
; e3eTvb66To 1 Substitute sheet - 14 May 2002 DESCRIPTION METHOD FOR
PORDUCING PREPREG AND LAMINATE  Technical Field The present invention
relates to a method for producing Frepregs and laminates, and more
particularly to a method for producing prepregs and laminates 5 suitable as
printed circuit boards used for electric equipment, electronic equipment,
communication equipment, etc. Background Art Regarding the printed circuit
boards, demand 10 for miniaturization and enhancement of functions
increases, and, on the other hand, competition in price is keen, and,
especially, as for mufti-layer laminates, glass fabric-based epoxy resin
laminates and laminates comprising a glass nonwoven fabric as an
intermediate 15 layer base material and a glass woven fabric as a surface
layer base material which are used for printed circuit boards, a great task
is to reduce the price. Hitherto, a large amount of solvents have been used
for the production of pregregs or laminates used therefor. 20 This is
because resin. varnishes can be easily prepared, and can be easily and
uniformly coated on or impregnated into base materials. The solvents are
evaporated at the drying step after coating-~g or impregnation and are not
present in the products, and most of them are disposed   r , ` Substitute
sheet - 14 May 2002 of by combustion apparatus or released into the
atmosphere as they are. For this reason it has been pointed out that this
is a cause for the warming of the earth and air pollution. Or. the other-
hard, it has been 5 attempted to reduce the amount of solvents, but this
has been difficult because of the problems in production such as coating
and impregnation of the base with resins. For the production of prepregs
and laminates 10 without using solvents, it has been studied to mix resins
of low melting point or liquid resins with heating to obtain a homogeneous
mixture and coat the mixture an a base. However, this suffers from the
problems that sufficiently homogeneous mixture cannot be 15 obtained, the
resin sticks to apparatuses owing to decrease of heating temperature in
continuous production, and the thermosetting resin gels during heating,
which require cleaning of the apparatuses. Thus, continuous production has
been difficult. 20 A proposal has been made to coat a powdered resin as it
is (JP-A-50-143870), but uniform mixing and coating are difficult and
partial hardening or insufficient impregnation into the base material is
caused. Accordingly, this method has not yet been practically 25 employed.
Disclosure of Invention 



As a result of research conducted in an   T , Substitute sheet - 14 May
2002 attempt to obtain prepregs from resins using no solvent, which has
been difficult, and to obtain laminates using the prepregs, it has been
found that uniform mixing and impregnation into a base can be performed
equivalently 5 to the ccnventional method of using solvents by using a
powdered resin and a hardener and subjecting the powder to a
mechanochemical reaction. Research has been further conducted to accomplish
the present invention. The present invention relates to a method for 10
producing a prepreg, characterized in that a powdered thermosetting resin
and a hardener are used as essential components, and a powdered resin
composition (hereinafter referred to as "powder ccmposition"~ obtained by
applying a mechanical energy to the above components to 15 bring about a
mechanochemical reaction is allowed to be present on at least the surface
of a fibrous base material (hereinafter referred to as "base"), and,
furthermore, relates to a method for producing a prepreg, characterized in
that a powder composition 20 obtained by adding a fine powder additive of
0.01-1 ~ m in average particle size to the above-obtained powder
composition and uniformly mixing them is allowed to be present on at least
the surface of a base. The present invention further relates to a method
for producing a 25 laminate, characterized by heating and pressing one or
more of the prepregs obtained above, if necessary, with a metal foil
superposed on one or both sides of the prepreg(s).   Substitute sheet - 14
May 2002 Brief Description of Drawing SIG. ? is a diagram which
schematically shows an example of various steps of the method for the
production of prepregs according to the present 5 invention. Detailed
Description. of the Invention The powdered thermosetting resin used in the
present invention is preferably an epoxy resin, and, a polyimide resin, a
polyester resin, a phenolic resin, 10 etc. can also be used. When the
thermosetting resin is an epoxy resin., dicyandiamids, an aromatic amine, a
novolak type phenolic resin or the like is preferred as the hardener from
the points of heat resistance and electric 15 properties. An acid
anhydride, an imidazole compound or the like can also be used. The hardener
is preferably in the form of powder, but when the amount thereof is small
(for example, less than. 20o by weight based on the resin), it may be
liquid as far as the mixture with the 



20 resin after application oz mechanical energy can be powdered. Moreover,
preferably a hardening accelerator .s used. The hardening accelerator is
also preferably in the form of powder, but similarly a liquid hardening
accelerator car. be used. The hardening accelerator 25 includes an
imidazole compound, a tertiary amine or the like, These components are not
limited to these exemplified above.    Substitute sheet - 14 May 2002 The
particle size of these powders is usually 1000 ~.m or less, preferably
0.1-500 ~ m, more preferably 0.1-200 a m. if it exceeds 1000 a m, the
surface area per the weight of particle is small to decrease contact 5
points of the respective components such as the thermo setting resin,
hardener, and hardening accelerator, and uniform dispersion becomes
difficult. Thus, there is the possibility that reaction takes place at a
ratio different from the target ratio of reaction or uniform 10 reaction
cannot be performed. When the hardener and/or hardening accelerator are in
the form of powder, particle size of the thermosetting resin is preferably
5-15 times that of the hardener and/or hardening accelerator for carrying
out mechanochemical reaction. 15 This is because the hardener and/or the
hardening accelerator are readily fused with the thermosetting resin in the
above range. Modification by the mechanochemical reaction is explained as
follows: "This is a modification of a 2C solid with a solid which utilizes
surface activity and surface charge of particles caused by grinding,
attrition, friction or contacting. There are the cases where the activity
per se results in modification of dissolution rats and thermal
decomposition. rate due to 25 transition of crystal form or increase of
strain energy or results in mechanical strength or magnetic charac-
teristics and where the surface activity is used for reaction with other
materials or adhering to other   f , Substitute sheet - 14 May 2002
materials. In engineering, mechanical striking energy is utilized and not
only physical modification but also chemical modification are performed,
such as generation of charge by friction or contact, adhering by 



5 magnetism, embedding of a modifier into nuclear matters and formation of
film by melting." ("Comprehensive Practical Surface Modification Technique
(Jitsuyo Hyomen Kaishitsu Gijutsu Soran)", p786, edited by Zairyo Gijutsu
Kenkyu Kyokai and published by Sangyo Gijutsu 10 Service Center Co., Ltd.
on March 25, 1993). The present invention utilizes chemical modification by
mechanochemical reaction, which includes chemical modification of solid and
liquid by mechanical energy. The powder-treating methods for giving 15
mechanical energy to bring about mechanochemical reaction include mixing or
kneading carried out by using mortar, Henschel mixer, planetary mixer, ball
mill, jet mill, ang mill, multiple millstone mortar type kneading extruder,
etc. ~mona them, preferred are mixing and 20 kneading using ang mill (such
as mechano-fusion system, manufactured by Hosokawa Micron Co., Ltd.),
multiple millstone mortar type kneading extruder (such as mechanochemical
dispersion system, manufactured by KGK Co., Ltd.) and jet mill (such as
hybridizes system, 25 manufactured by Nara Kikai Seisakusho Co Ltd.), and
the multiple millstone mortar type kneading extruder such as
mechanochemical dispersion system, manufactured by KCK Co., Ltd is
especially preferred for carrying   T 7 Substitute sheet - 14 May 2002 out
efficient mechanochemical reaction;. For carrying out the mechanochemical
reaction, softening point of the thermosetting resins is preferably 50C or
higher, more preferably 70`C or higher, 5 further preferably 80C or higher
This is because a heat of about ?0-50C is generated by friction, grinding
or fusion between powders or powder arid treating apparatus at the time of
the treating, and the influence thereof must be minimized. When the
softening point is 10 too high, it is difficult to carry out effective
mechanochemical reaction., and, besides, impregnation of the resin
composition into the base in the subsequent step becomes difficult.
Accordingly, the softening point is preferably 150C or lcwer. 15 The
components such as powdered thermosetting resin and hardener are preferably
ground to the aforementioned particle size arid then mixed as uniformly as
possible by Henschel :mixer or the like before subjecting to the powder
treatment for the mechanochemical 20 reaction. If necessary, inorganic
fillers may be added to the thermosetting resin composition. used in the
present invention. Addition of the inorganic fillers can impart properties
such as tracking resistance, heat 25 resistance and reduction in
coefficient of thermal expansion.. Examples of the inorganic fillers are
aluminum hydroxide, magnesium hydroxide, calcium carbonate, talc,
wollastonire alumina, silica,   T , 



Substitute sheet - 14 May 2002 uncalcined clay, calcined clay and barium
sulfate Particly size of these inorganic fillers is also the same as
mentioned above. Particle size of the powder composition which 5 has been
subjected to mechanochemical reaction by the powder treatment is usually
10C0 a m or less, preferably 0.1-500 a m, further preferably 0.1-200 a m.
This particle size is suitable for improving flowability of the powder
composition at the time of spraying or 10 coating, flowability or
surface.smoothness at the time of melting with heating, and, furthermore,
impregnation of the resi:~ composition into the base, and for stabilizing
distribution of the resin composition in the base. 15 Thereafter, the
powder composition, as it is, is allowed to be present on at least the
surface of the base to obtain a prepreg or a fine powder additive of 0.01-1
a m in average particle size is added to the powder composition, followed
by uniformly mixing them 20 and this is allowed to be present on at least
the surface of the base to obtain a prepreg. This fine powder additive can
be previously mixed with the thermosetting resin arid the hardener,
followed by mixing them to obtain the desired effect, but the greater 25
effect can be obtained by adding the additive to the powder composition
which has been subjected to mechanochemical reaction as mentioned above.
The fluidity characteristics of the powder   1 , Substitute sheet - 14 May
2002 composition can be markedly improved by adding the fins powder
additive to the powder composition. Accordingly, when the powder
composition is coated on and imp=egnated into the base, the powder
composition can be sprayed or 5 coated uniformly on the base and thus
uniform distri bution of the powder ccmposition on the base and smoothness
of the surface of the coating of th a powder composition can be obtained.
In this way, uniform coating on and impregnation into the base becomes 10
possible. As the fine powder additives, inorganic fine powders are
preferred, but organic powders can also be used. As for the particle size,
those of 0.01-1 a m in average particle size are used, and preferably those
of 0.01-0.1 fir.: (specific surface area: about 50-500 m-/g) 15 are used.
These fine powder additives include silica fine powder, titanium oxide fine
powder, etc. If the average particle size exceeds 1 1 m, the specific
surface area decreases, the number of the particles per unit weight
decreases, and the difference in particle size 20 f=om the powdered
thermosetting resin as a main compo vent decreases. As a result, sufficient
bearing effect for the improvement of fluidity cannot sometimes be
obtained. The bearing effect in the powders is that by allowing fine
particles to be present between particles 



25 of relatively large particle size, movement of the particles of large
particle size is made freer to improve fluidity of the powder composition
as a whole. As a method for improving fluidity of the   r 1 D Substitute
sheet - 14 May 2002 powder composition to which the Tine powder additive is
added, any method can be employed as long as the fine powder additive can
be uniformly mixed and dispersed. As examples, mention may be made of
mixing by Henschel 5 :nixes, mortar, planetary :nixes,' tumbler , ball
mill, etc. The powder composition obtained In this way is allowed to be
present on at least the surface of a base by spraying, coat=ng or the like.
Amount of the powder composition varies depending on the kind of fibrous 10
material, properties and weight (per :nit area) of the base, but is usually
about 40-60s by weight of the base. The methods for allowing the powder
composition to be present on or in the base include a method of sprinkling
aver the top side of the base, electrostatic coating 15 method,
fluidization dipping method, spraying method, coating method using various
craters such as, knife coater and comma coater, and others, and there is no
limitation. The powder composition may be allowed to be 2D present on one
side of the base, but it is preferably allowed to be present on both sides
of the base in order to balance the top and under sides with each other to
avoid warping and the like. Preferably, the base is then warmed. 25 When
the base has a thin thickness of 100 ,um or less (100 g/m- or less in the
case of glass fiber base), or when the powder composition is easily
uniformly molten, the method of allowing the powder    11 Substitute sheet
- 14 May 2002 composition to be present on one side is sufficient, and in
this case it is preferred to allow the powder composition to be present on
one side of the base and then warm the side of the base opposite to the
side en which 5 the powder composition is present to a temperature higher
than that of the side on which the powder composition is present. That is,
in order that the powder composition is allowed to be present on the base
and thereafter the composition is molten to impregnate 10 the composition
into the base, the powder composition in which air moves between powder
particles more easily than in liquid resin is used, and this is allowed to
be present or. only one side of the base (top side), thereby to permit the
air present in the powder composition or 15 the base to escape easily from
the other side (under side), and furthermore the side (under side) opposite
to the side on which the powder composition is present is warmed to a
temperature higher than that of the side (pop side) on which the powder
cempositicn is present, 20 thereby to provide a difference in temperature
between the molten resin composition and the base, and improve impregnation
property by the driving force produced by the difference in temperature. As
this method for improving the impregnation 



25 property, the base can be warmed from both sides in such a manner that
the temperature of the side (under side) opposite to the side on which the
powder composition is present is higher than that of the another side (top
f n 12 Substitute sheet - 14 May 2002 side), or only the side (under side)
opposite to the sie on which the powder composition is present can be
warmed. For the above reason, the warming temperature 5 is usually
9G-170`C, preferably 1l0-150C for the side (under side) opposite to the
side on which the powder composition is present, though it depends on the
softening point of the powder composition. The warming temperature for the
side on which the powder composition 10 is present is usually 80-150C,
preferably 100-14CC. The resin-impregnated base may be heated so as to more
sufficiently impregnate the resin composition and, if necessary, to place
the resin in semi-hardened state. This heating te:aperature is usually
1Q0-200`C, 15 preferably 12G-19CC, but sometimes varies depending on the
fluidity or hardenability of the resin composition. Taking into
consideration the impregnation property of the powder composition at the
time of warming, in some cases, the desired amount of the powder 20
composition cannot be allowed to be present only by allowing the powder
composition to be on one side of the base depending on the properties and
thickness of the base, and the kind and properties o the powder
composition. In these cases, or for preventi:~g the warping 25 mentioned
above, adjustment of the amount of the resin to increase the amount of the
resin ccmpositior_ adhered is carr:~ed ouL after the warming step, and
subsequently a step of warrn.ing the base and!cr a step of heating the   13
Substitute sheet - 14 May 2002 base are provided. The step of adjustment of
t~~e resin amount is usually carried out on the side opposite to the side
or. which the powder composition is present first, but it 5 ray be carried
oLt on both sides. This can be optionally selected depending on the kind
and properties of the base or resin composition to be impregnated and
quality requirements of the desired prepreg. However, the former is
preferred when balance of the amounts of the 10 composition on both sides
is considered. In this case, the step of the adjustment of the resin amount
is not needed to be continuous to the preceding step and can be carried out
after the bass has once been wound up and after a lapse of time, but a
wind-up apparatus and a 15 wind-up step are required. In the present
invention, in order ~.o 



satisfactorily adhere the powder composition to the base, it is preferred
to previously heat the base to 50300`C prior to the step cf allowing the
powder composi 20 tion tc be present cn the base. In case where the bass is
preheated, it is also preferred to allow the powder composition to be
present on one side of the base and the=n warm the base. As mentioned
above, for this warming, when the base has 25 a thin tl-.ickness of 1G0 a m
or less or when the powder composition is easily uniformly molten, it is
preferred to warm the side of the base opposite to the side on which the
powder composition is present= to a temperature   14 Substitute sheet - 14
May 2002 higher t:~ar. ~ha ~ cf she side en which the powder ccmpositicn is
present. Furthermore, after the step e` warming the bcse on which the
powder composition has been present, a step of heating the base to whicY:
the 5 resin has beer. adhered may be provided. If necessary, in order to
adjust t?~e amount of the resin in the base to which the powder composition
has been adhered, a step of allowing the powder composition to be present
and subsequently a step of heating the base are provided, 10 after the step
of warming the base or. which the powder composition has been present or
the step of heating the base to which the resin has been adhered. In order
that the powder composition adhered to the base is molten and impregnated
into the base, the 15 base is previously heated, whereby the powder composi
tion is easily adhered or molten and thus can be easily impregnated into
the base at the subsequent warming or heating, end besides the air present
in the base or the powder composition can easily escape from the base. 20
Furthermore, by adhering the powder composition to one side of the bass and
then warming the base, the powder composition is mo?te:~ and impregnated
into the base, and, if necessary, a step of heating the resinimpregnated
base is provided to more sufficiently 25 impregnate the composition into
the base and place the resin in semi-hardened state. The pr2h2ating
temperature for the base depends an the !-:eat capacity of the baae,
softening   15 Substitute sheet - 14 May 2002 point and haraenability of
the powder composition, but ::sually is 50-300`C, if it is lower t:~ar.
50`C, the 



effect cf the heating is small, and ~f it is higher than 300`C, in some
cases the hardening reaction of the =esin 5 takes place to adversely
affect~the formability in the production of laminates. The temperature is
preferably 9G-200C, more preferably 110-170C. Within this range, the powder
composition adhered to the base is molten and has a proper viscosity, and
impregnation of the composi 10 tion into the base and the subsequent step
can be satisfactorily performed. Concerning the base, glass fiber bases
such as glass cloth and glass nonwoven fabric, woven fabrics or nonwoven
fabrics comprising paper, synthetic fibers or 15 the like, and woven
fabrics, nonwcven fabrics and mats comprising metallic fibers, carbon
fibers, mineral fibers or the like, may be used alone or in admixture. One
or more of the thus obtained prepregs are used. If necessary, a metal foil
such as copper foil is 20 superposed on one or both sides cf the
prepreg(s), followed by pressing under heating according to usual methods
to make a laminate or a metal foil-clad laminate. According to the methods
for the production of prepregs and laminates of the present invention, the
production becomes easy by use of the powder composition without casing
sucstantial change of performances of the resulting prepregs or laminates
from those of the conventional ones. As a result saving cf resources and
Substitute sheet - 14 May 2002 e::2rgy due to no solvent, d:.~nir.ish:~ent
of air pollut~or, and reduction of cost can be attained. 



Tne present invention uses powder materials (res'_n, hardener, etc.) and
applies mGchanochemical 5 reaction to them. By employing such technique,
the components can be uniformly dispersed and combined, the resulting
powder composition c2n be uniformly distributed and smooth coated surface
of the powder composition can be obtained when the composition is 10
allowed to be present in the base and impregnated in the base, and, as a
result, uniform impregnation into the base can be attained. The
representative examples of the steps of the method according to the present
invention will be 15 explained in succession referring to the accompanying
drawing. o ;~; ; -, A powder composition comprising a powdered
thermosetting resin, a hardener ar.d, if necessary, a 20 hardening
accelerator, etc. which have been previously mixed is uniformly mixed while
it is subjected to mechanochemical reaction., and, then, is charged into a
metering feed device 4. T~~~ ^~ nreh~a_t? ~`g ~h~, !~aSP: ..  ?5 F. base _
is heated to a giver: temperature by a heating device 2 such as a panel
heater, a hot-air   Substitute sheet - 14 May 2002 heater or the like. ibis
step can be omitted. '"~ n o f c o a ; n c~ +- h a p.~_w_~P r c ~r~,~n o s
~ ~- i o n . A given amOUnt o: ~he pcwder compositicn 3 



subjected to rnechanochemical reaction treatment is 5 coated on the
(preheated) base 1 by supplying the composition to the top side of the
ba~>e through a screen 5 (or by a coater) from the metering feed device 4.
In case the base is preheated, the powder composition can be adhered
simultaneously to both sides of the base, but 10 by adhering the
composition to the to~~ side, the air present in the powder composition. or
between the fibers can be easily released from the under side. The step of
warming: This is the step of warming the base cn`..o 15 which the powder
composition is coated or adhered, by a panel heater 5, a hot-air heater or
the like t0 melt t;;e powder composition to sufficiently adhere it to the
base. This step makes it easy to replace the air in the base with the resin
composition in the subsectuent step. 20 When the powder composition. is
adhered to the tep side of the base, impregnation of the molten resin can
be improved due to the driving force generated by the difference of
temperature between the molten resin and the base, if the under side is
warmed to a higher 25 temperature or c:-ily the under side is warmed.   18
Substitute sheet - 14 May 2002 m ~...~' ~T' ~' ` r L'~- a '` ~ r G '_'f
r:2~essary, the base onto which the powder corr,position has been coated or
adhered and which has been warmed, is heated by a heating device 7 to 5
impregnate the resin into the more inner portion of the base. the heati.^,g
method may be conventional one and is not 1im=ted. 'The s~~~f as;~~LSt,'_no
the amo~,ynt of rFSi:~ When the amount of the powder composition 10 adhered
to the base is less than the desired amount, or for the prevention. of
warping, a step of increasing the amount of the powder composition is addsd
after the warming or heating step. Especia?ly, ir~ th2 case o~ preventing
the warping, in some cases, the powder 15 composition is adhered to both
sides depending on the properties of the base, though usually the powder
composition is adhered to only the under side. Accordingly, For carrying
out this step, generally, the base 8 with the powder composition adhered to
one side, which 20 has been heated or warmed, is turned over, and a given
amount of powder composition 9 is coated on the resinimpregr:ated base B by
supplying the composition to the top side of the base through a screen 11
(or by a coater) from a meter'_ng feed device 10, followed by 25 warming
us_ng a panel heater 12, warm-air heater or the like. '"his warming can be
omitted. In the case oL e~rployin.g an electrostatic coating method,
fluidized   19 Substitute sheet - 14 May 2002 



bath method, or the like, the powder composition can be C~av..i~ered
ivi~~`li>L.:L turning ever t:~e base. ~y, S~ P ~ o ~ h C ~ t. ~ n i'f In
case the step of adjustmEnt of the resin 5 amount is included, a heating
step is preferably provided as the next step. In this step, the resin
composition is heated by a heating device 13, whereby the resin composition
is more sufficiently impregnated into the base and, if necessary, the resin
is brought to 10 semi-hardened state, and thus a prepreg can be obtained.
The heating method may be a conventional one as in the case of the
aforementioned heating step. The prepreg 14 is cut to the desired length by
15 a cutter 15 for the formation of a laminate. When the prepreg is used
for continuous forming of laminate, this cutting step is omitted. In FIG.
1, the base is moved horizontally and the whole apparatus used is a
horizor.t,~l type, but it is 20 also possible to move the base up and down,
and adhere the powder composition by electrostatic spraying method or by
spraying the composition to a preheated base. In this case, a vertical
apparatus is employed. Best Mode for Carrying out the Invention 25 Examples
o the present invention will be   2 o Substitute sheet - 14 May 2002
spev.~flCa'l~~y expl a-ned together wlt!: CCmparatl'.%e exa.;~~es .
[~.xample iJ (KCK, Coater method) 100 parts by weight oT a poH~dered epoxy
resin S i:aving an average particle size of 15C a m (brominated epoxy resin
Ep5G48 having an epoxy eqLivalent of 675 manufactured by Yuka Shell Co.,
Ltd.), 5 parts by weight of a powdered hardener having an average particle
size ef 15 ,um (dicyand'_amide) and 1 part by weight of a 



10 powdered hardening accelerator having an average particle size of 15 a m
(2-ethyl-4-metnylimidazole) were premixed and then treated usi.^.g a
multiple millstone mortar type kneading extruder (Mec!:a^ochemical
dispersion system KCK-8CX2-V(6) manufactured by KCK Co., Ltd.) 15 at a
revolution number of 200 rpm for 1 minute to obtain a powdered resin
composition having an average particle size of 150 ~e:n. This powdered
resin composition was uniformly coated on .he top side of a glass cloth ef
10C g/m' by a knife crater so as to give a resin weight eF 50 ~0 g/m`.
T:~ereafter, the glass cloth was warmed from the under side for about 1
minute by a panel heater at 150C. Then, the glass cloth was turnr~d over
and the compos1t10.^. was uniformly coated on the other side by a knife
coater so as to give a resin weight of SO g/m', .5 followed by heating for
1 minute by a ::^ot-air heater at 17CC to obtain a prepreg. `iY.'O Of ~ha
prepregs were superposed one upon   21 gubstitute sheet - 14 May 2002 the
other, and ther_ a copper soil of 18 a m thickness was superpVSelw on the
top ar~d unaer sides of the s~.:perpcsed prepregs, followed by hot pressing
for 90 minutes at a temperature of lo'S`C and under a pressure of 60 kg/cm=
to 5 obtain a copper-clad laminate of 0.22 mm thickness. [Example 2] (+
addition cf Aerosil) One part by weight of a fine powder silica raving an
average particle size of 0.05 a m (Aerosil #200 manufactured by Japan
Aerosil Co., Ltd.) was added to 10 100 parts by weight of the powder
co:nposition~having an average particle size of 150 a m obtained in Example
1, followed by mixing for 5 minutes by Henschel mixer at a revolution
number of 500 rpm. In the sa^~e manner as in Example 1, prepregs were
produced using the resulting 15 powder composition, and then a ccpper-clad
laminate of 0.?2'~rum thickness was produced using the prepregs. [Example
3] (riosokawa Micron, sprinkling method) 100 parts by weight of a powdered
epoxy resin having an average particle size of 1~C a m (Ep5048 used 20
above), 5 parts by weight cf a powdered hardener having an average particle
size of 15 a m (di~cyandiamide) and 1 par:. by weight of a powdered
hardening accelerator having an average particle size of 15 a m
(2-ethyl-9r:~et~:~ylimi dazol e) were premixed and then. treated using a W
t i n T F' ~'F ~ r ? .5 m~c!~_..o..~s_e., mac'~=ne (r.M-15_ manL....ctu_ed
by iosokaw.. Micron Cc., Jtd.) at a revolution number of 2000 rpm for   2 2
Substitute sheet - 14 May 2002 5 mi rlutes to cbtair a powder ccr~:pos_t
ion having an average partic_e size cf 150 a m. This powder composition was
uniformly sprinkled cn one side of a glass clotz cF 100 g/m- through a
screen. of o0 mesh so as to 



5 give a resin weight of 50 g/rn-. Thereafter, the glass cloth was warmed
from both sides for 30 seconds by a hot-air heater at 170''C. Then, the
glass clo~h was turned over and the composition was uniformly sprinkled on
the other side through a screen of 60 mesh so as to 10 give a resin weight
of 50 g/m-, followed by heating for 3 minutes by a hot-air heater a't 170G
to obtain a prepreg. A copper-clad laminate of 0.22 mm thickness was
produced using the resulting prepregs in the same manner as in Example 1.
15 [Example 4] (A thick cloth of l80 a m thickness + Aerosil) The powder
composition obtained in Example 2 was uniformly coated on one side of a
glass cloth of 210 g/m,~ (180 hem thickness) by a knife coater so as to
give 20 a resin weight cf 90 g/m-. Thereafter, the glass cloth was warmed
from the under side for about 1 minute by a hot-air heater at 120`C . Then,
the gl.xss cloth was turned over and the composition was uniformly coated
on the other side by a k^ife coater so as to give a resin 25 weight of 90
glm-, followed by heating for 1 minute by a hot-eir :eater at 170C to
obtain a prpreg. Two of the prepregs were superposed one upon.   2 3
Substitute sheet - 14 May 2002 the other, and then a copper foil of .8 ~ m
sickness was s~,:perpcsed on the top and ~~nder sides of the superposed
prepregs, followed by hot pressing for 90 minut25 at a temperature of 165`C
and under a pressure of 60 kg/cm- to 5 obtain a copper-clad laminate cf
0.42 r^.m thickness. (Example S] (KCK, coater method, preheating of base) A
glass cloth of 100 gim- was heated at 120C for 2 minutes by a heating
device. Then, the powder composition having an average particle size of 150
~cm 10 obtained in Example 1 was uniformly coated on one side of this glass
cloth by a knife coater so as to give a resin weight of 50 g/m`.
Thereafter, in the same manner as in Example 1, a prepreg was obtained, and
then a copper-clad laminate of 0.22 mm thickness was produced 15 using the
resulting prepregs. [Example 6] (+ addition of Aerosil) One part by weight
of a fine powder silica having an average particle size of 0.05 a m
(Aerosil tt200 manufactured by Japan Aerosil Co., Ltd.) was added tc 20 100
parts by weight of the powder composition having an average particle size
of l50 a m obtained in Example 1, followed by mixing for 5 minutes by
Henschel mixer at a revolution number of 500 rpm. In the same manner as in
Example 5, prspregs were produced using the resulting 



?5 powder composition, and then a copper-clad laminate ef 0.22 mm thickness
was produced using the prepregs.   2 4 Substitute sheet - 14 May 2002
Example 7 ] ( Pyeheatir.g of base, mcr tGr , spr lr~kl i ng :T:e ~:'~ud )
100 parts by weight of a powdered epoxy resin having an aveYage particle
size of 150 a m (Ep50-^.^.~ having 5 an epoxy eguivalent of 675), 5 parts
~>y weight of a powdered hardener having an average particle size of 15 am
(dicyandiamide) and 1 part by weigr.t of a powdered hardening accelerator
having an average particle sire of 15 a m (2-ethyl-4-methylimidazole) were
premixed and then 10 the resulting composition was. treated using a mortar
(manufactured by Ishikawa Kojo Co., Ltd.) at a revolution number of 100
rprr for 5 minutes . A glass cloth of 100 g/m' was heated at 120`C for 2
minutes by a heating device. The.^., the powder 15 composition. obtained by
the above treatment was uniformly sprinkled ~n one side of the glass cloth
through a screen of EO mesh so as to give a resin weight of 50 g!m-.
Thereafter, the under side: of the gl ass cloth was warmed for about 1
minute by a hot-air heater 20 at 120`C. Then, the glass cloth was turned
over and the composition was uniformly sprinkled on the other side through
a screen of 60 mesh so as to give a resin weight of 50 g/~r~=, followed by
heating from both sides of the glass clo~h for ? minute by a hot-air heater
at 170`C to 25 obta_n a prepreg. Two of the prepregs were sup~rpcsed one
upcn the ether, and teen a copper foil of 18 a m thickness was superposed
on the top and under s~.des of the superposed   5 Substitute sheet - 14 May
2002 prepregs, followed by hot pressing fcr 90 minutes a:, a te:npercture
of lb5 it and under a pressure of 60 kg/cm~ to obta_n a copper-clad
laminate of 0.22 rr~m thickness. [Example 8] (Mortar, sprinkling method, +
rerosil) 5 100 parts by weight of a powdered epoxy resin having an average
particle size of 15C1 ,um (Ep5048 having an epoxy eauivalent of 675), 5
parts by weight of a powdered hardener having an average particle size of
15 a m (dicyandiamide), 1 part by weight of a powdered 10 hardening
accelerator having an average particle size of 15 a m
(2-ethyl-9-methylimidazole) and 1 part by weight of a fine powder silica
having an average particle size of 0.05 ~cm (Aerosil #200 manufactured by
Japan Aerosii Co., Ltd.) were premixed and the resulting composition 15 was
treated using a mortar (manu`actured by Ishikawa Kojo Co., Ltd.) at a
revolution number of 100 rpm for 10 minutes. The powder composition thus
treated was uniformly sprinkled on one side of a glass cl~ti: of 100 20
g/m` through a screen of 60 mesh so as to give a resin weight of 50 g/m=.
Thereafter, the glass clcth was warmed from both sides for 30 seconds by a
ho~-air heater at 170C. Then, the glass clo=h was turned ove= and the
composition was uniformly sprinkled on the other 



25 side through a scresn of 60 mesh so as to give a resin weight of 50
g/~r:', fc'lowed by warming zor 3 minute by a hot-air heater at 170''C to
obtain a p=apreg.   2 6 Substitute sheet - 14 May 2002 Two of tr:e prepregs
were su,~erposed one open the Ct~':~.r, 2nd tiiei: a Copper f011 Gf _~ ti
Jl m tr:_CIC:leSS 4JaS superposed on ~:-~e ~op and under SldeS Of tre
su~~er~osed prepregs, followed by hct pressing fG;: 90 minutes at a 5
temperature of 165`C and under a pressure of 60 kg/cm` to obtain a copper-c
1 ad laminate of 0. 22 mm t'~ickr.ess . [Example 9] (Novolak type phenolic
resin, KCK, coater) 100 parts by weight of a powdered epoxy resin having an
average particle size of 15U a m (Ep5048 having 10 an epoxy equivalent of
675), 16 parts by weight of a powdered novolak type phenolic resin having
an average particle size of 30 ~cm (novolak type phenclic resin FR51470
having a phenolic hydroxyl equivalent of 1D5 manufactured by Sumitomo Durez
Co., Ltd.) and 1 part by 15 weight of powdered triphenylphosphine having an
average particle size cf 10 a m were premixed and then treated using a
multiple millstone mortar type kneading extruder (Mechanochemical
dispersion system KCK-60X2-V(6) manufactured by KCK Co., Ltd.) at a
revolution number of 20 200 rpm for 1 minute to obtain a powder composition
having an average particle size cf 150 ~cm. This powder composition was
ur.iform~y coated on the top side of a glass cloth of 100 g/m- by a knife
coater so as to give a resin weight of 50 g/m'. 25 Therea::ter, the glass
cloth was warmed from the under side for a~out 1 minute by a p:.nel heater
a t 150C . Then, the glass clo~h was turned over and the   



Substitute sheet - 14 May 2002 composition was uniformly coated on tt~e
other side by a knife coater so as to give a resin we=gh~ of 50 g/m-,
followed by heating for 1 minute by a hot-air heater at 1 7 CC to obtain a
prepreg. 5 Two of the prepregs were superposed one upon the other, and
furthermore a copper foil of i8 a m thickness was superposed on each of the
top and under sides of the superposed prepregs, followed by hot pressing
for 60 Minutes at a temperature of 175C and 10 under a pressure of 20
kgicm` to obtain a copper-clad laminate of 0.22 mm thickness. [Ex_ample 10]
(+ addition of Aerosil) One part by ~,aeight of a fire powder silica having
an average particle size of 0.05 a m (Aerosil #200 15 manufactured by Japan
Aerosil Co., Ltd.) was added to 1C0 parts by weight of the powder
composition having an average particle size of 150 u:~ cbtai~:ed in Example
9, followed by mixing for 5 minutes by Henschel mixer at a revolution
number of 500 rpm. In the same manner as in 20 Example 9, prepregs were
obtained using the resulting powder composition, and then a copper-clad
laminate of 0.22 mm thickness was produced using the prepregs. [Comparative
Example 1] (Powder, without mechanochemical treatment) 25 100 parts by
weight of a powdered epoxy resin having an average particle size of 15C a m
(Ep5048 'paving   2 p Substitute sheet - 14 May 2002 a.'1 epOXy
ec~l~lvclEnt Of D75) , 5 p^rtS C)y Wei ght Of d powdered harcener having an
average p~:rticle size of 15 a m (dicyanciamide) and 1 part by weight of a
powdered hard~r.ing ac~elerat~r having an avera;;e particle sips o~ 5 15 a
m (2-et,~yl-~-methylimidazole) were stirred and mixed by an anchor blade
type stirrer at a revolution number 70 rpm for ~. minute. In the same
manner as in Example 1, prepregs were obtained using the resulting powder
ccmpositicn, and then a copper-clad laminate cf 10 G.22 mm thickness was
produced using the prepregs. [Comparative Example 2] (aot melt method) 100
parts by weight of a pcwdered epoxy resin having an average particle size
of 15u a m (Ep5098), 5 parts by weight of a powdered hardener having an
average 15 parti cl a size of 15 ~e m (dicyardiamide~ and 1 part by weight
of a powdered hardening accelerator having an average particle size cf 15
hem (2-ethyl-4-meth~~li~r;idazole) were mixed, and the resulting powder
composition was mclten by warming at 100`C. Then, a 2G glass cloth cf l00
g/m-was dipped in the molten composition to impregnate ~he cloth with the
composition in an amount of 100 g/m- in terms Of resin solid content,
followed by heGtir!g by a heating device at 170C or L minutes to obtain a
prepreg. 25 Two of the prepregs were superposed one upcn the other, and
f~~Ythermora a copper foil of 18 a:~ t~ich.^.ess was s~:r~erposed on eac:~
of the top and ur:der 



f A 2 9 Substitute sheet - 14 May 2002 sides cf the superposed prepregs,
followed by hot press:~ng for 9v mir:utes at a temperarure of 1 o'S`C and
under a pressure of 50 kg/cm~ to obtain a copper-clad laminate of O.c? mrt
thickness. 5 (Comparat~.ve E~a^~ple 3] (Conventional Impregnation method)
100 parts by weight of a powdered epoxy resin having an average particle
size of 150 a m (Ep5048), 5 parts by weight of a powdered hardener having
an average 1C particle size of 15 a m (dicyandiamide) and 1 part by weight
of a powdered hardening accelerator having an Gverage particle size of 15 a
m (2-ethyl-4-methylimidazole) were mixed, and the resulting powder
composition was dissolved in 100 parts by weight of 15 methyl cellosolve.
Then, a glass cloth of 10G g/m=was dipped in t:~e resulting varnish to
impregnate the cloth with the varnish ~n an amou^t of 100 g/m- in terms oy
resin solid content, followed by heating by a hot-air heater at 1'70 C for
3 minutes to obtain a prepreg. 20 Two c~ the prepregs were superposed one
upon the other, and then. a copper foil of 18 a m thickness was superposed
cn each of the top and under sides of the superposed prepregs, followed by
hot pressing for 9G mir:utes at a temperature of lf5 C and ~:nder a
pressure of 25 60 kg/cm- to obtain a copper-clad laminate of 0.22 m~rt
thickness. In the above examples and comparative   3 o Substitute sheet -
14 May 2002 examples, with regard to the prepregs the impregnation of ~:~e
resin into t~e glass cloth was evaluated, and the laminates were subjected
to evaluation of `ormability, tensile strength, peel strength for copper
foil, solder 5 heat resistance and insulation resistnce. The results are
shown in Table 1 and Table 2.   Table 1 Example1239567B910Impregnation
(void)NoneNoneNoneNoneNoneNoneNoneNoneNoneDone1'ormabilityGoodGoodGoodGoodG
oodGoodGoodGoodGoodGoodTensile strength (r9Pa)5560455555606055- 60--60-
`Peel strength for copper foil (kN/rn)1.51.61.5l.61.51.61.61.61915 



_Solder heat resistance (B).ister)NoneNone _NoneNoneN oneNoneNoneNone
_NoneNoneInsul ation resistance (S~)10'i10'"10"10'10'ilU"10"10"10'lU" w r~
c a N rt C rt N N O O N   Substitute sheet - 14 May 2002 Table 2 Co:rpar a
t i ve ExampleI 1~ 2' 3Impr2:~nation (void)~ ExistsI
ExistsNoneForrr~a.bilityWhite dots of heardenerGood~ GoodTensil a strength
(!~!Pa)20 i60~'' ~60peel strength for copper foil (kN/m)0.8 ~1.4'-1.6Solder
heat resr stance ~ (Blister)Exists ~Exi sts ~NoneInsulation resistance
(S2)10'110''10- *1: Different strengths obtainec partially Method of
evaluation: 1. Impregnation property: The prepreg was observed by a
microscope and it was ascertained whether voids were present or not between
glass fibers. 5 2. =ormability: The copper foil of the Copper -Clad l aml
na to ~: ~uS Sl:r'~ eCteu to a tC hlng, and 1 t was visually observed
whether hardener and ethers separated, and dispersibility of the resin
composition was evaluated. 10 3. Tensile strength: The copper foil of the
cooper-clad laminate was subjected to etch=ng, and the laminate was cut to
10 X 100 mu-r,, followed by measuring the tensile strength by Tensilon. 4.
Peel stre^gth for copper foil: This was 15 ^-;easured by JIS C6481.   1 ~. 



3 3 gubstitute sheet - 14 May 2002 5. Solder heat resistance: The laminate
cf 50 X ~0 m~~n was floated on a solder bath of 260`C for 3 minutes, and it
was determined whether blisters occurred. 5 6. Insulation resistance: This
was measured by HIS C6481. As for the production cost, since the method of
the Examples did not use a solvent, the cost of the laminates obtained in
the Exarnahes could be lowered 10 about 30-40o as compared with the
laminate obtained in Comparative Example 3. Furthermore, in Comparative
Example 2, viscosity of the resin increased at the step of melting the
resin at 100`C, and hardening proceeded. In addition, the resin wrich stuck
to apparatuses 15 hardened and cleaning became difficult. Industrial
Applicability According to the method of the present invention, a laminate
satisfactory in qualities such as electrical properties and heat resistance
can be s=ably 20 obtained without using organic solvents. Since organic
solvents are not used, saving of resources and energy, and diminishrner.t
of air pcllution can be attained, and the cost can be markedly reduced by
the saving of resources and energy. Thus, the present inventicn is 25
suitable as an industrial method for the productio.^, of prepregs and an
=ndustaial method for t:he production of ~aminates and metal foil-clad
laminates.   J I. Substitute sheet - 14 May 2002 The lamin::tes or metal
foil-clad laminates obtained by tr:e prese.^.t i::ver~t=Crt 8re Suitable
especially as printed circuit boards used for electrical equipment,
electronic equipment, communication equipment 5 and others, and,
furthermore, they can be utilized as struc~ural materials and interior
materials for veh,~cles, ships, aircraft, architectural structures and 



others.   ., Substitute sheet - 14 May 2002 35 CLAIMS 1. A method for
producing a prepreg, characterized by applying a mechanical energy to a
mixture comprising a powdered thermosetting resin and a hardener as
essential components to bring about a mechanochemical reaction and allowing
the resulting powdered resin composition to be present on at least the
surface of a fibrous base material. 2. A method for producing a prepreg
according to claim 1) wherein the fibrous base material is a fibrous base
sheet) and wherein said method includes steps of allowing the powdered
resin composition to be present on one side of the fibrous base sheet and
then warming the base sheet to adhere the powdered resin composition to the
fibrous base sheet. 3. A method for producing a prepreg according to claim
1, wherein the fibrous base material is a fibrous base sheet, and wherein
said method includes steps of preheating the fibrous base sheet to 50-300C,
then allowing the powdered resin composition to be present on the fibrous
base sheet, and warming the base sheet to adhere the composition to the
base sheet. 4. A method for producing a prepreg according to claim 1,
wherein the hardener is a powdered hardener. 5. A method for producing a
prepreg according to claim 1, wherein the thermosetting resin is an epoxy
resin.   ~ r Substitute sheet - 14 May 2002 36 6. A method for producing a
prepreg according to claim 5, wherein the hardener is dicyandiamide, a
novolak type phenolic resin or a mixture thereof. 7. A method for producing
a prepreg, characterized by applying a mechanical energy to a mixture
comprising a powdered thermosetting resin and a hardener as essential
components to bring about a mechanochemical reaction, adding to the
resulting powdered resin composition a fine powder additive having an
average particle size of 0.01-1 pm, uniformly mixing them and allowing the
resulting powdered resin composition to be present on at least the surface
of a fibrous base material. 8. A method for producing a prepreg according
to claim 7, wherein the fibrous base material is a fibrous base sheet, and
wherein said method includes steps of allowing the powdered resin
composition to be present on one side of the fibrous base sheet and then
warming the base sheet to adhere the powdered resin composition to the
fibrous base sheet. 9. A method for producing a prepreg according to claim
7, wherein the fibrous base material is a fibrous base sheet, and wherein
said method includes steps of preheating the fibrous base sheet to 50-300C,
then allowing the powdered resin composition to be present on the fibrous
base sheet, and warming the base sheet to adhere the composition to the
base sheet.   I .y. Substitute sheet - 14 May 2002 37 10. A method for
producing a prepreg according to claim 7, wherein the hardener is a
powdered hardener. 



11. A method for producing a prepreg according to claim 7, wherein the
thermosetting resin is an epoxy resin. 12. A method for producing a prepreg
according to claim 11, wherein the hardener is dicyandiamide, a novolak
type phenolic resin or a mixture thereof. 13. A method for producing a
laminate, characterized by using one or a plurality of the prepregs
obtained by the method of claim 1, optionally superposing a metal foil on
both or one side of the prepreg(s), followed by heating and pressing them.
14. A method for producing a laminate, characterized by using one or a
plurality of the prepregs obtained by the method of claim 7, optionally
superposing a metal foil on both or one side of the prepreg(s), followed by
heating and pressing them. .A(.AF.A.ASN3.A .A .A.AN@.A .A(.A2.A;fl.Af.A
.A.ASN.A.A,N.AS.Ay.AA.Ay.Af{.A@.Ay.A@.AY.AUY.AsS.A1A.>Y;.A(.A;.A;
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