; €e3e~B~TdPh6TBf nsva~~o00 DESCRI PTI ON METHOD FOR PRODUCI NG PREPr EG AND

LAM NATE Technical Field The present invention relates to a nethod for
produci ng prepregs and | am nates, and nore particularly to met hod for
produci ng prepregs and lam nates 5 suitable as printed circ mmnﬂ ed
for electric equipnent, electronic equipitent, conmmrunication . m tc
Background Art Regarding the printed circuit boards, demand 10 *Gabo-

m niaturization and enhancenent of bggeRiIeNIoNICr eases, and, on the ot her
hand, conpetition in price is keen, and, especially, as for nufti-I|ayer

| am nat es, gl ass f abMETHDasE&dRepPEXPUCAESIGN PROFRES SNRAIMAN BIATEL €S
conprising a glass nonwoven fabric as an internediate 15 | ayer base
material and a glass woven fabric as a surface |ayer base material which
are used for printed circuit boards, a great task is to reduce the price.
Hitherto, a Cfa&cjalgmdudiiedid sol vents have been used for the production of
prepregs or |am nates used therefor. 20 This is because resin varni shes can
be easily prepared, andhEaPaFseddsiinyeiid AhiForaiss coat @dnephed for

i npregnated into base nmaterials. The solvents are evaporated at _the drying

step after cBALPHGLHR PHEPSGHR i3 RSt FregRntei PR hecpidalrts, and
nost of them_are di ose& 2 %{ py conbustion‘ﬁﬁgagatus or released into
the at nospher8 ésmﬁﬁgfda €T BRI G SHEH 591 ZBhPPbFRt ed out that
this i ca for t war.m.ng, of. the earth and air pollutiopn..On the

ot Ithl ?laﬁ%l, ité?ﬁﬁgglﬁeg% gréﬂte tcéLd:Ctuoltr 2b e 1 h"és%%g%f %ileggﬁ‘ént s, but

this has bee LEE el t CAUSE, 4 e ] pon such as
coating and :%r?%rl glﬁgltﬁi’or?q%‘ tr%el%a%%ﬁﬁ%’eg%@%ggﬁﬁ%hproducti on of
prepregs andeh%qbﬁ%h%g M thout using solvents, it has been studied to
mx resins of Tow nelting point or liquid resins with heating to obtain a
honbogeneous m xture and coat the m xture on a base. However, this suffers
fromthe problens that sufficiently honbgeneous m xture cannot be 15

obt ai ned, th@ackgirousid ¢lex to apparatuses owing to
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

[T
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decrease of heating tenperature in continuous production, and the
thernosetting resin gels during heating, which require cleaning of the
apparatuses. Thus, continuous production has been difficult. 20 A proposal
has been nade to coat a powdered resin as it is (JP-A-50-143870), but

uni form m xi ng and coating are difficultZ2and partial hardening or
insufficient inpregnation into the base material is caused. Accordingly,
this nmet hod bfisbpotopetisheen pppeirdatald 2T ergayedind® schosure of

I nvention As a result of research conducted in an 3 attenpt to obtain
prepregs froatmesphsrasasgtheysalnesnt Foshitdhlshasedresn, dif fhasl beeand to
obtain | am nates using the prepregs) it has been found that uniform m Xing
and i npregnaPPédntiedt ous Baes ¢&nishd sper fapussRl fequi iz ematiyingt oft hbe
conventional nethod of using _solvents by using a powdered resin and a

har dener ande&tibleenfngith®ogdwddron.o #hedifarfidiRiikandr ehkt R@f. PREBear ch
has been further conducted to acconplish the present invention. The present
inventioﬁSrePéFé@PFSdatﬁeﬁﬁg&cﬁoﬁhﬁJﬁﬂQﬂﬂRﬂQé;%P%N%Rﬁ%g,b%EaFaéﬁebﬁied in

that a powdered thernmpsetting resin d .a hardener are used as,. essenti al
conmponent s, éﬁana }55\%3&“; P%ﬁaﬁséor?%gsﬁl'ﬁ G Vet nof tRYCFRFEFPRd to as

"powder conpagsition") obtained by _applying a ne ni cal ener to the above
conmponent s tS“EE Sfiﬁﬁag&&% %Q#%iﬂé%%ﬁhéﬁ%%ﬁuofgg%?ﬁ%%s?swé€¥omed to be
present on ageg$§§t the surface of a fibrous base material (hereinafter
referred to as "base"), and, furthernore, relates to a nmethod for producing

a prepreg, characterizedyd R HeNgfr 4 RINAR] &PWE&?@ deOPEﬁEHSQeEBG/ addi ng

a fine powder additive of 0.01-1 ~.min average particle size tot
above- obt@i ngd tpevEe s et ANd UL Hrvd o M XhdPed hed hgxal | owed to

be present on at |east the surface of a base. The present invention further
rel ates to areetihedofforlgw ediciing ANt adt Ned@uidheeacherwzed by heating
and pressing one or nore of the prepregs obtained above, if necessary, with
a nmetal foil heapéngosed abrtaome aorhdmuiderstaes mixtdee paepregat shg . 4
Brief Description of Drawing FIG 1 is a diagram which schematically shows
an exanpl e oftixgrireusrsteess. t Howastdiod floks t$ef peodutroontbe prepregs
according to the present _
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 conduacted in an



5 invention. Detailed Description of the Invention The powdered
thernosetting resin used in the present invention is preferably an epoxy
resin, and, a polyimde resin, a polyester resin, a phenolic resin, 10 etc.
can al so be used. Wen the thernosetting resin is an epoxy resin,

di cyandi ami de, an aromatic amine, a novoldak type phenolic resin or the like
is preferred as the hardener fromthe points of heat resistance and

el ectric 15 propepti €. olytadci prapnals digoranreésinlszobengonpoandventt he

| i ke can al so be used. The hardener is preferably in the form of powder,
but when t hewaasiinhash&essr disf Erilt ( fand exanpbeainetamihahe20asbypanei ght
based on the resin), it may be liquid as far as the mxture with the 20
resin after &PFl PESPIEEISf ifedihiResn MRS ERAT benpEREBr B4X1RNEr asder
preferably a,hardeni&g acceleratqr is used. The hardeningaacc?ler tor is

al so pref er aBPP I e Forfitst B CCHUPR I REFRPFDed FRYEVELRRFd¥NI ng

I d. The hardeni I 5 includ imd
Compound,>a T8 (18 YOS G Lnd T 1 RE Thate RonponERTESaPs ROLTRI M ted i o

(nove exerbl g A0 . S0, BAIAELE: L35 Lol DESEROMIET 5l ouel |y

1000 a mor Fess, pre m - nore pr mo1f

it exceeds 100 A De [ HUH ASH AL £A PELn { NepyELghEnOfaRapLic! € s small

to decrease contact points o t he respective conponents such as t he

therno setti pg @M cHRIHANAS .+ AN AaRSENE N0 RECELBEBRET 1 ndBALYBK Orm
di spersion becones difficult. Thus, there is the possibility that reaction

takes place at a ratio Tid fiefeddnd roivémeidar gelataki 600k MERELHOF QT
uni form 10 reacti on cannot be perforned. When the hardener and/or hardening

accel erat®r aredutirhke f gremfepowtiesirapaetizéd shzehat sheowhermasetti ng
resin is preferably 5-15 tines that of the hardener and/or hardening
accel er at or fodve arsati Tt e et hamd chend cagénerasreonsetathies seathbedause
the hardener and/or the hardening accelerator are readily fused with the

t her noset t i NFAMEANENGS + RN ROYERERd MEiRi ealPefibyonhd hesehamocheni cal
reaction is %G%!ained as follows: "This is a nodification of a 20 solid
with a solidafffisdh GRES5RE SUrdacePACERTi EYMBALshPPa e CRRALGE oY

particles causeqtbyggrindi ,_attrition, frictgon gr contacting. There are
the cases whé@PIHEAG iMFTIAET25eSreE@Y 1 5°i hRfodPPYEarPBRBET G s<$E ut i on

d,th | d it d 25 it f | f
o easel o Sirdloh SHr Gy dPe et Cat FoRE RIRTEAr Tt PORYLR S REgk& i c
char acter i stics, and wher g the, sur{acesaErLuLt el § ¥38Yo{Qr pagaction with

other material's or a ring to ot
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).



6 materials. In engineering, nmechanical striking energy is utilized, and
not only physical nodification, but also chem cal nodification are
performed, such as generation of charge by friction or contact, adhering by
5 magneti sm enbedding of a nodifier into nuclear matters and fornmation of
filmby nelting." ("Conprehensive Practichl Surface Mdification Techni que
(Jitsuyo Hyonmen Kaishitsu Gjutsu Soran)", p786, edited by Zairyo Gjutsu
Kenkyu KyokabPraed petsicrsipad dsy Gaipewi@®gutsu 10 Service Center Co., Ltd.
on March 25, 1993). The present invention utilizes chem cal nodification by
nmechanocheni cal reacti 6ACwHi cif i FIRERATR helnd €l srbamprégeiléy ehossl i d and
liquid by mechani cal .energy. The powder-treating nethaods for giving 15
mechani cal eR&r 3@ 4 ioré Ao U hettRo chent tal meeReti 6A%i kBFude ni xing or

kneadi ng carried out, b ing nortar, Henschel m xer, planetary m xer, bal

e o PSR RN (OF WIS (A 9T SEOrES npt hiet §RESRAGad ng. ext Fuder
etc. Annqg thQ%nQE%;erred are m xing and 20 kneadi ng using ang m |l (such
as mechano- f 0si'on syg?enl manuf act ured by Hosokawa M cron Co., Ltd.),

multiple mllstone nortar type kneadi ng extruder (such as nmechanochem cal
di spersion system manufactured by KCK Co., Ltd.) and jet mlIl (such as

hybri di zer systam 26 DBV a5t 1180 DY: ABI B i kai o Sei sakusho Co., Ltd.), and
the nultiple mllstone nortar type kneadi ng extruder (such as

nmechanocheni cal di sper giren sytederad neeRes &t €dnhy rKEKnCasedl gl khes
especially preferred for carrying 7 out efficient nechanochem cal

reacti On. Fopbreaend ngvatit idre ieghsadehsavi gabnr epekiyonressaf,t @nidng apoi nt  of
the thernosetting resins is preferably 50C or higher, nore preferably 70C
or higher, 5podtimedeprrsimably BOyestér ghesinThasphenbédausesanheat of
about 20-50C is generated by friction, grinding or fusion between powders
or powdetlan@tr.egt@ama@lappdraatusedt the time of the treating, and the

i nfl uence thereof nust be mnimzed. Wien the softening point is 10 too
high, it is difficult thefark§e otherneeettiRInBeRdnoéReAncaPoR¥act i on, and,
besi des, inpregnation of the resin conposition into the base_in the
subsequent stiEF Bec ey ndF3vife . %&2%?9?%5%9,aWhéesoPtéﬁWﬁéaﬁoFﬂPq S

referably 150C or. | ower.. 15 The co nents such as powdered,thernosettin
Pesi n andyharp Lig F 5 e?%btrek)‘/e gfggeﬁdl?opfﬁge&rSfjgﬁénF?‘&n@&rﬁﬁrﬁrcl e )

LS, o TS E LT % £, POSSL LG Y LRISGhEL g or the 11 ke

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.



20 reaction. If necessary, inorganic fillers may be added to the
thernosetting resin conposition used in the present invention. Addition of
the inorganic fillers can inpart properties such as tracking resistance,
heat 25 resistance and reduction in coefficient of thermal expansion.
Exanpl es of the inorganic fillers are al &m num hydroxi de, magnesi um
hydr oxi de, cal ci um carbonate, talc, wollastonite, alumna, silica, 8
uncal ci ned cl ay, calciib¢ playimi¢ sdrdeumisuiifede. pPedersl essigeadlyt hese
inorganic fillers is also the sane as nentioned above. Particle size of the
powder conposPPPokt MhPENLESRasPERERTIBBYeOt-dd o0 neBhaReERePrefleraddst i on

by the powder &r bnent is_usyally 1000 ~ or less, preferably 0.1-500 ~
m further pPe éﬁﬁ IV‘@:l-%gdlE RIECERAS nglidf@'sF§€ S ILGCCATE S or

10 coat i ng, PEBWBEI FEy SO G AT Ao et ot T ReErRETor RORERRE wth
heat i , d, f. h o i t i it into th
bace, and T oP Lt 5Bl Przih 4ot B ok B THa oot h R oRRoeT ] REFRCRe
base. 15 Theteatligl e HOMIRlaGAUIOSIAd Hurdinlda! Sock o 8L10RR0a0G DE
present on at Feast the surface g%ﬂghe asé 10 o%t in"a preprég’'or a fine

powder addi t Lg reln0 f3kpb:d (B bAUHAIQPAELdel €, SIdRyLs afded tg the

powder conposition, fo by uniformly mxing them?20 and this is

al loved to benpresenrtian ialy least tdecwsisd acexod phecbage horgbtain a
prepreg. This fine powder additive can be previously mxed with the

t her noset t i ngliff€sirenand fidie dray denefet f:0d ¢ Dyvesit bye it xi g bhearti@oehtai n the
desired effect, but the greater 25 effect can be obtained by adding the
additiveld o treecgdwtercaconosid iprr fidwnodd hasWwieent sebhectiedetoand/or
mechanochem cal reaction as nentioned above. The fluidity characteristics
of the powdehardg@ndmgpasias l@ratar Bremikethy fopnovédrbydaddi ng the fine
powder additive to the powder conposition. Accordingly, when the Eomder
conposi ti on PRrEGELEd Soifsarkf it ddmireeseht bng heepiBelst RECHORABELY
conposition can be sprayed or )
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 coated uniformy on the base, and thus uniformdistri bution of the
powder conposition on the base and snoot hness of the surface of the coating
of the powder conposition can be obtained. In this way, uniformcoating on
and inpregnation into the base becomes 10 possible. As the fine powder
additives, inorganic fine powlers are préferred, but organic powders can

al so be used. As for the particle size, those of 0.01-1 a min average
particle sizeteeiased, andepgeéheeabhy,t hestaofi A0kt ikimgndrspepy fic
surface area; about 50-500 m/g) 15 are used. These fine powder additives

i ncl ude silit® $§hblpoddeandt NOENPOAYORNYS Liciede mesvidargatetan, 1But he aver age
particle size exceeds 1 a m the specific surface area decreases, the
nunber of theljRréhenesaperodaficasiight adec pexdermathd surth difference in
particle size 20 frpn1thg gomdereg t hernpsetting resin as a _main conpo nent
decreases. ABCREFREHUPE, CEUFPPEPBNPYDEZHATY O8F FBCICT B2 G e 39RR BYRFERY of
fluidity _cannot sonetinmes, be obtained. The heari,ng effect in the powders is
that by & | GRWREFT BB pERPPORES, nd BPECEE helikr oyt EIRe oB By
relatively large_partjicle size, t..Qf . { he I.C .large particle
size is mde*Freb rT8£?ﬁSr85e%&}ﬁPé§?§%&th e po <§Aaééﬁké§%Y%n as a

LR b BELEORAL T SLERLAY! ML A0 ddith g RPHERE GORPARLA| On 1O

which the fine powder additive T's adde any e be e as | ong
as the fine powderadditijyescagobanymi f ormey Basedand, dspepsed. As
exanpl es, nention may be"nmade of m xing by Henschel 5 'm xer,” nortar,

planetary m xefutshURBhRGu RIbkadl laha bl iBHePBEHETa kPP asi §1h0su obt ai ned
inthis way is allowed to be present on at |east the surface of a base by
sprayi ng,0 coggrngcer Ceheeki ke.. , Almdnt cof Madrehp@gerl TdposiThen vari es
depending on the kind of fibrous 10 material, properties and wei ght (per
unit area) oprébenbaseyehutionsunsddlzes albentictd- 60Rbiiowi it F t he base.
The nethods for allow ng the powder conposition to be present on or in the
base i ncl udemachenhetenf cepr irgRicitiignov e itdie irgpl udeke dienheabase,

el ectrostatic coating 15 nethod, fluidization dipping nethod, spraying

net hod, coatmﬁélﬁéﬁﬁgéoﬁspﬁgS@éﬂﬂo@@du%ﬂ@ﬂ%ﬁshMﬂWQﬁ@%@ﬂ@%lc%%@égYand coma
coater, and others, and there is no limtation. The gomder,conposition may

be allowed to be 20 pré§EnPOYREETE L& "F AW LODWITE s preferably
al | oned te be Ekesent on both %ﬁd s .of the q§se i.n orqﬁr to galance the top
and under® si BESPRPLH2¢aCRFH et FE & iTRF2HP TR FRE. Preferably,

t he base is then _warnmed. .25 n .t he . a thi I ckness. of am
or |ess (100r8fﬁ518p I §§%dém?ﬁ€ugg§éﬂgﬁgﬁggégg?i %?r%%ge§?€o$ymﬁg%gghe

Bgmg compogithan | §ieaHat Wiy, Mpn UL LN, dige PRUDQE Ohi 8l | oykpg the
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 kneading 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



11 conposition to be present on one side is sufficient, and in this case it
is preferred to all ow the powder conposition to be present on one side of

t he base and then warmthe side of the base opposite to the side on which 5
t he powder conposition is present to a tenperature higher than that of the
side on which the powder conposition is ptesent, That is, in order that the
powder conposition is allowed to be present on the base and thereafter the
conposi ti on bstnelffecitotd mEragTatchdi ¢dhe coaposohion into the base, the
powder conposition in which air noves between powder particles nore easily
than in liquid resin | FAsaRrEHind Mt i thal hevkdnoohbrigréseractioonl y one
side of the base (top side), thereby to permt the air present in the
powder conmpoSPErER1GE FDitte Paded'd of kREBPECRRANFYrEEORTt BE BEREEL LS de

(under side),  and_fyrtherpopre the side (under sjde) opposite to the side on
whi ch the poﬁﬁgﬁ'é@ﬁ;ogFtP6H“F§'pFE§§hP'%?%&QQEw %%egcﬁéﬂﬁﬁﬁﬁine hi gher

t han that_. of _th ide (t id which th ) Pti '
prosent . 20 EHEESRy £5 TRAt 28 Gt Fi SR Sn ¢ elb? ot TS BELSBeR t he

't ‘ it the-base, . and | ‘ tion, ty b
Uhe. arivi ng TERRG i BRI 1 ThS art PSP BAS foh HErperat i1 5 Se-FAr 83 met hot
for inproving,t s'irHN%R&é%ﬂﬁcﬁé?@%i@ow&béﬁﬁt E?Qaﬁgg\ﬁ?r med from

both sides in such a manner e tenperature o e si under si de)

opposite to ta{h.)%asria(%%sorhﬁ"’rﬂ}%‘ d e p&f‘“@ﬁe?@?@é"@iﬁwnfha PheseRte 1 %_angiegher

t han that of e anot her side (top 12 side), or-only the side (under

si de) opposi der@dhensdtdodmiMikhzéde PRMEST tE8MBESEENQRG HoRh@sSert can
be warnmed. For the above reason, the warm ng tenperature 57is usually

90- 170C, 1 pr efrecaliyhl, 10150k fdi £ f heust deo (vadey sudepfdppadiie to the side
on which the powder conposition is present, though it depends on the
sof t eni ng poimetchei adrenpovader repmpbsn | | and, Theswde s, ngmpergeratione offor t he
si de on which the powder conposition 10 is present is usually 80-150C,
preferably 104el GG iMonessitioprbyhat elebaseenay bbehsabsg¢asiends to nore
sufficiently inpregnate the resin conposition and, if necessary, to place
the resin inSf@R Deguwaredsiaieulhi sApeardhgot BnpEhat sePétesingual |y

| 00- 200C, 15 preferably 120-190C,_ but sonetines varies depending on the
fluidity or dEnas |E%/-’f%/f%‘ra%>é %gg‘% TongIEFEi on. Taking into

ConS|der?%lon the Inpreﬁggiégﬁbonents 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,



property of the powder conposition at the time of warmng, in sonme cases,

t he desired anmount of the powder 20 conposition cannot be allowed to be
present only by allow ng the powder conposition 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 conposition.8In these cases, or far preventing
t he warpi ng 25 nentioned above, adjustnent of the anmpbunt of the resin to

i ncrease theuasalptnel tthe y,esial ciorgbsilaprnamdhies edunssaareted out after
the warm ng step, and subsequently a step of warm ng the base and/or a stag
of heating tBertitlebaseecard prmdaechoriimn st epidlead] ust sésb ahet he resin
anopunt is usually carried out on the side opposite to the side on which the
powder conposimeonsi Siepitdsmed fdhate. but it 5 rnay be carried out on both
sides. This can be optionally sel ected depending on the kind and properties
of the base or resin cd®Fdsidlicon iz vef | 1R cppuded gsaBrgaatiop wW&d@hr ements
of the desired prepreg. However, the forner is preferred when bal ance of

the ampurds GRSt RESTO USSR GiP GE BRATOCHHRECRS EBRCFAGPORY FHEL hi s
case, the step of the adjustment of t resin anount js not needed to be
cont i nuous tB%VﬁgrpF§@&ﬁqﬁf%n%ﬁ)%ﬁﬁ?ﬂﬁ% ﬁ@b@aﬁﬁ?éﬁFoLﬁs%ft%Fe ﬁ§35;¥e has

once been wound _up . and af ter | apse Qof _tine,, but w nd- up..apparatus and a
15 wi nd-up spég é@g reaﬂi EéF%Fﬁ ﬁgﬁ%ﬁégﬁﬁ ngé%ﬁ?oﬁﬁ“inqg} er to

und-up S | | es nro Corred

o previ ousl §oRGEE Tne s o BUR00C prs brre 2 hefer E3Barb it E the”

powder COMPOthe? G/} (i 4 5612 0N RO, BASCot | Bpeayenphele the base is
(o10)

pr.~heated, it IS also preferred to allow the powder osition to be

present pm orRea%idey,off e dase: Pk t hiePr ¥eE Mshberhases As WBBt irqRed above,
for this warm ng, when the base has 25 a thin thickness of 100 a mor |ess

or when the p@Ewterl tConPasith dredsieqsi dyd unfh ot Rkymoekt eAmp rienias ipref err ed
to warmthe side of the base opposite t;o the side on which the powder
conposition i phesards iiro compngper adurentol ghai ghee, t had tthat of the side
on which the powder conposition is present. Furthernore, after the step of
war m ng the Isdsdidn ainia i isier Yowdeen cofipblét Feaihasompesipieserin tdest ep
of heating the base to which 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



5 resin has been adhered may be provided. |If necessary, in order to adjust
the anobunt of the resin in the base to which the powder conposition has
been adhered, a step of allow ng the powder conposition to be present and
subsequently a step of heating the base are provided, 10 after the step of
warm ng the base on which the powder conposition has been present or the
step of heating the base to which the resin has been adhered. In order that
the powder cespgéktioBnadher @ W rtieilbasend foved tiep asdihgpergnatgd into

t he base, the 15 base is previously heated, whereby the powder conposi tion
is easily adbewddrondnditier awrd thaupaadebeeasidytlopr egrateddingayt he
base at the subsequent warm ng or heating, and besides the air present in

t he base or whenptheepowaisroiampars iddrpredss |goasedpen f andg fhprbgsetedl

Furt hernore, by adhering the powder conposition to one side of the base and
t hen war mi nginke bhsebasige pdwed@OWSHHEANRTHL § Eomptarnbandrrapedgrat ed
into the base, and, if necessary, a step of heating the resininpregnated
base i s provFaadetoundle radnt i &g P8R i it gt e whér@érﬁpasggrén into
the base and place the resin in sem -hardened state. The preheating

t enper at ure PYF1PRe CbadSSd@PREE GPMRRS HeAl Apathit yPafet AR%base,
fteni 15 L nt d d bilit t.h Lti but
coually Vs 5anaBEhaesE Sg T RAdad 47 ot RRCERe cRF BRe . RAMHEZ: | ng i s
Pl Y and PPt s higher t N A J
ST, kbl 80t W G D o sk A0 s ¢ e o

of the resin I'ace versely af in the

product | on OLeLTLEALES ant G A AR 1P {5 OIEAETAOY BESREC. ror e

preferably 1 int ange, the powder conposition adhered to

the base;ds polskemiand has tadrORS p@éﬁéﬁié&di@ﬂ@e&ﬂpiﬁgEgéth efinkhe
conposi 10 tion'into the base and the subsequent step can be satisfactorily

performed. Coreeletisng lehe hafssral assut | degabbsesowdensasadl agsochet h and
gl ass nonwoven fabric, woven fabrics or nonwoven fabrics conprising paper,
synthetic fiheesi.or AE fidre dHkeamnic Wovelz4 abthese adnowoerlf aldi &s and
mats conprising netallic fibers, carbon fibers, mneral fibers or the |ike,
may be used alverager partddmietauirze One wsedpranofpraéerbbdyobhaseedf
prepregs are used. If necessary, a netal foil such as cg&ger foil is 20
super posed oR -&delorl boih (SPges féc s fcspraaif(ss)) 2ot onedd ®Y Pr/essi ng
under heating according to usual nmethods to nake a | ampate or a netal
foil -cl ab®| afitfatiSedacc TRy Fine oW hodddi bivehelpFéHdet SéA 168 prepregs
and | am nates_ of the present invention, tPe

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 scmetimes 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



25 production becones easy by use of the powder conposition wthout Causing
subst anti al change of perfornmances of the resulting prepregs or |am nates
fromthose of the conventional ones. As a result saving of resources and

16 energy due to no solvent, dimnishment of air pollution, and reduction
of cost can be attained. The present invdftion uses powder materials
(resin, hardener, etc.) and applies nmechanochem cal 5 reaction to them By
enpl oyi ng sughwderhriapey s itieorc onponents tha bénenpbedelry adiddpdrvsed sand
conbi ned, the resulting powder conposition can be uniformy distributed and
snmoot h coat ecddsiad,acga wimaHwopowierbe odppsPyednaganoba elst aihsed iween t he
conposition is 10 allowed to be present in the base and inpregnated in the

base, and, a®P¥IEsAIILIUNTS oFIR | PPreyhEPIBAYi Risethansasd seaT I8¢ -at t ai ned
The representative exanples of, the stegs of the _nethqd agr:ordi ng.to the
present invents c?r?‘avﬁ‘l:ﬁe e MNP AAARIPE nMadec S s 1ngr &% iHFg TP ¢ he
acconpanying _drawi ng. The step o f_ mxin~~ the ~wde r conszp.,.~<...i,~ion: A
powder co i ma kit Cﬁ‘i)tr“-i‘rsﬁr%f) n%@\ﬂ%r%ﬁ}‘?ﬁerﬁﬁ?@ﬁﬁng%ﬁg‘% mll&’haﬁ ner
and, if necessary, a 2 r.deni Fat ar., < i vie. been .

previ ously nixedyis Lnﬁﬁégnégy%Qgeggﬁﬁé?éeggﬁigggéﬁfggtgg'R%ls way s

mechanochem caly 4,688t 9o 0He sLREon! §£CRALAEILhAI Qud face of a base

by spraying, coating or the like. Amount of the powder
composition varies depending on the kind of fibrous

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



nmetering feed device 4. 25 A base 1 is heated to a given tenperature by a
heating device 2 such as a panel heater., a hot-air 17 heater or the
like. This step can be omtted. A given anmount of. the powder conposition 3
subj ected to nmechanochem cal reaction treatnent is 5 coated on the
(preheated) base 1 by supplying the conpd%ition to the top side of the base
through a screen 5 (or by a coater) fromthe netering feed device 4. In

case the baseompopteheat ed Hehe el coMposidion cansberadhened and
si mul taneously to both sides of the base, but 10 by adhering the

conposition tin thest cpsa de isherafleyresent ahldbetpeowdewdeonpostti on or
between the fibers can be easily released fromthe under side. This is the
step of warnPargithenbise bentnreEnthiah ele pbielerf cohposasteoanidstbeat ed or
adhered, by a panel heater 6, a hot-air heater or the like to nelt the
powder conpo¥REMofheo s iafi drite YaherP931t® thethaseid¥hrs whéghnakes
it easy to replace the air in the base wwth the resin conposition in the
subsequemnt ngﬁ.p?UdﬁWEFQﬂﬂ9%ﬁR&Rﬂ ORI ont P s alifBPEdaE8 ehe top side
of the base, _inpregnation=of th |ten resin can be inproved due to the
driving forc@lggﬁér By'athe iégéﬁ%&Q% Wt YhpRr5REr BOBERReen the molten

resin and the b « LT _the under side j.s rped. fo a higbher 25 tenperature
or “only the GRABFOSAET SRR - 16T nbLesshr PSP Re CRREACBR o whi ch

e 5T GO Sl ear SOt M odbokg ot h v by

war nmed, is y a e resininto the

e, Lher P et ton BAPAL0 tBied Ry che GonigRilnal one
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 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 (under 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



10 adhered to the base is less than the desired anount, or for the
prevention of warping, a step of increasing the anount of the powder
conposition is added after the warm ng or heating step. Especially, in the
case of preventing the warping, in sone cases, the powder 15 conposition is
adhered to both sides depending on the pidperties of the base, though

usual ly the powder conposition is adhered to only the under side.

Accor di ngl y, sfide)camryiarg youthd hi sdst epndgensidkl) yoppheihaseo8 twet h t he
powder conposition adhered to one side, which 20 has been heated or warned,
i s turned avéideamd ahgiGlerthaAiWder pemElesitbApodist Porsenits cemated on t he
resi ni npregnat ed base 8 by supplying the conposition to the top side of the
base t hrough“2™&&%en 11 (or by a coater) froma metering feed device 10,

foll owed by 25 warm ng éﬁ?\@g?a anel heater 12h warm . air heater or the
like. This warm ng can ot § tELVE nT EAROBaskEnE WEAPRGF f§Tafrature

el ectrostatic coati 4+ ui_di zed 19 h 0, or, the |ike, the
powder co?rpoéist iufﬁfaggr?'n?edla Oeézle‘d pvéet%oruafblt%rm@l% ﬁ%’e e e st e~
h~at,' _na In casg the step j US of.; Lhe resi unt i s included,
a heating ste( %i(%‘rprselfcger)ab%%%?lg%#d%%egéet%é&gegb g’?.‘gﬁ% I%n%%t IrgllosW §trep, t he

resin_composidn, s heated by g heat g, devi celacwiereby e resin

conposition is e sutficl y i npregnated into e base and, if

necessary, tNRe #&siihd chpirrwgé‘f {19 1;90@@@&'8%@56%@@1%%@eirh%_”qfatr‘?rﬂ%ga

prepreg can be obtal ne The heati ng net hod e a conventional orie as in

the case of thenRfQqRNtOneghdeal 48008t QRichhenBr RS rl4dnpdaitt ilg t he
desired length by 15 a cutter 15 for the formation of a | am nate. Wen the

prepreg is usied grysarontifuosisaidyndogledC amreferabhiys100t140W step is
omtted. In FIG 1, the base is noved horizontally and
The resin-impregnated base may be heated so as
to more sufficiently impregnate the resin composition
and, i1f necessary, to place the resin in semi-hardened
state. This heating temperature is usually 100-2007C,
15 preferably 120-19C°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 propertiés 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



t he whol e apparatus used is a horizontal type, but it is 20 al so possible
to nove the base up and down, and adhere the powder conposition by

el ectrostatic spraying nethod or by spraying the conposition to a preheated
base. In this case, a vertical apparatus is enployed. Best Mde for
Carrying Qut the Invention 25 Exanples df3the present invention will be

20 specifically explained together with conparative exanples. [Exanple 1]
(KCK, Coat erbaxt hadg poOvpdetls by wei ght of a powdered epoxy resin 5 having
an average particle sizs of 150 ,um (brom nated epoxy resin Ep5048 having
an epoxy equival ent of TBZ5spanrubicediesthenvuled S [reGpln dnel)t SBsparts
by wei ght of a powdered hardener having an average particle size of 15 ~cm
(di cyandi ani @eya hhe 22paiedbgulePrghthef sddeo oppasdrted tardeni itdacer| er at or
havi ng an aver age garticle size of 15 a m(2-ethyl-4-nethylimdazole) were

preni xed and"theh theaPeycasi AEMROFHEICOH & Snifnestedite Forttar BYpel kneadi ng

extruder _(Mechanochem cal dispersion _system KCK-80X2-V(6) manufactuyed by
KCK Co.. Lt '3V 189 AFR5E 1 8G0PHEI 6R ROTHer GF 5200 Tp (AP 1% PRI L9151 0bt al n.

wder ed [ it [ . ticl ' f.150 ~
This powder el r S8FRCEORPOSPEFOR ol Ui Fortity: GO &if BE T HEST off ST of a
I | ot h 0 : ik e . - ' I 1 ght of
30720 gim . TREToarier - TneCArase APR Kokl vamm T o (HeT rder TP de for

about 1 mi nutgshyramBaRs! oheaher qdlksilBCo Eing t heiglassy clotd was turned
over and the conposition was uniformy coated on the other side by a knife

coater so asrbemfkVesapkeFel redl ghlenObaa s dnd Udwees byr hegéing for
1 mnute by a hot-air heater at 170C to obtain a prepreg. Two of the
prepregs oner eosppetiposadoondottpCBides 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-
300°C prior to the step of allowing the powder composi-

20 tion to be present on the base.

In case where the base 1is 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



21 the other, and then a copper foil of 18 a mthickness was superposed on
the top and under sides of the superposed prepregs, followed by hot
pressing for 90 mnutes at a tenperature of 165C and under a pressure of 60
kg/cm to 5 obtain a copper-clad | am nate of 0.22 mmthickness. (Exanple 2]
(+ addition of Aerosil) One part by weigh# of a fine powder silica having
an average particle size of 0.05 a m (Aerosil #200 manufactured by Japan
Aerosil Co., higyHe)y waanadthad tod HhelGlidmrdrs diyisei ghe pbwibe powder
conposition having an average particle size of 150 a mobtained in Exanple
1, followed bymposiitdohordss prieserds. by Hartszhebrel xeftat aheesokpt bdn
nunber of 500 rpm In the sanme manner as in Exanple 1, prepregs were
produced usi W§rmAaadr &g Dasge D3 pdviddr Yoheevde oncompdstihéanahespper - ¢l ad
| am nate of 0.22 mmthickness was produced using the prepregs. [Exanple 3]
(Hosokawa M BE8R, PESSieRE i By SREFh) SRk g tsheybaseghe whighpsheer ed
epoxy resjn having an average partjcle size of 1S0 a m (Ep5043 used 20
above), 5é paf€siBy Nasi &ﬁerb%délep‘?ﬁ/djé‘iaéﬂ BRrRfEet A8dy | négaﬁe§§élsé§é“parti cle

R L
2-ethyl -4 | im I ] hen 1 ' )
irechan usi of SENRe (AP AL SFarT LU S by Fbookata R EFOR” 8. =CFPd. ) at

a revolutiongpuahel, of, 2000 1 J@E.c?rugg?ossi@iég?’t%oﬁg %P&%hﬂtaa%"‘der

conposi L.ion having an “average partic Sl ze I'S powder

conposi tion ‘é@%slé@ufe%rtmfyy SRl ed r%h@i}?%sw@ Bis8 grasgrekebbqof 100
g/m through a screen of 60 nmesh so as to give a resin weight of 50 g/m.

Thereaftey, tHeedl age el sRsvaviirey fHOMHOs hosi drschothd0pseeerds by a
hot-air heater at 170C. Then, the glass cloth was turned over and the

conposi ti on waspwsiftdron yhasproadd qiraseriteont tiee stdpe dbir heghiagseheen of
60 nesh so as to 10 give a resin weight of 50 g/m, followed by heating for
3 m nut es bybaskeottcaiwhidattere atedilddo ldemi adbepedpreg. A copper-cl ad

| am nate of 0.22 mmthickness was produced using the resulting prepregs in
t he same nmanner as in Exanpidedn thst [Exenpbedalr ¢amphstkiohoghhefreiB0 a m

t hi ckness + Aerosil) The powder conposition obtained in Exanple 2
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 impregnate 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



was uniformy coated on one side of a glass cloth of 210 g/m (180 a m

t hi ckness) by a knife coater so as to give 20 a resin weight of 90 g/m .
Thereafter, the glass cloth was warned fromthe under side for about 1

m nute by a hot-air heater at 120C. Then, the glass cloth was turned over
and the conposition was uniformy coatedlén 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 adiott @nd Heatdanabi Ni7OC o6 ohe apawdepr epmpgs iTuonef ute
prepregs were superposed one upon 23 the other, and thep a copper foil of

i 8 a m thi ckNesSMas ISupdtptel -on kel o aremderar @& ofthee

Cenperatur e’ S LREC Anc i der T oL8LPER b - 68N Rgh St ¢ 5 PaBn Han

b hoat i ng o hrGe) A PSS ST B 100 A H ek FERieh Gf 198CTFSTE
parti ol e b 28 g g0 A 58 adre ek A e E TR e A B e on

one side of thidlash QO uRyn 2 kBl f er60al hos0aRs.L0 gl Yo A daslyy vei ght

of 50 g/m. ereafter, t he sane manner as anple 1, a prepreg was

obtai ned, andgd-epoe,carRey (Haddampat g of 78322 mmdi ckiess wasqPr oduced
15 using the resulting prepregs. [Exanple 6] (+ addition of Aer03|?) One

part by wei ghthedfpdwdd Necqayelelt sbhi ganBaviingoafhavehage iRamditled Hrze of
0.05 a m (Aerosil #200 manufactured by Japan Aerosil Co., Ltd.) was added

to 20 100 partas by pwigdit wistbeippywdendconposghibnohavifng han cvneycage-
particle size of 150 ~ mobtained in Exanple 1, followed by m xing for 5
m nut es by Hensohelnto xgre dvase rendl theoauherieenof s rmam ben t he sane
manner as in Exanple 5, prepregs were produced using the resulting 25
powder conposiatignfacerthenparEopped-gl ad | aminate of 0.22 nmthickness
was produced using the grepregs. 24 [ Example 7] (Preheating of base,
nortar, sprinkling oncerning 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, 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
20 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
25 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



met hod) 100 parts by weight of a powdered epoxy resin having an average
particle size of 15G hem (Ep5048 having 5 an epoxy equival ent of 675), 5
parts by wei ght of a powdered hardener having an average particle size of
15 ,um (di cyandi am de) and 1 part by weight of a powdered hardening

accel erator having an average particle st€e of 15 a m

(2-ethyl -4-nmethylimdazole) were prem xed and then 10 the resulting
conposi ti on gasrgyedbedtosinog salventar dimenufstotentedobyal shp&ahat Kohe Co.
Ltd.) at a revolu tion nunmber of 100 rpmfor 5 mnutes. A glass cloth of
100 g/ mz wasah@aredugtierocif ¢osz majuteds aft Bt i ng device. Then, the
powder 15 conposition obtained by the above treatnment was uniformy
sprinkl ed on one side dhet B&Ee§ieass IETVRN 1 JiRMS aLQvdeEnmdEeBdakEsh so as
to give aresin weight of 50 g/m. Thereafter, the under side of the glass

cloth was warhBdifor PABEGNEE mistt-d RNh FRRLLGT MectaprosBerica20C. Then,
ot he- other ZERGELPRr SBgR S Teer Gh SBHP K TS Ah abe o bUR” aEREY n el Ght
M nute’by a FOroarENakear R Btk itk e 4t oo, S5fB a8 trke’
prepregs “er§e§HE%HB&B%@%?%;:#ﬁﬂ;&JF%fgﬁ“%anEE@ &Qg@og?g?pper foil of 18 a

m t hi ckness was Supe e top and under si des he super posed
25 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 preéént invention will be
15 explained in succession referring to the accompanying

drawing.

The step of mixing the powder composition:
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.

Ihe 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



prepregs, followed by hot pressing for 90 mnutes at a tenperature of 165C
and under a pressure of 60 kg/cm- to obtain a copper-clad |am nate of 0.22
nm t hi ckness. [Exanple 8] (Mrtar, sprinkling nethod, + Aerosil) 5 100
parts by weight of a powdered epoxy resin having an average particle size
of 15U a m (Ep5048 havi ng an epoxy equi vallent of 675), 5 parts by wei ght of
a powder ed hardener having an average particle size of 15 a m

(di cyandi am teprer par tthey Medeght THi® poswleced 1O bmidesdng accel erator
havi ng an averacJe particle size of 15 a m (2-ethyl-4-methylim dazole) and
1 part by weight of a fine powder silica having an average particle size of
0.05 a m (Aerosil #200 manufactured by Japan Aerosil Co., Ltd.) were

prenm xed andlifeSteRual wpatdihdihe @EUS ompeatkiionsi ng a nortar

(manuf actured by Ishikawa Kojo Co. Ltd at a revol ution nunber of 100 rpm
for 10 mi nutes. The poRd&H AR orPt h%etP%‘a‘ii%H RABrAsitdrmM ¥ sprinkl ed

on one side of as cIoth of 1 20 m- throu h a screen of 60 nesh so
as to give a P@§|%tﬁﬁf qﬁ%“ q%£r5%??%%° t hEe§Fme8s dfot h was

d f bot h d f d 170C. Th
the gl ase ol GOk Sscfﬁrtﬁﬁ& §r<f eéaﬂ%e«?ﬂ% pbsh {1 SHERAYL0A FBFr y spr.eﬂkl ed
on the other c%?ni%% C{H(; kEb Stc&;?e.@l % g? @ﬁéhb Qeals.h&ghl%%\v% %cr%%

wei ght of 50 ¢ y wari ng 3 nlnu ai r ‘heat'er at
170C to obtaish @ PLRPILGE0at ftﬁQGmQEQP S¢ aedéggg%pqsed ne upon
t he ot her, and theﬁgg coﬁﬁ%f%50f¢9m€ a %ﬁgknégs was superposgﬁ on

the top and WG tHdem Y ﬂi‘?ﬁé&?@é@é’éedtﬁéeﬁéﬁgéx Eohbewed iby Rkah
pressing for 90 mnutes at a 5 tenperature of 165C and under a pressure of

60 kgl cnF t 0 Webtaine e d GRPRI L €4 igb b SIK ned epb 6t h Os 2de BNbEhiceknesse [ buanpl e
9] (Novol ak type phenolic resin, KCK, coater) 100 parts by meight of a
powder edl@poXy reefiarirayitige avryves ageopatdi the sbpesdfiel5@ha miEpP5048
havi ng 10 an epoxy equival ent of 675), 16 parts by weight of a powdered
novol ak type et Ly e¥ian pewdery eemposibgenpart betwesnzeéhef £3®ersm
(novol ak type phenolic resin PR51470 having a phenolic hydroxyl equival ent
of 105 manuf &AM 4R ISk 1ok TR efr @, thet unyleandidepart by 15 wei ght of
powder ed tri phenyl phosphi ne having an average particle size of 10 a mwere
prem xed and then treated using a nultiple mllstone nortar type kneading
extruder (Mechanochem cal dispersion system KCK-80X2-V(6) manufactured by
KCK Co. Ltdﬁgﬁhﬁﬂéﬂ%é§§P%%p%ﬁﬁﬁunber of 20 200 rpn1for 1 minute to obtain
a pomder conposition h ng an vera particle.siz 150 a Thi s
powder conposition masaﬁmT of ™ %05 %8 BE'WEERiRY"End b3 Do

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.



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 glm. 25 Thereafter, the glass cloth was warned
fromthe under side for about 1 mnute by a panel heater at 150C. Then, the
gl ass cloth was turned over and the 27 conposition was uniformy coated
on the other side by a knife coater so aslBo give a resin weight of 50

g/ m, followed, by heati for 1 mnute by a hot-air heater at 170C to
obtain a prep&Q§T§§ﬁ$héﬁg#E¥ﬁ%U%¥épregs wer e superposed one upon the other,
and furthernore a copperIff Qil of 18 a mthickness was superposed on each of
the top and under sides of tHe ¥iffefpd<e’l prepregse wblkowetebyohets r

pressing for 6@mRihLR a t erature of 175C and 10 under a pressure of
20 kg/cm to ongangqégbbgﬁwﬁggilgﬁﬁ fhfadhevednandi wkness hasExanpl e

10] (+ additigpepf ASHRSI | ) r{ b ight. of a fine powder silica
havi ng an aver aSe ;V)Jargni ?l’e)lssigzi%ao OE)Q% a\gq?ﬁg?%?e?%s‘ii?v#%o 18omanuf act ur ed

by Japan AerosinbrE8natkt dnk WS ;ad t 0Q parts by weight of the powder
conposi tion haanggan aver age %ﬁ?&ﬂ%ﬂé’gﬁé% rﬂSﬁ“%¥ﬁ1B%Fﬁiﬁédofntﬁﬁanple

9, followed byapeXxi NghtORKeR LAl ﬁ%ﬂﬁ el mxer_at a revolution
number of 500 rpm In the sa%ggﬁgﬁ%g$¥gs |;ﬁh)ﬁég¥ el enabrepfedsdnipe
obt ai ned usi ngotheéimésghti ng powder conposition, and then a copper-clad

| am nate of 0.22 mmthickness was produced using the prepregs. [Conparative
Exanpl e 1] (Powder, w thout nechanochem cal treatnent) 25 100 parts by

wei ght of a powdered epoxy resin having an average particle size of 150 a m
(Ep5048 havi ne 2BC3 adjushiingakart aabup#s)h farts ~~y weight of a
powder ed har dener havinﬁ an average particle size of 15 ~ m (di cyandi am de)
and 1 part by wei ght of eﬁoﬁb@rémOhatdeﬁimgea@@wdﬁﬁﬂdumggg@ggb@ﬂ aver age
particlelgizguﬁi 5 %5 a m(2-ethyl-4-methylimdazole) were stirred and

m xed by an anchorobl Bdetf§peasei ireteas shrevahat iders nuteimain 70 &pm f or
1 minute. Inghe [Ye_ manner . as in Exanple 1, prepregs were obtained using
the resulting powder RonpoRiiPBnOfanarPhes aacepeer ofl dhdrnisiate ofe 10
0.22 mm t hi chiigsmMase ALQIUSEI.US ng Lhe, prepr egs.

1on 1s 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 §
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



[ Conparati ve Exanple 2] (Hot nelt nethod) 100 parts by weight of a powdered
epoxy resin having an average particle size of 150 a m (Ep5048), 5 parts by
wei ght of a powdered hardener having an average 15 particle size of 15 a m
(di cyandi am de> and 1 part by wei ght of ﬁﬁpomdered har deni ng accel erat or
havi ng an average particle size of 15 a (2-ethyl -4-methyl i m dazole) were
m xed, and the resulting powder conposition was nolten by warnmng at 100 C
Then, a 20 gPass 8eSHRCef CHOGhE ik diHppeRPYFeF heorBPeEefiiennpasi Picon to

i npregnate the cloth with the conposition in an anount of 100 g/m in terns
of resin solPghESEFeHﬁEﬁQﬂq(ﬂMﬁP%ﬁBrﬂ%ﬁFrﬁP%sb%Sﬁeating devi ce at |70C for
2 mnutes to obtain a prepreg. 25 Two of the prepregs were superposed one
upon the other, and furthernore a copper foil of 18 a mthickness was

super posed o a f the t d under 29 sides of the superposed
prepregs, fo g for 90 mnutes at a tenperature of 165C

and under a pressure of; 6Q kol G tO Obt 2k N, 35 GOPRER Chad m e of 0.22
nm t hi ckness. 5 [Cbnparé%ive Exaﬁ%le (Cb%%%nt?@ng ?ﬁpFégnégﬁgﬁ nmet hod)

100 partss by aweiugitt 1@f i powder edh epoxyi h@Ssfepaysngrafeaypngge particle
size of 150 a m (Ep5048), 5 parts by weight of a powdered hardener- having
an average 1prpatiidee] esitzte afedth acep (di Tyatkianseep, apdel rpaih by wei ght
of a powdered hardeni ng accel ez~ator having an average particle size of 15
~ m (2- et hyl cémpetshiyliion dayz degtagkrizy nd Xesat ang dbéeicesuBt i nhemelger
conposition was dissolved in 100 parts by weight of 15 methyl cell osol ve.
Then, a gl as¢hel gEsiof Py e d$ ppedei sufheciestlyi agpracniagied o
impregnate the cloth with the varnish in an anmount of 100 g/m in terms o~
resin solid d&fcerthe s byl he@¢agsSdyYa BoE- AEFLRedBePraflaht0Cof or 3
m nutes o obtain aI?repreg. 20 Two cf the regs were superposed one

pre
upon t hel bt héeMigh 1afse S Tobper 307 | thes 18 FPﬁPFﬁECEﬁES§evv§§’t§&ﬁ@rdposed
on each of t top and under sides of the superposed.prepregs, followed by
ot o msel ny e Ms i Meingd ToRu b o o evar LS 88 e L ARGy Bheri h et eur o
of 25 60 kglc to i n 0 - Cl | aminate of 0.22 mmthickness. |In
t he above gxac:%) eesoéﬁ}glaei:oa}f%%f%’?%\?/%mn%% %%%}Tﬁﬁés?gﬁﬂh regard ![O t he

prepregs the inpregnation of the resin into the glass cloth was eval uat ed,
and the | am nates were subjected to evaluation of formability, tensile
strength, pe t the f er foil, solder

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 horizontal 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 of the present invention will be



5 heat resistance and insulation resistance. The results are shown in Table
1 and Tabl e 2. Tabl e 1 Exanpl €12345678910I npr egnati on

(voi d) NoneNoneNoneNoneNoneNoneNoneNoneNoneNoneFor mabi | i t yGoodGoodGoadGoodGo
0dGoodGoodGoodGoodGoodTensi | e strength (NPa)55609555556060556060Pee|
strength for copper foil (kN m1.51.61. 52061. 51. 61. 61. 61415So0l der heat

resi stance (Blister)NoneNoneNoneNoneNoneNoneNoneNoneNoneNonel nsul ati on

resi st ancel0's@e@ifigadly £rPLEr@d Bageihior g4t aonpgzatabke 2
Conpar ati ve Exanpl.el23l npregnation (voi d) Exi st sExi st sNoneFormabilityWite
dots of hear §&38P&6FdCGoodTensi | e strength (MPa)2060160Peel strength for
copper foil (kN m0.81.4""' ~1.6Sol der heat resistance

(Bl'i ster) Exi st sexi st sNonel nsul ation resi stance (Sz)1011101-10" *1:

FLLIggﬁgtiE;rgﬁgﬁgﬁtOqFahQ&§$pq?%'@|ly %%égggegfbivglﬁsélggéoéé and it mas
bR LA R R e R S
gegglr gtgédsmgrll’{?vdli sper sﬁ){%%%%&?% eg%%gig%ggg?rggglggpg{\mam z8hifkEed
epoxy resin Ep5048 having an epoxy equivalent of 675
manufactured by Yuka Shell Co., Ltd.), 5 parts by weight
of a powdered hardener having an average particle size
of 15 um (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 um. 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 530 g/m?,
25 followed by heating for 1 minute by a hot-air heater at

170C to obtain a prepreg.

Two of the prepregs were sup=arposed one upcn



i : foil of the copper-clad
luated. 10 3. Tensile strength: The copper
rgiiﬁ;?eumas subj ected to etching, and t?ﬁ Lan%nﬁgflgﬁs Zutpégllgtfeﬁgghnn]
d by neasuring the tensile streng y Te . 4.
;gllggﬁperyfoil: This was 15 neasured by JI'S C6481. 33 5. Solge{hhg?tz&oc
resi stance: The |lam nate of 50 X 50 nn1ma§23Ioayed on a soldea g n
for 3 mnutes,_,and it was determ ned whether blisters occurred. .

! t er dyshe arpgeby TS CF48B Am koL ABRss was
Insul ati on resi &t anteS? ThAR mﬁ%ogegf ped Eianples did not use a safvess

oot o0 Cosguqéﬁgg?égg%bgtg? nkBPi ANEhENERANplidescafl e dupwermek dP

tBe fagg Zgot2;: o naed 'ig t he, | am nate obtai ned in Conparative Exanplg
u ) 3 - [} - -

g.OFurthernDre, in ﬁba$a¥|v%e%xgﬁpﬁétZPr§§§é6§|ﬁ?roﬂOthanuﬁas1amQ§ease

i j i ded. In
f e .fe t  100C . and hardeni ng procee |
gf}ldit P?o?\t eItohg tréggji%\ﬂgv\%%: %{ ucf;ightcg ) Atk et REeRavEened &Adkgleani g

i i ili i t hod of the
became di f$i cwtttailrncamédgsﬁérﬁ@?é&C?%thHeA%%Ohd?ng%gtgggw”e Sl ectrioal
present invention, a lamnate satistactory in-quaFftt 'tﬁgft e
properties and heat resistance can be stably 20 obtained wtho g

organi c solvent:. Since organic solvents are not used, saving of resources

L iad i i ned, and the cost
ridxainpile SHmerd afdad fopadf Ul PPs £ap be attained,
22ﬁ ggeagykegly reduced by the saving of resources and energy. Thus, the

present invention is 25ngtpﬂﬁuab¥swgﬁdﬂxhﬁiréa%1H§F%§9%%?[Séiﬁggggd;ﬁ;ion

of prepregs agdvan !ndusgggﬂ nei?gg tfr tfe prs ;Coé . ,

nmetal foil-cl d8VFBFi A&t @verag® particle size of 0. um (Rerosil $200
manufactured by Japan Aerosil 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 e€poXy 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 Lm (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



The lam nates or netal foil-clad | am nates obtai ned by the present
invention are suitable especially as printed circuit boards used for

el ectrical equipnent, electronic equipnent, comunication equi pnent 5 and
ot hers, and, furthernore, they can be utilized as structural materials and
interior materials for vehicles, ships, &frcraft, architectural structures
and ot hers. Substitute sheet - 26 April 2002 35 CLAIMS 1. A nethod for
produci ng a prepnegeschar atiterirz ed dowdgp| gompe el rechahavahgerargy to a

m xture conprising a powdered thernosetting resin and a hardener as
essential coApeieses PEF HiGley sdiFsutofa Wt hdochdifiicalpowdex i epmp@dial | owi ng
t he resultin%,pomdered resin _conposition to be present gn at | east the
surface of atipPPrygs BaddoRftler issinkled R Hore f oEdpr e§udi Aa8Spr epr eg

according to claim1, erejn the fibrous base materjal is a fibrous base
sheet, and \Aﬁgf’éihnogaild) r’n@t)I‘det REPE8ed SCEFETOPAITDWRGT tTR POWHRr ed

i ition_to b ent jde of_ the fib b heet and
then war i ng T8 Badd Shodt 1D adtfers (" pondsFed Teutr Cibost1on to the

fibrous base i%?%t wad AH@J‘%JrPVtroO&?dé’fé%‘%r@oPr?BrSgcﬁﬁﬁgr Qé{g to claim

1, wherein tﬁe i brous base material 1s a ous base sheef, wher ei n

sai d nethod kaeludes rsters ofe rafieat i ngdde dddrouss basgosheghst o 50-300C,
then all owi ng the powdered resin conposition to be present on the fibrous

base sheet, ang¢nedr Biveg el hase dgdsiviadhese thersennoskpiranktiadt he
base sheet. 4. A nmethod for producing a prepreg according to claim1,

wherein the bar dérethera elatedblgit denetredn Af ne0hrdshosoprediei ng a
prepreg according to claiml, wherein the }hernosetting resin i s an epoxy
resin. lGubgtivteutse refsdet wei2htAprf [5Q092n36 fl Jowest o Heat pmodfict n§ a
prepreg according to claims5, wherein the hardener is dicyandiam de, a
novol ak typemghmensls ®y esihptoraiaxr isattee ahet e0iC 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 um 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 ﬁor 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



7. A method for producing a prepreg, characterized by applying a nechani cal
energy to a mxture conprising a powdered thernosetting resin and a

har dener as essential conponents to bring about a nmechanochem cal reaction,
adding to the resulting powdered resin conposition a fine powder additive
havi ng an average particle size of 0.01-23Vim wuniformy m xing them and
allowing the resulting powdered resin conposition to be present on at | east
t he surface oficacthbrepusnbaseemteerdogipe 8.£ A Ires hod8 f gm prhaidiciews avas epr eg
according to claim7, wherein the fibrous base nmaterial is a fibrous base
sheet, and whéPerROS§8Hd oRetthed tiorclandgksirsiaspss idleal ¢ Hwing shpeppadeded
resin conposition to be present on one side of the fibrous base sheet and

t hen war mi ngP¥RBrBdSe SRACWed Rhda tiee Foviter & r 88 RigvRPSSAEi Bn to the
fi brous base_sheet. for producing a prepreg agéfrging to claim

9. A nethad

7, wherein tE%mP?5?6H§eb8§elﬁ%ﬂgr?BP MBAg I B PEES BPse h Hrfem Wiver ei n
said nethod includes steps of .preheating the. fibrous base sheet to 50-300C,
then all 'naggﬁéanWEQPg o &@ﬁﬁ § I t ‘%g %Wea%h?ﬁﬂﬁs?he fi brous
base sheet, and warm ng the base sheet to adhere the conposition to the
base sheet. Substitute sheet - 26 April 2002 37 10. A nethod for
produci ng a acGori i er.ej - har den LS a

PEEBREYAGIONKAY (A Menddiengl ndhe; har denghsLs

powder ed har dener. A or produci ng a prepreg-according to claim
7, wherein the thernosef iyiRGd @SidtH @M EPYIT &N hebded JRIOHCS Or
produci ng a prepreg according to claim 11, erein the hardener is

di cyandi am dgoraznavMeldle st e phenalig résyicdr armexf utget pewaet. 13. A
met hod for producing a |am nate, characterized by using one or a plurality
of the prepregspobtiaiined Nay itrfte aretdwoskadfe gpartri dle opl zenak! ySsupeati posi ng a
metal foil on both or one side of the prepreg(s), followed by heating and
pressi ngl@ hepbtidned net kowrfpdre pr otk i i fo¥mby nat @t edhanaoter s2ed by
using one or a plurality of the prepregs obtained by the nmethod of claim?7,
optional |y saperpdsi 9dassnetlgitif iy arkibbih erabee spdesotot Bévprepreg(s),
foll owed by heating and pressing them ,

CAL{, . A9Y. A&ESASN. AGIioht AF HDE/ARh. ATReAsaftEE AR NENAINAGRNEAI. A& A
LU. AsU. A&l . Ahl . AUl . A9{. A9UI . A&. 2. ALUE. Asl| . AOA. OR3. A, . A&,
.A‘,.AAY.AY.ﬂ?.F@QF%ﬁ 1, a prepreg was obtained, and then a
}xsni d_Z] ca] cal cal cal,ca] cal] ca] cal] calc al cal cal cal ca] cal cal ca] cal.ca] ca] ca
]Ca]Ca]Ca]Caf g%“éhﬁéﬁ%g %éﬁ%%%ﬁ% &?ﬂf Am 4hllﬁnéss waL pLo%Lceh
AB#FGGEHr 4 xsni d 4 lcal ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]c
a] ca] ca] ]}CB(:(I] cg%ég%gg]h%g]%%a ié'g% ﬁ%%@’}%ﬁ% & 78L=>PdOPLMb} xsni d_Z] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca! 6STkl , -56:;

ABYZabz{ } xsnig.xghealea Icajc al el eads ad saheabsal pal cal ca] cal ca] ca] ca] ca] ca] ¢
aJca] ca]ca]cal calca]ca]calcaljcalcalcalca!'8 _

FPRI@ """ E"F | "oHerfpe £t "By "yxsahd_Jf ca] €aheapoalea] galldalca] ca] ca] ¢
aJ cal ca]lca]lcalca]ca]ca]lca]ca]ca]ca]ca]lca]lca]lcalcalcalcalcalcalcajcal""""""#
(#* #+#] #_#sHivammoHHA DA RRR(PIrRitle (61 tdxshi O8.-2pcajmalBatcaltafelPcal ca
] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca]ca]ca]¢a]ca]caLca]ca]ca]ca cal ca] ca] ca] ca
L(((((((2))) pefactuned by -Jagam Aexeaié/ @P) xshid-7] ¥apcad &ca] ca] ca]

cal cal ca) gal cal.ca) oa) o9 ol ool 21 eal eal cal el calsaleal.eal caleal gal oal ool

e e pe el sy sl
o AR SN e ets e hueyed ol
e T ST S T i e gl

cal T[[[]] Example 5, prepregs were produced using the resulting
B &aPabc!e$e\eeeeefgéakggghAhShhhh5lb||wwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]c

a] ca] ca] g8] clswalaa]l cahsdal eadbspl saliceheal sakeppeal-ealenlicalicalealem] ca] ca!

biiiiiklnmmo

09p3q} r Rst t u|onwey zar{ th 2¢ khe xswad_Zrbdaled] calag] chlec gremreajca) ca) ca] cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!l+c"UhG
y-47}xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7' PG cnnxD+, Bl w mhc] X] ca] c*a] ca] ca] ca
] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]ca]calc
a] ca] ca] cal! Bml +Z41 wT' } xsl gb] X] ca] ca] ca] ca

U]l c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca!' P3" %yo~4l wT' } xsl gb] X] ca] ca] ca] ca



U] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calcalca]cal] ca?GfD 9! 10%&' ()-ff109%& ()-109%& ()- &10%&' ()-F:10%& () -
10%G& () -9\ Kk} A<l ~s*1109R22& ()-fL!'10%& ()- !'XL!'10%EE& ()- vy
109 ()-109%& ()-!'9!10%& ()-fb@! '10%& ()- s10% ()- 10 10 10
%<10%& ()-3410% ()-s*!10%& ()-fX 24
}<b@Q@¥ 109%& ()-S'L@! 10%J& ()-S9mM'10% & ()-F !yom' 109 @& ()-F f
109 ()-! !10BRapple 7E1(Prewragifg 0%Was,) -mdpar 10pprinkling
10pp! 710%p& ()-7109%& ()-! ,!'10% ()-g
#}[<rSl!L,#!10@8&f()-T!tE?#bP@%N&N&&T()-T&VlO@G&f()-G Ix&" 10%"p" & ()-G
flO@G&f()-!!lO@G"&f()-%r !flOW&f&)- ,
00 parts by weight of a powdered epoxy resin
having an average particle size of 150 um (Ep5048 having
5 an epoxy equivalent of 675), 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) wers premixed and then
10 the resulting 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 120C
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 um thickness was

superposed on the top and under sides of the superposed



109 ()-s10%& ()- 10p"p" 10p"p"

10p"p" ! xLy, ' 10%"p" & ()-!'Ly, '10%"p" & ()-erL <rS4!1yL"10%@a& ()-S!'y9 ! 10%&
()-nf310%& ()-&&10%& ()- 109& ()-! 109%&' ()-P-d<}[M?1 10pp 10pp
10pp!e‘F.!10%pp&'()-!‘F.!lO@ﬂ]&f()-L$"10g§'()-S!L$"10@ﬂ]&f()-SL"lO%&'()-SA?
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& ()-Yg8 _ temperature of 165 and under a pressure of 60 kg/cm” to

0NllSI10%5&f % ]~Y"10%kk&f()-'yY"10@65f5&f()-llow&f() z!110%9& ()-z s1l0%&
"()- 10kk_ pPPFezi A& MoPpeA ~Prd obakipjte 196550 1p55mm thickness.

1055!i Ly, "109%5& ()-!yLy, "10% qf q& ()-&L! nf 109%&' ()-4 ! &L! nf 10%p5p5& () -4

"###'$296%&&}A<AP1'9'109@"]"&f() g& "lp%@fg?-'& "10%9 "] & ()-1&

Fli)ofioc;! z&(g)JfE%%gﬁjg @f%‘ni& (392% ?l%“‘%o‘é‘é‘?g‘%lil()%é% IRg&() a((((((Z

))*uVﬂ!pQ;“lO%Y?&'() F1OO parts by weight of a powdered epoxy resin
having an average particle size of 150 um (Ep5048 having
an epoxy equivalent of 675), 5 parts by weight of a
powdered hardener having an average particle size of 15
pm (dicyandiamide), 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 average 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 170C. 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.
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obtain a copper-clad laminate of 0.22 mm thickness.

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

100 parts by weight of a powdered €POoXy resin
having an average pParticle 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 hydroxyi 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 pum.

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 150C.

Then, the glass cloth was turned over and the



10pp 10pp!e’
4" 10%p& () - @L0%&' () -\ @ AAAUBBC} [ <uV7%40%&' ()-!|s!10% (& ()-S'ys!10%& ()-S
@O0%& ()- S"10%& ()- !~ S"10%& ()- C~CDr EskEt EUEXEE} oP1f
109%& ()-&10%& ()- 10DD 10DD
10DD! } &' 109DD&' () -!x&"10% , & ()-!'y&" 10%R27) - EE' F: G G\NH H} [ <oP1f &Z" 10%y &' () -
g'y&Z"10% 5f5& ()-g m'10%& ()-!'t m'10%5a5& ()-!k
m 109XX&' () - cd0PD&L € L ohHREE YL Hé k(1. oated on the other side by a
1001 9Y. "10%& ()-"'9Y."10%y& ()-'vyy, 10%& ()-&% 109& ()-t! &% 10%y5y5& () -
tf, #1098 () knKRKEKEbENR?1 sD0kIs&tE0OH]w& (39 -desfimi Okt ¢F-50! o8& () -y!
‘!10@6"&f()-yL10@6&f%é- 10 10MWNO OPnP}[9?1 10! 'L, " !'10%"& ()-
IL, "1 109%" k" & }owednbyob@ating Far vk § )by onihovsagr (hepter at
10@8&f()-nPPPPPEPQfL= 10!'19"10%J& ()-!y9"10%@a& ()-s1l0% ()- 10"
170C to obtain a prepreg.
5 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
sides of the superposed prepregs, followed by hot
pressing for 60 minutes at a temperature of 175C and
10 under 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 pum (Aerosil #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 um 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 um (Ep5048 having
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ardening accelerator having an average particle size of
5 15 um (2-ethyl-4-methylimidazole) were stirred and mixed
by an anchor blade type stirrer at a revolution number
of 70 rpm for 1 minute. In the same manner as in
Example 1, prepregs were cbtained using the resulting
powder composition, and then a copper-clad laminate of

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 pum (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
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
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laminate of 0.22 mm thickness.

5 [Comparative Example 3] (Conventional impregnation
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

10 particle size of 15 um (dicyandiamide) and 1 part by
welght of a powdered hardening accelerator having an
average particle size of 15 um (2-ethyl-4-methyl-
imidazole) were mixed, and the resulting powder
composition 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 cof the prepregs were superposed one upon
the other, and then a copper foill 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 165°C 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
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of the resin into the glass cloth was evaluated, and the

laminates were subjected to evaluation of formability,

tensile strength, peel strength for copper foil, solder
5 heat resistance and insulation fesistance. The results

are shown in Table 1 and Table 2.
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Comparative Example 1 2 3
Impregnation (void) Exists Exists | None
Formability White dots Good Good

of heardener
Tensile strength (MPa) 20 607! 60
Peel strength for copper 0.8 1.47- 1.6
foil (kN/m)
Solder heat resistance Exists Exists | None
(Blister)
Insulation resistance (Q) 104 10" 10

*1: Different strengths obtained 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. Formability: The copper foil of the
copper-clad laminate was subjected to etching, and it
was visually observed whether hardener and others
separated, and dispersibility of the resin composition
was evaluated.

10 3. Tensile strength:.'The copper foil of the
copper-clad laminate was subjected to etching, and the
laminate was cut to 10 X 100 mm, followed by measuring
the tensile strength by Tensilon.

4. Peel strength for copper foil: This was

15 measured by JIS C6481l.
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50 X 50 mm 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 JIS 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 Examples could be lowered

10 about 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 100°C, 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. Since 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.
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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 50-300°C, 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.
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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 um, 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 fiborous base sheet, and wherein said method includes
steps of preheating the fibrous base sheet to §0-300°C, 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.
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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.



