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TRANSLATION

DESCRIPTION

HALOGEN-FREE FLAME-RETARDANT
EPOXY RESIN COMPOSITION

Technical Field

The present invention relates to a halogen-free

flame-retardant epoxy resin composition, a prepreg

containing the epoxy resin composition, and a laminate,
copper-clad laminate and printed w;fihg board which are
formed by'using the prepregs.
Background of Art

Recently, as woild—wide environmental problems'and
safety to a human body arouse concern, it has been
increasingly required that electric/electronic products
be less harmful and more safe, in addition to flame
retardancy requirement. More specifically, the -

electric/electronic products are needed hardly to burn

and scarcely to generate a harmful gas and fume.

Conventional printed wiring boards, on which
electric/electronic products are to be mounted, usually
have a substrate formed of glass-epoxy. Generally,
a brominated epoxy resin, in particular, a
tetrabromobisphenol A type epoxy resin, containing
bromine which éerves as a flame-retardant, is used as
the epoxy resin in the substrate.

Such a brominated epoxy resin has goodlflame.

retardance. However, it generates a harmful hydrogen
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- halide (hydrogen Bfomide) gas when burned. For this

reéson,_the use of the brominated epoxy resin is being
suppressed. In the circumstances, compositions have
been developed, in which a non-halogen flame-retardant
such as a nitrogen compound, phosphorus compound or an
inorganic compound is added to the conventional epoxy
resin (see, for example, British Patent No. 1,112,139
and Jpn. Pat. Applﬂ. KOKAI Publication No. 25269730).
However, these additives imparting:flame retardance
have problems: they impose undesirable effects on
curing of the epoxy resin, decrease the moisture vapor
resistance of the cured composition, and impair
impregnaﬁion of the composition into a glass cloth.

Another feature which is important equally to the
fléme retardance, and which the printed wiring board
should have in view of safety improvement, is tracking
resistance. The tracking resistaﬁce is particularly
required for a substrate having a high voltage circuit,
such as a printed wiring board for use in air
conditibners and televisions.

To impart the tracking resistance, a chain
hydrocarbon, a cyclic compound or an inorganic material
has been added to a'resin composition for use in the
printed wiring board, as a subsfance which is hardly
carbonized. However, these substances are dis-

advantageous in that the chain hydrocarbon and cyclic

' compound reduce heat resistance of the printed wiring
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board, and the inorganic material must be used in

a large amount .

Accordingly, an object of the.preseht invention is
to provide an epoxy resin composition which exhibits
good flame retardance, without containing and also good
tracking reéistance.' |

Another object of the present invention is to
provide a prepreg impregnated'with such an epoxy resin,
as well as a laminate, copper—cladeaminate and printed
wiring board which are formed by using the prepregs.

Disclosure of the Invention

To attain the aforementioned objects, the present
invention provides a halogen-free fléme-retardant €epoxy
resin composition comprising (A) a bisphenol A type
epoxy resin, (B) a Curing.agent, (C) red phosphorﬁs
particles each of which is covered with a covering
layer, with at least the outermost layer of the
covering layer being formed of a resih, and (D)
an inorganic filler.

The present invention further provides a prepreg
impregnated with the halogen;free flame-retardant epoxy
resin composition of the invention, and provides a
laminate, copper-clad laminate énd”printed wiring board
which are formed by using the prepregs. The prepreg of
the present invention comprises a glass substréte
impregnated with the epoxy resin compositioﬁ of the

present invention. The laminate of the present



10

15

20

25

e BN ww MwMY
.

.« ., & :
*e's L 4 2] M W e .
o ~

invention comprises a plurality of prepregs of the
present inventidn laminated one over another, in which
the epoxy resin composition is cured. The copper-clad '
laminate of'the present_invention comprises_a 1aﬁinate
of the invention héGing a copper foil clad on at least
one surface thereof. The printed wiring board of the
preSgnt invention comprises the copper-clad laminate of
the present invention having a wiring layer formed in
the copper foil. |
Best Mbde for Carrying Out the Invention

The present invention.will be explained in detail.
below. | | |

The epoxy resin composition of the present
invention contains a bisphenol A type epoxy resin as
component (A). The bisphenol A type epoxy resin is a
reaction product of bisphenol A with epichlorohydrin or
the like, as is well known in the art. The bisphenol A
type epoxy resin used in the present invention usually
has an epoxy equivalent of 170 or more. The epoxy
equivalent is preferred not to exceed 1000, since a

glass cloth fails to be impregnated sufficiently witH .

the resultant composition. Such a bisphenol A type

epoxy resin is commercially available,-suéh as those
under a trade name of EPIKOTE series obtainabie from
Yuka Shell, Japan, andlARALbITE series obtainable from
CIBA-GAIGY. The bisphenol A type epoxy reSin'cén be-

used either alone or in combination of two or more of

- .
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Component (B) of the epoxy resin compoéition of
the present invention is a curing agent. The curing
agent (B) may be any curing agent which is
conventionally employed as the curing agent fof an
epoxy resin. Such a curing agent includes an amine
curing agent and a phenolic curing agent. Examples of
the amine curing agent include dicyandiamide, aromatic
amines (e.g., benzylamines). ExamEIes of phenolic
curing agent include a.phenol novolak resin, cresol
novolak resin, bisphenol A type novolak resin and the
like. |

Component (C), a characteristic componeht of the
epoxy resin composition of the present invention,
comprises red phosphorus particles covered with at

least a resin. It has been found by the present

~inventors that the covered red phosphorus particles not

only serve as an agent for imparting flame retardance
to the epoxy resin composition, but alsolimpart
tracking resistance to the printed wiring board formed
by using the epoxy resin composition of the present
invention. The red phosphorus particles are preferred
to have an average diameter of 200 u m or less and to
have a spherical shape. The covering layer covering

each red phosphorus particle is constituted ih at least

its outermost layer by a resin, particularly, a

thermoset resin. The coating with the resin improves

-
-
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the moisture vapor resistance of the red phosphorus
particles. It is preferred-that each of the red
phosphorus particles be covered with double layers.

The first layer is constituted by particles of
inorganic material adhering to the surface of the red
phosphorus particle. The second layer, which covers
the first layer, is constituted by a resin,
particularly, a thefmoset resin. The inorganic
particles constituting the first lqjér are preferably
fbrmed of aluminium hydroxide and/or zinc hydroxide
particles. The thermoset resin_constituting the second
layer is formed from a thermosetting resin such as
phenol/formaldehyde resin, urea/formaldehyde resin,
melémine/formaldehyde resin, furfuryl alcohol/formaline
resin, aniline/formaldehyde resip. The covered red
phosphorus particles per se, as well as a preparation
thereof are disclosed in Jpn. Pat. Appln. KOKOKU
Publication Nos. 4-37862 and 6-27217. Stated briefly,
white phosphorus is heat-treated to convert it into red
phosphorus in the form of spherical particle. Then,
the spherical red phosphorus.particlés are suspended in
water. To the aqueous suspension is added an aqueous
solution of a ﬁater soluble salt of aluminium or zinc
(for example, aluminium sulfate, aluminium chloride,
zinc sulfate, zinc chloride). By neutralization with
sodium hydroxide or double decomposition with ammonium

bicarbonate, aluminium hydroxide or zinc hydroxide is
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allowed to adsorb onto each of the red phosphorous
particles. The amount of hydroxide is preferably 1 to
30 parts by weight based on the 100 parts of red |
phoéphorus. To the aqueous suspension of the red
phosphorus particles covered with the hydroxide, the

raw material of the aforementioned thermosetting resin

. or an initial condensation product thereof is added and

then heat-treated. As a result, the second layer
formed of the cured resin is obtainéd. The amount of -
the resin covering layer is preferabiy 1 to 30 parts by
weight based on 100 parts by weight of the red
phosphorus particles.

Componenﬁ (D) contained in the epoxy resin
composition of the preéent invention is an inorganic
filler, which additioﬁally imparts flame retardance,
heat resistance, and moisture vapor resistance to the
epoxy resin composition. Examples of such a filler
include talc, silica, alumina, aluminium hydroxide,
magnesium hydroxide powder and the like. There fillers
may be used eithef alone or in combination of two or
more.

In the,epoxy resin composition of the present
invention, it is preferred that a resin coﬂstituent
(component (A) + component (B)) be used in an amount of
50 to 90% by weight based on the overall weight of
components (A), (B), (C) and (D). It is therefore

preferred that the sum of component (C) and (D) be 50
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to 10% by weight of the overall weight of components
(d), (B), (C) and (D). Component (C), namely, the
covered red phosphorus, is preferably used in'an amount
of 0.5 to 20% by weight based on the overall weight of
components (A), (B), (C) and (D).

In the case where component (B) serving as
a curing agent for the epoxy resin is a phenélic curing
agent, the epoxy resin component (component (A)) and
the phenolic resin curing agent arq'preferably
incorporated such that 0.8 to 1.2 epoxylequivalents,
more preferably 0.95 to 1;05 epoxy equivalents exist
per.hydroxyl equivélent of the phenolic curing ;gent.

In the case where component (B) serving as a curing

‘agent for the epoxy resin is an amine curing agent, the

amine curing agent is preferably used within the range
of 1 to 10% by weight of the weight of epoxy resiﬁ
component (A). In particular, if the amine curing
agent is dicyandiamide, it may bq preferred to use the
curing agent within the range of 2 to 3% by weight of
the weight of epoxy resin component (A).

It should be noted that the epoxy resin
composition of the present invention may contain
a curing accelerator to shorten curing time of the
composition. As such a curing accelerator, any agent
may be used as long as it is generally used in
accelerating curing of an epoxy resin. Examples of the

curing accelerator include imidazole compounds such as

"

]
-
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2—ethyl-4-méthylimidazole and l-benzyl-2-methylimidazole. '
These curing accelerators may be ﬁsed either alone or
in combination of two or more. The curing accelerator
can be used in a small amount sufficient to accelerate
curing of the epoxy resin.

Using the epoxy resin composition of the present

" invention explained above, a prepreg can be prepared by

a conventional method comprising the steps of diluting
the epoxy resin composition with anéuitable organic

solvent such as prépylene glycol monomethyl ether to

~make a varnish, and coating and impregnating a porous

glass substrate such as non-woven gléss fabric or glass
clbth with the vafnish, followed'by heating.
Furthermore, a glass-epﬁxy copper-clad laminate can be
prepared by laying a plurality of prepregs on over
another to form a laminate structure, placing a copper
foil onto either one or both surfaces of the laminate
structure, heating and pressurizing the resultant
structure under conventional conditions. 1In this case,
if copper foil is not employed, a laminate will be

obtained. A multilayer board can be obtained by a

conventional method comprising the steps of forming a

circuit in the copper-clad laminate (innef layer

board), etching.the copper foil, laminating prepregs
and copper foil onto at least one of two Surfaces of
the inner layer board, heating and pressurizing the

structure thus obtained, for example, at 170°C under
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a pressure of 40 kg/crﬁ2 for 90 minutes. Furthermore,
the printed wiring board can be obtained by a
conventional method comprising the steps of forming
through-holes in the copper-clad laminate or multilayef
board, plating the through-holes, and forming a
predetermined circuit.

The present invention will be explained with
reference to Examples below.
Example 1

An epoxy resin varnish mixture having a resin
solid contenf of 65% by weight‘was prepared by adding
propylene glycol monomethyl'ether (PGM) as a soivent to
a hixture of 260 parts by weight of bisphenol A type
epoxy resin, EPIKOTE 1001 (manufactured by Yuka Shell,
epoxy equivalent: 456, resin solid coﬁtent: 70% by
weight), 65 parts by weight of cresol novolak epoxy
résin, YDCN-?O4? (manufactured by Totokasei, epoxy
equivalent: 210, solid content: 70% by weight), 25
parts by weight of covered red phosphorué particles
(covered with aluminium hydroxide and phencl resin,
a red phosphorus content: 85% by weight), 104 parts.by
weight of bisphenol A type novolak resin (hydroxyl_
value: 118; solid content: 70% by weight), 175 parts by

weight of aluminium hydroxide, and 0.1 part by weight

. of 2-ethyl-4-methylimidazol.

Example 2

An epoxy resin varnish mixture having a resin

L
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solid content of 65% by weight was prepared by adding
PGM to a mixture of 260 parts by weight of bisphenol A
type epoxy resin, EPIKOTE 1001 (described-above), 65
parts by weight of cresol novoiak epoxy resin, YDCN-
704P (described above), 50 parts by weight of covered
red phosphorus particles (covered with aluminium
hydroxide and phenol resin, a.red phosphorus content:
85% by weight), 104 parts by weight of bisphenol A type
novolak resin (hydroxyl value: llSt.solid content: 70%
by weight), 100 parts by weight of aluminium hydroxide,
and 0.1 part by weight of 2-ethyl-4-methylimidazol.
Example 3 | |

An epoxy resin varnish mixture having a resin
solid content of 65% by weight wés prepared by adding
PGM to a mixture containing 260 parts by weight of
bisphenol A type epoxy resin, EPIKOTE 1001 (described
above), 65 parts Sy weight of cresol novolak epoxy
resin, YCDN-704P (described above), 35 parts by weight
of cbvered red phosphorus particles (covered with
aluminium hydroxide and phenol resin, a red phosphorus
content: 85% by weight), 115 parts bj weight of
alumihium hydroxide, and 6 parts by weight of
dicyandiamide.
Comparative Example 1

An epoxy resin varnish mixture having a resin
solid content of 65% by weight was prepared by adding

PGM to a mixture of 283 parté by weight of a brominated
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epoxy resin (ﬁanufactured by Dainippon Ink and
Chemicals, Inc., epoxy equivélent: 490, solid content:
75% by weight), 34 parfs by weight of_crésol novolak
epoxy resin, YCDN-704P (described above), 92 parts_by
weight of bisphenol A type novolak resin (manuféctured
by DainipponlInk and Chemicals, Inc., hydroxyl value:

118, solid content: 70% by weight), 200 parts by weight

" of aluminium hydroxide, and 0.1 part by weight of

2-ethyl-4-methylimidazole.
Comparative Examplé 2

An epoxy resin varnish mixture having a resin
solid content of 65% by weight was prepared by adding
dimethylformamide to a mixture of 360 parts by weight
of the brominﬁted epoxy resin used in Comparative
Example ;, 43 parts by weight of c:esol novolak epoxy
resin, YCDN-704P (described above), 7.5 parts by weight
of dicyandiamide, 200 parﬁs by weight of aluminiuﬁ-'
hydroxide, and 0.1 part by weight of 2-ethyl-4-
methylimidézole.

Non—woveﬁ glaSs fabrics or glass clothes were
continuouslj coated and impreghated with each of the
epoxy resin varnish mixtures obtained in Examples 1 ﬁo
3 and Comparative Examples 1 and 2. The resultant
fabrics were dried at a temperature of 1607C, thereby
fo:ming prepreg sheets. Eight prepreg sheeﬁs were
superposed -one upon another and 18 ux m-thick copper

foil was placed on both surfaces of the resultant
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structure. The léminated structure was subjected to
heating/préssurizing treatment at a temperature of
170°C under a pressure of 40kg/cm2 for 90 minutes. As
a result, a glass-epoxy copper-clad laminate of 1{6 mm
in thickness was obtained.

The copper-clad laminate were exaﬁined for flame
refardance,.tracking resistance, insulation resistance,
peeling strength of_copéer foil at initial time and
after aging, heat resistance and mgisture-vapor

resistance. The results are shown in Table 1.



Table 1

Composition
Examples Comparative Examples
Characteristics 1 2 3 1 2
Flameéretardance *1 V-0 V-0 V-1 V-0 V-0
Tracking resistance *2 600V 600V 600V 200V 200V
Insulation resistance (Q) *3 | 8.0%X1012 [ 4,0%x1012 | 1.0%x1012 | 2.0x1012 | 2.0%x10%2
Peeling Initial 1.50 1.50 1.55 1.50 1.60
strength *4 After aging 1.45 1.40 1.45 0.90 0.95
Heat ' 5 minutes © © © © ©
resistance 10 minutes © © © © ©
*5 15 minutes © © © © O
20 minutes © © © . O A
Moisture vapor |Condition A - © © © - © ©
resistance *6 © © © © O

Condition B
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Note

*6 s

measured in accordance with a UL 94 flame retardance test.
measured in accordance with IEC-PB 112.

measured in accordance with JIS-C-6481.

: measured in accordance with JIS-C-6481 (unitz'KN/m).

Specimens were floated in a solder bath of 260°C for a time period shown in
Table. Blister was observed and evaluated in accordance with the following

‘standards: :

© --- no blister was observed;

O - blister was observed partially;

A --- blister was observed for the most part;
X -+ blister was observed entirely.

ST

Specimens were treated under condition A (boiling for 6 hours) or condition B
(standing still in water vapor at 120°C under 2 atm for .7 hours) and immersed
in a solder bath of 260°C for 30 seconds. Thereafter, blister was observed and
evaluated in accordance with the following standards: -

. no blister was observed; . IETIEY
* blister was observed partially; -
* blister was observed for the most part;
- blister was observed entirely.
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Example 4

Non-woven Qlass fabrics or glass clothes were
continﬁously coated and impregnated with the epoxy
resin varnish mixture obtained in Example 2. The
resultant.fabrics were dried at a température of 160°7C,
thereby preparing prepregs. Eight prepfeg sheets thus
obtained were laid one over another and subjected to
heating/pressurizing treatment at a temperature of
170C under a pressure 40 kg/cm2 fo;”90 minutes. As a
result; a glass-epoxy laminate was obtained.

Example 5 |
Prepregs were obtained in the same manner as in

Example 4. These prepreg sheets were superposed upon

another and 35 u m-thick copper foil was placed on both

- surfaces of the prepreg sheet construct. The resultant

structure was subjected to .the same
heating/pressu;izing treatment as in Example 4. As a
result, an inner layer board of20.8 mm in thickness was
obtained. On each of the two surfaces of the inner
layer board thus obtained, the prepreg obtained above
was placed. Furthermore, 18 p m-thick copper foil was
?laced'dn each prepreg. The heating/pressurizing
treatﬁent.was applied to the resultant structﬁre in the
same manner as above, thereby forming a mulﬁilayer
boaid of 1.6 mm in thickness.

As described above, . according to the present

invention, there is provided an epoxy resin composition

W wmvw wwwW  NW  wewo
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which exhibits a superior flame retardancé, without

. containing hélbgens, and éan provide a glass epoxy
copper-clad laminate having an excellent heat
resistance, moisture vapor fesistance and tracking
resistance. Furthermore, using such a glass-epoxy
copper-clad laminate, a printed wiring board excellent

in various properties can be obtained.
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1. A halogen-free flame retardant epoxy resin

1]

CLAIMS

composition comprising (A) a bisphenol A type epoxy
resin, (B) a curing agent, (C) red phosphorus particles
each of which is covered with a covering layer,'at
least an outermost iayer of which is formed of a resin,
and (D).én.inorganic filler.

2. The composition according to claim 1, whérein said
bisphenol A type epoxy resin has an epoxy equivalent of
170 to 1000. |

3. The composition according to claim 1 or 2, wherein
each of said red phosphorué particles is covered with
double layeré consisting of a first layer made of
aluminium hydroxide or zinc hydroxide and a second

layer made of phenolic resin,'formed on said first

'layer.

4. The composition according to any one of claims 1
to 3, wherein said components (A) and (B) are contained

in total in an amount of 50 to 20% by weight of the

overall weight of components (A), (B), (C) ahd (D).

5._'The composition according to any one of claims 1 to
4, wherein said component (C) is conﬁained in an amount
of 0.5 to 20% by weight based on thé overall weight of
component (A), (B), (C) and (D).

6. A prepreg comprising a glass substrate impregnated

with an epoxy resin composition according to any one of

claims 1 to 5. _ —

AN O
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7. A laminate comprising a plurality of prepregs of
claim 6, which are laminated, wherein said epoxy resin
composition is cured.

8. A copper-clad laminate comprising a substrate
formed of the prepreg of claim 6, with said epoxy resin
composition being cured, and a copper foil joined'to at
le&st one surface of said substrate.

9. A printed wiriﬁg board comprising a Subsﬁrate
formed of the prepreg of claim 6, With said epoxy resin
composition being cured, and a wiring layer formed on

at least one surface of said substrate.
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