; e3eTvb66To 1 Substitute sheet - 14 May 2002 DESCRI PTI ON METHOD FOR

* PORBUCI NG PREP TE Technical Field The present invention
relates to a ngﬂmmmmﬂmmmmm uci ng Frepregs and | am nates, and nore

particularly to a mgthad for producing prepr 8ubsite sigBtnateMdy 2002 abl e as

printed circuit boards used for electric equipnent, electronic equipnent,
communi cati on equi pnent, etc. BackgrinfoR¥IIQegarding the printed circuit

boar ﬂmm for mniaturizati on and enhancenent of functions
i ncr mwm n t HeTaChe " ORafRO BEhES | RRDPREG PNDcRAMINREEN, and,

especi al Lynnas for mufti-layer lam nates, glass fabric-based epoxy resin

| am nates and | am nates conprising a glass nonwoven fabric as an
internmedi ate 15 | ayer base material and a glass woven fabric as a surface

| ayer base nBeéPRakFaihifdtelst e used for printed circuit boards, a great task
is to reduce the price. Htherto, a |arge anount of solvents have been used
for the production of PBrEgPEFS T |HHGTHI RN usRH2EREr EPoE. 20 hEd 9%
because resin. varnishes can be easily prepared, and can be easily and

uni form y coBf 88U6A78r EFREFEGTated i1t THH<S ned BFi BPES PRE LdANERLY are

evaporated af the drying_step after. coating-~g or inpregnati on and are not
present in th® 5r88§¥9§,f&ﬁd?ﬁ%ﬂ#%ﬁﬂ%rﬁﬁﬁéﬁ%ﬁ%i%%QggamQNFL?S‘ Substitute
sheet - 14 : of by conhusti.on a ratus or _released.into.the

St mosphere atitRey Sr 85 FELATATS Pedtont HOTREs Beehe phph: BHS65E Ehat this
is a cause f rm f t. ai Lon, O . the other-
hard, it hasgégéﬁﬁgﬂgfpgggfg obg%rg %%?ﬁgg}%uéﬁﬁﬁ&%yéég egnts, but this
has been dif;%gy&% Recayse of the problenms in production such as coating
and inpregnat'on‘o? the base with resins. For the production of prepregs
and | am nates 10 without using solvents, it has been studied to m x resins
of low nelting point or liquid resins with heating to obtain a honbgeneous
m xture and gfakqatbengl xktdure an a base. However, this suffers fromthe
probl ens t hat su?ficiently honbgeneous m xture cannot be 15 obtained, the
resin sticks to appar aRggesdowgnghko paeciteas e iafcentbogrd eppeentge in
conti nuous production, and the thernosetting resin gels during heating,

whi ch rédui rEox|eaniaguol zehéocappadakenhescefars, abrfumcoiisngr oducti on has
been difficult. 20 A proposal has been nmade to coat a powdered resin as it
is (JP-A-50-138783¢s buandni Por khei Rithgrahdncoatdompet et thh finuptiaad
partial hardening or insufficient _inpregnation into the base material is
caused. Accotdi¥RFY, &Rfs AEPREA2RAY nef Or Fediiprkayeeala)instesypl oyed.

Di scl osure of_ I nvepti on ) , , ,
glass rabric-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 sclvents 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



As a result of research conducted in an T , Substitute sheet - 14 My
2002 attenpt to obtain prepregs fromresins using no solvent, which has
been difficult, and to obtain |am nates using the prepregs, it has been
found that uniformm xing and i npregnati@én i @&sﬁt&@%ﬁeéﬁn 1t4€M§¢ngQ med
equi valently 5 to the ccnventional method of using solvents by using a
powder ed resiin tlandt@anhasdener apgparsubpectr ng ltdas qpbwdero t tha
mechanochem cal reaction. Research has been further conducted to acconpli sh
the present dymaanliane Thetlpegsane.i nvent tda sr eledtsem t ol nashbdefor 10
producing a prepreg, characterized in that a powdered thernosetting resin
and a hardeﬁéﬂléﬁ%iu356 Hakstlehdi 4F @oApUAENST aritP & poWdRE edfr 88BN
conposition (hereinafter referred to as "powder ccnposition"~ obtained by
appl yi ng a fedtdnidd aherkgl Hetiae- abBVe tEENPERETR ali A5 briag Aeedt a
mechanochem cal reaction is allowed to be present on at |east the surface
of a fibroudBETOLRE 19 AT ef PAf EBPURET 8Fr 8@ LVEHS " Bl " §N 1 ankas
furthernore, relates to a nethod for _producing.a prepreg, characterized in
that & pPOWdBESConTab ot RFGHISE nel bYCaBAPHY S e FHERAHAC LG t v of
0.01-1 ~ min average particle,size to the above-obtained powder

conposi ti onséfﬁg‘ i %cﬂﬁrghjgfl% %(rilc?wglrfl%’éﬁgf‘gpé??oﬁ\édt 5 %@ﬁﬁ égletmj on at | east
t he surfacerggi% base. The present invention further relates to a nethod
for producing-a 5 | am nate, characterized by heating and pressing one or
nore of the prepregs 1 égg) | fANEEE i - i |

super posed on one or %%%‘hegfé; S o?/@%%%é%rggrég?§¥?g\y g&bdgtll%lt%eaé eet - 14
May 20020 Br gk nbesCisitdPrs fvdX e Noe Shés Bebf 81dbagkamaviich
schematically shows an exanple of various steps of the method for the
producti on etsphepiEgs ciC e i iTgy tpoihe preseqhi8 reventsi @icHetail ed
Description. of the Invention The powdered thernosetting resin used in the
present invaetrang % oprdfteriably omepexyotesnixtand, aadpaloptmddae resin, a
pol yester resin, a phenolic resin, 10 etc. can also be used. Wen the

t her noset t i Mg xtegien ons zabaepoxy Hesever, dicyandulfieds, fapmartdrmat i ¢ ami ne, a
novol ak type phenolic resin or the like is preferred as the hardener from
the points ptoheégmsr ddiadt s ik Bcthomoasnpeopent ke reAcaaciat be
anhydride, an im dazole conpound or the |ike can al so be used. The hardener
i s preflet abPPtRAPERe fHEMISS PoviderckHuto vRRPEFRBLERBURKIPFetS0f is smal
(for exanple, less than. 200 by wei ght based on the.resin), it may be
liquid as ngc£§aFﬁe° i EFE N (5ER ature in continuous’ produc-

tion, and the thermosetting resin gels during heating,

Y

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 materiel i1s caused.
Accordingly, this method has not yet been practically

25 employed.

Disclosure cf Invention

As a result of research cecnduacted in an



20 resin after application oz nechani cal energy can be powdered. Moreover,
" prefrerably a hardening accel erat.or .s used. The hardening accelerator is

al so preferably in the formof powder, but simlarly a |liquid hardening

accel erator car. be used. The hardening éccels?_{ggﬁﬂliegﬁeétﬂchmMNOZ

i m dazol e conpound, a tertiary amne or the I'tke, These conponents are not

limited to tdmewrexenpl Phredrnaboepregs St itesensheeing o Bl vE2092 The

particle size of these powders is usually 1000 ~.mor |ess, preferably

0.1-500 ~ m¥higte preflerabl ¢i6ficpdd a aAd iFo iebexreBedamineGes msifge

surface area per the weight of particle is small to decrease contact 5

poi nts of tHd'§ RTRREFTGE, cofpdaEntEeSudPHRd tHea § neRFBO5Bt Milpg NSe 8K,

har dener, and hardening accel erator, and uniforn}dispersion chones

difficult. FRRECIPRIEOPsIPRE FoSsiSEi Gy RhAREF LRAEPEENCEHR¥SIFPALY at a

ratio different fromthe targgh ratkp of reaction or uniform 10 reaction

cannot bg pérd drHed-CRRBRALERB2haPEERer &Td/”@rl%rﬂ%LYﬁ@téc & BPaf*8r 2are in

the f f ticle size,of the th tting,resin i f er abl
515 11 s, FRAICTTSS hEC haf ABRRr SaAGFGF Near Aol g SREET SVl bret BPVERFI ying

out rechanogherd Galof.£86L 00 c19 T iy becatiae, £ he, hat degetpand or the

har deni ng accelerator aré readi used with ernosettrng resin in the

above range c MudidJ calho0cbyqt be deehangaemiaal 1Laction: hsepxpLAl ned as

follows: "This is a nodifrcation a soll utilizes

surface activity and spilageecBatIen9EnRal ¢l CALISEd DYm@thBdi RYr

attrition, friction or contacting. There are the cases mﬁere the activity

per se 1@suUlddurimgidisatbengof clbsseketdiord alrs ok thepsRbered
deconposition. rate due to 25 transition of crystal formor increase of
strain ener gheymdsesitisgi fe sEahantcal hatrdengirh afe NBgnetas ehaeAtial

teristics and where the surface activity is used for reaction with other
mat eri al s orccagireramgs t cand her powfie re8Subresiinutcengieseit ol 4 ( haye 2002
materials. In engineering, mechanical striking energy is utilized and not
only physi cafuerdifeenien bataal SpowHeni campesditficdt) arbtaeEng@rbwyr ned,
such as generation of charge by friction or contact, adhering by
applying a mechanical energy to the above components to
15 bring about a mechanochemical reaction is allowed to be
present on at least the surface of a fibrous base
material (hereinafter referred to as “base”), and,
furthermore, relates to a method for producing a
prepreg, characterized in that a powder compcesition
20 obtained by adding a fine powder additive of 0.01-1 um
in average particle size to the above-ocbtained powder
composition and uniformly mixing them is allcwed 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, i1f necessary, with

a metal foil superposed on one or both sides of the

prepreg(s).



5 magneti sm enbedding of a nodifier into nuclear matters and formation of
"filmby nelting." ("Conprehensive Practical Surface Modification Techni que
(Jitsuyo Hyonen Kaishitsu Gjutsu Soran)", p786, edited by Zairyo G jutsu
Kenkyu Kyokai and published by Sangyo G fut s, hQtitaed ¥hédt -Coatvidy 2802 Lt d.
on March 25, 1993). The present invention utilizes chem cal nodification by
mechanochenizeale 7 gacdd 0« Wb chf | pekwdag chem cal nodification of solid and
li qui d by mechani cal energy. The powder-treating methods for giving 15
mechani cal energy to FitGg hhositanethgneoheimichl sceamta it hty udeows xi ng or
kneadi ng carried out by using nortar, Henschel m xer, planetary m xer, bal
mll, jet makl exampld 145 vatidps eshebbstdnéheomearhdd/ poknelaeli ng ext ruder
etc. ~nona them preferred are m xing and 20 kneading using ang m Il (such
as mechano- PESCHIT LSSt 61 DveRRA ©@% ug edobyipgs tkawdieMraseo. , Ltd.),
multiple mllstone nortar type kneadi ng extruder (such as mechanochem cal

di spersidon $p¥e&miamenuf actured by K&K Co., Ltd.) and jet nill (such as
hybri di zes system 25 nmanufactured by Nara Ki kai Sei sakusho Co Ltd.), and
the nultiple mllstone nortar type kneadi ng extruder such as
mechanochem.cal .di spersion system nufgﬁtured by KCK Co., Ltd is
especiallynbﬁeﬁéﬁﬁgd' FCEHTRhPE T SBERFEARe sheet - 14 May 2002 out

efficient mechanochem.cal reaction;.. For C?fﬁéing out. the chanqchemi cal

reaction, softening poitt EFYIHET hel FiRs NPedfFrdh #55% 6t d8l% 50C or
hi gher, ) i - f h f ly 80 hi gh
This i s becoreeShtldhvenidn dis Jehtr sty khreheRvos Sty 3 & i natng.
f usi b : i i ; fo. st ti f
o sl on s s 7 e L 458 T IS s 1

the treating, ereof nust be Imze en the
sof tenitg peatht kLeanl@1keOodal Alyedt is difficult to carry out effective
mechanochem cal reaction., and, besides, inpregnation of the resin

conposition into the hase ithd hesthsanuet g stepi heganes disbiicul t.
Accordingly, the softening point is preferably 150C or |cwer. 15 The
conponent s seshnasdpewderddriiter,neaetd ioiga t 251 smand, har denen axr & ypreef erabl y
ground to the aforenentioned particle size arid then nmixed as uniformy as
possi bl e byphensthel remiixemrorthehd 1k&kel hafosfesubieati nget datrhienpawder
treatnment for the mechanochem cal 20 reaction. If necessary, inorganic
fillers mayfbematiiedpraéntise cfthéraddsetas gk anss naednpdsctiréon. used in the
present. invention. Addition of the inorganic fillers can inpart properties
such asXraBkPRETEEEFst ahfe 2HeaEIY dedet A clphdatedaceErsaound or

coefficient of thermal expansion.. anples of the inorgani¢c fillers are
al umi num hyBfBxt 4&2 FEGnESSOMORY 156 de, I I A TMTREF boRaPES I RAROLY
mnllaStonlr?naLHg1ggrmSBEl%%wdeft’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 liguid hardening
accelerator can be used. The hardening accelerator

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

exemplified above.



Substitute sheet - 14 May 2002 uncal ci ned clay, calcined clay and barium
"sulfate Particly size of these inorganic fillers is also the sanme as
menti oned above. Particle size of the powder conposition which 5 has been
subj ected to nmechanochem cal reaction by % hesﬂﬁ%fe sreatmepmdys2002ual |y
10C0 a mor less, preferably 0.1-500 a m further preferably 0.1-200 a m
This particle size is Boet ablraifcdre isgrvehgthestappiey sofl st s uscwder
conposition at_ the tine of spraying or 10 coatuﬂg, flowability or
sur f ace. smoot ftesé ™to% et £5 neP 5 IRERPILNG Owilt P Heak Mg PRI, DF@F $ 47k br e,
i npregnati on_ of ;h& resi:~_conposition into the base, and for stabilizing
distribution®of"t%e HeRin €bnpbsPEFERCEN RS paBe. 1% PHETiEHS 4224 he
powder conposition, as. it is, is allaqwed to be present on at |east the
surface of t¥er bEie ¥8ightars &ﬁ&%ﬁéiﬁ;%ﬁ %P?}ﬁetﬁo EFe3d88i CPPEa6F 0.01-1
a min ayerage particle size is added to the powder conposition, followed
by unifo n1J§%%§%%g°fh%ﬁ?zéeéﬁﬁcFmW§i%?QQQQﬁékFt%uBE Bres ﬁttgﬁrQP'least
t he surface qI t he base.to gbt%in a p%gﬁ% : %his fine ﬁ wder gdstEve can
be previousl 3~ Xed WFEh7t hB2EREFRS<e S‘%re TINAF i 4CFRe°hardéner?
fol |l oned by mxi t ain t desid ect t regter 25
effect can ngg%ggFnggg%éggggbnégfégaij|Tﬁ€%§§igtheT%g%ﬁeﬁﬂgggpggition
which has b ' : a i.Gal t. S ti above.
The f1 Ui di ty: Shar oot oo F i F s TBF T Resaniar e RERefTaEre EREED P00 iy
2002 conposidi O £ beopr kadl ¥ airparovad by @ddiog-¢ henfbasupewden
additive to the powder conposition.” Accordingly, when the powder

CoOnMposi §pon }&a SR d-PAnafdrnpeeddahed i ntuhdher hasiea r 88 POXHEY or
conposition can be sprayed or 5 coated uniformy on the base and thus

uni form di stdrdetiinog ofcéberpevdes reciposidd dfvxm dhepbaser and snoot hness
of the surface of the coating of th a powder conposition can be obtai ned.
In this way,pamiforen £ba¢i off dtheandermpsegrdtiprdsin ishepbaSerbetpnes 10
possi ble. As the fine powder additives, inorganic fine powlers are
preferred, HAutlorgtmes postlecs tha dbsdeberusadl/cAs Haordemengarticle size,
those of 0.01-1 a min average particle size are used, and preferably those
of 0.01-0.1 &5%eleyaperi fPE Sarryéadarss: MEFORNBUBUra /¥Hadbiake used.
These fine powder, additives include silica fine powder, titanium oxide fine
powder , 2et c.Th¥s the kRerage papt Nardespse e/t e PaycemEnSpecific
surface area decreases, the nunae of. the arg}cles er_unit_wel

P b

. ht
decr eases, aftF3HFHFT¥ ef ERcES r £HEEE A 39§ 2 rﬁﬁ%?ﬁﬁ\ﬂ%‘?ed

thernosetting resin as a nain_ cgQ vent decreases. As a result, sufficient
beari ng effe%ts‘frbr“? hgh? n%?SV%n%%BgSf fluidity cannot sonetines be

obt ai ned. The bear i ng ¢f4eel ci0; bhecRowder sdcs, 4aln dws ald o 2k 14
particles to be present between partrcles
is explained as follows: “This is a modification of a
2C solid with a solid which utilizes surface activity and
surface charge of particles caused by grinding,
attrition, friction or contacting. There are the cases
where the activity per se results in modification of
dissolution rate and thermal decomposition rate due teo
25 transition of crystal form or increase of strain energy
or results in mechanical strength or magnetic charac-
ter:stics and where the surface activity i1s used for

reaction with other materials or adhering to other

(9]



25 of relatively large particle size, novenent of the particles of |arge
particle size is made freer to inprove fluidity of the powder conposition
as a whole. As a nethod for inproving fluidity of the r 1 D Substitute
sheet - 14 May 2002 powder conposition t® whiggRefitite Jﬁé@-pmgmu ve is
added, any method can be enployed as long as the fine powder additive can
be uni f or nl Fafexéd énd dispRrSete e pENgxafplasniment | ot Nedndpes madey of

m xi ng by Henschel 5 :nixes, nortar planetar{ :nixes,' tunbler , bal

mil, etc. e povdd ot ?PonCobY aPREEICA Lt MO a3 sian i okl to be
present on at |east the surface of a base by spraying, coat=ng or the like.
Anmount of tH Sﬁoﬁ§§m%ﬁﬁﬁxﬂ991gﬁc%ﬁf?@saagpéﬁ&lﬁfﬁﬁéhrﬁPQHrﬁFof fi brous 10
material, properties an ight (per.:.nit.area) of the base, buf is usually
Bbout | 40. 60SSRERELGHT O THE IRy SHechbPRogE AORTom AP ThE b awier
conposi tion_to be.present on, or in-the ..ncl.ude a net hod of sprinkling
avertruétoﬁegpﬁglgpﬁtﬁ§Qﬁ%&in%l%%t?o@?é??%eéoé‘gﬁbnﬂgiﬁﬁﬁuﬁftté%s
f|Uidizati0aniQBLQ%+QE&POQ§-§£ﬁ@¥$nqngf£E8§’"CQaki%%ﬂgﬁéﬁg&&ging various
craters sucﬁ‘as, RATTe coater and cone ¢oa ér, and thers,”and there is no

linitation. nggtggmersﬁ YO pir%#&’ff%?%t aﬁg&\/\%gﬂ’ﬁ%ﬁ% ber 3R ESAUL QN One

side of the base, but era t0 ‘be present’ on both sides

of the basexhRsQrdel 3 RAIANR, 110 1 0RPRd, UBdEE c8il 89S 2WiifyLach other to
avoi d war pi ng gnd t he IPke. Prefé?g%lprthe base fs t hen dgﬁhed. 25 When

the base hagjautBunKehikgknespoafi 14Ky , piib DI sh@asby18anghi® carjdeas in the
case of glass fiber base), or when the powder conposition is easily
uni forriy nBketetcet Denreirh@d.of Iadd owmoMd heh ppislel 593)11 Sudastit ute sheet
- 14 May 2002 conposition to be present on one side is sufficient, and in
this case ipreseptefiavesd iton aldiovi 2éwe Poswlecatompdsiftican itom by present on
one side of the base and then warmthe side of the base opposite to the
si de en whi mhcbanhehpouderl cwgmsiarn orwhsclpresehudes gheawperdat ure hi gher
than that of the side on which the powder conposition is present. That is,
in order thapdfihécpswddr cdorfsasid iagi ikiaridvier mechanpradesneddt-he base
and thereafter the conposition is nolten to i npregnate 10 the conposition
into the base, the po DOOIRSFOST T ST 31 ViRR ERC AP r TRBVES VBBBween powder
particbgi nor e easilﬁ than in |iquid rgggn is used aBd this is allowed to
be preseht BFSPBREGEINENSTEY F° hsP M o S FERPOCPRBEERY to pernit the
air present in the _powder conpqQsitjon 5.1 se. escape easily from
t he ot her sFE%C(ﬁRBeﬁngﬁﬁgf, éﬁf?qu%ﬁmﬁ?éﬁ%3$ eggfgégguﬁaérggi&éfngpposite
to the side_on.whic ar, ST [ eng, i K Red . a
t enper at ur emﬁl‘aﬁgf Eﬁgg%ﬁ%g\t,\%o et&ﬁg%%% eé%;ro\‘f)sfg?%g 'o%a\bi\gi }é‘ﬁl I’lejtggv\der
cenposi ticny,k$;present,: 130 I d Q. iPrQwd Lifer KkReLBARErature
bet ween them%ﬁﬁfeﬁﬁfegrﬁ*éohgggﬁ'idhqghdg¥ﬁg%%§g€% %ndgpggrgsggﬁgggegnation
property byethe deivi gl or egproduesd Brdherdidferengexkngt aRperature. As
this method for inproving the inpregnation

20 kneading using ang mill (such as mechanc-fusion system,

manufactured by Hosockawa 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 millstorne mortar type kneading extruder
(such as mechanochemical dispersion system, manufactured

by KCK Co., Ltd.) is especially preferred for carrying



25 property, the base can be warned from both sides in such a manner that
the ‘tenperature of the side (under side) opposite to the side on which the
powder conposition is present is higher than that of the another side (top
f n 12 Substitute sheet - 14 May 2002 side), Rhsfiite/shé -S14adyaeix si de)
opposite to the sie on which the powder conmposition 1s present can be

war med. For difte ahpvei éetsaachbhechamiicy tepetsérre 5 is usually

9G 170" C, preferably 11 0-150C for the side (under side) opposite to the
side on which the powdecrcoapogihigomuits tiresenthatdoughi ckldeperdd oon t he
softening point of the powder conposition. The warm ng tenperature for the
si de on whi codden poywder i sonpdsichieot hedmos grtaisent résinsuakl prédetr50C
preferably 100-14CC._ The resin-inpregnated base nmay be heated so as to nore
suf fi ci ent | phlipriedykator theghesi nmesappsefesaband, 70 € recddgdreyr, to pl ace
the resin in sem-hardened state. ,This heating te:aperature is usually
1Q0-200° T, Emgiharerrmtie 126 1088,C ot BoFeeFrmes TWaiS dS dgRasag on t he
fluidity or hardenability of the resin conposition. Taking into

consi der at | $®a&theS MR ghat Pondbr oberegnerathe pywder CdmiosigT ARt he
time of warmn in some cases, the desired apmount of the powder 20
conposi ti onod:a%’ﬁcﬁl% 1o%ed Pov @rﬁr8§eﬁpw6{%ory &l aqlf%%ﬁ@gthe powder

conposition to be on one side_o e _dependi ng on t@% progfﬂéhgg and

f th
b Ekness oF FHAT Aite S art ¢ hECRFnd taf S GRBECIISy G et o iap Luens
conpositi on.thler}ettoh:gfsrg%%tasgg,mg irfggtzﬁﬁr ev%g_teln: E%et il_eof“éaerrgir{' eg%i% nt i oned

above, adjustien e anoun é resin to 1ncreas nt>of the
resin c 0%idd Yigadhered i g; £aE ki 1A QUL 2L er, i step, and
subsequ:gcm)l ;Cotg g{l_egpha’o::EL vva"ifj? n&%ﬁg tHe base gnd. crou;thgetfé%é;%ati ng the 13

Substitute $e8farodibiMiys 20022 0as8nar 8nAl 0¥ededie sT6 it & 04 + g Usk ment  of
t~~e resin amount is usually carried out on the si de opposite to the side

or. which theepawden CUmOSs it 08ni $nphesRBt bhiskStin e idudbsdayehe carried
oLt on both sides. This can be optionally selected depending on the kind

and propertiseephddendmasei of i ¢e5t 0 CREPOSHLNGN W, 0 the igaywgnaied and
quality requirenents of the desired prepreg. However, the forner is
preferred wperdnaliangerafetiiel anbbdiE mf Idwef0 conposition on both sides
is considered. In this case, the step of the adjustnent of the resin anount
i's not Yeeded to be cdité ncwuscrenthespebceadi pgwsiegedartdiecamo et teng i ed out
after the bass has once been wound up and after a |apse of tinme, but a
wi nd- up app&estios st endewehde 0p Brepespblivequirnad tion thife pferent
invention, in order ~.0 _ , ) ,
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.
f 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

aiuminum hydroxide, magnesium hydroxide, calcium

carbonate, talc, wollastonite, alumina, silica,



satisfactorily adhere the powder conposition to the base, it is preferred
to previously heat the base to 50300 C prior to the step cf allow ng the
powder conposi 20 tion tc be present cn the base. In case where the bass is
preheated, it is also preferred to all owst hegpeuigte sheEposi4 May 2002be
present on one side of the base and the=n warmthe base. As nentioned
above, for thics Marddg1hencs pe; hagechas 25 @ Bkl sui ekpess of 180 a m
or |l ess or when the powder” conposition is easily uniformy nolten, it is
preferred t eawmarimideisideodithbecbasergppay tfe Tixtdei sigdesoncmbi ch the
powder conposition is present=to a tenperature 14 Substitute sheet - 14
May 2002 hi ghete tas-afentdwnedcébshe.si de en which the powder ccnpositicn is
present. Furthernore, after the step e warm ng the bcse on which the
powder conposition hassadeeichs eskne, od shep pafwdeaatdongpd hiet bas ewt bchhi cY:
the 5 resin has beer. adhered nmay be provided. If necessary, in order to
adj ust t¥»~e hamspinsterofs ubtee ctesd nt o nmeéhbabasé etrg ostli ate adel govioher tltenposi ti on
has been adhered, a step of allow ng the powder composition to be present
and subsequ@endera tstegrmdrnthebs i wguehedybadé Oaremproviléed, PO edfetraolvhe step
of warm ng the base or. which the powder conposition has been present or
the step of OheatSiofy 4 Fe §§§éh@§\Hﬁ&ﬁﬁﬁ#ﬁﬂyggih’ﬁQQ beBn aBhéfed. |n order
that the powder conposition adhered to_the base is nolten and inpregnated
into the baPertife s izt e g S pFedP blisf §ThéBPE] Y iie rrdiH ahiel evdr ~conposi
tion is easi %pheged or nolten and thus can be ea5|l%ﬁégyregnated into

the base at* %e~ FPRRE Yy oF RB&: FAfe &dd Shes tHe air present
in the se or . the p er_.conposition can_easil scape fr t he. base. 20
Fur t herTr 608 AaHer i A Donceh CRREBSE: FOROES GaE AaRs B bass and
t hen war m ng .t . . CO itkQn.is . pp2te: 5 i .eqgnat ed
into the bagéf, R%&E@%ﬁ Jr%&?‘e?’sar y',mg' g?!g%' ofggégtél’%r;ehe lpgrs]ﬁ% n%l%nat ed

pase 15 proyided l o mre Sidd LI eiaYi ool FRECGAALS Lhe qaiposi tion into

the base and pl'ace the resin in sem -hardened staté. The pr2h2ating

t enper at ur estakitiRe ibas @ dapends: adh tde theeakbseapaskby sl ilde ikaade
sof teni ng 15 Substitute sheet - 14 May 2002 poi nt and haraenability of

t he powder pampQsition, but ::sually is 50-300°C, if it is |lower t:~ar.
50°C, the
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 compositicn which has been subjected to

mechanochemical reaction as mentioned above.

The fluidity characteristics of the powder



effect cf the heating is small, and ~f it is higher than 300°C, in sone
cases the hardening reaction of the =esin 5 takes place to adversely
affect~the formability in the production of |am nates. The tenperature is

preferably 9G 200C, nore preferably 110- B70Cg Bkfitatdshénts 14, 20082 powder
conposi tion adhered to the base is nolten and has a proper viscosity, and

i npr egnat i otc¥fpd hier COAPOSh B hMia@keidlto infier Hase apdzbhengubsequani= step
can be satisfactorily perfornmed. Concerning the base, glass fiber bases
such as gl asowlat hadaidt plrassonahwopewdsabrdaypawienofhabr Regoerd ImyIwgven
fabrics conprising paper, synthetic fibers or 15 the |ike, and woven
fabrics, nombarertiabpdedeandompos icampr iis nparetadl oncafidbemgr ecachea
fibers, mneral fibers or the |ike, may be used alone or in adm xture. One
or nore of tinEa Hike 0p2a¢ netthpr pprags Eompesdidion perebsasprayedetal f oil
such as copper foil is 20 superposed on one or both sides cf the
prepreg(8), daAteshesn biopreEsPRAgtIRIER SReatfingy Hreoranhforn dé&alr2met hods
to make a laminate or a netal foil-clad |amnate. According to the nethods
for the prodftivh of PrepPeydeandorarsh&tied &M ttHee fpasenénfnvention, the
producti on becones easy py use of _the p mdg%%co )osi tion w thout casing
sucst anti al 1S Ry FBrFaftela6f Phe trEs Q@I Hrebr el BPYFSHI nat es
fromthose of the conventioggl ones. A% a result, saving ¢ esources and

S 8°3rgy

Substitute SHERCSIYHP G2 due o ﬁ&%ﬂﬁ%&#ﬂ?gﬁ£9£ﬂir.ish:~ent
of air pol Iyt =qrs, Angh r&aycli P 9h €98k §ARo ¢ YW %ecomes

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 p¢m (specific surface area: about 50-500 m’/g)

15 are used. These fine powder additives include silica
fine powder, titanium oxide fine powder, etc. 1If the
average particle size exceeds 1 um, the specific surface
area decreases, the number of the particles per unit
weight decreases, and the differénce 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



Tne present invention uses powder materials (res' _n, hardener, etc.) and
appli es ntcchanochem cal 5 reaction to them By enploying such technique,
t he conponents can be uniformy dispersed and conbi ned, the resulting
powder conposition c2n be uniformy di sthd bugggsiome sseet M4 May00ur f ace
of the powder conposition can be obtained when the conposition is 10
al | owed to pewgkeessemmdas tthieohase wndchnphegrdred pavddre daseriaadisas a
result, uniforminpregnation into the base can be attained. The
repr esent at i2¢dlegkamilesraifhehecaneps erPlhey edetdsod et oreli blyet 6inke present
invention will be 15 explained in succession referring to the acconpanying
drawi ng. o Powder adfijcitRercaorposiiidATEdpriisiath alPoliepersed.
thernosetting resin, a hardener ar.d, if necessary, a 20 hardenipg‘
accel er at or ASef&amMEHicch MR by eREol3RE Rtk & X NURY HeP§Chfked whil e
it iss jectedYto mechanochem cal reaction.,ﬁanq, th n,wis charged into a
net eri ng® f eBd*§évi EETFTp-RINIEIRBRFLES T Julpi e, pga L milbg gtcpage
is heated to a giver: tenperature q¥ a hgatin% devi ce 2 such, as a panel
heater, a hot-air  SUbt iR SHBREPOS 141 RRy °P562 éhtdt THI MY k2. ibis
step can be itted.,. '"~nof co ceMEz - hap ~wW~Pr c ~r~~nos
~~ i on éggbafye%oa%ﬁuﬁrTﬁea%epgc%%e%gﬁgﬁp5§FtF@ﬁﬁ?ce of & base
by spraying, coating or the like. Amount of the powder
composition varies depending on the kind of fibrous
10 material, 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 ccmposition to be
present on or in the base include a method of sprinkling
over the top side cf the base, electrostatic coating
15 method, fluidization dipping method, spraying method,
cecating 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 a2 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



subj ected to rnechanochem cal reaction treatnent is 5 coated on the
(preheated) base 1 by supplying the conposition to the top side of the
ba~>e through a screen 5 (or by a coater) fromthe netering feed device 4.
In case the base is preheated, the pomderwco tift®@8hean ha Malh20621
si mul taneously to both sides of the base ut ?% %ﬁ adhering the

iti the air present in the powder. conposi ti

COITpOSl tion to the. n. or

betneen the FTBBPELEaRE Sl |5 5 ETencen PRENPERE aridi ol it Hire Stbp o
Thi f the.b 15 which th wd

Conpostiion {3 EHEPeSS0E ddneiod  ertrEaner RLACE: WS PURASE T THbat er or

conposition is coated“or adhere

the ITke 10 FBLL clpne cRowlers canmas| +r1108n{=_hs§8]ef bt et y adherey iy dp the

base. This s ace e alr in the base mn e resin

conposi tion kgrﬁhehgu sect t npgy e o r G t
adhered to the tep si e%% %ﬁﬂéuggggas@ eg%é%?oﬁeo ?he %%?S%hvﬁgéln can

be inproved dye tewhbe eem\ﬁcrsgte‘«%@elgea@éeked By hhediffangnce of
tenperature between the nolten resin and the base, if the under side is

warned to a higher 2BaherPeratds &Ky §ldélantheluﬂdehesb@wesr war med. 18
Substltute sheet - 14 May 2002 m ~.. .~ L'~ a r G' _'f

' 2~essary, tbepbaseiont @ swiredsdre, pONWh?tt sgrrlﬁoartje@ntha& kegn coated or
adhered and which has been warnmed, is heated by a heating device 7 to 5

i npregnat e tpewdesinompbeﬂmmennﬂsaaImee@otwiba ptesbatbase.tHehdazeati . *, g
met hod may be conventional one and is not linmrted. 'The s~~~f as;~~LSt,' _no
the ano~, yntand tRSreafvien titee compaditfon hes poadieenctrpasidriegmat@ adher ed
to the base is less than the desired amount, or for the prevention. of

war pi nglla stlep epmpasisasirngnitive b ms®i the pevder composiitilen il® addsd
after the warning or heating step. Especia?ly, ir~ th2 case o~ preventing

t he war pi ng, thcgoﬁérc5§¥§5 e WERIH OISR T drpbsi €48 Mer&dRésdd Yt o bot h

si des depend] on t roperties of the, base, though usual Iy the powder
composi t1 on t%gadharanﬁadorﬂeflfhelwoseerdrs.%d tmaﬁng?@ oWEGh TBaPPyi ng

h | I he b t h d d
one tsildzf "uRERIS0CN AR BBAN REA 6 B Mo 0 DTS L LY RBOVBUB) ¢ RBTESH) ven

t 9 t : d Bb
Upplying L hECORPRSTC TBR (870 REn ik Qﬂtét o %%25{513?895ﬁ?3%sc?2‘2ﬁ 11

(9 220851809 Wiage. 1ot g o dc o orgg myggpeverm

us_ng a pan air |ke I's warm ng can be
omtted. In theecasgnal razkBlOHITed 2 &lieed rp@t@& Cs£Q8} i BgpABt Redeo

flui dized 19 Substitufe sheet - 14 May 200
the 31de on which the powder comp051tlon is present 1is
warmed to a temperature higher than that of the side
(top side) on which the powder ccmpositicn 1s 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 powdar composition is

present is higher than that of the another side (top



bath nethod, or the |ike, the powder conposition can be C-av..i~ered
ivi~~"li>L.:L turning ever t:~e base. ~y, SSP~o0o~hC-~t. ~ni'f In
case the step of adjustnEnt of the resin 5 amount is included, a heating
step is preferably provided as the next {st egypsfittdsheett-epsd Mae20@%i n
conposition is heated by a heating device 13, whereby the resin conposition

is nore suffigiently ijpregnat ed: Lote. fhe b nd, 1f..necessar the resin
i s brought %%8% 'sgﬁifﬁgfgéhéﬂegtgfe?hgﬁart%égez gF%ﬁ?%gx%gﬁjgg%%btained.
The heatingshethed M@y PE the QRead + 088kp88e -2 n N <t he Lase

af orenenti oned heating step. The prepr egp14 is cut Stcr)berthe degclf'arrfag% engt h by
15 a cutterywyidmkar, the formation of a lam nate. Wen the prepreg is used
for continuous formng of lam nate, this cutting step is omtted. In FIG

1, the base is noved e z0m adgyvantesdbenyhehe appariatqus daged- 4o a
horizor.t,~l type, but it is 20 also possible to nove the base up and down,
and adhere fheupaadéy GOMION Ci, o reyf cedagcity alst @ 1 80 €prayt ngheeshod or by
spraying the conposition to a preheated base. In this case, a vertica
appar at us i supdpkogede)Begipdvhides ftor Cae r yidg ont whheh mhentdoonde25 Exanpl es
o the present invention wll be 2 0 Substitute sheet - 14 May 2002

spev. ~f| Ca' tempoexploa- ned dragatiter Whavgh Coapdepehdsyenetds ~~es .

[~. xanple iJ (KCK, Coater nethod) 100 parts by weight oT a poH-dered epoxy
resin S i:a%Phgeanngverags mﬂwﬁhﬁePQﬂégicﬁOmBQSathpObroﬁhﬁaﬂ@ﬁﬁéméky resin
Ep5G48 havi ng an epoxy egLival ent, of 675 nmanufactured by Yuka Shell Co.,
Ltd.), 5 paFtBPBYaRErghtost tAspEARS &N HihHeheFNBaRPHEeEn cCaTECsdE iparticl e
si ze e3015 , um chcxand anlde)}g%%j.§5¥£ by wei ght_ of

1s present is usuall 1 preferably 180—140%:.
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 100-200%C,
15 preferably 120-19C°C, but sometimes varies depending on

the fluidity or hardenability of the resin composition.

Taking into consideration the impregnation

h

property of the powder composition at the time o
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 ccmposition adhered
is carrzed out afrer the warming step, and subsequently

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



10 powder ed hardeni ng accel erator having an average particle size of 15 a m
(2-ethyl -4-nmetnylimdazole) were prem xed and then treated usi.”. g a
multiple mllstone nortar type kneadi ng extruder (Mec!:a”ochem cal

di spersi on system KCK-8CX2-V(6) nanufactii edSQ%SﬂfQé dheet - Li4May D02t a
revol uti on nunmber of 200 rpmfor 1 mnute to obtain a powlered resin
conposi ti onphaae rgapmeldge. particle size of 150 ~e:n. This powdered
resin conmposition was uniformy coated on .he top side of a glass cloth ef
10C g/mM by a knife crkterssepasit adghgemantesiin ted ghes efFf &fcubtgim .

T: ~ereafter, the glass cloth was warned fromthe under side for about 1

m nute by ausasdll hemtsried AS0CenThba, sthe giogsss idotto waket atae~dnover
and the conposl1lt10.”~. was uniformy coated on the other side by a knife
coater so a¥highgitve Pawdin oenphsisto8Oig wressst of 1 osed bytheating for
1 minute by a ::”ot-air heater at 17CC to obtain a prepreg. iY.'O O ~ha
prepr egs® weF8Ys e Gidsdd brickupon boph gipesi-t ufldighezan -ba oppyonrab?2 t he
other, and ther_ _a copper soil of 18 a mthickness was superpVSel w on the
top ar~d unadr SSil@ESest darencingeppcsba BEBEr 8gs HroRUEe HyCchothdr essi ng
for 90 ninuges at _a tenperature of . 10" S C and under a re%%ire of . 60 kg/cne
to 5 obtai n®33€offer-&33dy TR 1At B OR B.ZECNﬁWPm%ﬂHﬁﬁéé IR Y (+

ddi ti f i b i gh f fi wd il [
aver age par EFETQLEIEE 0T U 08 AL AErsPr SF568 ek bt ed 15 Japan.
Aerosil Co. ¢ bt d.,) i‘@}:ae%de%d:éé’ 3 &0$aPQBEé Dy pe 9 R L6, PowHer

g a ti of G &™R qﬁ

0,
co: nposi ti on~havin average particlre size 3btai Hed 15 Exanpl e

L 1ollgned byo@lorinf oy IEu eacby; Seashghetirer ah adiayaladd on
8 Ppﬁl anpl

nunber of 5l I'n the sa™~e nmanner as In Exe e 1, prepregs were
produced usipg they e3uldHdGdp: paveler 6eMpRsi LeaAn ardufien & (fopper-clad

| am nate of 0.7?2'~rumthickness was produced using the prepregs. [Exanple

3] (riosokanaeller @r bEPIddHd iMebw®t H9d) hd 0frBaEhS nBY swaidhin Pfcsn pder ed
epoxy resin having an average particle size of 1~-C a m (Ep5048 used 20

above), 5 paatgiby weitghirwfr aapovslesedhbhar deaer bhavi RGumd ayerage particle
size of 15 a m (di ~cyandiam de) and 1 par:. by weight of a powdered

har deni ng aedtker at drepsayiafy @mayeragea paihdelp spperaftukb amdna
(2-ethyl-9r: ~et~:~ylim dazol e) were prem xed and then. treated using a W
t i n RBF wipd=up Bted Mmxd regwired.e., nac' ~=ne (r.M15_ manL....ctu_ed
by i osokaw.. Mcron Cc., Jtd.) at a revolution nunber of 2000 rpm for 2 2
Substitute sheet - 14 lWyNEOCES SR rivfe’TienNcbidi PrACEow®er ccr~: pos_t

i on having an avara%e partic_e size cf 150 a m This powder conposition was
uni form y sPRFARESETOR dve e Dfthe gPa¥ceE| 60FPERL E06g L ® Wi ough a

screen. of 00 nesh sqQ as tog .
base, 1t 1s preferred to previously heat the base to 50-

300°C prior to the step of allowing the powder composi-
20 tion tc 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 abocve, 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
TOo warm the side of the base opposite to the side on

which the pcwder composition is present to a temperature



5 give aresin weight of 50 g/rn-. Thereafter, the glass cloth was warned
fromboth sides for 30 seconds by a hot-air heater at 170''C. Then, the

gl ass cl o~h was turned over and the conposition was uniformy sprinkled on
the other side through a screen of 60 nmesh sqﬂgguhge%gegtyq4qwa¢2002me|ght
of 50 g/m, followed by heating for 3 mnutes a hot-air heater a't 170G
to obtain ahprepeGhéh COpPercel adel aniraton aJrQrZZtm@ bbivekpess was
produced using the resulting prepregs in the sane manner as in Exanple 1.
15 [ Exanpl e oo ttiak 4 ophe 9€nt80 Fumttlerckoress af Aer oshé) sThp powder
conposition obtained in Exanple 2 was uniformy coated on one side of a

gl ass cl ot hwefrm2Iy giimg b4 480ohewhtibhckhes Pounea donfpestoaberhse as to
give 20 a resin weight cf 90 g/m. Thereafter, the glass cloth was warned
from t he undeersinde fart abbustdenbfubeabyng hdte dasdear evhath 1206 C . Then,
the gl.xss cloth was turned over and the conposition was uniformy coated
on the ot heresiide NAp Paen fadkonedrmsy ks roiidedh re%fn“@%e%agm of 90
glm, followed by heating for 1 mnute by a hot-eir :eater at 170C to
obtain a prpFRe@XdRio 6F AHEIDF pPRgIMAPE SpENsosEs idhel lipohe bae 3
Substitute sheet,- 14 May 2002 the other, and then a copper foil of .8 ~ m
si ckness wa$©®s lﬁé‘rﬁc @W?%ec?‘%oﬁhal—@nnﬂ‘érs §l"’§e”s acff 1R s upet PR ed

, fall by hat f t t f 165 C
orepreos, 12 gy Qfé}f”kpgesvi% OB SRopiie AT | diihat 6 cf

gi ass. ci ot hoBEIEHE gn.tﬁn (et Fri5he Fhe %%ﬁ;;fﬁes%?eo Hdiing o "
devi ce.; Then Lhe et s qupasi 1 ony h@wgaee @\wmﬁpaaﬁédgicﬁ@aze of 150

~cm 10 ‘obt ar he was uni y coated on one Si this gl ass

cloth by a %Blm&a%sq@této‘?{ L?a% 3f§eév9 :Qfé@eﬁtrss' Rhekgll ofr PR iMg the
Thereafter, in the same manner as in Exanple 1, a prepreg was obtai ned, and

then a copppesel ad havidiateofrOs 22 1Ay thbekngasewas produced 15 using the
resulting prepregs. [Exanple 6] (+ addition of Aerosil) One part by wei ght

of a fine powder silica auidy e aveiageopaetki ebapsisze ieh Gdfer@dn
(Aerosil tt200 manufactured by Japan Aerosil Co., Ltd.) was added tc 20 100
parts by wetghthef Halse pewlerl weopasd t iropr banengdannaverage baave,i clhe si ze
of 150 a mobtained in Exanple 1, followed by mxing for 5 mnutes by
HenschelS ni Reseatl sa Prewdlaxts lon eabed, ofhépebyphhel powke rsammpaminer as in
Exanpl e 5, prspregs were produced using the resulting
tion 1is easily adhered or molten and thus can be easily
impregnated intc the base at the subsequent warming or
heating, and besides the air present in the base or the
powder compcsition 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, 1f 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



?5 powder conposition, and then a copper-clad [am nate ef 0.22 mmthickness
" was 'produced using the prepregs. 2 4 Substitute sheet - 14 May 2002
Exanple 7 ] ( Pyeheatir.g of base, ncr tG , spr Ir~kl i ng :T:e ~'~ud )
100 parts by wei ght of a powdered epoxy Eési gybatuftdsiteetaveddMay 2002 cle
size of 150 a m (Ep50-~.~.~ having 5 an epoxy eguival ent of 675), 5 parts
~>y wei ght afoanpownder ed -hardereri haw hotlae avedage cpaigtdsclei ot zeowf 15 am
(dicyandiam de) and 1 part by weigr.t of a powdered hardening accel erator
havi ng an avesagelpaisi 60e38i0e.of 11518 Y Zwmtdy| tdanmebAWi nidazol e) were
prem xed and then 10 the resulting conposition was. treated using a nortar
(manuf act ur RIfHFCT shEkENE KGad o ,13temdlht andevdl ati ¢i5 Murdderr dtharoo
rprr for 5 mnutes . A glass cloth of 100 g/mM was heated at 120 C for 2

m nutes by a>$e&ti ng: deWPeecatRE. £he ke dfsMder Z8e eohpbsPEi 6he sBSaPned by
the above treatnment was unifornly sprinkled-~n one side of the glass cloth
through a sct@&®S ofLlEeLnEsh aggearée[ld/ i ML GE 18R nE RETGRE 1éft Y56 TyIthie
Thereafter, the under side: of the gl s cloth was warned for_ about 1
mnute by a MotdaFtifBaPér 188i5E TS C.aﬁ'ﬁ]e"fﬁmﬁ%éab‘rlé’?slél BEF SR 2 ned

dth (ti if i,nkl.ed .the other side th h
" Sor oon of MU ARCh SOMS (57 BT GE-RLVRATR VA Cgnt o 56 g1 s 4 d%med by
heat i f t ' I | o=, f ? I b t - ai_r _heat
At 170°C (o P AR acBrekres oo Biian o o ERtE, 84 BeBsilactne

on the top S dhdor eer ogd SEPRERY olms pote o L G P S ERRepeie ey

on the top an es o super po u rtute s - 14 May

2002 prepr egsiod of howednby ek BRESTHA &ilfs MudANUL £8pacanapke: NPercture
of I'b5 it and under a pressure of 60 kg/cm- t0 obta_n a copper-clad

| am nate of dh2Psficrpihlokpessorkeyanpl e 8] (Mrtar, sprinkling nethod, +
rerosil) 5 100 parts by weight of a powdered epoxy resin having an average

particle size of 15Cl CufitEEA$048 thaviigaan LRy vk YabeBes0kuBhShs 5
parts by wei ght of a powdered hardener having an average particle size of
15 a m (di cyglasancde}h dnpaglaby wenghtveof fahravederesivdd habdensngr

accel erator having an average particle size of 15 a m

(2- et hyl - 9- mattiwd vem dbzbt efsandmp rpainobpagesimghtswitke finef poader osi | i ca
havi ng an average particle size of 0.05 ~cm (Aerosil #200 nmanufactured by
Japan AkPosithacoliket dapdwepEepr EabPxédsand e wess (i abhic e oaPp@sMeEdn 15 was
treated using a nprtar (manu actured by Ishikawa Kojo Co., Ltd.) at a

revol ution rAAARYLIHINIOBCERMLEEr L10FSnUCEE POThd IRficRr TBHRPH3+ti on t hus

treated was uniformy sprink|led on ope side of a glass, cl~ti; of 100 20

O/t hr Oug PSS ceh TRE 6t kEen8y e B5SG ddbe e i ed GREFOFTS0 gf e

Thereafter, the glass ¢lcth was marqeghfr%n1both sides, for 30 seconds by a
sl

ho~-air heater at 170 _n%hgﬁ,¢?ﬁ8 Sra 3§ﬁ % §qﬂﬂ§ﬂxpfﬁ%ég%ﬁdaf%e
Conpos't'Ond@%ﬁ}”"fPrH$¥e§95kgglSdmggaﬁh%OQHh%Bch 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 tc the methods for the production

of prepregs and laminates of the present invention, the

3%
[62]

production becomes easy by use of the powder composition
without causing substantial change of perfcrmances of
the resulting prepregs or laminates from those of the

conventional ones. As a result saving cof resources and



25 side through a scresn of 60 nesh so as to give a resin weight of 50

g/ ~t:', fc'lowed by warm ng zor 3 mnute by a hot-air heater at 170''C to
obtain a p=apreg. 2 6 Substitute sheet - 14 May 2002 Two of tr:e prepregs
were su, ~erposed one open the G ~':~.r, ZJd g jpstitutdshestpend Meyl2@@2 ~ ti

JI mtr: _CIC eSS 4JaS superposed on ~:-~e ~op and under SldeS O tre

su~~er ~osed :pLeprLUR:= 10} | pyedo Dye el BERSSIRGNGT O MAUWEes @t p
tenperature of I65 C and under a pressure of 60 kg/cm to obtain a copper-c
1 ad | am natedofre@ucAd ariméf ekt . €58 be[ Exasphed®] (Novol ak type phenolic
resin, KCK, coater) 100 parts by weight of a powdered epoxy resin having an
average particle size Tife Ittsem (Ep5648:ibaviusgslGoaniseepoxateniaval ent  of
675), 16 parts by weight of a powdered novol ak type phenolic resin having
an aver age paetsiicl,e hsizienér 30etcnl (avdokpkltppe rpléreidahamisial FR51470
having a phenolic hydroxyl equivalent of 1D5 manufactured by Sum tono Durez
Co., Ltdd) &eactipartthysrweidhtenplpphder sdchr tsiesdmiPiospice havi ng an
average particle size cf 10 a mwere prem xed and then treated using a

nul tiple m FPEPERENHS tCaN t%euw%@mfﬂg ek EPagERY FEchatrdadbalthe

di spersion system KCK- 60X2- V(6) manufactured by KCK Co., Ltd.) at a
revol uti on AERBEriHE BPWHRF rGBeY I 4i0F NGB P8 8PEaCATd Ypowder conposition
havi ng an average partjcle size cf 150 ~cm This powder conposition was
ur.iformy éééﬁg&b§EQQu§W4uﬁ@ﬁQﬁPcﬁo%F%$a§§r FGFhOg?thOH$Wﬂe%W a knife
coater so as to %L¥e a resiﬁﬁyei ht.gf 59 g/njfh 25 Therea::ter, the glass
cl oth was waPRBE>fFoft IFE Lritfer® 3y e e?%r r<;§1~18u § PRBEE 1y °& d‘:s. nel heater

at 150G . 1heBuehine syl falt vas (ML S8 0VERGaRHtaSnated 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 preéent invention will be

15 explained in succession referring to the accompanying

drawing.

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.

T cten ~nf n egtin he hage:
25 L base : is heated to a given temperature by a

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



Substitute sheet - 14 May 2002 conposition was uniformy coated on tt-~e
othér side by a knife coater so as to give a resin we=gh~ of 50 g/m,

foll owed by heating for 1 mnute by a hot-air heater at 1 7 CCto obtain a
prepreg. 5 Two of the prepregs were supeﬂﬁosg@bgﬂgtéjmtthmMdyezoomnd
furthernore a copper foil of i8 a mthickness was superposed on each of the
top and undenestedescof thiee 1dweer paverks psepp egsn bel baeved day. hot pressi ng
for 60 Mnutes at a tenperature of 175C and 10 under a pressure of 20
kgicm to obtain a copper-clad |am nate of 0.22 mmthickness. [Ex_anple 10]
(+ addition of Aer05|l) One part by ~ ae| ght of a f|re powder silica having
an average pakr¢igte 3 :: 120] ‘ ufactured by Japan
Aerosil Co., Ltd.) was added to 1CD parts by melght of t he powder

conposi tion having an AvELEGE pamaurd ©%izee apougerucempsaiticgd 3 n Exanpl e
9, followed by mxing for 5 mnutes by Henschel m xer at a revol ution
nunber of 50@“?%%?t?a t ReMeghe NPEMESH Gl | TR PO ERAnpreagmeptefriegs wer e
obt ai ned_usin resul ting powder conp03|t|on and then a copper-cl ad

| ami nat e 2of ??e‘ﬁrf?{lhréﬁné§§e®§§tﬁrdddu@e?ﬁ UJSI% T HRPpYeplegde [Corrpar ative

Ex le 1 Powd t hout h he t t 100 ts
we?gEt eof] a(%%ﬁﬁl‘g?r{aﬁwgﬁogg Fgglcﬁa%g\cﬁlr% é’?r# reg%?(rer*e%a%}firb}“g srazgrC ﬁefSC am

(e(I:EpIS?-IAf\?cI Eﬁt Gg b7%¥p Suoﬁk g[ egﬁ‘{ %Ma%l%ggﬂ%geaeﬁéggeﬁer f&Bving an
average p-. r%é&ée*ﬁézgag (;%' %)éancéhaedeoe)dearnd &r{x Et%nw@' ght of a

pomdered har i hg ac~e erat av ng ‘an "avera, ; € e SIrp 515 a

m (2-et, ~yl -5 nRiwlig Q%QHEEn%L%l? ' %t@{‘%ﬂié@dof’ytﬂ?nﬂnﬁgor pBkade

type stlrrer at a revol ution nunb rpmfor = mnute e’sane

manner as i pExadmeeidg PREPESHSOWERE oPtdl ek usd owgsw@ regdl BiRg powder
ccnpositicn, and then a copper-clad lamnate cf 10 G 22 m t hi ckness was

produced usigweddier pi €ptrESpolSeipabaibiows e e rdtkaoh frEt raBkhed) 100
parts by weight of a pcwdered epoxy resin having an average particle size
of 15u a m (&b 98)eadbibpar telbysee ghbmoftha powder edidwr dener havi ng an
average 15 parti cl a size of 15 ~e m (dicyardiam de~ and 1 part by wei ght
of a powdered hardening accel erator having an average particle size cf 15
hem (2-et hyl - 4-nmet h~~li ~r;i dazol e) were m xed, and the resulting powder
conposi tion M@.&@ﬂmﬂm&uﬂg at 100" C. Then a 2G glass cloth cf 100
g/ mwas dipped in the nolten conposition to inpregnate ~he cloth with the
conposition in an ampuRti®fizobhg/ AEePnofeREMENT &1t Z3$¢ do—bAt ent
foIIowefI by heG.ir!g by a heating device at 170C or L mnutes to obtain a
prepr egi®25 wﬁufrbft}i%eg?)‘f"éﬁi?e@%mmé?é CdGPetFo SO TEte UpAF e Dt hRY , 2and

f~~Ytherm)ra a copper f0| of 18 a7 t=ich eSS \as S~ I'~er pos d on_eac: ~
of the tOp F}g%:’ ot-air heater or t Tike 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 compositicon in the subsequent step.

20 When the powder composition is achered to the tecp side
of the base, impregnation of the molten resin can be
improved due to the driving force generated by the
difference cof temperature between the molten resin and
the base, if the under side is warmed to a higher

25 temperature or cnly the under side is warmed.



f A 29 Substitute sheet - 14 May 2002 sides cf the superposed prepregs,
fol Fowed by hot press:~ng for 9v mir:utes at a tenperarure of 1 0'S C and
under a pressure of 50 kg/cm~ to obtain a copper-clad |lam nate of O c? nrt
thi ckness. 5 (Conparat~.ve E-a"~ple 3] (@onvep L{?ggp@é shear-e 94 aMayw2002t hod)
100 parts by weight of a powdered epoxy resin having an average particle
size of 150ZaemsCEph@La)neaXqragts by wei ght of a powdered hardener having
an average 1C partlcle S|ze of 15 a m (di cyandiam de) and 1 part by weight
of a powdered hardeni Ag acTE TR Or Ha%i RGSancBrer agd Partlie|wwize of 15 a
m (2-et hyl -4-net hyl i m dazol e) were mi xed, and the resulting powder
conp03|t|onC@E§0éﬁssﬂﬁuﬁfﬁrp?ﬁﬂ)Eﬁﬂ¥§°b9'mé?QﬁFeéfaﬂ?lﬁﬁ#ﬁh R | osol ve.
Then, a glass cloth of 10G /nrmqi |p£ed int:~e resulting varnish to

i npregnat e Pﬁé“cW&FWﬁﬁdt*%%h? By nhﬁﬂLéﬁﬁu&FV&Felﬁbté7n} in ternms oy

resin solid content, followed q¥ hea tlng % -air heater at_1'70 C for
3 minutes toTBREANRTE prdprds E et g Eréﬁfgéérﬁbﬁéiﬁhﬁ§§66§%d one

the ot t f 18 t d
h gach of PRECtop-2Fd FOAIGr STIR S PRE RHpEPPOCEA g En S56 T3 Fwed by

hot pressing g é 9G myr:utes at a tenperature of If5 C and ~: nder a
pressure of 3 0" Rgﬁgn} to obtain a copper-clad | am nate of 0.22 n~rt

t hi ckness. In the above exanpl es and conparative 3 0 Substitute sheet -
14 May 2002 exanples, with regard to the prepregs the inpregnation of ~:~e

resin into t5e ELQ%S Qq,-l 9}151%5 ,.eyg#%tﬁ%”ﬁ## hgpgam l.nates were subjected
to evaluation o romabi Trty, ténsile strength, peel strength for copper
foil, solder 5 heat rg@skst ahee ARAAtNIH HROHERELE St BeRpotheibasul ts are

shown in Table 1 and Table 2. Tabl e 1 Exanpl e1239567B910I npr egnat i on
(voi d) NoneNeakbieaeNese Nore NereNane NenaNartebonede od g8birk it ¥e0d€9ode00dGoodG

00dGoodGoodGoodGoodGoodTensi | e strength (r9Pa) 5560455555606055- 60- - 60-
"Peel strenfith the peppentiion okMWarpihdl.H1stép 64£5in6tebiityO9the
amount of the powder compesition is added after the
warming or heating step. Especially, in the case of
preventing the warping, in some cases, the powder
15 composition is achered to both sides depending on the
properties of the base, though usually the powder
compositicn 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 & given
amount of powder compeosition 9 is coated on the resin-
impregnated base 8 by supplying the composition to the
top side of the base thrcugh 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

th

like. This warming can be omitted. 1In the case o

employing an electrostatic coating method, fluidized



_Sol der heat resistance (B).ister)NoneNone _NoneNoneN oneNoneNoneNone
_NoneNonel nsul ation resistance (S~)10'i10'"10"10'10'ilU'10"10"10' U wr~
caNrt Crt NNOON Substitute sheet - 14 May 2002 Table 2 Co:rpar a

t i ve Exanplel 1~ 2' 3lnpr2:~nation (va%)~dgpsiutd sheet - 14 May 2002
Exi st sNoneForrr~a. bilityWite dots of heardener Good~ GoodTensil a strength

(!~!'Pa)20 i 6Qxh mebOpeel strengthiker eoppeovddid (dfbdd Oe 8onlcdn- Le6S0l der
heat resr stance ~ (Blister)Exists ~Exi sts ~Nonel nsul ati on resi stance -

(S2)10' 110" 2tBerek WAddi@rentushtegobherobtwi nesgartial ly Method of

eval uation: 1. Inpregnation property: The prepreg was observed by a

m croscope and it was ascertai ned whether voids were present or not between
glass fibers. 5 2. =ormability: The copper foil of the Copper -Clad | amni

na to ~: ~u3hSl srep el enedoiazt C hing, and 1 t was visually observed

whet her hardener and ethers separated, and dispersibility of the resin

conposi tion was eval udiredzz249 BheTehspl efstddrngitmerfhe Topperrésih of the
cooper-clad | am nate was subjected to etch=ng, and the |am nate was cut to
10 X 100 nuapounftolilsowetr lpiderkasar hagting sérsi e siasdmptabby Tensilon. 4.

Peel stre”gth for copper foil: This was 15 ”~-;easured by JI'S C6481. 1~
provided as the next step. In this step, the resin

composition is heated by a heating device 13, whereby
the resin composition is more sufficiently impregnated
into the base and, if necessary, the resin is brought to
10 semi-hardened state, and thus a prepreg can be obtained.
The heating method may be a conventional one as in the

case of the aforementioned heating step.

The 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 fcrming 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 methcd
or by spraying the composition tc a preheated base. In

this case, a vertical apparatus i1s emplcyed.

Best Mode for Carrying Out the Invention

25 Examples of the present invention will be



3 3 gubstitute sheet - 14 May 2002 5. Sol der heat resistance: The | am nate
cf 50 X ~0 m~—~n was floated on a solder bath of 260 C for 3 mnutes, and it
was determ ned whether blisters occurred. 5 6. Insulation resistance: This
was measured by HI'S C6481. As for the proglucggsiitgeshees: neieMan@008t hod of
t he Exanples did not use a solvent, the cost of the |am nates obtained in

the Exarnahes,Loudid e ) over ed: llgda@egret%@%@etas ConpaFedi yeth the

| ami nate obtained in Conparative Example 3. Furthernore, in Conparative
Exanpl e 2, \4x3egsidy. of the resin increased at the step of nelting the
resin at 100 C, and hardeni ng proceeded. In addition, the resin wich stuck
to apparatuses 15 hardened and cl eani ng becane difficult. I ndustri al
Applicability According to the nethod of the present invention, a |lam nate
sati sfact ory Bxergula i1) eskGKichCastebenetheal) properties and heat resistance
can be s=ably 20 obtai ned wi thout using organic solvents. Since organic

sol vents are not used,l&aviagtof byeseligbéscdnd @verdpredmnmbakyi néshnner .t
of air pcllution can be attained, and the cost can be markedly reduced by

t he savihg (S!fcvr—ésgouﬁrbeﬁsf%ﬁmﬁ%n@agylcjfﬁug’ZtEh@fprlé§enl! m ripadmiigyetiesd 25
suitable as an industrial nethod for the productio.”, of prgp ?§ and an
=ndust ai al B Ferin FHH PrHdRYI 0% dF SRAXNaLEs 1ywd afdt AL 1679 - cl ad

| am nat es. . Substjtute sheet 4 May 2002 Th Ianln tes or neta
foil-clad I&mWﬁﬁ%&?Wﬁi4m9¥x+%ﬁat$h%l%r§9e'AHFd gr Y V&G Gbl e

especially a r nted c t boards used for electr caI ment
o et roni & Sgulh: A %%R%dh%ﬁh“%naﬂt agegﬁaebtpﬁerrtsl%ﬁaéﬁdswé

furthernore ;thesy ‘?%Pég g Ill%%%c% I‘dJCl Lg%l,%e %5‘?%?@“8 i_nterior

materials for veh, art tdres and
10 powdered hardening accelerahor having an average

particle size of 15 um (2-ethyl-4-metaylimidazole) were
premixed and then treated using a multiple milistone
mcrtar type kneading extruder (Mechanochemical disper-
sion system KCK-8CX2-V(6) manufactured by KCK Co., Ltd.)

15 at a reveluticn 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. Tren, the glass cloth was turnad 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 follcocwed by heating for 1 minute by a hot-air heater at
17CC to cktain a prepreg.

Two of the prepregs were sup=rposed one upon



ot hers. ., Substitute sheet - 14 May 2002 35 CLAIMS 1. A nethod for
produci ng a prepreg, characterized by applying a nechanical energy to a

m xture conprising a powdered thernosetting resin and a hardener as
essential conponents to bring about a neéﬂanqﬁmgﬂum@ghe@@cu#mmanMDZNIomﬁng
the resulting powdered resin conposition to be present on at |east the
surface of athebosdshasadetlean ad . cEPPArmérhaddofforl Spriodudihig ka gFsepiesg
according to claim 1) wherein the fibrous base material is a fibrous base
sheet) and WREPEFEOSECH GetHed T9R| AAEsUBEBPs Sofed| AdwitiE tHePPorrgdd
resin conposition to be present on one side of the fibrous base sheet and

t hen war m ngPERBIESSe et dihehet t RECPSwASr 8 & &% MicBHRSiIdt ¢h to the

fibrous base_sheet. 3. A nethod for producing a prepreg according to_ claim
1, wherein { RETPRBACE e A Gr P (H1AET [ DriokR® BASE SAe&D, KEHE™AHED ei n
sai d nethod ipcludes steps of pr ating_the_fjbrqus base sheet to 50-300C
then all 'nagfﬁénpﬁmﬁﬂééfQ" i gﬁﬂﬁbggF?oﬂft '%g 5Wb§%ﬁ§ S%e fibrous

base sheet, and warm ng the base sheet to adhere the conposition to the
base sheet. 4. A nmethod for producing a prepreg according to claim1,

wherein the ?aggﬁgg% bﬁ a Jpawdered, hardener 51y A method for producing a

prepreg according-fo C aim T, erein the thernbsetting resin is an epoxy

resin. ~ 1 Substituteprghegl,+ BylgggquqngQ Eind pelhed fQn jprzoducing a

prepreg according to claim5, wherein the hardener i$ di cyandi am de, a

novol ak typepphenel e ERIAJY paridxdg esihereofo. 65 A meihed-591 produci ng
a prepreg, characterized by applying a nechanical energy to a mxture
conpri sing ampawdeced reliebyseiddmgdasd 1 a0, o haddenga sasdeeserbl al
conponents to bring about a nechanochem cal reaction, adding to the

resul ting poideredrresby e@ipds tddrtle fpaedpowdenpaddrtovie haadin@g aan
average particle size of 0.01-1 pm wuniformy mxing themand allow ng the
resul ti ng poadereder psirti icdrpoesize of tibbeupr eddrsirod ain | Basnpidel surf ace
of a fibrous base material. 8. A nethod for producing a prepreg according
to claim?7, #WR&tEMAC RY MilBiogs fedse Miited B¢ HerFehedsmbases skedt, and
wherein said nptqu,includes stgps of allowng the Eomdered resin
conposi ti on FBVBeUpLEBeRLTERToRd 1%k ™1 hel F i TFouS2BasB28REEL 28nd ™t hen
warm ng the base sheet to adhere the powdered resjn conposition.to th
brous basebSHEBIS §: REGATAGE Mo SoRGHITIORS & orbpr COEacesPIrAgSt o
7, mherﬁLn the fibrous bas%inateria i,s a fibrous pafe sgeet ?nd wherei n
sai d nettod Pﬂ%?ﬁde§°§P85§ OPnpréﬁ tﬁqﬁftﬁugquﬁﬁu% %gs SUKBAF %t 85 50- 300C
then all ow ng the powdered _resin c | 1d 4 esent .gp.the fibrous
base sheet, ghﬁ?mg@m%ﬂgc%%ésgaggss%g%t%ﬂ%écgg#e%e&&@éc%ﬁ%%é? Pon to the
base sheet. | .y. Substitute sheet - 14 May 2002 37 10. A nethod for
producing a prepreg according to claim?7, wherein the hardener is a

powder ed har@@ﬂgﬁple 3] (Hosokawa Micron, sprinkling method)

e
claim

100 parts by weight of a powdered epoxy resin
having an average particle size of 130 um (Ep5048 used
20 above), 5 parts by weight cf 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 gm (2-ethyl-4-
methylimidazole) were premixed and then treated using a
25 mechanofusicn machine (AM-15F manufactured by Hosokawa

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



.11. A nethod for producing a prepreg according to claim?7, wherein the
thernosetting resin is an epoxy resin. 12. A nethod for producing a prepreg
according to claim 11, wherein the hardener is dicyandi am de, a novol ak

type phenolic resin or a mixture thereof2213. Aumhfiednber- Ruadag0g2 a
| am nate, characterized by using one or a plurality of the prepregs

obt ai ned by % eimetdmdiof cotaim &, poptieanaldmpesuprerposhiagiagnehal foil on
both or one side of the prepreg(s), followed by heating and pressing them
14. A net hodViegra Qi Gt hg-a Farenatel Shat act edihZéd bowdest npropes or a
plurality of the prepregs obtained by the method of claim7, optionally
super posi ng T&afetvd s furif @R bt ﬁpﬁﬁnﬁﬂlédsp@e agfe thedprepragisdssfol | oned by
heating and pressing them .A(.AF. A ASN3.A .A .A._AI}I%A CA(LA2 A LA A

A ASN. A A, IIRS AP AR 0 M. AQRHRQALE AFCASSIARA. SesinEonanto

- . AFA. A AF. WKYi u~ gl gb

a] ca] ca] Aa] @a}]vi?;]a::/%)%ﬂq%g‘]’ 33;7' gg} gg} gg{ﬁ?&fi!ﬂf@é%g]ﬁ%% ég’]@(:at]f-%a]gcﬁa]scsi] calcale
2} o] ca] cal CATED M LTS a Ca R P Ea T EE Ry dEta AT WHHEAY] ] ca] cal
cal cal cal caleal Gal.eal oAl 621 g8) el €4] caedd oalh gal salgalealsal ) cal cal cal ca

] ca] ca] ca] ca] ca]ca! #9

V1" f #hittH# $REH - I : call: c ] Ciay cal ca
cal ca] ca] ca??g?%zé]#ca] cai%(?gt?e gda%a?ﬁ%gﬁg?tﬂa]gglg] %wéﬁﬂcﬁg}}cg%%%} rg}g‘geg(§]$$$!’/é?/o ]
W AN YPYBE the MHdA)IAde )fArough a screen of 60 mesh so as to
***xK*T*{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] c

a] ca] cajea] /ega]v@a]ac delrcalenden] €8] 50 gahtal £8e] sadgapgaheakcahcabeahca! T\
*d**++, ,---[1/ M1/ 0b0g0k0} 000122222394s44405| wr mhc”~Y]]] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] sahcakealsalsalca]ciad clod £ed cadk caf o0&l capcabealinahcalkealea).cal cal
ca] cal 05] 5_555555555J6P6T6\ 6] 666749 91 : K: ;

;1 9, [===0>@@ w nhc ¥ e ea) cbd ¢ a] zra] sat eablfcal €a] ol aalicreadca] ca] ca ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! B@@®®A A) A, AOAKAAABSCAC{ D
D was produced using the resulting prepregs in the same

GGG GB&G | $IKIIK=Kr KLLLLMzupkf " [ V] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal] ca] cEpeapEapSa)idh]ies®altal ca] caU] ca] ca] caU] ca] ca] ca] cal MM 00) Q QORw
RRRRRS?SxSSSYTTTUU UUUWBA VWVWWWK: X| wr mhc”™Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! : XpXX

]X]YA]Y\%\/]Y]Yl]Y%%’[‘ ] E%%L[l [ *% g} &}%&[‘] g tRrattal BRafdm i e G REF8af ca] ca] ca] ca] ca
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was uniformly coated on one side of a glass cloth of 210
g/m2 (180 um thickness) by a knife coater so as tc 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-zir heater at 170°C to obtain a prepreg.

Two of the prepregs were superposed one upon
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Ly" 109 =& cbkad rikd in Example 1 was uniformly ccated 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 obtaired, and then a
copper-clad laminate of 0.22 mm thickness was produced

15 using the resulting prepregs.

[Example 6] (+ addition of Aerocsil)
One part by weight of @ fine powder silica

having an average particle size of 0.05 um (Rerosil #200
manufactured by Japan Aerocosil 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
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powdered harderner having an a%é;age particle size of 15
um (dicyancdiamide) 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., ILtd.) at a reveclu-
tion number of 100 rpm for 5 minutes.
A glass cloth of 100 g/m’ was heated at 120TC
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 €0 mesh so0 as to give a resin weight

th

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 120C. Then, the glass cloth was turned over and the
composition was unifiormly 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 ©f the prepregs were superpcsed one upcn

the other, and then a copper foil of 18 um thickness was

superposed on the top and under sides of the superpcsed
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[Example 8] (Mortar, sprinkling method, + Aerosil)
5 100 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 acceleratcor having an average particle size of
15 um (2-ethyl-4-methylimidazole) and 1 part by weight
of a2 fine powder silica having an average particle size
of 0.05 um (RAercosil #200 manufactured by Japan Aerosil
Co., Ltd.) were premixed and the resulting composition
15 was treated using a mortar (manufactured by Ishikawa
Kojo Cc., 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 clcth 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 unifermly sprinklied on the other
25 side through a screen of 60 mesh so as to give a resin
weight of 50 g/m°, fcllowed by warming for 3 minute by a

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



& "10%00& ()- 109%t& ()-  10( 10( 10(
99z10% & ()-!i,4"10%,& ()-:66n77849°9}[<~\= 10b ' 10%0& ()-!|y" 10%P& () -
~y" 109008 ()- fG10%& ()-!tfG 10 O[O ()- s109%& ()- 9l :;
55595 <rS1M 1006008 () - MR ()- 1090874 - M 1fpsiha snBt-+H4Mag 00628 () -
1] S)"10%00& () -
<=[=9>q>M?@ [ 9r S1! ! j #" QY& £ )t} &" POUDDE ) Wl (e 36 40O (Loyn L0%OE ()
-1 109%R () - @GB@ A#ASAYA) AKAAUVT! * 310%&' () - L10%g&' () - Ff 10%9&' () - M 1000 1000
1000 i 3" 10%0@8% (9= 24,0%0RE () r &ABECAEPPEY<da!L! xfA D YE'r( Jetg! d A & A9 - g
| g10%9& ()-y "10%& ()- '~y "109%H& ()- 10%& ()-{ DDE$F GGG
G G m Q! & B (Pposed on the top and under sides of the superposed
prepregs, followed by hct pressing for 90 minutes at a
5 temperature of 165C and under a pressure of €0 kg/cm" to

cbtain a cepper-clad laminate of 0.22 mm thickness.

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

100 parts by weight of a powdered epoxy resin
having an average particle size of 150 um (Ep5048 having

10 an epoxy equivalent of €75), 16 parts by weight of a
powdered novolak type phenolic resin having an average
particle size of 30 um (novolak type phenclic resin PR~
51470 having a phenolic hydroxyi equivalent of 105
manuractured by Sumitomo Durez Co., Ltd.) and 1 part by

15 weight ¢f powdered triphenylphosphine having an average
particle size cf 10 um were premixed and then treated
using a multiple millstone mortar type kneading extruder
(Mechanochemical dispersion system KCK~B80X2-V(86)
manufactured by KCK Co., Ltd.) a2t a revolution number of

20 200 rpm for 1 minute to obtain a powder composition
having an average particle size cf 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 warmad from the under
side for apout 1 minute by a pznel heater at 1507TC.

Then, the glass cloth was turned over and the
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10@6&f()-pXXXXXKYhEE%ig@d_fu:thermore a copper foil of 18 um
thickness was superposed on each of the top and under
sides cof the superposed prepregs, followed by hot
pressing for 60 minutes at a temperature of 175°C 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 cf 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 um obtained in Example 9,
followed by mixing fer 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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10t 10t powdered harcener having an average particle size of 15

um (dicyanciamide) and 1 part by weight of a powdered

hardening ac atcr having an average particle size of

5 15 um (2-ethyl-é4é-methylimidazole) were stirred and mixed

by an anchor blade type stirrer at a revolution number

©of 70 rpm for I minute. In the same manner as in

Example 1, prepregs were obtained using the resulting

powder compositicn, 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

particle size of 15 pgm (dicyandiamide) and 1 part by

[ =)
(€3]

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 sup=arposed 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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5 [Comparacive 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
weight of a powdered hardening accelerator having an
average particle size of 15 um (2-ethyl-4-methyl-
imidazole) were mived, 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 1ob g/m- in terms of
resin solid content, followed by heating by a hot-zir
heater at 170C fcr 3 minutes to obtain a prepreg.

20 Two cf 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 cbtain a copgper-clad laminate of 0.22 mm

thickness.

In the above examples and comparative
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are shown in Table 1 and Table 2.
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Formebility White dots Good Good
of heardener

Tensile strength (MPa) 20 | 60" 60
Peel strength for copper 0.8 1.4 1.6
foil (kN/m)
Solder heat resistance Exists Exists | None
(Blister)
Insulation resistance (Q) 10 10% 1c°°

*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.

w
[§S]

FTormability: The copper foil of the
copper-clad laminate was subjected to etching, and it
was visually observed whether hardener and cthers
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 Tensilen.

4. Peel strength for copper foil: This was

15 nmeasured by JIS Cé481.
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& ()->d510% & () ->d510% & ()-1>d510% & (33 >d5 KH)Ysfiute shestL0%4 &4y 2642 6FbC
10M-_; 1" &) -15>d510% & ()-1>d510% & ()->d510% & () ->d510%

5. Solder heat resistance: The laminate of
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 Co481.

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. Furthermcre, 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 tnhe present
invention, a laminate satisfactory in qualities such as
electrical properties and heat resistance can be stably
20 cbtained without using organic solvents. Since organic
solvents are not used, saving of resources and energy,
and diminishment of air pcllution can be attained, and
the cost can be markedly reduced by the saving of
resources and energy. Thus, the present inventiocn is
25 suitable a2s an industrial method for the production of
prepregs znd an industrial method for the production of

laminates and metal foil-clad laminates.



' ! () - ' ()->d510% & () - >d510%
L&) - FKPU J+C>d510% & () ->d510% & () - >d510% & () - > .
&'(g-lg;fb@6&f()->d510@6&f()-UZ_dij6iJ+C>NF 1" &) - 15>d§1096&_()0>d510@6
) ->d510% & ()->d510% & ()-ji J+C>d510% & () ->d510% & () - >d510%

(
( , . % & () 3#
RIS L A Uttt O eR
& ()-yzZ; i J+C>d510>d51090& (pmider09% or metal foil-clad laminates
obtained by the present invention are suitable
especially as printed circuit boards used for electrical
equipmert, electrcnic eguipment, ccmmunication equipment
5 and others, and, furthermore, they can be utilized as
Structural materials and interior materials for
vehicles, ships, aircrafre, architectural structures and

others.
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>d510% & () - >d510% & () - M-_; | " &) - 15eF+C>d510>>d510% & () - >d510%
d510%& ()-0>d510% & () ->d510% & ()->d510% & () - U; F+C>d510>d510%

" &) -150>d510% & () - >d510% & () - >d510%

#%/eF+(>d510>d510>d510%& ()->d510% & () L00h & () O 0
->d510% & ()->d510% & () -/ 5: 7DFKeF+C>d510>§§%ga%§‘9/é§' TQ%&%{%%Z

->d510% & ()-0>d510% & ()->d510% & ()->d510% & () - KPth yZ

C>d510>d510% & () - >d510% & () - >d510%
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CLAIMS

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.

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.

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.

A method for producing a prepreg accordingto claim 1, wherein  the

hardener is a powdered hardener.

A method for producing a prepreg according to claim 1,  wherein  the

thermosetting resin is an epoxy resin.
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>s<"10%6& ()-S > <10%B& ()- > <10%B& ()-- ><S18%B&itlde shddvd ¥Rl 2002
1097& ()-C6 10%& ()-C6 109 & ()-C6 10%& ()- >L10%& ()-' O56E DbU4 GH#3C6
109%7& ()-#3b5 C6 10%& ()-C6 10%& ()-C6 109%7& ()-C6 10% & ()-EP]bij[?bus
G*06 10%7& ()-(#3b5 CB 109%7& ()-C6 109%7&()- C6 109%& ()- 06 109%& ()-{_?bu4
GH#C6 1097& ()-06 10% & ()-#3b5 C6 109 &°P)-C6 10%& ()-C6 10%& ()-{_?bU4
G#C6 10%& ()-C6 10%'& ()-#3b5 C6 10%& ()-C6 10%& ()-C6 10%& ()-#({_?bU4
G#C6 1097& ()-06 10%& ()-#3b5 C6 10%& ()-C6 10%& ()-C6
10%7& ()-4-234 G109 ()an %N& L) - W& €)-#
109%7& () - 10’3‘%%%uﬁ‘[’Y\?ﬁ@&%%ﬁ‘?fé&é@b‘%%@)&a{?@e 10%?@35?&?1 the
, G109 & () - SLOYE L) Aiayn CH: 0 & ) i 0~k ') 1098 & () -
“10%' & ()- | Qﬁgﬁéﬁ% %'C?'a%%ﬁ@é&g( PPNi'%%@fb%) PWW%A’%@ Prlgf@"@“% ]
10%"' & ()- y'19%esd ()- F310%' & ()- f10%' & ()- Z10%' & ()-E}'|[: NA410
R@L! 1095& ()- -10% & ()- S+3"10%' & ()- )10%' & ()- ,&10% #& ()- L$
10%' & ()-,-./4vU4 S 10% & ()- 10%' & ()- 10% && ()- " 10e' 10e' 10e’
3710%" &'1)- @ !rheMRd&or probietihg o pRYErigSchiracidtzetiosy 10elying a%ieghiical
f10%' & ()- 910%' & ()- gm%% (%%r[égbm \ 4@ #1%&%()')@@%@10%&' ()-
WC@109%8&' () - geridifi 86 &' ro)xturel 68MBHSing) -a | pod8fedr&héimudéttind 0% th (and3 a
10% & ()- (10%' /& ()- 10&10&10& e037#10%&R& ()- 01#10% & & ()-[\]~d| obW4
F10%&F&' () - slterdener dsl s sehtisd corimiremst’ tb) bring0&bsub %y’ méchanachemical
e5@10% ' | & ()- R f,#10%" Y& ()-d\| } bUd R> #109R& ()- MH 3, #109&& () - (
DHs Y#10%&&' () -reaglon, 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 fibrous base sheet, and wherein said method includes
steps of preheating the fibrous base sheet to 5§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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10. A method for producing a prepreg according to claim 7, wherein  the

hardener is a powdered hardener.

11. A method for producing a prepreg according to claim 7, wherein  the

thermosetting resin is an epoxy resin.

12. A method for producing a prepreg according to claim 11, wherein the
hardener is dicyandiamide, a novolak type phenolic resin or a mixture

thereof.

13. A method for producing a laminate, characterized by using one or a plurality
of the prepregs obtained by the method of claim 1, optionally superposing a
metal foil on both or one side of the prepreg(s), followed by heating and

pressing them.

14. A method for producing a laminate, characterized by using one or a plurality
of the prepregs obtained by the method of claim 7, optionally superposing a
metal foil on both or one side of the prepreg(s), followed by heating and

pressing them.



