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INCOMBUSTIBLE RESIN COMPOSITION, PREPREG, LAMINATED PLATE,
METAL-CLAD LAMINATED PLATE, PRINTED WIRING BOARD AND MULTI-LAYER

PRINTED WIRING BOARD

"BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an incombustible resin
composi{:ion, and a prepreg, a laminated plafé, a metal-clad
laminated plate, aprintedwiringboard and amulti-layer printed
wiring boardusing the same, which are suitablyused for a variety
of eléctronic materials.
2. Description of the Related Art

Upon most of resin compositions used for a variety of

.electronic devices, incombustibility is conferred in order to

secure the safety 1nvolvin§ with fire. 1In order to make the
resin compositions incombustible, avariety of methods have been
employed, and bromine compounds have been widely used because
of their excellent incombustibility.

However, there isapossibility that the bromine compounds
may form a compound having a high toxicity. Moreover, since
people .become highly conscioﬁs about the environmental
destructive problems on a global scale, incombustible systems
in place of bromine compound being considered.

On the otherhand, as a solderingmaterial of mountedparts,
conventionally Sn-Pb based solderingmaterials have beenmainly
used. Since thesemay polldte the soil at the time of processing

disposables, asolderingmaterialwithoutusingPbisconsidered.
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When analyzing the reports concerned with soldering materials
free from Pb, the melting point rises, and therefore it is
conceivable that the reflow temperature would also rise.

Under such circumstances, fér resin compositions used for
electronic materials from now on, where bromine compounds are
not used, and at the same time, a higher heat-resistance than
those of resin compositions made so far is required.

As a method of making materials incombustible in plac.e
of bromine compounds, conventionally, anaddition of phosphorous
and nitrogenous compounds and an introduction of these into the

resin skeletonshave been performed. Thesehavebeen disclosed,

for example, in Japanese Patent Application (Japanese Patent

Appnlication Laid-Open No. Hei 11-124489) filed on October 22,
1997 and Japanese Patent Application (Japanese Patent
Application Laid-Open No. Hei 11-199753) filed on January 5,
1998. 1In order to secure the incombustibility using phosphorus
and nitrogen, these are required to some extent to be blended.

However, when these are blended so that incombustibility
can be secured, there have been problems such as the increase
in the water absorption rate, the decrease in heat resistance,
and the like occur.

As a method ¢f making the material incombustible in which
the volume of introduction of phosphorus andnitrogen are reduced,
there is a method of using _'met.al hydrates.

 Por example, in Japal;xese Patent Application (Japanese
Patent Application Laid-Open No. Hei 11-181243) filed on the

date of December 18, 1997, a technology of making the material
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incombustible using hydration alumina has been disclosed.

However, since metal hydrates trap water having the
cooling effect at the time of burning, there has been a problem
that when the volumes of these are blended to some extent, the
heat resistance is rapidly lowered.

The reason for the heat resistances deci:easing when the
metal hydrates are used is that the temperature at which the
metal hydrates release water is lower than the melting
temperature of the soldering.

This tendency is considered to be more significant in
the case of the solder_'ing being free from Pb whose melting
femperature i1s expected to rise to a higher point.

As a method of enhancing the heat resistance using metal
hydrates, amethod of usingmagnesiumhydroxidewhose temperature
of releasing water is comparatively high (app_roximately 340°C)
has been disclosed in Japanese Patent Application (Japanese
Patent Application-Laid-Open No. Hei 11-181305) filed on July
6, 1999,

However, there has been é problemthat magnesiumhydroxide
is inferior fromthe viewpoint of theacidresistance. Moreover,
a method of performing silane processing with silane compound
monomer to the surface of the metal hydrate for the purpose of
enhancing dispersion of themetal hydrate, the tensile strength,
the elongation has been disclosed in Japahese Patent Application
(Japanese Patent Application Laid-Open No. Hei-11-181380) filed
on July 6, 1999 and Japanese Patent Application (Japanese Patent

Application Laid-Open No. Hei 11-217467) filed on February 3,
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However, as for the silane compound monomer, the
enhancement of the heat resistance of the metal hydrate was not
recognized because it is also accompaniéd with the facts that
theheat resistance of themonomer itself is lowand the processing

efficiency to the surface of the metal hydrate is low.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
incombustible resin composition, a larfinated plate and aprinted
wiring board, where heat resistance is high and which does not
require _the bromine compounds.

One aspect of the present invention provides an
incombustible resin composifion, which comprises a silicon
oligomer, a metal hydrate and a resin material as essential
components, wherein the metal hydrate is at least 20% by weight
in the total solids of the resj.n composition.

The term "total solids” asusedhereinrelates to inorganic

“filler, resins, and hardening agents and hardening accelerators

arbitrarily selected.

Another aspect of the present invention provides an
incombustible composition containing at least one species of
resin material selected from the group consisting of an epoxy
resin, a polyimide resin, a triazine resin, a phenol resin, a
melamine resin and the denatured resins denaturing these resins.

Further, the present invention provides an incombustible

resin composition where themetal hydrate has a surface processed
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with a silicone oligomer.

Further, the present invention provides an incombustible
resin composition containing aluminium hydroxide as the metal
hydrate.

Further, the present invention provides an incombustible
resin composition where the average particle diameter of
aluminium hydroxide is 5 pm or less. '

Further, the present invention provides an‘incombustible
resin composition containing magnesium hydroxide as a metal
hydrate. |

Furthei, the present invention provides an incombustible
resin composition containing calcium hydroxide as a metal
hydrate.

Further, the present invention provides an incombustible
resin composition where the end of the silicone oligomer has
a silanol group capable of reacting with the surface of the metal
hydrate.

Further, the present invention provides an incombustible
resin composition where whicﬁ the degree of polymerization of
silicon oligomer is 2 to 7000.

Further, the present invention provides an incombustible
resin composition where the silicone ocligomer contains aromatic
group. |

Further, the present inveﬁtion provides an incombustible
resin composition where each siloxane unit of the silicone
oligomer contains one aromatic group or more, respectively.

Further, the present invention provides a prepreg
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manufactured by utilizing an incombustible resin composition,
a laminated plate manufactured by utilizing the prepreg, a
metal-clad laminated plate manufactured by utilizing the
laminated plate and a printed wiring board prepared by utilizing
the metal-clad laminated plate.

Another aspect of the present invention provides a method
for preparing an incombustible resin composition, which
comprises: a metal hydrate is mixed into a proc'essing solution
containing a silicone oligomer; and then other resin components
are mixed into the solution.

Further, the presenf invention provides an incombustible
fesin composition using aluminium hydroxide as a metal hydrate.

By utilizing an incombustible resin composition of the
present invention, a prepreg, a laminated plate, a copper-clad
laminated plate, aprinted wiring board and amulti-layer wiring
board, which has been desired in recent years, has an excellent
incombustibility without using bromine and realizes a high heat
resistance can be prepared.

The present disclosurerelates tosub jecf matter contained
in Japanese Patent Application No. 2000-313720, filed on October
13, 2000, the disclosure of which is expressly incorporated

herein by reference in its entirety.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to an incombustible resin
composition, a laminated plate, a printed wiring board using

the composition containing ametal hydrate and silicone oligomer
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but not containing bromine compounds. Hereinafter, the present

invention will be described below.

A metal hydrate of the invention includes, but not limited

to aluminumhydroxide, magnesiumhydroxide and calciumhydroxide

which are conventionally used in incombustible resin

compositions and known.

Considering the heat resistance, incombustibility and

dispersion property of particle, it is breferable that the

average particle diameter of the metal hydroxide is 10 pm or

less. Moreover, if aluminiumhydroxide isusedasametalhydrate,

it is particularly preferable to use aluminium hydroxide whose

‘average diameter of the particle is 5 pm or less since its

temperature of releasing water and the heat resistance are high.

~As for the minimum value of the particle diameter, it is not

particularly limited since it is dependent upon its grain size

distribution, but it is preferable that it is 0.5 pm or more.

In the case where it is less than 0.5 pm, the viscosity is high

resin is significant.

- at the time of varnishing and the lowering of fluidity of the

Moreover, these metal hydrates and the other inorganic

" fillers can be used in combination. The kinds and shapes of

inorganic £illers which are used.in combination with the metal

hydrates are not particularly limited, for example, calcium

carbonate, alumina, titanium oxide, mica, aluminium carbonate,

magnesium silicate, aluminium silicate, silica and a variety

of kinds of whiskers such as glass short fibers, aluminiumborate

and silicon carbide are used.

Furthermore, a few kinds of these
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may be used in combination.'

A blending volume of the inorganic filler is preferably
20 to 80% by weight with respect to the total solids of the résin
composition. Among these, the metal hydrate is 20% by weight
or more with respect to the total solids of the resin composition.

A silicone oligomer in the present invention contains at
least onekindselected frombifunctional siloxaneunit (R,S10,/.).,
trifunctional siloxane unit (RSiO;/;) (in the  formula, R
represents organic group, R groups -in silicone cligomer may be
identical with each other or different.), and tetrafunctional
siloxane unit (Si10,/,). Moreover the silicone oligomer has one -
funcfional group or more which reacts with hydroxyl group at
the end of it.

It is preferable that the degree of polymerizaticn is
2 to 7000, more preferably 2 to 100, particularly preferable
degree of polymerization is 2 to 70.

The degree of i:he- polymerization is calculated from the
number average molecular weight measured by utilizing
calibration curve of the standard polystyrene or polyethylene
glycol by its polymer molecular weight (in the case of low degree
of polymerization) or gel permeation chromatography.

As the R, an alkyl group having 1 to 4 of carbon atoms
or an aromatic group such as phenyl group is preferable selected.
However, in order to further enhance the heat resist'ance, it
is more preferable that the ratio of aromatic groups is raised.
It is particularly preferable that the respective siloxane unit

of the silicone oligomer contains one aromatic group or more,
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respectively, and it is particularly preferable that it contains
phenyl group.

As the functional group reacting with hydroxyl group,
silanol group, alkoxyl group having 1 to 4 pieces of carbon atoms,
acyloxy group having 1 to 4 pieces of carbon atoms, halogen such
as chlorine or the like except for bromine are listed.

A silicone oligomer of the invention can ﬁe obtained by
hyd.rol_YZing and performing the polycondensation of silane
compound represented by the following general formula (I).

In the-fomula, X represents halogen such as chlorine
except for bromine or —OR, where R represents alkyl group having
1 to 4 of carbon atoms or alkyl carbonyl group having 1 to 4
of carbon atoms, R' represents organic groups such as alkyl group
having 1 to 4 of carbon atoms or phenyl group, n denotes an integer

of 0 to 2).
R'nSiX4-n (I)

Silane compounds represented by the general formula (I)

are concretely,

4 functionality silane compounds (hereinafter,
functionality in silane compound means that it has functional

group having condensation reaction) such as follows:

Si (OCH3}s, S1 (OCzHs)a,

Si (OC3H;)4, Si (OC.Hs)s,
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monoalkyl trialkoxy silanes such as follows:

HiCS1i (OCH;3)3, HsC,Si(OCH;3)s,
H;C3Si (OCH3)3, HeC4Si(OCH;)a,
H3CSi (OC.Hs)s., HsC281(O0CqHs)s,
H,C3S1 (_Oczﬂs )a, HyC(S1i{OC5Hs)3,
Hi,CS1i (OC3H;)a, HsCaSi(OC3Hy)s,
H,C3Si (OCsH;)3, HeCySi(OC3Hq)s,
HiCSi (OC4Hs)s, HsC2Si(OC4Hs)s,

H,C3Si (OCHo)3, HsCsS1{OC;Hs)3,

phenyl trialkoxy silanes such as follows:

PhSi (OCH3);, PhSi(OCyHs)s,

PhSi (OC3H;);, PhSi(OC4Hs)s,

(where Ph represents phenyl group. Hereinafter, referred to

as the same as it is represented)

monoalkyl triacyloxy silanes such as follows:

(H;CCO0)}3SiCH;, (H3CCOO)3SiC2Hs,

(H3CCO0}3S1C3H,;, (H3CCOO0),;5iCHy,

trifunctional silane compounds such as monoalkyl trihalogeno

silanes such as follows:
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C1l;5iCH;, Cl13SiCyHs,

C1;3SiC3H,;, CliSiC4H,,
dialkyl dialkoxy silanes such as follows:

(H3C),Si{OCH;);, (HsC2},S1(OCH;).,

(HyC)281(OCH3)2, (HsCy)2S1(OCH:)a,

(H3C)281(0C;Hs)2, (HsC2)2S1(OCyHs)2,
(H,C3)2S1(0CHs) 2, (HeCy)2Si(OCoHs)2,
(HaC)281(O0C3Hz)2, (HsC2)2S1i(0C3H;),,
(H;C3)2S1(0C3H7) 2, (HeCy)2Si(OC3H,)2,
(HaC)281{0CHy)2, (Hs5C2)28i(0CHy),,

(H,C3)281(0C4Hs )2, (HsCq)2S1(OC4Hy)o,
diphenyl dialkoxy silanés such as follows:
Ph,Si(0OCH;3);, Ph,Si{OC;Hs),,
dialkyl dialkoxy silanes such £ o;lows :

(H3sCCOO),Si(CH3)2, (H3CCOO),Si(C,Hs)2,

( HaCCOO) 3Si( CaH, ) 2, ( HaCCOO) 2Si ( 04H9 ) 2, and

bifunctional silane compounds such as alkyl dihalogeno silanes

such as follows:
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Cl,Si(CHj3),, Cl1,Si(C:Hs),,

C1,Si(CsH;)3, ClSi(CiH,),,

As a silane compound represented by the general formula
{I) of the present invention, any of tetrafunctional silane
compound, trifunctional silane compound, bifunctionality
silane compound or their mixture is apprqpriatély used.

In order to enhance the heat resistance, it is preferable
to use silane compound having an aromatic group. It is
particularly preferable to use phenyl trialkoxy silarie compound
having a phenyl group and diphenyl dialkoxy silane compound.

As a usage volume of the compound having a phenyl group,
it is preferable that it is used at the ratio of 5 to 100 mole%
with respect to the total silane compound. It is particularly
preferable to use it at the ratio of 50 to 100 mole %.

A silicone oligomer in the present invention is
manufactured by hydrolyzing andperforming the polydondens ation
of silane compound represented by the general formula (I).

As a catalyst used at this time, it is preferable that:
inorganic acids such as hydrochloriq acid, sulfuric acid,
phosphoric acid, nitric acid and fluoric acid; and organic acids
such as oxalic acid, maleic ‘acid, sulfonic acid and formic acid,
but basic catalysts such as ammonia and trimethyl ammonium can
be alsoc utilized.

As to these catalysts, the appropriate volume is used
according to the volume of the silane compound represented by

the general formula (I). However, it is preferably used in the
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range of 0.001 to 1.0 mole with respect to 1 mole of the silane
compound represented by the general formula (I).

Moreover, at the time of this reaction, water may exist.
The volume of water is also appropriately determined. If water
is too much, the conservation stability of the coating liquid
will be lowered. Therefore, as for the volume of water, it is
preferably 0 to 5 moles with respect to 1 mole bf hydrolytic
group (for example, alkoxyl group) that the silane compound
represented by the general formula (1) has. It ismore pref erably
in the range of 0.5 to 2 moles. |

Moreover, it is preferable that the above-described
hydrolysis and polycondensation are performed in the solvent.
As a solvent, it is not particularly limited. Silicone oligomer
is obtained by appropriately blending and agitating silane
compound, catalyst, water and solvent. At this time, the
concentrationof thesilane compound, the temperatureof reaction, |
the reaction time. period and the like are not particularly
limited.

These silicone oligomers covers the surface of the metal
hydrate and enhances the temperature at which the metal hydrate
releases the water held by itself. Usually, the temperature'
at which the metal hydrate releases water, can be measured by
loss on heating method, differential scanning calorimeter or
thermal decomposition gas chromatography fromthemetal hydrate.
The temperatures at which it releases water are largely different
depending upon thekinds, shapes and the 1ike of themetal hydrates.

If aluminium hydroxide is used as a metal hydrate, by processing
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with the above-described silicone oligomer, the temperature
becomes higher by a few °C to a few of temns °C.

As for the volume of silicone oligomer, it is preferably
0.01-20 parts by weight, more preferably 0.1-10 parts by weight
with respect to 100 parts by weight of inorganic filler
considering heat-resistance of the resin composition of the
invention.

Moreover, in the present invention, a variety of coupling
agents or the iike besides silicone oligomers may be used in
combination. As a couplingagent, silane based coupling agent,
titanate based coupling agent and the like are listed.

As a silane based coupling agent, in general, epoxy silane
basedcouplingagent, aminosilanebasedcouplingagent, cationic
silane based coupling agent, vinyl silane based coupling agent,
acryl silanebasedcouplingagent, melcaptosilane basedcoupling
agent, their composite based coupling agent and the like are
listed.

The blending ratios in the cases of using these coupling
agents in combination are not particularly limited but, it is
preferable that the weight ratio of the coupling agent and the
silicone oligomer is made in the range of 0.001:1 to 1:0.001.
Moreover, it is particularly preferable that it is made in the
range of 0.001:1 to 1:1l.

The resin material used in the present invention is not
particularly limited, but provided that it does not contain
bromine. As a resin material, for example, an epoxy resin, a

pelyimide resin, a triazine resin, a phenol resin, a melamine
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resin, their denatured substances of these resins and the like
are used.

Moreover, as to these resins, two kinds of these may be
used in combination, a variety of hardening agents, hérdening
accelerators and the like may be added according to the necessity,
and these may be also blended as solvent solution.

The blendingvolume isdeterminedbytheratiowithrespect
to the volume of inorganic filler containing a metal hydrate.
It is preferable that the total blending volume of the hardening
agent and hardening accelerator used according to the resin and
the necessity is in the range of 20% by weight to 80% by welght
of the total solids of the resin composition.

Considering the balance of properties such as the heat
resistance, the moisture resistance, the cost and the like, it
is preferable to use an epoxy resin. |

As an epoxy resin, fo;‘ example, a bisphenol type epoxy
resin, anovolak type epoxyresin, analiphaticchainepoxyresin,
epoxidation polybutadien, an glycidyl ester type epoxy resin,
a glycidyl amine type epoxy resin and the like are preferably
used, and bisphenol type epoxy resins such as a bisphenol A type
epoxy resin, a bisphenol F type epoxy resin, a bisphenol S type
epoxy resin and the like, and novolak type epoxy resins such
as a cresol novolak type epoxy resin, a bisphenol A novolak type
epoxy resin, a salicylaldehyde phenol novolak type epoxy resin
and the like are more preferably used. From the viewpoint of
enhancing the heat resistance, it is particularly preferable

that a bisphenol A novolak type epoxy resin, a cresol novolak
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type epoxy resin or a salicylaldehyde phenol novolak type epoxy
resion is used. These resins may be singly used or two kinds
or more of these resins may be used in combination.

As a hardening agent, a variety of conventionally known
kinds can be used. For example, if an epoxXy resin is used as
a resin, a hardening agent for use is, for example,
multifunctional phenol such as dicya:ndiamide,
diaminodiphenylmethane, diaminodiphenyl sulfone, phthalic
anhydri.de, pyromellitic anhydride, phenol novolak and cresol
novolak. For these hardening agents, several kinds of these
can be also used in combination.

The kinds of hardening accelerators and blending volumes

are not particularly limited, for example, imidazole based

- compound, organicphosphorus based compound, the tertiaryamine,

the guaternary amxﬁonium salt are used or the two kinds or more
of these may be used in combination.

The solvent is often used in order to dilute these resin
materials, metal hydrates, silicone oligomers and the like to
be varnished. This solvent is not particularly limited, but,
for example, acetone, methyl ethyl ketone, toluene, xXylene,
methyl isobutyl ketone, ethyl acetate, ethylene glycol mono
methyl ether, N, N-dimethyl formamide, methanol and ethanol are
listed. These solvents may be used singly or may be blended
with several kinds.

Moreover, the solid concentration of varnish is not
limited, and can be appropriately changed depending upon the

resin compositions, inorganic fillers, the blending volume and
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the like. However, it is preferable that it is in the range of
50% by weight to 85% by weight. When the solid is lower than
50% by weight, there is a tendency that the varnish viscosity
is lower and theresinportion of the prepregis toolow. Moreover,
if the solid is higher than 85% by weight, there is a tendency
that the appearance of the prepreg, and the like are significantly
lowered due to the increased viscosity of the varnish and the
like.

The methods of processing the surface of the metal hydrate
at the time of varnishing are not particularly limited: the metal
hydrate in which the above-described silicone oligomer has been
previously processed may be used; a silicone oligomer may be
blendedwitharesinandametal hydrate at the time of varnishing;
or the varnishingmaybe performedas it is after themetal hydrate
is inputted into the processirig liguid into which the silicone
oligomer and the like have been previously inputted and the
agitation processing has been carried out.

Aprepreg for aprintedwiringboardis obtained by blending
the respective components to obtain a vanish, impregnating
obtained varnish into the base material and drying in the range
of 80°C to 20°C in the drying furnace.

As a base material, if it is used at the time of
manufacturingmetal foil-clad laminated plate andmulti to layer
printedwiringboard, it isnot particularly limited, but usually
fiber base materials such as a woven fabric and a nonwoven fabrid

are used.

As a fiber base material, for example, inorganic fibers
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such as glass, alumina, asbestos, boron, silica alumina glass,
silica glass, Si-Ti-C-0 fiber reinforced SiC {chirano fiber},
silicon carbide, siliconnitride, zirconium, and organic fibers
such as aramid, polyether ether ketone, polyether imide,
polyether sulfone, carbon, cellulose and the like are listed.
These may be used singly or the two kinds or more of these may
be used in combination. As a fiber base material, the woven
fabric of glass fiber is particularly preferable.

A laminated plate can be prepared by lapping sheets of
the prepreg according to the thickness of the laminated plate
to be manufactured, and thus obtained. It may be used along
with the other prepreg in combination. Considering that the
laminated surface contacts with the flame, 1t is preferable that
a prepreg of the present invention with incombustibility is
applied to the surface layer.

A metal-clad laminated plate is manufactured by lapping
a metal foil on the prepreg, heating and pressurizing at 150°C
to 200°C, in the range of 1.0 MPa-8.0 MPa. As a metal foil,l
it is not particularly limited, but the copper foil is preferably
used from the electrical and economical viewpoints.

A printed wiring board can be obtained by using a method
usually used such as a subtract method, perforating and the like.

A prepreg, a metal laminated plate and a printed wiring
board of the present invention can be used as a material of
multi-layer wiring board.

According to the present invention, a laminated plate is

manufactured by employing ametal hydrate andasilicone oligomer
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in combination, an incombustibility can be manifested though
bromine compound is not used, and the decreasing in the heat
resistance occurred by blending a metal hydrate is capable of.
being suppressed.

Hereinafter, examples of the present invention will be
described.
(Example 1)

40 g of tetramethoxysilane and 93 gof methanol were blended '
in a glass flask equipped with an agitator, a condenser and a
thermometer to obtain a solution. |

To the obtained solution, 0.47 g of acetic acid and 18.9
g of distilled water were added and stirred at 50°C for 8 hours
to synthesize a silicone oligomer. The average degree of
polymerization of the obtained silicone oligomer was 20.

It should be noted that the average degree of
polymerization was calculated from the number average molecular
weight measured by utilizing the calibration curve of standard
polystyrene by gel permeation chromatography.

To the obtained oligomer, methylethyl ketone was added
to prepare a silicon oligomer solution having 25% by weight of
solids.

Asihdicatedbelow,aresin,ahardeningagent,ahardening
accelerator, ametalhydrate anda silicone ocligomer were blended
to the obtained silicone oligomer solution, and thenmethylethyl

ketone was added to prepare a varnish having 70% by weight of

solids.
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Bisphenol A type epoxy resin{Epl001 made by 0il Chemical
Shell Epoxy, Co., Ltd.; epoxy equivalent: 466)

30 parts by weight

Orthocresol novolak type epoxy resin(ESCN-195 made by
Sumitomo Chemical, Co., Ltd.; epoxy equivalent: 195)

70 parts by weight

Dicyan diamide 5 parts by weight

2-etﬁyl—4-methyl imidazole 0.5 parts by weight

alminium hydroxide(CL310 made by Sumitomo Chemical, Co.,
Ltd.) ' 155 parts by weight

Silicone oligomer solution {25% by weight)

4 parts by weight
(Example 2)

As similarly to Example 1, 40 g of trimethoxymethyl silane
and 93 g of methanol were blended to obtain a solution. To the
obtained solution, 0.53 g of acetic acid and 15.8 g of distilled
water were added and then stirred at 50°C for 8 hours to synthesize
a silicone oligomer. The average degree of polymerization of
the obtained oligomer was 15. To the obtained oligomer,
methylethyl ketone was added to prepare a silicone oligomer
solutionhaving the 25% byweight of solids. Avarnishwas prepared
similarly to Example 1, by employing the obtained silicone
oligomer solution.

{Example 3)
As similarly to Example 1, 20 gof dimethoxydimethyl silane,
25 g of tetramethoxy silane and 105 g of methanol were blended

to obtain a solution. To the obtained solution, 0.60 g of acetic
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acid and 17.8 g of distilled water were added and stirred at
50°C for 8 hours to synthesize a silicone oligomer. The average
degree of the polymerization of the obtained oligomer was 30.
To the obtained oligomer, methylethyl ketone was added to prepare
a silicone oligomer solution having the 25% by weight of solids.
A varnish was prepared similarly to Example 1, by employing the
obtained silicone oligomer solution.
{Example 4}

As similarly to Example 1, 20 g of trimethoxymethyl éilane,
22g of tetramethoxysilane and 93 g of methanol were blended to
obtain a solution. To the obtained solution, 0.52 g of acetic
acid and 18.3 g of distilled water were added and then stirred

at 50°C for 8 hours to synthesize asilicone oligomer. The average

- degree of polymerization of the obtained oligomer was 25. To

the obtained oligomer, methylethyl ketone was added to prepare
a silicone oligomer solution having 25% by weight by solids.
A varnish was prepared similarly to Example 1, by employing the
obtained silicone oligomer solution.
ned silico'ne oligomer solution.
(Example 5) |

As similarlytoExamplel, 10 gof dimethoxdj_.methyl silane,
10 g of trimet'hoxﬁrmethyl silane, 20 g of tetramethoxy silane
and 93 g of methanol were blended to obtain a solution. To the
obtained solution, 0.52 g of acetic acid and 16.5 g of distilled
water were added and then stirred at 50°C for 8 hours to synthesize
a silicone oligomer. The average degree of polymerization of

the obtained oligomer was 23. To the obtained oligomer,
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methylethyl ketone was added to prepare a silicone oligomer
solution having 25% by weight of solids. A varnish was prepared
similarly to Example 1, by employing the obtained silicone
oligomer solution.
(Example 6)

As similarly to Example 1, 40 g of tetraethoxy silané and
93 gof methanol were blended to obtain asolution. To the obtained
solution, 0.34 g of acetic acid and 13.8 g of distilled water
were added and then stirred at 50°C for 8 hours to synthesize
a silicone oligomer. The average degree of polymerization of
the obtained oligomer was 19. To the obtained oligomer,
methylethyl ketone was added to prepare a silicone oligomer
solution having 25% by weight of solids. A varnish was prepared
similarly to Example 1, by employing the obtained silicone
oligomer solution. |

(Example 7)

As similarly toExample 1, 40 g of diphenyldimethoxy silane
and 10 g of methanol were blénded to obtain a solution. To the
obtained solution, 0.20g of acetic acid and 6.0 g of distilled
water were added and then stirred at 25°C for 1 hour to synthesize
a silicone oligomer. The average degree of polymerization of
the obtained oligomer was 2. To the obtained oligomer,
methylethyl ketone was added to prepare a silicone oligomei‘
solution having 25% by weight of solids. A varnish was prepared
similarly to Example 1, by. employing the obtained silicone
oligomer solution.

(Example 8)
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As similarly to Example 1, 40 gof diphenyldimethéxy silane
and 10 g of methanol were blended to obtain a solution. To the
obtained solution, 0.20g of acetic acid and 6.0 g of distilled
water were added and then stirred at 50°C for 8 hour to synthesize
a silicone oligomer. The average degree of polymerization of
the obtained oligomer was 8.'To the obtained oligomer,
methylethyl ketone was added to prepare a silicone oligomer
solution having 25% by weight of solids. A varnish was prepared
similarly to Example 1, by employing the obtained silicone
oligomer solution.

{Example 9)

As similarly to Example 1, 40 g of phenyltrimethoxy silane
and 10 g of methanol were blended to obtain a solution. To the
obtained solution, 0.24g of acetic acid and 11.0 g of distilled
water were added and then stirred at 50°C for 8 hodr to synthesize
a silicone oligomer. The average degree of polymerization of
the obtained oligomer was 12. To the obtained oligomer,
methylethyl ketone was added to prepare a silicone oligomer
solution having 25% by weight of solids. A varnish was prepared
similarly to Example 1, by employing the obtained siliéone
oligomer solution.

{Example 10)

As similarly to Example 1, 40 g of dipheﬁyltrimethoxy‘
silane and 10 g of methanol were blended to obtain a solution.
To the obtained solution, 0.18g of acetic acid and 5.5 g of
distilled water were added and then stirred at 50°C for 8 hour

to synthesize a silicone oligomer. The average degree of
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polymerization of the obtained oligomer was 10. To the obtained
oligomer, methylethyl ketone was added to prepare a silicone
oligonmer solution having 25% by weight of solids. A varnish was
prepared similarly to Example 1, by employing the obtained

silicone oligomer solution.

(Example 11)

As similarly to Example 1, 40 g of phenyltriethoxy silane
and 10 g of methanol were blended to obtain a solution. To the
obtained solution, 0.20g of acetic acid and 9.0 g of distilled
water were added and then stirred at 50°C for 8 hour to synthesize
a silicone oligomer. The average degree of polymerization of
the obtained oligomer was 9. To the obtained oligomer,
methylethyl ketone was added to prepare a silicone oligomer
solution having 25% by weight by solids. A varnish was prepared
similarly to Example 1, by employing the obtained silicone
oligomer solution.

{Example 12)

Assimilarly toExample l, 20 gof diphenyldimethoxysilane,
20 g of tetramethoxy silane and_lOg of methanol were blended
to obtain a solution. To the obtained solution, 0.25g of acetic
acid and 12.5 g of distilled water were added and then stirred
at 50°C for 8 hour to synthesize a silicone oligomer. The average
degree of polymerization of the obtained oligomer was i5. To
the obtained oligomer, methylethyl ketone was added to prepare
a silicone oligomer solution having 25% by weight of solids.
A varnish was prepared similarly to Example 1, by employing the

obtained silicone oligomer solution.
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(Example 13)

As similarly to Example 1, 20 gof diphenyldimethoxy silane,
20 g of dimethoxydimethyl silane and 10g of methanol were blended
to obtain a solution. To the obtained solution, 0.28g of acetic
acid and 9.0 g of distilled water were added and then stirred
at 50°C for 8 hour to synthesize a silicone oligomer. The average
degree of polymeriz.ation of thé obtained ocligomer was 8. To the
obtained oligomer, methylethyl ketone was added to prepare a
silicone oligomer solution having 25% by weight of solids. A
varnish was prepared similarly to Example 1, by employing the
obtained silicone oligomer solution.
(Example 14)

As similarly to Example 1, 20 g of diphenyldimethoxy silane,
20 g of trimethoxymethyl silané and 10g of methanol were blended
to obtain a splution. To the obtained solution, 0.25g of acetic
acid and 11.0 g of distilled water were added and then stirred
at 50°C for 8 hour to synthesize a silicone oligomer. The average
degree of polymerization of the obtained oligomer was 10. To
the obtained oligomer, methylethyl ketone was added to prepare
a silicone 'oligomer solution having 25% by weight of solids.
A varnish was prepared similafly to Example 1, by employing the
obtained silicone oligomer Solution.
(Example 15)

As similarly to Example 1, 20 g of diphenyldimethoxy silane,
20 g of phenyltrimethoxy silane and 10g of methanol were blended
to obtain a solution. To the obtained solution, 0.30g of acetic

acid and 5.9 g of distilled water were added and then stirred
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at 50°C for 8 hour to synthesize a silicone oligomer. The average
degree of polymerization of the obtained oligomer was 6. To the
obtained oligomer, methylethyl ketone was added to prepare a
silicone oligomer solution having 25% by weight of solids. A
varnish was prepared similarly to Exémple 1, by employing the
obtained silicone oligomer soclution.
{Example 16)

To the silicone oligomer solution obtained in example 7,
7 -glycidoxypropyl trimethoxysilane {trade name: A-187 made by
Nippon Unicar, Co., Ltd.) as silane coupling agent and
methylethyl ketone were added in the ratio of 50:50 (weight
ratio)to prepare a silicone oligomer/silane coupling agent
solution having 25% by weight of solids.

A varnish was prepared similarly to Example 1 employing the
obtained silicone oligomer/ silane coupling agent solution in
place of the silicone oligomer solution of Example 1.
(Example 17)

To the silicone oligomer solution obtained in example
7, isopropyl tris (dioctylpyrophosphate)titanate (trade
hame:KR468 made by Ajinomoto, Co., Inc.) as titanate coupling
agents and methylethyl ketone were added, in the ratio of 50:50
(weight ratio)to prepare a silicone oligomer/silane coupling
agent solution having 25% by weight of solids.
A varnish was prepared similarly to Example 1 employing
the obtained silicone oligomer/ silane coupling agent solution
in place of the silicone oligomer solution of Exainple 1.

(Example 18)
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A varnish was prepared similarly to Example 7 except that
magnesium hydroxide was used in place of aluininium hydroxide
as a metal hydrate.

{Example 19)

A varnish was prepared similarly to Example 7 except that
calcium hydroxide was used in place of aluminium hydroxide as
a metal hydrate.

(Example 20)

A varnish was prepared similarly to Example 7 except that
100 parts by weight of aluminium hydroxide and 55 parts by weight
of magnesium hydroxide were used as metal hydrates.
{Example 21)

A varnish was prepared similarly to Example 7 ekcept that
100 parts by weight of orthocresol novolak type époxy resin as
an epoxy resin (ESCN-195 made by Sumitomo Chemical; epoxy

equivalent: 195) and 55 parts by weight of phenyl novolak resin

(HP-850N made by Hitachi Chemical, Co., Ltd.; hydroxyl group

equivalent: 108) in place of dicyahdiamide were used.
(Example 22)

A varnish was prepared similarly to Example 7 except that
the blending volume of aluminium hydroxide was 230 parts by
weight.

(Example 23)

A varnish was prepared similarly to Example 7 except that
the blending volume of aluminium hydroxide was 400 parts by

weight.

(Example 24)
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To the silicone oligomer obtained in the example 7,
methanol was added to prepare a silicone oligomer processing
solutionhaving 3 $byweight of solids. To theobtained processing
solution, the same volume of aluminium hydroxide with that of
Example 21 was added and stirred at 25°C for 1 hour, and then
dried at 80°C for 3 hour prepare a silicone oligomer processing
aluminiumhydroxide. A varnish was prepared similai:ly to Example
21 by employing the obtained processed aluminium hydroxide.
(Example 25) |

To the silicone oligomer obtained in the example 7,
methylethyl ketone was added to prepare a silicone oligomer
processing solutionhaving 5% byweight of solids. To the obtained
processing solution, the same volume of aluminiumhydroxide with
that of Example 21 was added, stirred at 25°C for 1 hour to obtain
a solution and then employing the solution to prepare a varnish
similarly to Example 21.

(Comparative Example 1)
| Avarnishwaspreparedwithout blendingasilicone oligomer
solution to the varnish of Example 1.
(Comparative Example 2)

A varnish was prepared similarly to Example 1 except that
1 part byweight of 7 -glycidoxypropyl trimethoxysilane (product
name: A-187 made by Nippon Unicar, Co., Ltd.) was used in place
of the silicone oligomer of Example 1. |
(Comparative Example 3)

A varnish was prepared similarly to Example 1 except that

1 part by weight of isopropyl tris (dioctylpyro phosphate)
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titanate (trade name: KR46B made by Ajinomoto, Co., Ltd.) was
used in place of the silicone oligomer of Example 1.
(Comparative Example 4}

A varnish was prepared similarly to Example 7 except that
1 part byweight of diphenyldimethoxy silane compoundwas bl.ended
in place of the silicone oligomer of Example 7.
{Comparative Example 5) |

‘A varnish was prepared by reducing 155 weight portions
of aluminiumhydroxide of the varnish in Example 1 to be 20 weight
portions of the same.

{Example 26 and Comparative Example 6)

The varnishes prepared in the Examples 1-25 andComparative
Examples 1-5 were impregnated into a glass fabric (#2116,
E-glass) with a thickness of about 0.1 mm, and then heated and
dried at 150°C for 3-10 minutes, to obtain prepregs having 43%
by weight of resin.

Four obtained prepregs were piled and a copper-clad
laminated plate with a thickness of 184m was placed on both
sides on the piled prepregs, and then pressed at 170°C for 90
minutes at 4.0 MPa to prepare a both sides copper-clad laminated
plate respectively.

The obtained plates were evaluated from the viewpoints
of the incombustibility and the heat resistance. The results
are indicated in Table 1 through Table 4.

The methods of testing are as follows:

Incombustibility: by using a laminated plated on which

the whole surface is etched, evaluated by the vertical test in
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Heat resistance: measured the time period until the

laminated plate was swollen after the laminated plate floated

on the melted solder at 260°C and 288°C respectively, using both

sides copper-clad laminated plate cut in the size of 50 mm x

50 mm.

The swelling of the laminated plate indicates a peeling

off the interface between a glass and a resin, a crack or a peeling

off between layers of the prepreg tube.

Table 1
e Example | Example | Example | Exarmple | Example | Example | Example | Example
1 2 3 4 5 -6 7 8
Incombustibility | Maximum| 70 83 80 85 82 76 48 39
) Avemge | 46 | 49 | 49 | 47 | 40 | 48 | 33 | 24
Heatresistance | 260° C | >300 { >300 | >300 | >300 | >300 { >300 | >300 | >300
(S, float) 288° C | >300 | >300 | >300 | >300 | >300 | >300 | >300 | >300
Table 2
Example| Example} Example| Example| Example Example! Example | Example
fem 9 10 1 12 13 14 15 16
Incombustibiity{ Maximum| 5.0 51 60 55 65 60 63 49
)] Average | 42 30 43 39 | 45 41 42 28
Heat resistance| 260° C | >300 | >300 | 300 | >300 | >300 | >300 | >300 | >300
S.fcat) | 288° C | >300 | >300 | >300 | >300 | >300 | >300 | >300 | 300




Table 3
. Example| Example| Example] Example| Example) Example | Example Example; Example
tem
17 18 19 20 2 2 B | 24 25
Incom- | Maxi-
50 40 75 43 41 30 15 46 41
bustibility | mum _

S) |Avemge| 30 | 22 | 49 | 290 | 28 | 15 | 05 | 30 | 26

Heat [2¢0° | >300 | 300 | >300 | >300 | >300 | >300 | >300 | >300 | >300

resistance
(S, o) 288° Ci >300 | >300 | >300 | >300 | >300 | >300 | >300 { >300 | >300
Table 4
Comparative | Comparative | Comparative | Comparative | Comparative
fem Example1 | Example2 | Example3 | Example4 | Examples
TncombustibiityMaximum| 155 1836 48 115 | Bumeduwp
S) Average 86 83 90 60 Bumed up
Heat resistance | 260° C 150 180 144 193 >300
(S, floaf) | 288° C 25 47 39 55 >300
5 Moreover, regarding with Example 1, the above-described

tests were carried out by providing inner layer circuits in the
laminated plates, arranging the prepregs prepared similarly to
the prepregs on both sides and preparing a multi-layer board.
As a result, it has been confirmed that both of the
10 incombustibility andtheheat resistance of themulti-layerboard
indicate fairly good results comparable to the above-described
results.

Frbm the above-described results, it is considered that
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Examples 1 through 25 achieves the UL 94V-0 standard, and their
heat resistances at 260°C and their heat resistances at 288°C

are fairly good.
It should be understoodthat therelates toonlyapreferred
5 embodiment of the invention, and it is intended to cover all
changes and modifications of the examples of the inventionherein
chosen for the purposes of thedisclosure, whichdonot constitute

departures from the sprit and scope of the invention.
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1. An incombustible resin composition, which comprises a
silicone oligomer, a metal hydrate and a resin material as
essential components, wherein the metal hydrate is 20% by weight
or more in the total solids of the resin composition.

2. The incombustible resin composition accorﬁing to Claim
1, wherein a resinmaterial is selected from the group consisting
of an epoxy resin, a polyimide resin, a triazine resin, a phenol
resin, melamine resin and denatured resins denaturing these

resins.

3. The incombustible resin composition according to Claim
1, wherein the metal hydrate has a surface processed with a

silicone oligomer.

4. The incombustible resin composition according to Claim

1, wherein the metal hydrate includes aluminium hydroxide.

5. The incombustible resin composition according to Claim
4, wherein the aluminium hydroxide has an average particle

diameter of 5 pm or less.

6. The incombustible resin composition according to Claim

1, wherein the metal hydrate includes magnesium hydroxide.

7. The incombustible resin composition according to Claim



—
O g g

»

10

15

20

25

34

1, wherein the metal hydrate includes calcium hydroxide.

8. The incombustible resin composition according to Claim
1, wherein an end of the silicone oligomer has a silanol group

capable of reacting with the surface of a metal hydrate.

9. The incombustible resin composition according to Claim
1, wherein degree of polymerization of the silicon oligomer is

in the range of 2 to 7000.

10. The incombustible resin composition according to Claim

1, wherein the silicone oligomer has an aromatic group.

11. The incombustible resin composition according to Claim
1, wherein each siloxane unit of the silicone oligomer has at

lease one aromatic group, respectively.

12. A prepreg manufactured by using the incombustible resin

composi'tion according to Claim 1.

13. A laminated plate manufactured by using the prepreg

according to Claim 12,

14. A metal-clad laminated plate manufactured by using the

prepreg according to Claim 12.

15, A printed wiring board prepared by using the laminated
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plate according to Claim 13, or the metal-clad laminated plate
according to 14.
16. A multi-layer printed wiring board prepared by using the
5 prepreg according to Claim 12.
17. Amethodforpreparingan incombustible resin composition,
which comprises: blending a metal hydrate with a processing
liquid containing silicone oligomer, and then blending other
10 resin components.

18. The method for preparing an incombustible resin

composition according to Claim 1, wherein the metal hydrate
includes aluminium hydroxide.



