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

The present invention is concerned with adducts of
phenolic compounds and cyclic terpenes, with condensation
products of said adducts and an aldehyde or ketone, with
glycidyl ethers of said condensation products and with
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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available encapsulating material comprising cresol
novolak-type epoxy resin and, as a curing ageﬁt, phenol
novolak-type resin is no longer satisfactory in view of
poor thermal resistance and hygroscopicity. Other
requirements for encapsulating materials are the need to
obtain high glass transition temperature and reduced
internal stress.

The present invention provides as novel products
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:
3
N
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Dipentine:
Being an optical isomer of limonene:
Terpinolene:
Hy
VAN
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Pinene:
CH3 - Ho
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Terpinene:
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Menthadiene:
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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
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temperature should range from 40 °C to 160 °C. Said acid
catalysts are exemplified by hydrochloric acid, sulphuric
acid, phosphoric acid, polyphosphoric acid, boron
tetrafluoride or its complex, activated clay and the
like. In the reaction, solvent may or may not be employed
but solvent of aromatic hydrocarbons, alcohols, ethers
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:

Hs CH, —CH, |
—C /ei< >—ou
CH, —CH,
5 _

CH,5
CH,—CH, | °‘O‘°
H c H
c< e, —e,” N\
; CHj
H;C 'CH,

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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catalyst at a temperature ranging from 40 °C to 200 °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 sulphonic acid and the like, and
organic acid salts. The amount of the acidic catalyst
used in the reaction is 0.5-5 parts by weight for 100
parts by weight of the adducts. In the condensation
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
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Separated from the aqueous component to the reaction
system. The addition of the alkali metal hydroxide should
be performed intermittently or continuously for a time
period of 1 to 8 hours in order to suppress an abrupt
reaction. '

After completion of the reaction, the by-produced
insoluble salts are removed by filtration or by washing
with water, and then the unreacted epihalohydrin is
removed by distilling under reduced pressure to give the
envisaged epoxy compounds.

In the reactibn, epichlorohydrin or epibromohydrin is
usually used as said epihalohydfins and NaOH or KOH is
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
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necessary, they may further include a curing accelerator,
inorganic filléf¥s, coupling agents, fire retardants,
plasticizers, organic solvents, reactive diluents,
pigments, antistatic agents, glass fibre reinforcement
and the like. As curing agents, any known curing agent
generally used for epoxy resins may be used. Novolak-type
phenol resins, novolak-type cresol resins, polyfunctional
phenol resins obtained by a condensation reaction between
various phenols and various aldehydes such as hydroxy
benzaldehyde, croton aldehyde, glyoxal, acid anhydrides
such as tetrahydrophthalic anhydride, and pyromellitic
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
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-polyhydric compounds. They can thus be employed as
thermosetting resins to be cured with conventional curing
agents such as di- or polybasic carboxylic acids or
anhydrides thereof or they can be employed as curing
agents, like phenol-novolak resins, or bisphenolic curing
agents. When employed as curing agents for polyglycidyl
ether derivatives of o-cresol-novolak type resins the
resulting castings have, in combination, a high glass
transition temperature (185 °C or more), an attractive
flexural modulus (1420 kg.mm~2 or more), a good flexural
strength (15.1 kg.mm‘2 or more) and an excellent low
moisture adsorption (0.73% by weight or even better).

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'-
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- tetramethyl-4,4'-dihydroxybiphenyl, 3[3',5,5'-tetraethyl-
4,4'-dihydroxybiphenyl, and 3,3',5,5'-tetrapropyl-4,4"'-
dihydroxybiphenyl with epihalohydrins.

The thermosetting resin systems set out in the
preceding paragraph are particularly useful in the micro-
encapsulation of electronic parts: they have a high glass
transition temperature, a good crack resistance in
soldering bath and a markedly reduced internal stress.
Example 1

A 5 1 three-necked flask, equipped with a
thermometer, a stirrer and a reflux condenser was fllled
with 3384 g (36 mol) of 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
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(condensate) was a yellow solid with a softening point at
126 °C. ' ' '

1020 g of the macromolecularized polyhydric phenol
compound (condensate) prepared in the above-mentioned
manner were reacted with 2775 g of epichlorohydrin and
1080 g of isopropyl alcochol 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
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the macromolecularized polyhydric phenol used in the
reaction with epichlorohydrin was altered to 1050 g, to
give a polyglycidyl ether with a softening point at 71 °C
and an epoxy equivalent weight of 252.
Example 3

A reaction and after treatment similar to those
described in Example 1 were repeated except that; 816 g
(6 mol) of terpinene was used in lieu of the limonene to
give 1480 g of a dihydric cyclic terpene-skeleton-
carrying phenol compound with a purity of 86% determined
by a liquid chromatographic analysis.

Next, a condensation with formaldehyde reaction was
performed on the dihydric compound in a manner similar to
that described in Example 1, té give 1050 g of a -
macromolecularized polyhydric phenol compound of yellow
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)
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- encapsulating a dammy tip. The mouldings were cured at
180 °C for 8 hours. As demonstrated in Table I, each of
the materials of this invention gave an excellent cured
product having a high glass-transition temperature and a
"low hygroscopicity and thus being suited for
encapsulating semiconductor devices.



. Table I
Epoxy Example Example Example Example

Epoxy compd.deri4

Orthocresol

compounds, 1 2 3 1 novolak-type ved from phenol and
amount . 100 100 100 100 Epoxy compound hydroxybenzaldehy@e

| *1 *2

100 100
Brominated
epoxy resin *3 10 10 10 10 10 10
Phenol '
novolak resin  *4 44 44 44 - 54 64
Polyfunctional
phenol resin *q0 - - - 39 - -
Triphenyl- .
phosphine 1 1 1 1 1 1
Silica powder  *5 359 359 359 348 383 406 g
Antimony w
trioxide 10 10 10 10 10 10 '
Carnauba wax 1 -1 1 1 1
Epoxy silane *6 1 1 1 1 1
Glass transit-
ion temperature *7 (°C) 182 179 178 193 163 196
Hygroscopicity *8 (%) 0.72 0.68 0.71 0.75 0.91 1.20
Thermal
resistance
13/16 12/16

under soldering *9 0/16 0/16 0/16 0/16
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For comparison, available from Yuka Shell Epoxy
K.K. under the tradename "EPIKOTE 180 H65":
Epoxy equivalent weight 201; Softening point

67 °C

‘For comparison, available from Yuka Shell Epoxy

K.K. under the tradename "EPIKOTE 1032 H60":
Epoxy equivalent weight 169; Softening point
62 °C '

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

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

A polyfunctional phenol resin derived from
phenol and hydroxy benzaldehyde: Softening
point 120 °C; Phenol equivalent weight 98
Available from Tatsumori K.K. under the
tradename RD-8

Available from Shin'etsu Chemical K.K. under
the tradename KBM-403

Determined by transition point of thermal
expansion curve

Hygroscopicity after the exposition to 100%
relative humidity at 121 °C for 100 hours

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
humidity for 168 hours, followed by an
immersion in a bath of molten solder at 260 °C
for ten seconds.
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Example 4 .

In a 5 1 reactor equipped with a stirrer, a
thermometer, and a reflux-condenser were mixed 242 g of
4,4'-bishydroxy-3,3',5,5"'-tetramethyl biphenyl, 1295 g
of epichlorohydrin, and 504 g of isopropyl alcohol. The
resulting solution was heated to 35 °C, followed by
dropwise addition, for one hour, of 190 g of an aqueous
solution of sodium hydroxide (48.5% by weight). During
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
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of the same récipe as that followed in example 4.

The thus obtained diglycidyl ether resin had the
general marked hereinbefore wherein polymerization
degree (m) and epoxy equivalent weight were 0.1 and 157
respectively. This epoxy resin will be referred to as
"Epoxy Resin a2" hereinafter.

Epoxy resins al and a2 were evaluated in
formulations comprising the phenol-limonene adduct
described in example 1, the phenocl-limonene-
formaldehyde condensate described in example 1 and the
phenol-limonene-benzaldehyde'condensate described in
example 2. ' )

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.



Table II

Epoxy Resin al *1 . 100 100 - 50 100(*4) -
Epoxy Resin a2 *2 - - 100 - - -
Prior art Epoxy Resin *3 - - - 50 - 100 (*4)
Adduct of example 1 - - - '84 - -
Condensate of example 1 95 - 108 - - 89
Condensate of example 2 - 98 - - - -
Polyfunctional Phenol Resin *5 - - - - 55 -
Brominated Epoxy Resin *6 10 10 10 10 10 10
Antimony Trioxide 10 10 10 10 10 10 '
Triphenyl Phosphine 1 1 1 1 1 1 -
Silica Powder *q 478 485 507 453 385 464 ~
Epoxy Silane *g 1 1 1 1 1 -
Carbauna Wax 1 1 1 1 1 1
Glass Transition Temperature (°C) *9 161 158 178 162 152 185
Hygroscopicity *10 0.64 0.61 0.67 0.66 1.02 0.72
Bending Modulus (kg/mmz) 1330 1350 1370 1400 1652 1420
Volume Resistivity (150 °C) (Q.cm) 2.5x1014 2,7x1014 1.8x1014 1.1x1014 8.2x1013 1.5x1013
Thermal Resistance under Soldering *11  0/16 0/16 0/16  0/16 6/16 6/16
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Epoxy trésin prepared in example 4

Epoxy resin prepared in example 5

For comparison, cresol-novolak epoxy resin,
Tradename "EPIKOTE 180H65", a product by Yuka
Shell Epoxy K.K., having an epoxy equivalent
weight of 203 and a softening point of 68 °C
For comparison

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

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

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

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

. Hygroscopicity at 121 °C and 100% relative.

hunidity after 200 hours

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.



BRLL LT e ey

REPLACED

- 19 -
T 1200 SIN

CLAIMS

1. An adduct obtained by reacting a mono- or dihydric
phenolic compound with a éyclic terpene.

2. An adduct as claimed in claim 1, which contains per
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.
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7. An adduct as claimed in claims 1 or 2 in which the
cyclic terpene is limonene or terpinene.

8. A resin as claimed in claim 3 in which the aldehyde
is formaldehyde.

9. A composition as claimed in claim 5 in which the
biphenylcompound is 4,4'-dihydroxybiphenyl.
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