpared to the prior art
formul ations. They have excellent crack resistance under soldering and high
volume resistivity with excellent electrical characteristics. -

17 - [err] -18- Remarks: 1 ... Epoxy
resin prepared in exanple 4 *2 ... Epoxy‘rk%rﬁ prepared in exanple 5 *3 ...
For conpari songemgegek- novol ak epoxy resin, . Tradenanme "EPI KOTE
180H65", a pro%uct by Yuka Shel | 5 2V|ng an epoxy

equi val ent --me|§H9for2§3naHHeEa§8 téﬂl ﬁaﬂB;ﬁt of 68 C *4 ... For

ﬁ"g"a” Eon *.|5d-* . .PhensboRgsirasphepeepdrédoimpbranplans

nydroxybenzal deQyde, SghtoBodgRTslh. SERsREERbERIER epony.iasisT

Shel | Tradename "EPIKOTE 180H65", a product by Yu%a
Shell Epoxy K.K., having an epoxy equivalent
weight of 203 and a softening point of 68 °C

*4 ... For comparison

*5 ... Phenol Resin prepared from phenol and
hydroxybenzaldehyde, softening point: 120 °C, and
phenol equivalent weight 98

*6 ... Tradename "EPIKOTE 5050", a product by Yuka Shell
Epoxy K.K., having an epoxy equivalent weight of
385 and a bromine content of 49%

*7 ... Tradename "RD-8", a product by Ryushinsha K.K.

*8 ... Tradename "KBM-403", a product by Shinetsu
Chemical K.K.

*9 ... Determined from transition point in thermal
expansion curve with the use of trimellitic
anhydride

*10 ... Hygroscopicity at 121 °C and 100% relative
hunidity after 200 hours

*11 ... Determined on the number of cracks formed in
sixteen pieces of flat plastic packages (44 pin
FPP) which had been exposed to.moisture at 60 °C
and 100% relative humidity for 100 hours,
followed by being immersed in the bath of molten
solder at 260 °C for ten seconds.



Epoxy K. K., having an epoxy eqwl m‘"lﬂ" mﬂml 385 and a brom ne
0/f *
content of 49% *7 ... Tradename mﬂ by nuﬂ'glf; %‘EETW#@ BEE\I—I
th

Tradenane "KBM 403", a product i netswu s

Determ ned fromtransition point in thernal expanS|oﬁEBtﬁG59\M

the use of trimellitic anhydride *4® = ..  Hygroscopicity at 121
[err]C and 100%rel ati ve ' hum dity after 200 hours *117. 1200 SIN
Det erm ned on the nunber of cracks formed in si xteen preces of 1l at
pl asti c packages (44 pin FPP) whi ch had been exposed to noisture at
60 [err]C and 100% rel ati ve hgn,daty #Mog 100 hours,

foll owed by being immersed in the bath of nolten sol der at 260
[err]C for ten seconds. -19-

CLAI M5 1. 1A gBAnchadglicét bbtairednbygbreaatiingyarmano+ngradphyduic

obt ai ned by COBﬂ%ﬂ?hE% @Bmggﬂﬂatw%Ehaa"Pge%lgrtgkﬁgﬂé'C S phenol i ¢

conpound and a“cyc ter ketone, with an
epi hal ohydrin. 2. 2n aﬂdgpycagyplé@ned iBsrhaiBcdr dWhichocensains, PEE whi ch

the molecule at least 1.5 phenolic moiety per cyclic terpene
moiety.
3. A thermosetting resin or curing agent obtained by
condensing an adduct as claimed in claim 1 or 2 with an
aldehyde or ketone. -
4. A glycidyl ether resin obtained by reacting a product
as claimed in claim 3 with epichlorohydrin.
5. A thermosetting resin composition comprising a
diglycidyl ether of a bishydroxybiphenyl compound and a
curing agent selected from reaction products as claimed
in any one of claims 1 to 3.

6. A composition as claimed in claim 5 in which the
diglycidyl ether has the formula:

wherein R represents hydrogen atom .or methyl group, R’
répresents hydrogen atom, methyl group, ethyl group,
isopropyl group, phenyl group, chlorine atom or bromine
atom with the proviso that the substituents R' may be the
same or different from one another and m is a number with
an average value of from 0 to 5.



plhalohydrln i s epichlorohydrin. setting resin
conposition conprising as curi ng mllllmg";m m‘gﬁctl on i

by condensi ng an adduct a+*NDAO-L OrK dls 2 8IS SHEDIPAS nBEEAN
a.cyclic terpene with an aldehyde or ketone and a dlglyﬁﬁRtACE@ther
15 of a bi shydroxybi phenyl conpoumj'c% a pol.ygl yci dyt—etrter

derivative of an QAﬁréééhc60¥§|éKaiM8§ ifStNaims # orA2CPAPRALENORKe
according to cIa in which the di et her has the formul a:

20 cTHc terpene[ég 1mong§§ oryLergénene wherein R
represents hydsogen sésimoasnellymedr dipcl&im 3 in whepheshat aldgHydegen
atom nethyl ggou et byl . gr.oup, i sopropyl group, phenyl group,

chl orine atom &P EPSWFE§e§§de' atomwith the proviso that the substituents
R may be the 9. A cempesbdtidnféasrehaimedninnelannt Aeinawbicghi the nunber

wi th ANL3PREAYE URbBENA! 15" 4Tu®-BPhydroxybiphenyl.

DO9/T1200FF



-20- ® An adduct as clainmed in clainms 1 or 2 in which the cyclic terpene
IS | i nmonene or terpinene. 8 A resin as'claimed in claim3 in which the
al dehyde i s formal dehyde. 9. A conposition as claimed in claim5 in which
tHe bi phenyl compound is 4, 4" -di hydroxybi phenyl .

T 1200 SIN

ABSTRAC.T

ADDUCTS OF PHENOLIC CCMPOUNDS AND CYCLIC TERPENES
AND DERIVATIVES OF SAID ADDUCTS

Adducts of phenolic compounds and a cyclic terpene,
condensates of these adducts and an aldehyde or ketone
and glycidyl ethers of such condensates are excellent
components for thermosetting resins which upon curing
have a high glass transition temperature and good
cracking resistance which is of interest to micro-
encapsulating.

DO9/T1200FF
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CLAIMS

1. A glycidyl ether resin obtained by reacting a product

obtained by condensing an adduct of a mono- or dihydric

5 phenolic compound and a cyclic terpene with an aldehyde or
ketone, with an epihalohydrin.

2. A glycidyl ether resin according to claim 1, in which the
epihalohydrin is epichlorohydrin. '

3. A thermosetting resin composition comprising as curing

- agent a reaction product cbtained by condensing an adduct

of a mono- or dihydric phenolic compound and a cyclic

terpene with an aldehyde or ketone and a diglycidyl ether

15 of a bishydroxybiphenyl compound, or a polyglycidyl ether
derivative of an o-cresocl-novolak type resin.

4. A composition according to claim 3, in which the diglycidyl
ether has the formula:
20

25

30

wherein R represents hydrogen atom or wmethyl group, R’
represents hydrogen atom, methyl group, ethyl group,
isopropyl group, phenyl group, chlorine atom or bromine

- 35 atom with the proviso that the substituents R’ may be the
same or different from one another and m is a number with
an average value of from 0 to 5.



