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1 DESCRI PTI ON METHOD FOR PRODUG4NRG6
PREPREG AND LAM NATE Technical Field The present 3g/73
i nvention relates to a nmethod for produci ng prepregs and | am nat es,

and nore particularly to a method for producing prepregs and | am nates
5 suitable as printed circuit boardggysrtprepyel ectric equi pnent

el ectroni c equi pnent, comuni cation equi pnent, etc. Backgr ound
Art RMBEHODNEORNERPDUCING PREPREG AnBruaMIsamgnd 10 for

m ni atwuri zati on and enhancenent of functions I ncreases, and, on the

ot her hand, conpetition in price I s keen, and, especially, as for

mul ti-layer |am nates, gl ass fabric-based epoxy resin | am nates and

| ami nates  TecBsdpgeilsiFagld gl ass nonwoven fabric as an internmediate 15

| ayer base material and a gl ass woven fabric as a surface | ayer base
mat erial which are usedPoPIgseRtednvention ggilatgsatgs a peghest fiogsk is to
reduce the pri erto,éggharqe anount of sol vents have heen used

ce. . Hth { use
for  thePBPoHGIPRoR 6P 5 EEpRESs (oMt at e5% B0 S pardrsardy T <
because resin_varnqgi asi.| repared, an an be easily an
unifornly cogfe% §ﬁ§§§%i%%%e§%§?€ in q%%ﬁggﬁaggdnéﬁgPpﬁlf§ The sol vents
are evaposat gdjatphle a5 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 multi-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 prepregs 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 or impregnation and are not

present in the products, and most of them are disposed



“drying step after coating or inpregnation and are not present in the
products, and nost of them are di sposed

2 of by conbustion apparatus or released into the at nosphere as
they are. For this reason, it has been 2 pointed out that this is a
cause for the warmng of the earth and air pollution. On the other
hand, it ha®hégn canbusttienptapbara tuesdure ddleamwmlinintef tded vents, but this
has been difficult because of the problens in production such as
coati ng and atmeseexts @s dheyhensase Roirt this ressmims.it has been For

the production of prepregs and lamnates 10 without using solvents, it
has been st RfiigFach otk that thdst i & deowwendian i aanmigg (Afgdite resi ns

W th heating to obtain _a honbgeneous m xture and coat the m xt ure
on a base. IS&eANd BiF ARt aromdéhe othanhiandy tHathatufe®h ently

honbgenepus m xt ur.e nnot be obtai ned,_the resin sticks to
appar at USes ag_:ﬁer%’tteécho retfg’cﬁeegte cﬁm%’égt iorfg stogﬁlp?é'f ’u?@“ﬁ ﬁ:ﬁ":’os_nt}}%ous
produc:  pddi0; A e dderimseld g, reeli Gal s Jyride, heatd no.

whi ch requi re Tl eaning of  the apparat uses. us, I huous production

has been dif{jgul : : I 0 coat a
powder ed | Jdérigsaltsn Cacgaoclltn sa?%i%%%%f?ﬁ@um é(;rr%g%%ntl;xi ng and

coating are wHdiffdgult and partial hardeni ng or insuf-

For the production of prepregs and laminates

10 withéut 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 on 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 produc-
tion, 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 insuf-
ficient 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



‘ficient inpregnation into the base material is caused. Accordi ngly,

this nethod has not yet been practically 25 enployed. Di scl osure
-of Invention As a result of research conducted in an

3 attenpt to obtain prepregs from Besins using no solvent, whi ch
has been difficult, and to obtain | ani nates using the prepregs, it has

been found elrAempii ftor whviadim@reptegs friompreghiats wsing meoa sedsentan be
perforned equrvalentl 5 to the conventional method of using solvents by
using a qu@gq ﬁlefrfdcallﬁar ddrsert carpptauils] demiimp tiese ysdunder

to a rrechan%ﬁ)@em cal reactron Research has heen further conducted to

ac?:orrpl i tsh f F:@iﬁrﬁgsi'rl:gn 35h peen found that “ﬂ#%“?é‘éﬁlqd%\ﬁéﬁt |ho:1
relates to g method for .1 uci n epre acterized in that a
powdered  TMRGRINATIAY OF g:af ﬁ’fr eﬁf&r eﬁ[ Sddehti al
conponents, ,an | e r referred
to as p%vrdectr% gco%pg:sr q)orn%él gneﬁcgg}%ﬁ%é uosrirg; O%'Vréntzf; cﬁjasnlﬁ‘ % ener gy

to the abov rﬁgﬁ gﬁﬁﬁgﬂg} ‘eﬂggron i's
allowed to S)e pr eselr?? aélrjﬁﬁat east e surface of Crbgef ﬁgfus

material (heleiNafddlardRiRmRA L Tt RASE" )Restbch has fudddder nore,
relates to a nethod for producing a prepreg, characterized in that a
powder conp@&irth¥Y conducted to accomplish the present invention.
The present invention relates to a method for
10 prodﬁcing a prepreg, characterized in that a powdered
thermosetting resin and a hardener are used as essential
components, and a powdered resin composition (herein-
after referred to as “powder composition”) obtained by
applying a mechanical energy to the above components to
15 Dbring 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 um
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).



20 obtained by adding a fine powder additive of 0.01-1 [err]m I n
average particle size to the above-obtai ned powder conposition and
-uniformy mxing themis allowed to be present on at |east the surface
of a base. The present invention férther relates to a nmethod for
producing a 25 lanminate, characterized by heating and pressing one or
nore of the Briefr &gsaditpadiired cdfh@eawiirfg necessary, with a netal foil
super posed on one or both sides of the prepreg(s).

4 Bri ef Descri ptiflif.ofl Drsavé ifiagram which schematidally shdivgyr am
whi ch. schematically shows an exanpl e of various steps of the nethod
for the arpreFRrRlicow hivarignef-ere afdithye methed halsdlie 5 i nvention.
Detai |l ed Description of the Invention The powdered

t her noset t | QA§ﬁ9+QRs &f RFareIs acqprdian ?q“RﬂﬁlRﬁﬁﬁ%Pﬁweferably an

epoxy re |n and a polyimi de resin, a polyester resin, a phenolic
resin, qﬁﬁ?gﬂso be used. When t he thernnsetting

resin is an epoxy resin, dicyandi am de, an aronmatic am ne, a novol ak
type phenolic resin or the like is preferred as the hardener from

the points aiedigated afist A0 Ab £18H Hfvention

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, dicyandiamide, an aromatic amine, a novolak type
phenclic 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 20% by weight based on the
resin), it may be liquid as far as the mixture with the

20 resin after application of mechanical energy can be
powdered. Moreover, preferably a hardening accelerator
is used. The hardening accelerator is also preferably
in the form of powder, but similarly a liquid hardening
accelerator can be used. The hardening accelerator

25 includes an imidazole compound, a tertiary amine or the
like. These components are not limited to those

exemplified above.



15 properties. An acid anhydride, an im dazol e conpound or the like

can al so be used. The hardener is preferably in the formof powder,
but when the anount thereof is small (for exanple, |ess than 20% by
wei ght based on the resin), it may b& liquid as far as the m xture

with the 20 resin after application of nechanical energy can be

powder ed. Moreover, prefeiaiartddia dEHdGRIRERS PdWders id udigedy The
har deni ng accel erator is also preferably in the formof powder, but
simlarly a |00 har denilegs, predecebdyalol-680 hempsedre Theehardehing
accelerator 25 includes an i m dazole conpound, a tertiary amne or the

li ke. These cdhplordHl speare Adt ilti eixcegdso 10Rsa:tm, thexsupfateedradove.

5 The particle size of these powders is usually 1000
[err]mor | esPehridiemtighty of sriicks s mmal brid degrgase contactop
[err]m If _it exceeds 10Q0 [err]m the surface area per the wei ght of
particle i8S sRIINtD Yedrtase Hete SPTRAMREDISUH: 3D thermo-

t h .the th - tti ' har d d h '
COMpONent s SUk 88 LS Rl e oene So S LSS S dener. 800 Pt e ng
the possi bi i ty hatn IEAGILON dakes. BLACe e AU AL 0 ppue diALELENL (oM

e target rati1 o o reactir on or unitrorm reactr on cannot e pertor med.

Wen the hardefel SOUA1iey NAUCONAG AGEALAA P18 4D dheaf P of
powder , particle size the thernosetting resin is preferably
different from the target ratio of reaction or uniform
10 reacfion 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
20 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 rate 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



5-15 times that of the hardener and/or hardening accel erator for
carrying out nmechanochem cal reaction. 15 This is because the hardener
and/ or the hardening accelerator are readily fused with the

t her nosetting resin in the above ramge. Modi fication by
t He nmechanochem cal reaction Is explained as follows: "This is a

nodi fication dterils SOl ikl MdindesDhd d MbdKkdn Utd] | Z€81i RIMG aEReAEYI Vi ty
and surface charge of particles caused by grinding, attrition,
friction or costweiliged,Thei® ree éhby colsgsical modefEcabeonctbutty per se
results in nodification of di ssolution rate and thermal deconposition
rate due to @bs¢rcmemicah rddifiysatlon oane gperficrmede sficktaai n energy

or results in mechanical strength or magnetic charac- teristics and
where the surdererakiovield ¢Rapgedoyofrictioneatt¢ontafth adheringtlyials
or adhering to other . o , 6

mat eri al s2 | MagREReER ngPaddhagi @bl 2 Sredkf hgr ehREgynuclearsmattersed, and

not only PhYSLesl IBALLL SN ey nea L8 FUPULCRL IRl gali on are
RN RIS e b BT S B T e
g/gggf cat o g&%gg‘g § 23 LELYOsEVRATA, pr86KaLgREL U kYt SYoSOran) .
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. Among 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 kneadiné extruder (such as
mechanochemical dispersion system, manufactured by KCK
Co., Ltd.) and jet mill (such as hybridizer 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



Gj ut su Kenkyu Kyokai and published by Sangyo Gjutsu 10 Service Center

Co., Ltd. on March 25, 1993). The present invention utilizes chem cal
nodi fication by mechanochem cal reaction, which includes chem cal
nodi fication of solid and |iquid by mechani cal energy. The

powder -treating methods for giving 15 mechanical energy to bring about
mechanochem eoak efficieatt mechanokchdainali rgaetikneadi ng carried out by

usi ng nortar, Henschel m xer, planetary mxer, ball mll, jet

mll, ang mll, nultipFernckikstydng cuott &het mechlameatiemngcal reextrwder, etc.
Anmong them preferred are mxing and 20 kneading using ang mll (such as
mechano- f usi 6afépaiag point gdnbhgcthegmosptidsdk ¥Rs iNscisnpegferntd.),

mul tiple mllstone nortar type kneading extrud (such as
mechanocheni @R YdP8der OF oRigh¥ enforanbFraéetrblypyOkorer higher, Ltd.) and

' | h hybri di 25, f red, by, Na Ki kali

gg}sgLusﬁésu PF%%Fﬁyf?g h%gkliy%bﬁg]ﬂﬁlg?gﬁggn?f#gggnésﬁB?Féss?;Bglkngading
trud . ! ! | ;
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7 out e%&'%b%ﬁbn”?%%%@%%h%ﬁh@%&sr%gﬁ%#éﬁﬁﬁﬁgand treaﬁi{ﬁ% For carrying

out the mechanochem cal reacti . point o t her nosetti ng
resins is prefaratus atbthedAitd I6¢ @hehitdait i Pl andl ey abist e r] C or

higher, 5 further preferably 80[err]C or higher. This is because a
thereof must be minimized. When the softening point is

10 too ﬁigh, 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 lower.

15 The components such as powdered thermosetting
resin and hardener are preferably ground to the afore-
mentioned particle size and 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, wollastonite, alumina, silica,



heat of about 20-50[err] is generated by friction, grinding or fusion
bet ween powders or powder and treating apparatus at the tine of the
treating, and the influence t hereof nust be mnimzed. Wen the
softening point is 10 too high, it is Bifficult to carry out effective
mechanochem cal reaction, and, besides, inpregnation of the resin
conposi ti on bBpcalcheedasdayn thédcduvkseqglent and bastiem seddeate.di fficult.
Accordingly, the softening point is preferably 150[err]C or lower. 15
The conmponenf3réacheasigenwedr sdeskeimosaaniicg fillersedisn adse® favedener are
preferably ground to the afore- mentioned particle size and then m xed
as unifornl yS38e as mgaidoped BPOoMenschel nixer or the like before

subj ecti ng to the _powder, treatnment for the mechanochemical @ 2
Feattion. PR ec 5325 PE ey GaRe T HRBRS Lisprb e hidted

0,1 1o 61 TRSG! Ll LSOO LS L soncy LRG0

Addi ti on of € i norgani

Lracki ng resial,aa6e . eaherdd 1 of @3hALCq WA 1 ROYE! 1 00| NpEReLELEAGN of

t her mal expansi on. anples of t i norgani er§ ar l'um num
hydroxi de, npgresioem hydr exidRerCarEEEPhb1Y 09§L590a%ﬁn.gafﬁis“0||a5t0n'te’

alum na, silica, uncal ci ned
clay, calcine@reliay eand AankisuBusSHatbalee 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 resin 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 um 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 and 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



Particle size of these inorganic fillers is also the sanme as nentioned

above. Particle size of the powder conposition which 5 has
been subjected to nmechanochem cal reaction by the powder treatnent is
usually 1000 [err]mor less, preferably 9 0.1-500 [err]m further
preferably 0.1-200 [err]m This particle size is suitable for

i nproving flowmposityonfcan betinerpediier imprpoedt bpnadtiihgethenEing
spraying or 10 coating, flowability or surface snoothness at the tinme
of melting whewdasagddgtivadtof thehpowdes, compeeghabhon Accordinghg,resin
conposition into the base, and for stabilizing distribution of the
resin conposWh?Bnthﬁ pAwder coppegitigp is coated omhapgafimpregnRésegowder

conposition, ,as it s all med to be gresent ogﬁat | east. t he

surface of thBtO theb?@éeto bStBPH SrpFQHP8§l AOR FPRePFoRBERYEAAPEi ve of
0.01-1 tl d tot

Conposi {1 on CPOEFRWERLAGTRLNT B SnParRy AREmTro8 uaasorm SRREEM oned to
b t t t . the b b

This fine  BulhencBE chiCpoyder:kbiBESiEioh Bp0ERE bRsEPRRKT, S ProPr O

thernosetti ngm@aégﬂ gf@,do%h% QaEgEEQEe E@' ltﬂ\é’e@ogl‘_]}?fgxb@gthe om@m to

obtain the desire ut the greater ct can b obt ai ned by
addi ng the aé@hbb§§t&8nt38n be oBeWHBEACONRASkhEaNwWR, Clinhds rheen subj ected

to mechanochem cal reaction as nentioned above. The
fluidity chacegtehgsbncanal ihpeepgawiebon 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 um in
average particle size are used, and preferably those of
0.01-0.1 um (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 um, the specific surface
area decreases, the number of the particles per unit
weight_decreases, and the difference in particle size

20 from the powdered thermosetting resin as a main compo-
nent 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



9 conposition can be markedly inproved by adding the fine powder
additive to the powder conposition. Accordingly, when t he powder
conposition is coated on and i npregnated into the base, the powder
conposition can be sprayed or 5 coatetlOuniformly on the base, and thus
aniformdistri- bution of the powder conposition on the base and

snmoot hness Qowder stonpaesi tifort heo adaiciclod firee peowker additiongpass tion can
be obtained. In this way, uniform coating on and inpregnation into the
base beconesdddi, possindtthod Asar e femel gyeedieas aldehd i aesthe nbkmg@ani ¢ fi ne
powders are preferred, but organic powders can al so be used. As for
the particl eaider addideivd rObd Yymrfdrmliy mixed saand adfesprirsed! e size are
used, and preferably those of 0.01-0.1 [err]m (specific surface area:
about 50- 50PHEFEHIP LSS, RN kY MayHeR dn3ie 0 H I A RY thRsChfk| ude
silica fine powder, titanium oxide fine er, etc. 1f.1he

average Par tHoFRF iBF Bk et XY M2 ¢ e J%‘%&Qf??t K3t} afEJeli' ®tGrea
decreases, the nunber Qf the particles per unit. . wel ght . decreases, and
the difterence in par 1ty PSSR SISTrER o e tiainsdat FEMESHT e T ool
as a main ¢ Syed to et P@é:%r?@sc?x?'atb‘sdl?aét?%é’s@f’féég'gf't%bggéé ng

ef f ect or e 1 nprovenent of flurdity cannot sonetines be

obtained. T bﬁé"ﬂf’.ﬂ'}f}cf@&étiﬂgt@ﬁ POIL{ Be | S ARGEnPYof the bbRdePg fine
particles to be present between particles 25 of relatively Targe particle

size, novenegdmPdsitiEon varPes tdSp&SdDhg | &f gehPakingl 6f stzerbssmade freer
te 10 matefial, properties and weight (per unit area) of the
base, but is usually about 40-60% 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
over the top side of the base, electrostatic coating
15 method, fluidization dipping method, spraying method,
coating method using various coaters such as knife
coater and comma coater, and others, and there is no
limitation.
The powder composition may be allowed to be
20 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



I nprove fluidity of the powder conposition as a whole. As a
nmet hod for inproving fluidity of the

10 powder conposition to which the fine powder additive is added,
any nmethod can be enployed as long as the fine powder additive can be
uniformy m xed and di spersed. As exanpl es, nention may be nade of

m Xi ng by HegiRlitidon Ho(¥e pgi¥dedit d iR ydddN dErsuffidiert, ald m i,
etc. The powder conposition obtained in this way is

al l oned to k& prEse”asa i ieaniefidrrsdirface Idw atmgowder dpm-sprayi ng,
coating or the like. Anmount of the powder conposi tion varies depending
on the ki nd pfsifiimrous ) prsanitalon pmpesidessfnthawiage dpkrthent area)
of the base, but is usually about 40-60% by wei ght of the base.

The met hods Wagm diheoviifle tHe hevd@se omprssitonte dhre side g adekthon or in

t he base _include a nethod of sprink]in over the top side of the base,

g
el ect r osPat it RATIRF ABRARYHOP 112iRFS2AT o Vi H i STPIAHYE sprayi ng

met hod, caoati nmet hod usj varj ous coater,s such as,knife coat er
T oo cdurae? FhATE o O he' MG Tt LR 8 b et

The powder ¢ g@p |40 we be, 20 p t o) side of the
base, but i té)l épérle lecghabrgfé/y &eesaérg 1 o%e%aa% ol%'e%‘pr} e‘gs]g% Po%r? oth si des of the

base in Ord%o%edr Gl B L1 dORRE LA pldsentl S eRgTpatder to

avoi d war pi , the base i1s
and thereafter the composition is molten to impregnate

10 the éomposition 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 on 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 (undexr side) opposite to
the side on which the powder composition is present is
warmed to a temperature higher than that of the side
(top side) on which the powder composition 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



t hen warned. 25 When the base has a thin thickness of 100

[err]m or less (100 g/nferr] or less in the case of glass fiber

base), or when the powder conposition is easily uniformy nolten, the
nmet hod of allow ng the powder 12 conposition to be present on one
side is sufficient, and in this case it is preferred to allow the

powder com side) past tordy ttthdes jpdestmdean sidesicEpaditaietdaisies and t hen
warm the side of the base opposite to the side on which 5 the powder
conposi ti on $ixdgrasarmich the apreder wwampositivnhks presenthatanfbe he side
on whi ch the powder conposition is present. That is, in order that the
powder conpdsi¥mesh- is all owed to be present on the base and thereafter

the conposition is nolten to inpregnate 10 the conposition into the base,
the powder conpositiorf$h the a Y?ﬁ?%ﬁ§°%0VE%eH%@&E%%gp%ﬁﬂ%?r$%P¥?cles

rore S2SH1Y 12 publPll LA ERALB A ARl 2ngl LuRC Lo be
the ot her si HQEH ZREr ofgREn UERE oide o iR PHEPNGE S ) O
D £ 2 T AP e RS, PN SopRsaanup prosent o
whi ch the poysefefDIPOSGin©Not St 656%der composition. The warming
temperature for the side on which the powder composition
10 is present is usually 80-150°C, preferably 100-140C.
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 temperature is usually 100-200°C,
15 ©preferably 120-190°C, 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 of the powder composi-
tion. In these cases, or for preventing the warping
25 mentioned above, adjustment of the amount of the resin
to increase the amount of the resin composition adhered

is carried out after the warming step, and subsequently

a step of warming the base and/or a step of heating the



20 thereby to provide a difference in tenperature between the nolten
resin conposition and the base, and inprove | npregnati on property by
the driving force produced by the difference in tenperature.

As this nethod for inproving the inpregbdtion 25 property, the base can be
war med from both sides in such a manner that the tenperature of the
side (under sigke)are profipsdte to the side on which the powder conposition
S present is higher than that of the another side (top

12 si de), or onl\Théeestpleof Lattiprstoiele) @hpdse teesin tareount isi de on
whi ch_the powder conposition is present can be warned.

For the abowsualdsbrcatfieededtt i tepetidererrssite teudhe ysde 19®[ err] C,
preferably 110-150[err]C for the side, . (under side) opposite to the

si de on whi dEHe thRwREWAer CRRBstionn§ PRIt E1E¥HoudPlt tiBepends on

th fteni int of th it] . Th '

teriper at é?g Wﬁllﬁ%eg%%’ee no%s%'ﬁq?mﬁér‘ p%’g@%?o‘sl:o On%i??lgrpmelarlénpggo?ﬁ%'sent i's
1y 80-150 f | 100-,140 C. . T,
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i npregnate tbesd 65t N EOIMMOSEAL O £ 1 on @@%e'imﬂf&?ﬁé@é&aﬁ@ @ﬁkf‘fﬁt§rhe resin

I n sem - hardened state. This heating tenperature is usually .
100- 200[ er r | fequilPeriéf £r &P ¥hd 20 40P @I p1épr&Y! SRERETERS v¥REi es dependi ng

on the fluidity or hardenability of the resin conposition.

former is preferred when balance of the amounts of the

10 compésition on both sides is considered. 1In 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 base 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 to
satisfactorily adhere the powder composition to the
base, it is preferred to previously heat the base to 50-
300C prior to the step of allowing the powder composi-

20 tion to be present on the base.

In case where the base is preheated, it is
also preferred to allow the powder composition to be
present on one side of the base and then warm the base.
As mentioned above, for this warming, when the base has

25 a thin thickness of 100 um 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



Taking into consideration the inpregnation property of the powder
conposition at the tinme of warm ng, in sone cases, the desired anount
of the powder 20 conposition cannot be allowed to be present only by

al l owi ng the powder conposition to be onigne side of the base _
depending on the properties and thickness of the base, and the kind
and properti ésigiferd hgrowiert RO -side or vkcH RtH§sgudases, or for
preventing the warping 25 nentioned above, adjustnent of the anmount of the

resin t camprsEdsieon hs gmsdntof  tHer tiesinto xOMORidl tha st IS
carried out after the warm ng step, and subsequently a step of warm ng
t he base andMHring dheofbdremtamgittimh the powder composition has

13 base are provided. . The step of adjustnent of the
resin amount &N Presaitel 13 stAn ik hrating tihe dake dppodiich tthe he EI de
on I ch the powder co sition is present first, but it 5 may be
carried ott diFHidt rp{‘aﬁ gqge_n %%Be% Y &t iRRyided.  §§ negessawy dependi ng

mor egnat od 4t GO 107 2t dne SRR GrY (RS R adbridit doovever
composi ti on o Botk s ags T S ARG R rirE MR I Fedr $5P of the
adj ust ment ofo 4 i IRy ARIPorder Uompos i 11D 5k e SAUL Mpys Lo the
precedi ng step and can be
subsequently a step of heating the base are provided,
10 . aftef the step of warming the base on 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 Dbase 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, and 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 base and then warming the base, the powder
composition is molten and impregnated into the base,
and, if necessary, a step of heating the resin-
impregnated base is provided to more sufficiently
25 1impregnate the composition into the base and place the
resin in semi-hardened state.
The preheating temperature for the base

depends on the heat capacity of the base, softening
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after the base has once been wound up and after a | apse of
time, but a wind-up apparatus and a 15 wi nd-up step are required.
In the present invention, in order to satisfactorily adhere the powder

to the base, it is preflérred to previously heat the base
300[err]C prior to the step of allow ng the powder conposi -
tion to be pebentarmd hdmeddmaleility of the powdén cassosdreiénf heubase is
it is al so preferred to all ow the powder conposition to be
&% &e arkf titeri svdrawatheheas 60°C, thas nenti oned
above, for this warmn when the base has 25 a thin thickness of 100
[err]mor | BEERFt \pEnthechephiRy is smablpoandi bf it dashigheni tham y

20

the powder GorpaSiLin Sianinabeen PEfsehinoa-atepe ; geLERgabhg base to

whi ch the

resin een a ered nma

ecessary,

order to adjy§lophe anmud rgﬁj df“khere 'lrld-nl'fd""e.baW?Lth:LPOtﬁﬂq_s"‘@a%@et he

powder conposition Has bee

a step

w ng the “pdwder

conposi tion tRe bgoPHESeBdmBHsition suhseayers| yna BLSE 96 MeatbAdahhe base

are provided,
has a proper viscosity, and impregnation of the composi-

10

15

20

25

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

the like, and woven fabrics, nonwoven 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
superposed on one or both sides of 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 causing substantial change of performances of
the resulting prepregs or laminates from those of the

conventional ones. As a result saving of resources and



"10 after the step of warm ng the base on which the powder conposi tion
has been present or the step of heating the base to which the resin
has been adher ed. In order that the powder conposition
adher ed to the base is nolten and iépregnated into the base, the 15
base is previously heated, whereby the powder conposi - tion is easily

adhered or rBldrgy aud tdaushcC adlverssSidinini shrdiy eghalied galiludivh base at
t he subsequent warm ng or heati ng, and besides the air present in the
base or theand regmutdrorcafpesistt amarcde egdidiynezb.cape fromthe base. 20
Furthernore, by adhering the powder conposition to one side of the
base and t hen war m ng Thee Aresentt navsswdem uses qawsiss tmatretiakml ten and
i npregnated into the base, and, if necessary, a step of heating the

resin- (nfsiayn eedienete o PrloATE BRI il degianqghanicgal o5

son < har Hendd s to tHen.™ By Sl iR redhBIen BB for the base
(gPends of, WiSRnesa gl e Mr Sl S Bl SRR TR a1y
heating is SriLtind Revtie Bttt X e i fomi T PN Ol Coces
the hardeni Qﬁétfxﬁiéﬁdt%& Und MndSH toat Bk R Ao f L RdVSSREly affect the

formability 1n
composition can be obtained when the composition is

10 alloﬁed to be present in the bése 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.

T} ! £ mixi ) wd ition:
A powder composition comprising a powdered
thermosetting resin, a hardener and, 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.

The step of preheating the base:
25 A base 1 is heated to a given temperature by a

heating device 2 such as a panel heater, a hot-air



production of |am nates. The tenperature is preferably 90-200[ err] C,
nore preferably 110-170[err]C. Wthin this range, t he powder
_conposition adhered to the base is nolten and has a proper viscosity,
and inpregnation of the conposi- 10 t1i%n into the base and the subsequent
Step can be satisfactorily perforned. Concerning the
base, gl ass Hddiir kasesme Udlkeds This Hags cdrotde anditeabs nonwoven fabric,
woven fabrics or nonwoven fabrics conprising paper, synthetic fibers
or 15 the like, and woven fabrics, nonwoven fabrics and mats

conpri sing netalllc fibers, carbon fibers, mneral fibers or the Ilike,
may be used Idlesien piti » ac: nore of the thus
obt ai ned prepregs are used | f necessary a netal foil such as copper
foil is 20 superposet T IhaRRUNHoOtE s‘il"tfesPQdeQ%eC?M@b?Je@(%T}

foll owed b re55|ng under heati according to usua net hods to nake
a Ianinateyd$ ?QMWG appPc eml?%ﬁn?ﬁﬁ?&l?ﬂxﬁﬁ?ﬁ?ﬁF?B t%ie met hods for

th duct d,| t f_th t th
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or | am nat es conventi onal ones. a result saving

of resourcess a(Bjr coater) efh%zﬂYtH’é’%né@ef‘Pnfofé’é‘@tde&'ié@ ng shngpt of air
pol I ution, dyreductlon of cost can be attained

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 top 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 onto
15 which the powder composition is coated or adhered, by a
panel heater 6, a hot-air heater or the like to melt the
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 subsequent step.
20 When the powder composition is adhered to the top 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 only the under side is warmed.



The present invention uses powder materials "~ (resin, hardener, etc.)
and applies nechanochemcal 5 reaction to them By enploying such

.techni que, the conponents can be uniformy di spersed and conbi ned, the
resul ting powder conposition can be uni¥brny di stri buted and snooth
coated surface of the powder conposition can be obtai ned when the
conposi ti onThe stepaldfonwedttisgie present in the base and i npregnated in the
base, and, as a result, uniforminpregnation into the base can be

att ai ned. If nEeessepnbsditcatiase edeplwisialf thee poawsdsr of

the nmethod according to the present invention will be 15 explained in
successi on CEMEASifg oo hdtfe beetome@bachPr adheniaghigngl which hame step of
m xi ng the powder conposition: . A powder conposition

conpri si ng ®SFOWIETEF, 15 heatass it idieadding eHGehd© and, i f
necessary, a__20 hardening accelerator, etc. which have heen | ously
M xed 1 5o un BRGNS SR RGET L1 s dEs YT POREGTh e el cal

The st ep of BrSticatiite Wit pacae it fay be TRAMACHY, O] £ 1,
gi ven tenperidung ik <. heating device 2 such as a panel heater, a
hot - ai r

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 added after the
warming or heating step. Especially, in the case of
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. Accord-
ingly, 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 resin-
impregnated base 8 by supplying the composition to the
top side of the base through a screen 11 (or by a
coater) from a metering feed device 10, followed by

25 warming using a panel heater 12, warm-air heater or the
like. This warming can be omitted. In the case of

employing an electrostatic coating method, fluidized



17 heater or the like. This step can be omtted. The step of
coating the powder conposition: A given anmount of the powder
.conmposition 3 subj ected to nmechanochenical reaction treatnent is 5
coated on the (preheated) base 1 by supp®ying the conposition to the
top side of the base through a screen 5 (or by a coater) fromthe
metering feashtdewietthol, Ior the lddss tihe meeldrs qunghesiteihn tden foswder
conposi tion can be adhered simultaneously to both sides of the base,
but 10 by adiemeny wilshaonpowsintimn awen Hhe dsdde, the air pr esent
in the powder conposition or between the fibers can be easily rel eased
fromthe under side. The step of warm ng: This is the
step of warm ng the base onto 15 which the powder conposition is coated or
adhered, by <6, a hot-air heater or the like to nelt the

powder conposition to sufficiently adhere it.to the- base. This step
nmekes it easy to repl aft'b T a'rl'fe i%t?%eOP aéjlbsa%e% tF tHEE 2S5

conposi tizon J OGS g St yhggi £ ggﬂgg osition is
adher ed t50 tah{ebl%rg% ]géljgizﬁ c(l)'f ate%lee%%%e, I nr#ggsn I onél(:) e nolten resin

can be p O QYEH e Ao diab NT 01001 Jenedl g@h@kééﬂfn

difference of tenperature between the nolten resin ‘an the base, if
the under sidEmpSs VBIdRA S heate@dhsy a e €IMET @é¥H Ce 013 prkYetdlsy under si de

i s warnmed.
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 step of cutting:
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 horizbntal type, but it is
20 alsoc 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. 1In

this case, a vertical apparatus is employed.

Best Mode for Carrying Out the Invention

25 Examples of the present invention will be



The step of heating: | f necessary, the base onto which the
powder conposition has been coated or adhered and whi ch has been
warmed, is heated by a heating device 7 to 5 inpregnate the resin into the
nore inner portion of the base. Thé0heating net hod may be conventi onal
one and is not limted. The step of adjusting the amount of
resin;: specifical Ihexplza reath urigedfharh ey ipdwosompeorgioisig | on 10

adhered to the base is |l ess than the desired anmnount, or for the
prevention &Xampl§isg, a step of increasing the anount of the powder
conposition is added after the warm ng or heating step. Especially, in
t he case of preventing the warping, in sone cases, the powder 15

conposition js a ed to both si des dependi ng on the properties of
t he base, Hﬁaﬁwmﬁ§h % fRRfst meth mposition is adhered to only the

pase & with the plo%a %mvé’he%ﬁ#ﬁ Pt SR Hr 20 has
Do et R B ) S IO AL RORY g, (AT Pouler
;he Conposi tdfikf Ord 4, Ep50483Fha'5s}Pr§‘g ofn tdo DRSEGI ¥ QLU BoBCEpen 11 (or by
manufactured by Yuka Shell Co., Ltd.), 5 parts by weight
of a powdered hardener having an average particle size
of 15 pm (dicyandiamide) and 1 part by weight of a
10 powdered hardening accelerator having an average
particle size of 15 um (2-ethyl-4-methylimidazole) were
premixed and then treated using a multiple millstone
mortar type kneading extruder (Mechanochemical disper-
sion system KCK-80X2-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 pm. This powdered resin composition was
uniformly 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
20 g/m®’. Thereafter, the glass cloth was warmed from the
under side for about 1 minute by a panel heater at
150°C. Then, the glass cloth was turned over and the
composition was uniformly coated on the other side by a
knife coater so as to give a resin weight of 50 g/m?,
25 followed by heating for 1 minute by a hot-air heater at
170°C to obtain a prepreg.

Two of the prepregs were superposed one upon



coater) froma netering feed device 10, followed by 25 warm ng using a
panel heater 12, warmair heater or the i ke. This warm ng can be
omtted. In the case of enpl oying an el ectrostatic coating nethod,
fluidized 21 19 bat h met hod, or the
| i ke, the powder conposition can be adhered w thout turning over the
base. thRe othReR , Ofankedthicdhda copper foil of B Gamethhekakep whs

adj ustment of the resin 5 anmount is included, a heating step is preferably
provided as iSi@eipdisest em the tdups ssiccundere sisfEsa of thecampesiddssd i s
heated by a heating device 13, whereby the resin conposition is nore
suf fi ci ent |y preprregysat gbllowed fho hdte Hxessiqgl fax Heaugwtigs athe@resin i s
brought to 10 sem -hardened state, and thus a prepreg can be obtai ned.

The heating reEmperatrea e J&%Qeﬁmohlarieéné §§e|5r$utrﬁe° é<§s’§“bft?he

af orenenti oned heating step. The stecP 55 2?1 The
prepreg 18 i PRAALR @ IRPRAEIGIAA | laRiplsy CR- lﬁEP?%ﬁ'the
formation of a |am nate. \Wen the prepreg is used for continuous
formng of lamnate, this cutting step is omtted. In

a hori zont al

FIG 1, the base i ed hor i tall :1y the whol e apparatus used is
. %p%b%?y t(-llhsaé&&nl&ll <¥f%§r0511)

One part by weight of a fine powder silica

having an average particle size of 0.05 um (Rerosil #200
manufactured by Japan Berosil Co., Ltd.) was added to

10 100 parts by weight of the powder composition having an
average particle size of 150 um 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 1, prepregs were produced using the resulting

15 powder composition, and then a copper-clad laminate of

0.22 mm thickness was produced using the prepregs.

[Example 3] (Hosokawa Micron, sprinkling method)
100 parts by weight of a powdered epoxy resin

having an average particle size of 150 um (Ep5048 used
20 above), 5 parts by weight of a powdered hardener having

an average particle size of 15 um (dicyandiamide) and 1

part by weight of a powdered hardening accelerator

having an average particle size of 15 um (2-ethyl-4-

methylimidazole) were premixed and then treated using a
25 mechanofusion machine (AM-15F manufactured by Hosokawa

Micron Co., Ltd.) at a revolution number of 2000 rpm for



20 also possible to nove the base up and down, and adhere t he powder
conposition by electrostatic spraying nmethod or by spraying the
conposition to a preheated base. In this case, a vertical apparatus is
enpl oyed. Best Mbde for Carrying 24t the Invention 25

Exanpl es of the present invention wll be

20 specisf mdalltysexpl abtednt agetvele wicomposijtdont ihavying arexanpl es.

[ Exanpl e 1] (KCK, Coater method) 100 parts by weight of a
powder ed eporyeregienpaftilcdei 5 z&n cdvdiSges par t Thiie ppwdesf COBDOBarr | m
(brom nat ed epoxy resin_Ep5048 havi ng an epoxy eqU|vaIent of 675

manuf act ur ed tipnywkg Smdifiorady, sprdnkles! M)rtoéleoﬁlﬂﬁ §ft @ glass§ a powdered
har dener havi ng an average/p rticle size of 15 [err gdlcyand|an1de)
and 1 part bfFladihgrt 3% 9/70 pBRABFRJ2hEFHBRAPNGTabLePERAL 8 ﬁﬁvFﬂg an

ticl f 15 thyl-4-neth I I
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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
ninutes by a hot-air heater at 170°C 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 180 pgm thickness +
Aerosil)
The powder composition obtained in Example 2

was uniformly coated on one side of a glass cloth of 210
g/m?* (180 um thickness) by a knife coater so as to give

20 a resin weight of 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 glass cloth was
turned over and the composition was uniformly coated on
the other side by a knife coater so as to give a resin

25 weight of 90 g/m?, followed by heating for 1 minute by a
hot-air heater at 170°C to obtain a prepreg.

Two of the prepregs were superposed one upon



size of 150 [err]m This powdered resin conposition was uniformy
coated on.the top side of a glass cloth of 100 g/n2 by a knife coater
SO as to give a resin weight of 50 20 g/nR2. Thereafter, the glass cloth
was warmed fromthe under side for23about 1 m nute by a panel heater at
150[err] C. Then, the glass cloth was turned over and the conposition
was uni f or mohec @adteedt ,oraridieclpdirher opmeebyf@il of @i ke thdickness amsto give
a resin weight of 50 g/nferr], 25 followed by heating for 1 mnute by a
hot - ai r heatsipemtposed dry (fher rja® tandbireder = istepraf).the superposed Two
of the prepregs were superposed one upon .

21 t he QIRRLeGhd fNnarwed dppdiot drresding fer r§hnninekeRsat s

super posed on the top and_ under sides of the superposed pr epr,e

fol  oned by HIPHFAESE hPE koD MnRuLBsiest 3q Pressuggpafatif é%ﬁgieg?’er rjc
o2 e RS Loy LA ASinste BEN A BT ey om e ©

One part by weight of a fine powder silica havi ng an average particle
size of 0.05 [err]m (Aerosil #200 manuf actured by Japan Aerosil Co

Ltd.) was adfeghdiore 19 dd% Pakdse oy Heighd, ofrdinea PONEES e C@é@é’);;t i on

havi ng an average particle size of 150 [err|mobtained in anple 1,

fol | owed by m xing foraSyrdseitEetotly SENSEHEy /A %Qls Heated at NEICUti on
nunber of 500 rpm In the same nmanner as in

for 2 minutes by a heating device. Then, the powder

compésition having an average particle size of 150 um
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 um (Rerosil #200
manufactured by Japan Aerosil Co., Ltd.) was added to

20 100 parts by weight of the powder composition having an
average particle size of 150 um 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, prepregs were produced using the resulting

25 powder composition, and then a copper-clad laminate of

0.22 mm thickness was produced using the prepregs.



Exanple 1, prepregs were produced using the resulting 15 powder
conposition, and then a copper-clad | am nate of 0.22 mm t hi ckness was
_produced using the prepregs. [ Exanpl e 3] (Hosokawa M cron,
sprinkling method) 100 parts by weight of a powdered epoxy
resin havi ng an average particle size of 150 [err] m (Ep5048 used 20
above), 5 palE:sanplevel ghtPdhea thiovgles £ bodwds damert ey isrinklin@n aver age
particle size of 15 [err]m (dicyandi am de) and 1 part by weight of a
powder ed hardeni ng accelmidiat) havi ng an average particle size of 15
[err]m (2-ethyl-4- met hyl i m dazol e) were prem xed and then treated
using a 25 mechanof usi®h pakhs ey (YaidISF ofnufRevdeeed bsPerY okasan

Mcron Co., Ltd,) at a revolution nunber of 2000 rpm for .

22 5 niRANEW I A0 PROTERFLR ofbaR i @F ohoPattitho(ERP048 hawicihge

Dar 1 4% 28 Lo R G4 AL 5e PEYEE! $OBBERL oy res bhETEES LML TOTITY
o0 o=, Sbderd ST TAPT 95" Bhefle g oD R g a4 e 2 75
a1 ARG AR S pors W AR MeToe Jhimepon on,
SO as to 10h&hdénBnd €8tBeVEFSHSr OhabDng/ &%, avOLhguedabyibeat sngef ot 3
15 um (2-ethyl-4-methylimidazole) were premixed and then
10 the fesulting composition was treated using a mortar
(manufactured by Ishikawa Kojo Co., Ltd.) at a revolu-
tion number of 100 rpm for 5 minutes.
A glass cloth of 100 g/m* was heated at 120°C
for 2 minutes by a heating device. Then, the powder
15 composition obtained by the above treatment was
uniformly sprinkled on one side of the glass cloth
through a screen of 60 mesh so as to give a resin weight
of 50 g/m’. Thereafter, the under side of the glass
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/m?, followed by heating from both sides of the
glass cloth for 1 minute by a hot-air heater at 170C to
25 obtain a prepreg.
Two of the prepregs were superposed one upon
the other, and then a copper foil of 18 gm thickness was

superposed on the top and under sides of the superposed



m nutes by a hot-air heater at 170[err]C to obtain a prepreg.

A copper-clad |am nate of 0.22 mmthickness was produced using the
resulting prepregs in the sane manner as in Exanple 1. 15 [ Exanpl e
4] (A thick cloth of 180 [err]mthicknes + Aerosil)

The powder conposition obtained in Exanple 2 was uniformy coated on

one side of prephrags,Clfoliloed?Ey hot pHe®BinkBEdrern] Mintitdenessh by a
knife coater so as to give 20 "a resin weight of 90 g/n2. Thereafter, the
gl ass cl ot htemperaasiraanted 65 Omahieundder aspdesbareabdus0lkygiomt ecdy a
hot-air heater at 120[err]C. Then, the glass cloth was turned over and
t he conposi bhdainas wopperrclacbdesdnarte of O.122 otrhashisikhedsy. a knife
coater so as to give a resin 25 weight of 90 g/n2, followed by heating
for 1 mnute by a hot-air heater at 170[err]C to obtain a prepreg.

Two of the prepreq§ wer e _super posed ,one .upon

23 the 58P SaRd (MoF t@ feo P diindo metdqder rf) Aeif%idless was
super p0sgd on Khe LoD P AUNE! ) Se8 . LIP SUSIRSSEH cpr SHIROS.
ong unde 2 BEAR R SRR 8 S B, RS R AT R
base) an epoxy equivalent of 675), 5 parts by weight of a
powdered hardener having an average particle size of 15
unl(aicyandiamide), 1 part by weight of a powdered
10 hardening accelerator having an average particle size of
15 um (2-ethyl-4-methylimidazole) and 1 part by weight
of a fine powder silica having an avérage particle size
of 0.05 um (Rerosil #200 manufactured by Japan Aerosil
Co., Ltd.) were premixed and the resulting composition
15 was treated using a mortar (manufactured 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 cloth 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 cloth was
warmed from both sides for 30 seconds by a hot-air
heater at 170°C. Then, the glass cloth was turned over
and the composition was uniformly sprinkled on the other
25 side through a screen of 60 mesh so as to give a resin
weight of 50 g/m?, followed by warming for 3 minute by a

hot-air heater at 170C to obtain a prepreg.



A glass cloth of 100 g/nferr] was heated at 120[err]C for 2 mnutes by

a heating device. Then, the powder conposi tion having an average
particle size of 150 [err]m 10 obtained in Exanple 1 was uniformy coated
on one side of this glass cloth by2@ knife coater so as to give a
fesin weight of 50 g/nR2. Thereafter, in the sanme manner as in Exanpl e
1, a prepreg was obt aiTwedofandet perpregs werepEaperipadddamneatupant 0. 22 mm
t hi ckness was produced 15 wusing the resulting prepregs. [ Exanpl e
6] (+ addititde ethaarosind then a copper foidneHdd My hbiighkness @€abine
powder silica having an average particle size of 0.05 [err]m (Aerosil
#200 mBPRFEOesd Ay thep&epaanskundey. sides ofndheadmreirese) 100

parts by wei ght of the paowder conposition having a , _average particle
si ze of 150 &N SASsnEanayssh Bk digH #ressing f?% &&MW%% for 5

m nutes Py Henschel m xer_ at revol uti on _nunber qf 500 rpme In the
sane. manfor SRR atre B, YasCoang, LB e, BRESERRR 020 60 ke e etS
resul ting r 51 1.9, t.he - | hat e of
022 m thi Ceadt L SRRl s A e F i LU,

24 [ Exanpl e 7] (Preheating of base, nortar, sprinkling

nmet hod) 100 parts by weight of a powdered epoxy resin

[Example 9] (Novolak type phenolic resin, KCK, coater)

100 parts by weight of a powdered epoxy resin
havihg an average particle size of 150 um (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 um (novolak type phenolic resin PR-
51470 having a phenolic hydroxyl equivalent of 105
manufactured by Sumitomo Durez Co., Ltd.) and 1 part by

15 weight of powdered triphenylphosphine having an average
particle size of 10 um were premixed and then treated
using a multiple millstone mortar type kneading extruder
(Mechanochemical dispersion system KCK-80X2-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 of 150 um.

This powder composition was uniformly 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 Thereafter, the glass cloth was warmed from the under
side for about 1 minute by a panel heater at 150%C.

Then, the glass cloth was turned over and the



havi ng an average particle size of 150 [err] m (Ep5048 having 5 an epoxy
equi val ent of 675), 5 parts by weight of a powder ed hardener having an
average particle size of 15 [err] m (di cyandi am de) and 1 part by

wei ght of a powdered har deni ng accebkgrator having an average particle
size of 15 [err]m (2-ethyl -4-nmethylim dazole) were prem xed and then
10 the result¢6mp@swﬁmﬁmtw@@ WRSE SRRy eoabédigor tREt&ther sidaviyfact ured
by Ishikawa Kojo Co., Ltd.) at a revol u- tion nunmber of 100 rpmfor 5
m nut es. knlfe coaten ghazs tooghvefalfesihnReialt hefit B8 gfm%,20[err] C
for 2 mnutes a heating device. Then t he powder 15 conposition
obt ai ned by tﬁ@ hoeed by cheabhrgwaer 1 miunteobm19 Bptrakredeahesnatsi de of
t he gl ass cIoth t hrough a screen of 60 nesh so as to give a resin

wei ght 178% FIhebtae: é‘afR%ﬁ'Pr%gre under side of the gl ass cloth
was war med for about 1 nutg PX t-air heate at 20% % Then,
the gl ass Xl oth was tur ﬁnBr?ﬂeegs W958n588FFP8ﬁe&asn nFP8PN y

i nkl ed h
2 eai n vl gnERe SEREE, SofF) FprthbrhBaga by ORRaF 15 8% Bo ki des of the
gl ass ol oth o b OY! b Bp0pho 2k B5aLgEnaL 1200 eCERC, Cah uA8eobtain a

prepreg. repregs were superp one upon
the other, and;jhgnoa EHQpEﬁpEbeseB 5?e£§é§k”‘EB&@BW@&Sbvﬁﬁot
superposed on the top and under si des” of € super posed

25 pressing for 60 minutes at a temperature of 175°C and

10 undef a pressure of 20 kg/cm® to obtain a copper-clad

laminate of 0.22 mm thickness.

[Example 10] (+ addition of Aerosil)
One part by weight of a fine powder silica
having an average particle size of 0.05 um (Rerosil #200
15 manufactured by Japan Aerosil Co., Ltd.) was added to
100 parts by weight of the powder composition having an
average particle size of 150 pm obtained 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 150 pm (Ep5048 having



prepregs, followed by hot pressing for 90 mnutes at a t enper ature of
165[err] C and under a pressure of 60 kg/cnR to obtain a copper-cl ad
lam nate of 0.22 mmthickness. [ Exanpl e 8] (Mortar, sprinkling

nmet hod, + Aerosil) 5 100 papgs by weight of a powdered epoxy
resin havi ng an average particle size of 150 [err]m (Ep5048 havi ng

an epoxy equdry addity qibikrdlerfe RSE LETDY, V@'%H"été)fbyl weightOy£leg ed hardener
havi ng an average particle size of 15 err] m(di cyandi am de), 1 part
by wei ght ofpawderete et ddiler edvliong non aseet sgat pd r byl egs bre ayer dge
particle size of 15 [err]m (2-ethyl -4-nmethylim dazole) and 1 part by
wei ght pm J dioyangdwtdrdesi lainch lhgpanitg kan weigtage fhar tnadersd e of
0.05 [err] m (Aerosil #200 manufactured by Japan Aerosi l Co., Ltd.)
were prem xetREdenime aeselefaiior orpotng | on averag@sparebebe s57@geh nortar
(manuf actured_ by | shi kawa Kojo Co., Ltd.) at a revolution nunber of
100 rpm for 19 Em (Zrefivds 4-methylimidazolephaerfndidil enfhand iMkathus
treated was unifornhg sgrinkled opn one sjide of a glass cloth of 100
20 g/ 2 t hriNgh? 2R REPLFIB0 YRS NS ST E_T 1 BT ¢ vES RO g%%ﬁn NUMbGE ght  of

50 [err] Theéﬁgﬂelr,?mtggrgjhglgsnc %Ehl [s,gl)?]%fl\n/\%é%qnfrongboﬁh sides for 30

seconds by a ali e ?ﬁeagléss cl oth was

turned over %ﬁﬁﬁpfgdltgéﬁggfpgﬁiﬁégﬁ &Qﬁafﬂ%éoﬁglﬂgseﬁén§£§919§n he ot her

25 side thr a scf SO as to give’a resin i ght of

50 g/ n2, fol}bonedr byomBb sl Poh 9" ald "t REA €a D¥oBper-c188t 18hinkeat ¢ at
170[err]C to obtain a prepreg.

10 0.22 mm thickness was produced using the prepregs.

[Comparative Example 2] (Hot melt method)
100 parts by weight of a powdered epoxy resin

having an average particle size of 150 um (Ep5048), 5
parts by weight of a powdered hardener having an average

15 particle size of 15 um (dicyandiamide) and 1 part by
weight of a powdered hardening accelerator having an
average particle size of 15 pm (2-ethyl-4-methyl-
imidazole) were mixed, and the resulting powder
composition was molten by warming at 100°C. Then, a

20 glass cloth of 100 g/m?was dipped in the molten
composition to impregnate the cloth with the composition
in an amount of 100 g/m’ in terms of resin solid content,
followed by heating by a heating device at 170C for 2
minutes to obtain a prepreg.

25 Two of the prepregs were superposed one upon
the other, and furthermore a copper foil of 18 um

thickness was superposed on each of the top and under



26 Two of the prepregs were superposed one upon t he

ot her, and then a copper foil of 18 [err]mthickness was super posed on
_the top and under sides of the superposed prepregs, followed by hot
pressing for 90 mnutes at a 5 tenper2a®ure of 165 err]C and under a
pressure of 60 kg/cnR to obtain a copper-clad | am nate of 0.22 nm

thi ckness. sides dfftd®lsipdrgd¥adipegngess Plaldwed €8t hotKCK, coater)

100 parts by weight of a powdered epoxy resin havi ng an average
particle sizereafsitip floar rgon(ipARS dta\d nempky sumpaxy EAICvahent of 675),
16 parts by weight of a powder ed novol ak type phenolic resin having an
aver age unuE ixclpresisrreofoB®] erg/jam’( hovobakiny pecpbproticdadesi n PR-
51470 having a phenolic hydroxyl equivalent of 105 manuf act ured by
Suni t ono Durl@mipste |afd. 0. 2Zhawm Hurgknges 15 wei ght of powder ed

tri phenyl phosphi ne having an average particle size of 10 [err]mwere
prem xed and then treated using a multiple mllstone nortar type

kneadi ng_ext ruder . (Mechanochem cal di spersion, system KCK-80X2-V(6)
manuf act fr ed GAPHRERAYS FAABLS b (GRS SR R P00 pm for 1

m nute to obtain a powder conpositi%%t od)having an average particle size
of 150 [err]m Thi s powder ‘conposition was uniformy coated

o e 2 ohe o ARG g IRROIE kLIS pony BRSO o5
having an average particle size of 150 um (Ep5048), 5
parté by weight of a powdered hardener having an average

10 particle size of 15 um (dicyandiamide) and 1 part by
weight of a powdered hardening accelerator having an
average particle size of 15 um (2-ethyl-4-methyl-
imidazole) were mixed, and the resulting powder
conmposition was dissolved in 100 parts by weight of

15 methyl cellosolve. Then, a glass cloth of 100 g/m’ was
dipped in the resulting varnish to impregnate the cloth
with the varnish in an amount of 100 g/m’ in terms of
resin solid content, followed by heating by a hot-air
heater at 170°C for 3 minutes to obtain a prepreg.

20 Two of the prepregs were superposed one upon
the other, and then a copper foil of 18 um thickness was
superposed on each of the top and under sides of the
superposed prepregs, followed by hot pressing for 90
minutes at a temperature of 165C and under a pressure of

25 60 kg/cm® to obtain a copper-clad laminate of 0.22 mm

thickness.

In the above examples and comparative



25 Thereafter, the glass cloth was warned fromthe under side for
about 1 mnute by a panel heater at 150[err]C Then, the glass cloth
was turned over and the 27
conposition was uniformy coated on the36ther side by a kni fe coater
8o as to give a resin weight of 50 g/ng, foll owed by heating for 1
mnute by a dwdmpléshealeh Bégard td /KetSroptegs eherempeggnabion

Two of the prepregs were superposed one upon t he other, and
furthernore af copperesim | info 18h¢egltdss clothhwaknesslwasedypangoskd on
each of the top and under si des of the superposed prepregs, followed
by hot baminahes fvereOswhheceed ato acvahpat donref oformabetit ¥, and 10
under a pressure of 20 kg/cnferr] to obtain a copper-clad, | am nat e of
0.22 nmm t hi ck¢essle strengiipiappek 3OFegtAdipYi eAPPEr AEPHL} | §older

One part by weight of a fine powder siljica , _having ap. avera article
Size of G OSMFRF IRt HERRSE | 2BS00n= 1Rt HER FEEEFeRCBy JAPanTRERLERT Co. ,
Ltd.) was ad . rts i ght ,of the powder conposition
havi ng an ggga%@?%ﬁelﬁingggeis?gé %%bggoz[err]nlobtained in Exanmple 9,
followed by mxing for 5 m nutes by Henschel m xer at a revol ution
nunber of 500 rpm In the same manner as in 20 Exanple 9, prepregs were
obtai ned using the resulting



“powder conposition, and then a copper-clad | am nate of 0.22 mm

thi ckness was produced using the prepregs. [ Conparati ve Exanpl e 1]
(Powder, w thout mechanochem cal treat ment)
25 100 parts by weight of apowdered epoxy resin havi ng an
aver age parti cle—size—o0f—150ferr}m-(Ep5048 havi ng
28 an epoxy eqeilvasent [of pg5)l. 5|parts by weight of a powder ed
har déner havi ng @n &ferQpelpart| gl gcsi ze of 15 [err] m (di cyandi am de)
and 1 part by wei cbhz ofoh powdef=d |~ har deni ng accel erator having an
aver age parti cfe—stza—ot+—51—15terirtm(2- et hyl - 4- et hyl i m dazol e) were
stirred and mixed| o| dy an_anc@ori-bl gde type stirrer at a revolution
nunber of| 7 |{r Fn f} i/ npge. an the sane manner as in Exanpl e
1, prepregs were J)bf’-’ai ke usi ng|®€he|regul ting powder conposition, and
t hen a copper -tag—tgmmatetof—71010-22 nm t hi ckness was produced using the
pr epr egs. ﬂchmt)ag At | Ve E(%Wp}ge 4] (Hot nelt nethod)
100 parts by weigiht caf @| powder ed eidxy resin havi ng an aver age
particle size pf 15F | &ff]m|(EpFB48), 5 parts by weight of a powdered
har dener havi ng_an avierage |15 partjclg size of 15 [err]m (di cyandi am de)
and 1 part by i gt gafica pwder eq hardeni ng accel erator having an
average partic e'\si@ 1% |[er 1 &m (2- dt hyl - 4- et hyl -
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I m dazol e) were m xed, and the resulting powder

by warm ng a
the nolten

I n an anount
prepreg. 25
t he ot her,
super posed o

t 100[err]C. Then,

conposition was nolten

a 20 glass cloth of 100 g/ n2 was di pped in

conposition to inpregnate the cloth with the conposition
fol |l oned by

of 100 g/nm2 in terns of

resian solid content,
heati ng by a heating device at 170[err]C for 2

mnutes to obtain a

Two of the prepswps aere superposed one upon

and furthernore a copper foi

n each of the top and under

of 18 [err]m

t hi ckness was

29 Side
90 m nutes a
kg/cn2 to ob
[ Conpar ati ve
met hod)
havi ng an av
wei ght of a
[err]m (dicy
accel erator

S 0f the SUper posed prepregg, fortowed Dy ot presgi ng for
[ a Cenparatiwve @kabpieerr]lC and 1 under & pressuBe df 60
aln a copper-clad am nate of 0. 2Z |nm t hi CKNESS. 5

ExpnpgraBiofCémoedl i onal i ppregrasitan Exists | None
FormabilitgUU0 parts Dy welghiyhekeagB@Wiel eBo8BOXY ddddl
erage particle size of 150 [ gkr hentERp@48), 5 partg by
bOowdered har dener havi Nng an| average 10 particle|size gf 15
hfienanl eeytaadgthpdMPaby wei gt of a| poa@ler efd I dgni ng
nadeN0s@hength 8¥e8raggplart|cle spze or Io peurinm 1.6
(2-ethyl -4-mpebyh - (kN/m)i M dazol e) were} m xed, and the result}ng povyder
Solder heat resistance Exists Exists | None
(Blister)
Insulation resistance (Q) 10 10t 10

10

15

*] .

Method of evaluation:

1. Impregnation

property:

Different strengths obtained partially

The prepreg was

observed by a microscope and it was ascertained whether

voids were present or not between glass fibers.

2. Formability:

copper-clad laminate was subjected to etching,

The copper foil of the

and it

was visually observed whether hardener and others

separated,
was evaluated.

3.

copper—-clad laminate was subjected to etching,

laminate was cut to 10 X 100 mm,

Tensile strength:

the tensile strength by Tensilon.

4.

measured by JIS C6481.

Peel strength for copper foil:

and dispersibility of the resin composition

and the

This was

The copper foil of the

followed by measuring



conposition was dissolved in 100 parts by weight of 15 nethyl cell osolve.
Then, a glass cloth of 100 g/ n2 was dipped in the resulting varnish to
_inmpregnate the cloth with the varnish in an anount of 100 g/nR2 in
terns of resin solid content, fol l®wed by heating by a hot-air

heater at 170[err]C for 3 mnutes to obtain a prepreg. 20 Two

of the prepregs were SuperSpdsiedt dreatup@sistandeie @Heerlamdmbhddheyt a copper
foil of 18 [err]mthickness was super posed on each of the top and
under si des 5 Xh&0 mm wegpélpsted prepregideirobhohedfb@6RdE Horssing for
90 " minutes at a tenperature of 165[err] and under a pressure of 25
60 kg/cn? t dighttdisn anchpferad fevminad wietdien hihsters ¢ hi ckness.

In the above exanpl es and conparative

30 exanPI&BT /% h regard to the prepregs the inpregnation of the

resin into the glass cloth was evaluated, .and the .. . _|lamnates were
subjected to evaluati&% o& %ﬁié%ﬁ?qtRESlStaQ%ﬁﬁnI%?%ﬁr%ﬁﬁn$ﬁa?ﬁ£ﬁ strength
for copper EP”JI%i ékgl 5 heat resistance and insulation resistance. The
results re shown i'n Table 1 and Table 2. -31- [err]

As for the production cost, since the method
of the Examples did not use a solvent, the cost of the
laminates obtained in the Examples could be lowered

10 abouf 30-40% 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 100C, and hardening proceeded.
In addition, the resin which 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 stably
20 obtained without using organic solvents. éince organic
solvents are not used, saving of resources and energy,
and diminishment of air pollution can be attained, and
the cost can be markedly reduced by the saving of
resources and energy. Thus, the present invention is
25 suitable as an industrial method for the production of
prepregs and an industrial method for the production of

laminates and metal foil-clad laminates.



32 _Table 2 Conpar ati ve Exanpl e

1 2 3 | npregnation (void) Exi sts Exi sts
-None Formability White dots Good Good

of heardener Tensil e strength (I\/Pa’;4 20 60*[err]

60 Peel strength for copper 0.8 1.4]err] 1.6 foil

(kN'm Sol der heatheedisgiiaaces or metalXifetid - cladaxdihatene

(-Blister) I nsul ation resistance ([err]) 10[ err] 10[ err]

10[ err] obtained by thief fpe:leswmtsﬁirmegit}mmtmmi rsed tpdodtel al |y

Met hod of eval uati on: 1. Inpregnation property: The prepreg
was ob&sPeed aldy Ya a%i ®rdadEde cirguitt weargscarsesl et wiedterical  voi ds
were present or, not between glass fibers. 5 2. Formability:

The copper PG PEeN e elecu@é‘&ﬁe@%ﬂé’&‘ﬁ“&m TR a5 e QBUERTSEL chi ng,
and it whet her hardener ,and Qt her s

sepalr at edl, ﬁ@%ﬁéﬁsl l?lnl t&ru&%q’[eﬁélorr&l r’f}@é’nﬁ:@éi Boirtilizegh @85y 41 yat ed.
10 S t.r t oppe Qi.l_of
copper -cl ad Slté::r%%crtf -Egérlv\gnsa%sezrﬁjagc%?eg‘q o'e eéfﬁﬁ"%g,“{at d”’tahls ft | am nat e was

cut to 10 X L9Q J1s,f @Hﬂ:‘@ed Ak dPRARYY 1M tecthditl %”c&'d&xﬁtﬁ]se%oh by

Tensi | on. . Peel str'ength for copper foll IS was
measur ed by othar86481.



"33 5. Sol der heat. resistance: The | am nate of 50 X 50

mmwas floated on a solder bath of 260[err]C for 3 m nutes, and it was
-determ ned whether blisters occurred. 5 6. Insulation
resi stance: This was neasured by 38 S C6481. As for the
production cost, since the nethod of the Exanples did not use a
solvent, the cost of the | am natcgsadg ai ned in the Exanpl es could be

| onered 10 about 30-40% as conpared with the | ani nate obtained in
Conpar at i velExanpl e 32 methioelr foire prioduCdmparatprepreg, dberad-e 2,
viscosity of the resin increased at the step of nmelting the resin at
100[ err] C, amdiRzeddbyi agprgyvicgedethechaniclal zadindyorto havimdsine whi ch stuck
to apparatuses 15 hardened and cl eani ng becane difficult.

| ndustrial ASPPTigANG @y powdered thermosgiidng fFgstie @pd fetidd@sdfen he

pr esent I nventiqn, a |lam nate satisfactory in qualities such as

el ectrical FofSSeRddadn FORPLLES $akdd NGarRbRd ts EaBISFhaR® chigaled

wi t hout using_agrgani ¢ _sol vents. l.nce organic sol vents are not used,
saving of r Fg@& ARg jP&QPg e &5 %ﬁpﬁi§ﬁﬂ¥$ﬁr%ﬁ 5% ™ol I ution can

be attainedcgpdsiriont 19 $25H2ALNMRE JRMedlon tequred e de sy N of
fibrous base material.
2. A method for producing a prepreg according to
claim 1 which includes steps of allowing the powdered
resin composition to be present on one side of the
sheet-like fibrous base and then warming the base to
adhere the powdered resin composition to the fibrous
base material.
3. A method for producing a prepreg according to
claim 1 which includes steps of preheating the sheet-
like fibrous base to 50-300°C, then allowing the powdered
resin composition to be present on the fibrous base
material, and warming the base to adhere the composition
to the base.
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. |
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.

A



resources and energy. Thus, the present invention is 25 suitable as an

I ndustrial nmethod for the production of prepregs and an industri al
nmethod for the production of | am nates and netal foil-clad | am nates.
34 The | am nates or netal F@il-clad | am nates obt ai ned by
the present invention are suitable especially as printed circuit boards

used for elegtrical A BQY¥hBEEFor BreciiceRioC atPHeRFRIY,, chH@FadM cation
equi prent 5 and others, and, furthernore, they can be utilized as

structural meefiizakds bgndppllyehigola Meichandlcalf @hergy tehiaChiktutd ps,
aircraft, architectural structures and ot hers.

35 comprising a powder@dAithBrmosktting reAimetamad af dvaxolerduci ng a
prepreg, charac- terized by applying a nmechanical energy to a m xture
conpri si ng aasowsscad igde copponents tesioriagd apavdr dem@chanaghegsio@it i al
conponents to bring about a nechanochem cal reaction and allow ng the
resul ti ng pok@&Cédoesiaddinge §epddia irePuld g pawdeiebFein east t he

surface of a fi Qrqus base materi al . 2., A net hod foreproducing a
pr epr eg accoFﬁWﬁGsﬁ5l°n a fine powder additive having an averag

particle size of 0.01-1 gm, uniformly mixing them and
allowing the resulting powdered resin composition to be
present on at least the surface of a fibrous base
matefial.

8. A method for producing a prepreg according to
claim 7 which includes steps of allowing the powdered
resin composition to be present on one side of the
sheet-1like fibrous base and then warming the base to
adhere the powdered resin composition to the fibrous
base material.

9. A method for producing a prepreqg according to
claim 7 which includes steps of preheating the sheet-
like fibrous base to 50-300°C, then allowing the powdered
resin composition to be present on the fibrous base
material, and warming the base to adhere the composition
to the base.

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

A



claim21 which includes steps of allow ng the powdered resin conposition
to be present on one side of the sheet-1ike fibrous base and then
war m ng the base to adhere the powdered resin conposition to the fibrous
base materi al . 3. A met hod for3producing a prepreg according to
¢laim21 which includes steps of preheating the sheet- | i ke fibrous base
to 50-300[ erdgldim tiign wild imaHdhenpdieged s di@gndicoms) td on to be
present on the fibrous base material, and warm ng the base to adhere the
conposi ti on novdlait heydeaghenolit resin ok retnniodtdme tprexchuefing a prepreg
according to claim11, wherein the hardener is a powdered hardener. 5.
A met hod forl3roduci ngt angiteyst efp mquuodiicing (}i lamird e 1, chviaet n t he
thernosetting resin is an epoxy resin. A et hod for

produci ng a YeEFed kitaridiqens or Q:IIa]iliﬁ%ll'ﬁdmé?f’elﬁth HreREeEher is

di cyandi am de, a novol_ak h*P (yhenollc resin or_a mxture thereof.
* C L M ‘tained by the method of claims 1 to 1%%5°9tl°nallyA‘nethod

for_produci ng, o Br.opre0 o SILAE el P12 AY GPRLYL "k & gl cal eneroy

prepreg(s), followed by heating and pressing them.

ARAN I g



- conprising a powdered thernosetting resin and a hardener as essenti al
conponents to bring about a nechanochem cal reaction, adding to the
resulting powdered resin conposition a fine powder additive having an
average particle size of 0.01-1 [ERR| B8 uniformy m xing them and
allowing the resulting powdered resin conposition to be present on at

| east the surface of a fibrous baseargwr@tTal . 8. A net hod for
producing a prepreg according to claim7 which includes steps of allow ng
t he powdered resin cThgpOstésent t binbenpieseptovidesea smdthodl fbhe
sheet-1ike fibrous base and then warm ng the base to adhere the powdered
resin conposicedering aheréphegusromaskeiantarlahinate stableAandt hod for
producing a prepreg according to claim7 which includes steps_ of
preheating $®¥ReEHeBtin pabitybeadnsbpagltadned- 8bol erRFestt Wehhavtow ng t he
powdered resin copposition to, be gre$ent gn the fibrous base material,
and war mi ng®thePPhtetior atMervitheSaBiBEsPti BRSOVECER2RESEN ST IY! A

et hod 10r BRACHCLINGE BESRIa8.cSoRLehDY B8 SLAMILTy vbRgeln Lhe har dene
250070119, epFhRLFL T DU D HHE bRELERECLALOA L8R BebsuaBoegoy resin
method for producing a prepreg, characterized in that a
mechanical energy is applied to a mixture comprising a
powdéred thermosetting resin and a hardener as essential
components to bring about a mechanochemical reaction,
the resulting powdered resin composition, as it is, or
with addition of a fine powder additive having an
average particle size of 0.01-1 pm and uniform mixing-of
them, is allowed to be present on at least the surface
of a fibrous base material, and further provides a
method for producing a laminate, characterized in that
one or a plurality of the prepregs obtained above are

used, if necessary, a metal foil is superposed on both

or one side of the prepreg(s), and these are pressed

under heating.



37 claim11l, wherein the hardener is-dicyandiam de, a novolak type
phenolic resin or a mxture thereof. 13. A net hod for producing a

| am nate, charac- terized by using one or a plurality of the prepregs
obt ai ned by the nmethod of clainms 1 to 12, optionally superposing a netal
feil on both or one side of the prepreﬂ(s), fol |l owed by heating and
pressi-ng t hem 1
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