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Techni i The present invention relates to a heat-resistant 5
syntheﬂ@ﬁ@ﬁMﬂHﬂM@ﬁfet. More specifically, the invention relatesgw%1%763
heat - r y hetic fiber sheet that features excellent he

resi stance*an#* el ectrical insulation, and that can be preferably used as a

| am nated material for electrical circuitry. 10 Background Art A base

material used for the | ammatedsmirenmalsrmeelediimal sgigguit boards
must have excellent properties such as heat resistance, heai-resistant

di mensional 15 stability, humdity-resistant dinensional stability,
el ectrical insleatndmahnbiedsdi stance agai nst deformation (hardly tw sting,

war pi ng or undul ati : ical _cireuit boards _for small

el ectronic devices fsbﬁ%hp%ésls%gﬁ f%ﬁ%%ég(?gngig%%ggﬁ B8r§oﬁ8?t65ﬁﬁ&tséla§tand t he
20 |ike, >furt hyntheleioi fiber nsikeebe flboredspecyfieaidyy. tEeeiabeneionhe
base material IO JUtnoRelr YBIL0UIL PLORERLLES. SHER BRobEW pRIONT. 1N

addition to tg% abovenenti oned properties, -resrstant syn tic
fiber sheet fe:RArEe2R¥FELIRN LT 5PSEaRRRCChaRE- poersrannls

di mensi onal stabddidyiend dn@hthaei @ baspeerpaastyt 9sshegt genbers nmade
i i ecent gears, been, used as a base materi al

of other materjals and,has, in
for the |ani nat®dyd M ee(liir?ﬁﬁ?]f)"‘ratl et EFTREi €1 PBRFBEYt hat require the

variouslproperties described above. 30 For exanple, there have been known

an electricall ]gflgg ' romati c pol yam de fiber sheet conprising
pol ynet aphenylé/eanée so%m %%m’ de staple fibers (trademark: Conex,
manuf act ured by Tei} irp.Datgrial posgdref apheng | barinsoedt hatapi desppbp

(fibrids) (Japanasg-; ' t | 4L [ [ .. 2-236907
and 2-10684); ar esi%#p%ﬁlua{g%gﬁﬁﬁgé%o*%m %gé?liﬁgés%légiga%ﬁ%?i si ng
pol ypar apheny| B! 13 diftfthalesd Hea Rt apl ked torggistant dimensiohaber s

(trademask: Kesdaili@pufrachided, yesis ot Sondn&lofal stabili
- teHY
copol ypar aphenﬁyleec e_'déﬁla_ .ox%gllt%?.en | en _terjref:pht hal am de staple bers
(trademark: TECHIOra S darit "'ecﬂ}lﬁp A §T I ENge A2 S br dafPENR BEPR
bi ?ﬂe(rj 5f(Japiim1?m$ieumm;@bﬂ M&@I‘a’t}éﬁ%ﬂj)hﬂﬁ)it}l@‘?233); and a
met hod of produg ; p i pber, sheets apanese
Unexani ned Pat enté%ulbtﬁelcat ?%CﬁlJ%IQOEEaEl‘J)Qc%g%%)?f%%r?’bﬁm‘?é‘é} Frically
i nsul ating ar G @S1E Y0l yRhanks f insrekswetpdraonadk et drpi t dleat anéstisé ance.
When heap-treatige ,Qtfﬁﬁrﬁm,efﬁiérﬁﬁn§%uéiﬁvﬁé %&ﬂﬁbéﬁp& NeYRYEly this
el ectrical i nsr%lt at |%q: ar o%};l c polyamde fiber sheet shri ks and 'c%anges in
si ze. Besi des,” Y& H5er basq giRtefial srhers iRy dtufte MeekormeiRuUS wat er
cont egt) ?St }A@iriopmzta'jhﬁ,gfﬁddmtﬁs! Ejl)bv\i Qd(;e%[Cq}fH,erhtnh é@?&ﬁ@fﬁﬁ Elli’é f&‘é@é‘f‘e‘j
periods o i r. i umd c ition, er ef ore, el ectrjca
i nsul ati on be(?%r?gsq %ﬁsuf‘zg{éé%leér%l.e%her Othee,ar]ct'l*ﬁesmfrtcﬁ{’aq i YOS E detheber
sheet cannot @@Qﬂed_&@slﬁuaf_e@a%cmhmttemat frrs ied teotad c Hed thatd i d tsmwwher e
a high ﬂ@greedQ%éﬂgﬂdﬂ§ﬂ'éEéHiﬁi&%q%n@?qight weight, as compared to
sheet members made of other materials and has, in recent
years, been used as a base material for the laminated
material for electrical circuit boards that require the
various properties described above.

30 For example, there have been known an electrically
insulating aromatic polyamide fiber sheet comprising
polymetaphenylene isophthalamide staple fibers
(trademark: Conex, manufactured by Teijin Co.) and a
polymetaphenylene isophthalamide pulp (fibrids) (Japanese

35 Unexamined Patent Publications (Kokai) Nos. 2-236907 and
2-10684); a resin-impregnated aromatic polyamide fiber
sheet comprising polyparaphenylene terephthalamide staple
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On the other hand, the latter resin-inpregnated aromatic pol yam de fi ber
sheet has a small| equilibriumnoisture content and a relatively snal
inpurity ion 25 content, but uses the organic resin only as a binder
conponent. During the step of producing thg aromatic pol yam de fi ber sheet,
therefore, the binder conponent mgrates to the front and back surface
sides of the sheet and stays on the front and back surface sides. As a 30
resul t, the anblipersf(thadénader Kewpenennabetacesredably do Pbatricddl)e
| ayer of t he shee strijbu he resin- |npregnated
deel ?bgg%Y§% E?ngeﬂé §r S%gglﬁﬂehgfa

aromati c pol yam de es aniform PPection of
t hi ckness, andt%@¢Pbth®h%@l®6 peaphesfibessr etradiémarkheletheora,

above- ent i onega oryentenaby heal C{ﬁStét?nsnayeﬁhsﬂggngbb% $heBliplig used

as a base material for - rical "insulatin erials, ere ore,
di spersi on i ncte2R2ReFH YRexahbied Brtenk B‘P’éhé@élt%@nnl(ﬁlﬁkﬁhat Nps 1-

i npregnated (pez23sy adixh&' alxﬂetmddbfeptw@cgﬁgtlahékaséﬁé akohBatici S
adhered in the s production rticul ar] X the step of
preparing a prep %%“b?/e ‘f‘r%?%ﬁn%l??%bsa ‘gaa?g}?ﬁ% I %1‘%688 VBPF\F% such as
an epoxy resinfulahiicaniome(kolepi pfNoan2~aT892)t he obt ai ned prepreg
articles. Besides, the ﬁ%ﬁ@?¥ éf@é@rf@éi% % %t%ggéeﬁéwégggﬁdherlng

force anDng the fibers ecreases and i s caused
to be brh8ken. EQ#Y¢m#detﬁeb%Ia®h%61|h@$seh©ebleaglhqaterasLseanoeeach

other and thaydsssthédul{ofeobalibes densbiiescl osespynl (gLLngRUSI ng the

| ami nat ed mat eri al for electrical circul oards to De deforie
particul arly 15 %i¢erh ?%%V%¥ept%¥ss%*%%?r%%¢loMﬁ$%thl@90aI©méul©ut at a

hi gh tenper at L;scelyaxml@é defbé® sidae $heiRovVendrORiLeSsi pResent, in the
prior art, Hi Une, anlgqg Pat ent Publlcatlo Kokai) No, 2001-295191
di scl oses a ba T2t i WiC fotPThe 3D § it P e ?%W ®+SEYEBtri ca

circuit 1poar dsgoritemt oq‘wa‘d:mr abmviee pt pbdxemselbba@laaeldl@ry mb@ﬁlayfibﬁr sheet
that contal ns e sanstierto elegenis. darasoTBLLC Bl yam e stagle

fibers, having two or nore anm prolectlons
each ot her in Righbs hamid teenditieh r ethexeforad thgamlectribahol ecul ar

pol ymer fibri dshsd nad fion RSéCoénBld ¢e POL YA de BlaplbeoféDergifor the base

material, however, two or_ nore annul ar proj ections are, |h frany cases,

formed on bot PFIEAtERPILEARIS HHPSH $hREHFANRAG léde%%e@oa%o@hbwfat end
faces okothe sizpdeidl bss. e ety D] eDid OISt IBOPRErd Ne BIGIRNGL§FEST o ANDNY

the staple fih hence the, fibers are not fully opened in"the step
of paper - naki nleélslla% d]rjd%f 1% %ro{%*ﬂe‘g synthetic fiber sheet in which the

staple fibers are 3B uhid ortiier diaid M@oﬂéﬂtema‘@ﬁimimmegmﬁa@é@ne and in
the direction ﬂor&ﬂ%wﬂarﬁﬂfé eEﬂSeer ?néé@ CI eé}{? 13% &’f 525 um

di saggregate the staple fibers e caustng

however, a dr SIPiSFHHR GRYRRL |3J}Ciya lﬁﬂr%‘h@rel}f fSTpanel sWElh?ext}c iqnber sheet
i's prepased i cantsmd £ Mhengsdde Hd heffarie Mdid Wi W opened, i ok

component. During the step of producing the aromatic
polyamide fiber sheet, therefore, the binder component
migrates to the front and back surface sides of the sheet
and stays on the front and back surface sides. As a

30 result, the amount of the binder component becomes small
in the middle layer of the sheet; i.e., the resin
distribution in the resin-impregnated aromatic polyamide
fiber sheet loses uniformity in the direction of
thickness, and performance

35 becomes less reliable.

When the above-mentioned conventional heat-resistant

synthetic fiber sheet is used as a base material for



5 uniformportions are contained in the lamnated material for electrical
circuitry that is obtained. In particular, after the step of solder reflow
executed at a high tenperature, the lanminated material for electrica
circuit boards undergoes the problem of degormation. It 10 has, therefore,
been desired to solve this problem Disclosure of the Invention It is,
therefore, an object of the present invention to provide a heat-resistant
synthetic fibesleteeicabaind5lexbnbi matexiahbenthb@ato&@5| gligpession

heat - r esi st ant, délmsngl é)narl1 ,Et abi|li t g gbecgﬁi i nsul at 51?n under hi ghly
huni d condi ti otRSTTRRTS| §%s ??eﬁm?g g8 eﬂ’af’@ﬂ‘&ls Shathds

| ami nat ed mat eimlaregmatedie(:partad:un“:artw,trLy thhatlirectiea bfomhigkness)
decreases, the,abpyg: 2 d; pr e 08%e€e e conventiona
heat r esi st ant syn etl%:)s gﬁe.%?é' ee’?sgg%dg%egrtg?céi Pg)él%)gée from or

decr eases, def%@%%?‘é)haﬁw sEPRFNIWBRP] ﬁgepuﬁﬂupaﬁpénlneté prepregebyt ep of

producing a | afs Pehgrand deyirbest bigakegi (ML sROA abnl s free
from 25 the proble n?g? la% of. e?%étélcal |nsﬁlat|on ﬁnderrsqgh %Fy Runld

condi ti ons, antP?¥atLesHm bea”]?)‘F1 otickle bt aP kRS WhARERABANG; Fh@u?b&ééﬁééa ng

t he pr oduct | Vipyepredeaiti€5ést anBe§y@é§¢t teefbbREesheatigf phhe 1pr esent
i nvention C0n’pl’|

r|nC| onen a 30 plurality of Staple
fibers conprisi® t%!ﬁ@%? ﬁ%n?gggghﬂgc%gﬁﬁ?h%??ggpﬁﬁ gpérﬁaterlal
and heaﬂOreS|sﬁemme@sganandpbmqn@meétbbade aaténtadr y§ancauked Robbaders,
wherein, the pl ity b e ach_35 ot her through
the organic syﬁHﬂg%lc r§ﬁ dﬁér§%$52%|Epgéggn%gvﬁdéPglEY g?ﬁﬁge
paper - | i ke shek? ,eag¢r %@%@%ntaﬁﬁ the dispriébetbensofsfiherhdenangéesf 40 to

97~ - 5 by I@e@@sqmnif&xhﬁ@yscmsm@ El@éaiaﬂﬁﬁ§té’<§ theﬂsﬁt £o@nd the
total content of the, organjc syntheti fiLbrids /or the organic

resin bi nders §5eG T 1FRt (GG bF PPITHS ?% %% d%§°ﬁ%§§roﬁa¥ﬁécﬁé§F%Yof t he

total mass 5 odftdwe sheestemnst adoldestrarpowt toat ofstbgrsianl euti herg each

have two fl at enq}faﬂe\: e%lt an angle of 10 degrees or nore to a plane

crossmgthefl IR T staple fiber at right angles. In the

heat - r esi st ant synthetmrdértﬂn sﬁ&nﬁ vifie t sodd prelsbansi bnkrarend, iht the

desired that S p h - resi stant
rié%i%r@' 55% uhdgall K& %éyegé ﬁ?glbgg%ﬁBSaﬁﬁﬁﬁg%)

organi ¢ synth df e f| ers ‘eac ave at Teas
proj ections spite %95¥%¥n®a‘t¢11@5!¢}%raiW%%e‘nf}imgl@hdfﬂal therection of

the stapbe fibeimisdged ML 4D §6ﬁﬂ%fbét£¥%alt@fr&@ige§éaf8955f§§§tb?na
or npre the, avera

size of the annul ar, projection is
cross-secti ona“Iq’%laztécP F B PrETHn ‘é%?%e’é‘%gt% P armuf BPehrd %%Fl BR&t of
the staple fi bmnta:msheamemﬁstesméramtemmﬁ; CpdrdHesrshmeeicof the 20
present invent {ad Sg QSﬁf the Iurallt
heat-re5|stanﬁk%gﬁékléésynt % yner fﬁ%l ers T he" ﬂ% Flat end
faces at an ar@@&ﬁtn@%e@m@ o?rndﬁp@deﬁthe ﬁrdueremhsoalnerfunn‘ekﬂel n the
annul ar 2 pr o] eold sy dind ) dfiediondn ! eplet@ilamyatieg) Gpéibeg sheet of the
0

present inventian, is desired that the plurality eat-reS|stant
or gani c synthéFiYWﬁﬂyﬁﬁﬁr $ple fibers contain para-aromatic pol yan de

staple fibers in amramnmtpazfaﬂ&onta/tlrmq@wanm& sLQ!pIé"ef:Q@ét§ £br tfige
total 30 nass of t he pl.ur |t}¥00f heat - r esi st ant Z‘{ etic nmer staple

fibers. In theHSard e St ant WiktHet i T | Ve "Sie heP ? ehtons
i nvention, it dredegi methyt haatsetéme framedrandiotth philataneme Sdaps eof iders are

sel ect eﬁ of rom aﬁ% ﬁiéfr &f‘s'%f%gsecoc@rﬂosél{‘gflaa@oérycpa{&pé‘se”% “We staple

t er epht hal am ers conpri si
copol ypar apherfiikays 3, 4h5¥ydnﬁm@qnxgn§tnﬁqmnneuﬁhﬂnen&anglement among

the staple fibers and, hence, the fibers are not fully
opened in the step of paper-making. 1In order to obtain a
synthetic fiber sheet in which the staple fibers are

35 uniformly distributed in the direction of plane and in
the direction of thickness, therefore, a step must be
provided to disaggregate the staple fibers to a



- 6 In the heat-resistant synthetic fiber sheet of the present invention,
it is desired that the heat-resistant organic synthetic polyner, from which
the staple fibers are formed, is selected fromwholly aromatic pol yesters 5
exhibiting a liquid crystalllne property_upop nelting. In the

heat -resi stant synthetic fiber sheet of the present invention, it is
desired that the heat-resistant organic synthetic polynmer, fromwhich the
staple fibers swﬁfiwiemﬂ,dégreeleaueﬂn@;ohbheVerocacakepgﬁaumth cont ai ni ng
aromatic poly dué?' heat -resi stant synthetic fiber sheet of the
present invent esired that the heat-resistant organic synthetic
pol ymer, fronlmhlchF@hbh%Iapié theesynbhetfior itderi sheetedisegripamed in

pol yet her et her kej ones. wﬂéréntﬁg'eff'ﬁél'srgfésﬁé‘@t axm;hsg/;lesafh' ber,rsheet of

the present invention, it I's desired ura Kedt T esi st ant
organi ¢ Synt het L Qe yPRFE 5PR%| 2L ¢ RREALAGE aanb@r lp@agenednmateriadge of

from2 to 12 nf@rl@lé@err@@l é§§¢§1aﬁ§ §ua£h§§l6b£!a@ﬁéd5he% of the 20
present invention, ed that at ﬂgast a portion of the fibrids

ir
conpri si ng thep%]FbJa?m:a’éyn?’fsm BT cEhhol §HeP ?o%ﬁﬂsr?ﬁéowl Gr&rrtgdoftsapl e
fibers to eacrhnglhetem;b\ereetmhtr@ughhelDamhﬁahedtm&ﬁérﬁhantoﬁyallb@itlr(icfallber
sheet of the i s.desired that the heat-resist

organi ¢ synt hg(f5 Pé@ffnﬁoéqugﬁn#%r%#% éh?l% %gegrg%fgﬁﬁgama 4804 tH rrral
deconposPti on-hag & |1aln¢1r@fme¢rpeb@emlr<ée@ir8<30®osohmeethia phebheat. - r esi st ant
synthetic fiber sheet of the 30 present invention, it is desired that the

heat -resi stant_organi ¢ synthetic polyner fibrids have an equilibrium
moi sture cont EMtSE¥OIUIR QF TR sInYeNtHRN heat -resi stant synthetic fi ber

sheet of the preserlitlils/,eﬂtth@fbfdaiejSalﬁjeélbj@éitt@ﬂttﬁ@epf‘éQénEeih%bﬁ’EEo?l5
organi c syntheti

C brids are the ones prepa y n
sol ution of th OOQIS %/%Es%/rﬁeh Y7 ot ART *f%’?tl?%51$ %H’ﬁg ﬁﬁ]?ﬁt Phat
preci pi tating exhhbumscnxdé&ﬂenmummnt(xesimﬁammé shéat+pasivbahe applying a
shearing forcegt t e resistant s hetic_f,i ber sheet
of the present ﬁv%ﬁ?%a(r)\lué 6%111 |‘$€%I ﬁé?t]fjh%a e ?syﬁgh?gn{mg ©br gani ¢
synt hetic pol yregh¥y prinfisd a:cmdimlm,s repai edsuited pforedaeeasuahbhbat

shaped articl gghavi g @omﬁmaemﬂqai%ﬁlﬂ%@fpgfrwraéfeégmg pfroma

solution of the organic synthetic aving an optical anrsotropy, and
appl yi ng a mechisif et rsndatdthgl § oﬁ’é%e t%rqrm, t P %%%#%S or tBat abo¥haped
articlesoto finmriddaied Prowrehum jdies oad @€ Wbe- ohé em@aeﬁhil@ﬁglaﬁéaeLeS_ In

the heat-resis t.S thetl flber heet .of the esent inv is
desired t hat t%aﬂh I{lc T orEn Ssrﬁ/%‘?%%t?rgé‘po‘l’?/‘rr@?cu ‘?’6 Whif’éﬁet he
fibrids are 15EI$Q§ﬁhrrevf d@:ﬂ%&ﬁeoﬂéfmqﬁd%a«‘aﬁm@nwawepm hal am de
and copol ypar aphamd s 3, X hﬁﬂyléﬁé? . de. ;

heat -resi stant synthetic fﬁﬁgrygﬂget of e seﬁ?ﬂ#ﬁgg ?lléﬂl§%§ed

heat - r esi st antdr&airt c L3t %qi}:rlz‘lﬁlpcﬂwlt beﬁﬁ%n chhahelsi Breesfaem

formed, 2smy be: el @t ram whot |cyf aémxrfcéﬁplﬂr@sﬁiféél&%hﬁ@aéf nﬁh?hiqu d

crystalllne pro er y neltin t he heat-resistant synt hetic
sheet of the pt 4Hk§ﬁ qﬁ% G358 RHOGRPRY c@ pengvRr 25

fromwhich t hme‘urh:*d aal tayom o Qiemxbasrﬁmg lieh s g red ek £ Oty
A heat-resistant synthetic fiber sheet of the
present invention comprises, as principal components, a
30 plurality of staple fibers comprising a heat-resistant
organic synthetic polymeric material, and heat resistant
organic polymer fibrids and/or organic resin binders,
wherein,
the plurality of staple fibers are bound to each
35 other through the organic synthetic fibrids and/or
organic resin binders, to form a paper-like sheet, the
content of the staple fibers is in the range of 40 to 97%



the heterocyclic ring-containing aromatic polyners. In the heat-resistant
synthetic fiber sheet of the present invention, it is desired that the
organi c resin binder conprises at |east one nmenber selected fromthe 30
group consisting of epoxy resins, phenol _rgsins, nelamnine reins,

f ormal dehyde resins and fluoro polyner resins. It is desired that the
heat -resi stant synthetic fiber sheet of the present invention has a bulk
density of 0.4fy tmads 18n gileeBoas8bs | 6f i Shdesotel wbak bletheakheesi Shaat

synthetic fi ber%gheet ff t he PRI esgn{: i nvention exhi Bi ts a dinmensional
r i % t

change of 0.30°%F 253" FtHE" T % Qi RAPanNIiC GYNTHPFLET POAYBLTt he sheet

when the sheetfilsrhimtandbat echatorgériperas im ebohd@88CiE0E N5 tHeNwhage A
prepreg of the pr t,inventd C i ses heat r esi st ant nthetic fiber
sheet of the ionf\aen C?Ign3 apnécgl @%%e@%ée??i%@erggﬁsv\f’?h%&ﬁi ?ﬁtﬁﬁeméﬁﬁt hetic
fi ber shéet i f npregheed. dudadt nhkeesitt baapdrtihchudtngha beablpr €spesbaped
article of a mapregwf Lhs 4 L ON rises a resi stant _synthetic
fiber sheet of the invenR?gn gﬁgnéﬁﬁof%ﬁ%$n%§e§?i%g??és?% 3Ptﬁgﬁﬁ¥gﬁ Phe
synthetic fibdOhee® 3 PIIRR Gt NI Beheff HegerapifonfothehetBpagi ngs
Fig. 1 is a siflebert eat itigist raid@sthe shape of a 15 staple fiber
conprising a heat-resistant organi c synthetic pol r,contained in a
heat - resi stant synt %ﬁéh??h?ﬁﬁg%ﬁﬁiﬁt ttﬁ%“%?%%%%FF?99§n§P8ﬁF QfdtEpg. 2
is a sidé viewnddarst ratvent idre, shtapes odesisédptieat i her 1éhsvi agpapsubar

proj ections at | &t - C rising a heat-resistant. organic
synt hetic pol yorr%\rﬂ&ééo al neg %g Ja@h%erg% -f?‘gm ?ga%%gg%{]h%fgﬁnﬁcbﬁyngﬂgé of

t he present i akiinen.sBuxste Mideefpreatsh ryave Butlehest | twentnonlas The

present i nventﬁrog%é@/leo&o%&p Sk eﬁr%{mt%&}?;%ﬁ%%a%gt ﬁﬁgi eve the

above- nenti oned obj ect, and have dj'scovere _ e staple fibers
constituting tRRHdatdinsl GHrfckion h itthe i veapkaebibenn aedoprnedcho a

sufficiept degresMwhemniddie simpledddes %mééé{‘ﬂoﬁafosfﬁétéfe?ﬁ%t ant
organi ¢ synthetic .polynmer, such as, paraaromati c am de staple fibers have

ol
faces that aré& gt 3H pa‘??%ﬁ?&llé’rbflgi) dedrdiRs cﬁ“p ke tbhe pyYaneIerossing
the fiber axisriss-ggutiangllesizdiadf pr querdies wétwden stiget taddanmbfoF Mty

bet ween t he sE&g&éé@@gﬁ%zggeyhétgﬁ%gﬁgmfﬁkégpss-shaping can be i nproved,

t hat vari ous erties possessed | am nated material for electrical
circuit boards, such @6 Msaggrasiataft aymilgtio biber sheet of the

20 present invention, it is desired that, in each of the
plurality of heat-resistant organic synthetic polymer
staple fibers, the two flat end faces at an angle of 10
degrees or more to the fiber axis are formed in the
annular projections.

25 In the heat-resistant synthetic fiber sheet of the
present invention, it is desired that the plurality of
heat-resistant organic synthetic polymer staple fibers
contain para-aromatic polyamide staple fibers in an
amount of 40% by mass or more, on the basis of the total

30 mass of the plurality of heat-resistant synthetic polymer
staple fibers.,.

In the heat-resistant synthetic fiber sheet of the
present invention, it is desired that the para-aromatic
polyamide staple fibers are selected from staple fibers

35 comprising a polyparaphenylene terephthalamide and staple
fibers comprising a copolyparaphenylene-3,4'-
oxydiphenylene terephthalamide.



- g _ blended and el ectrical insulation, can be further inproved, and have
thus conpleted the invention. In the present invention, the heat-resistant
synthetic fiber sheet includes a sheet conprising, as 5 principal
components, a plurality of staple fibers of a heat-resistant organic
synthetic polyner, and heatresi stant organic synthetic polynmer fibrids
and/ or organic resin binders, and, particularly, a paper-like sheet, a

nonwoven sheet and anyhe heatsheairddde Iy miefial ribeFesnbbe hatigeof the
heat - r esi st ant or%a |cé§ynt hetic pol ymer st a&p%e fibers to the whol e nmass of
the synt hetic FiBE SHESEER G r ot 46 (A haksthorheatabe§istaph 55

Lo 96~ by nas$ngamiqnmynqheﬁkqfﬁdLﬁméﬁ;ﬂﬁﬁﬁm}wnfﬁﬁ;twengﬁépléSffgggge .
eat - resi stant_ or t c. o st ibers, there can be use
aromatic pol ygn%%dg%s%mggg%gngsteérlsecﬁcaeﬁ/n?&o i %f‘l-if OTTPTRE T opRtY§S BRES a
t her mal ¥ecomsadiitiidinioniat ildtduigl tasryearadtluimee qfr 3Ot rupon eme Wodh y
aromatic pol yester 1t ajplee ﬁéé@&%ﬁ@éa@ié is@ﬂm L& d gL cLryst al lk% o
property upon nelting, heterocyclic rint-containing aronatic. pory P stapl e
fibers, and p&FFSERdr &K WBhe it difl da9ig@md tirpnhe heeat+ressstestred
to use the ar emafind cpelyyameda o trrlyindr barfom Thei &t apie é{l_;?;ﬁié f‘PMeiﬁé’ used
e

in a single kind qr being .m xed 25 together in two or, nore kinds. T
aromatic polygﬁdeQﬁﬁﬁfﬁthstﬁ? qrad s (NGRS TRGHNT I SIFR¥RT i ¢ pol ymer
st apl e ¥0 ber s comtanisngamramatdld edigmeral.yan de and an aronatic

copol yam de of whi I i | d r ef .erabl ngt | ess_than 90 30
nol d) of the recur?F{ng%%t&nih'%%sccyr%{%sﬁ%ﬂr{ggq%%%&l?%%éer aﬁqée?iheoﬁe ring
units represePredeby thyensliloow g fisr miesd net) thaHtird -HIHEO re 1 Gxnt - - (
1) wherein Agl Al N tlay § : S i.val ent
aromatic gr oupsr.qa?gci §§8§2%Fé§ ?ﬁ’g‘?ﬂ%‘%@ cf%\?g{ gmlecgfrokrm isé%arqb?%eunglbers
represent ed b{¢rAr ECERGGAr 2 Sabelesites: & oy palvet hpraidwerketames of t he

followirg formul as162xrheOhat-resist@nt synthdde ¥ ddt tdiedi vt eile
aromati c groups of gn_he ab%e f ormul as 212),, one Qr nore hydrogen atons nay
be substitut e85y 8ie 8V SHGrHE st HraltSgE Sat&es Ehadweh e Rdir i diip L or
phenyl groupsheas-Theistthaderoghnicodynithg ttike paylgmmin G 1) ANt derfd ber s
used for the - Lesl nt heti ¢,fiber sh f the . nvention and the
fiber pr opert?gggh%vzkgggnlg?iégﬁlogéd%lhr?, Qggg%e% nplrgm it9 Pit'ent No.
1501948, U.S. Pat eAf'stNg. hgr3396451isNant3BENESE tded Mler3868439 of the

20 present invention, it is desired that at least a portion
of the fibrids comprising the organic synthetic polymer
melt-bonds the plurality of staple fibers to each other
therethrough.

In the heat-resistant synthetic fiber sheet of the

25 present invention, it is desired that the heat-resistant
organic synthetic polymer from which the fibrids are
formed, has a thermal decomposition-initiating
temperature of 330°C or more.

In the heat-resistant synthetic fiber sheet of the

30 present invention, it is desired that the heat-resistant
organic synthetic polymer fibrids have an equilibrium
moisture content of 7.5% or less.

In the heat-resistant synthetic fiber sheet of the
present invention, it is desired that the heat-resistant

35 organic synthetic polymer fibrids are the ones prepared
by mixing a solution of the organic synthetic polymer for
the fibrids with a precipitating medium for the synthetic



20 and Japanese Unexam ned Patent Publications (Kokai) No. 49-100322, No.
47-10863, No. 58-144152 and No. 4-65513. As the aromatic pol yam de fi ber
havi ng excel |l ent heat resistance, in particular, there can be exenplified a
para-aromati c polyam de fiber which is ap argmatic 25 pol yam de fi ber
represented by the above fornmula (1) in which Arl and Ar2 are aromatic
groups at para-positions and of which the total nolar anmount is not smaller
t han 50 nol d. gohymet esexavpbes whﬁléoépbmghuqeap@héﬁ%&@@h%%%b%nQo the
terephthalanlde |le fibers 30 (trademar Kevl ar, manufactured by du

Pont Co.) and co% § %raphenylene 3, 4' - oxydi phenyl ene terephthal am de
stapl e fibers (tradematke Heahﬂnea;snanufayhuhedlbyfIberl@h@@t)of|&he

articul ar, r conf ai s t ns.in,onl

grmunts and eiﬁr%lgété{ae%(ﬁ Jﬁ‘? Bl g%tir'lglcd g?%éél épgg %gngea%: ~ L \éﬁgganlt
useful a$ an QPeFrRicasyythesic apohymeyntheridsf aber thkeenes prephreds the
staple fibers frat %Fbé&@ﬁﬁ@té@cﬁ'@ﬁét5§§§§?8fa}ﬁ?c@@gsﬁgbﬁhgvgnt'On

further, there ‘%/ used nefa-aromatic ers together
with the abové“‘g]:l1 ‘”a‘? o%%?‘&tb%gy%?ﬁﬂ%r’%k’aﬁ% frpred. fTﬁé‘ ab&pdusion of
net a- aromati c *qméy@mwtem sﬂrﬁl’@h@f%ﬁ@b@r@@fYﬂﬁbﬂﬁgOBntB takgye fornula (1)
in which Arl Zoare divalent,aromatic ﬁ(:;fé'ouf;: 8 gfmch the total nol ar
anount is not srra Rharr B0 APty 138 d HASF P hoRL c8ARPEA " IndORERpARal | el
chain bdAds whileh mbemlewn:mn‘eécﬂeéhaﬁe@n@te:?cléstber €obrinchedeast apl e
fibers of a hompol | pol yner, obtai ned by using one or
two or nore of tereph aqui%f%%ff’ agn{c-?%ég%%t%}&#%daarg Eeﬁl carboxylic acid
conponents, and onelrthewhert e el of amet sphehgt 2oef dbani sheet of the
4, 4- di ami nophesuds &thermyéh o5 i a na %mgquqs%heﬂg ﬁggtxx 1§08,

es I nc e F*a

d| am ne as di am nes. )gbesent ative exa € f| ers 0

copol yneri zed ShEHG St t'rﬁ‘ijep‘bﬂ%?lﬁedfwnc‘élbb‘l??n’éh?thgrlds are

pol ynet apheny|fenenddsopiy fwé]aéﬂtc@d ﬂﬂcbm’ P]ﬁ@nfﬁéﬁght hal ami de or

i sopht halic a de, tere | chloride or

net aphenyl ene an%?pgle%alfg&%laare 4 ?hﬁyep ??56 %?ygr# de staple fibers

i n which not IWRHM&B@WI@@Mt@HMd&)J y, not less than 90 nold of

the recurring unit r Q d u asily, 25 nmelt
TR IHARABE Ao WHIR AL (6 OL0 LR £8E 1n8

| ocal |y under high tenperature an preessur e con I ons
favorabl y exhiBi&Sate Wiuaitiad f ddie faﬁﬁt-aﬁ%sﬁelsam’edor@anueesmthe‘apte

fibers por sy el f &5 SRS t { ' 0 he
heat - r esi stan%%t hetl C fnl1 ber sheﬁe)d';e ogth%ﬂﬁle%g&% nv%ﬁ?%% %%}F{hﬁé , It is

desired that t MO ol \ARARAL G RR v es bRy S exkibbeinataa ratio

of not small erlltchﬂrd &ydl)almﬁﬁ'ﬁe B¥bpd8f et Yme NOIngMal | €r than 50~ by
mass on the basisg r}l tot sof the or n1c€ nt hetic mer staple
con o {}%1

fi bers. Wien the 3 tene SR &P dEh et p‘? tiders is
smal | er than mewtrrdswertﬂi@rshe@te theatireolntamedsymyhdaid pol ety

exhi bi Loshe eifiag ofidarsl ahe LU tornds LAY AV lalognitdqces a

an angle of 10 degrees or nmore to the plane Cross e axis o e fiber
at right angl &&e rﬂ?é’%ét%%‘f%?@%%%’é’%%ﬂ elyeerssare 5 used

for the synthetic fIInbEtlhesfm%%tt—Qfestl@Etd?ftﬁfs@lﬁtHéWl@tﬂﬁbr'éhé@t desiggd that
t he stretchln%ratl of th fibers i.s controlc‘{t(r:iﬂr_?S tﬁl smal l er than 5.0
times and, nofe prererddlsy, sor?dll ih&fsize £ ithe RF @RS oferdduci ng

t he net a- aronbmmdemolcpmprdesestam defalstterome mnﬂ:ﬁbrt haailédtfecr of sori hefeeof as a
bi nder terial. lﬂl hi % m{rg iS desired to use
unstret{rﬁed st%apl besr s?ttq %ng t Sl arptr\ecriﬁ]aﬁ%f’%’ Mt A R e
t he stretchedrﬁémé-:arf@mallciewdﬁame@ensﬁt @[.mlde flivpercs ddigtmear erestiret.ched at a
ratio in 15 a range+ofi sf ye@iteli k@2t The heat-resistant synthetic

fiber sheet of the present invention has a bulk density

of 0.40 to 1.13 g/cm’.

35 It is desired that the heat-resistant synthetic
fiber sheet of the present invention exhibits a

dimensional change of 0.30 or less in the longitudinal



In the step of producing the neta-aromatic pol yam de staple fibers,
further, it is desired that thermal hysteresis is not inparted, as nuch as
possi bl e. The reason is because, the fibers are crystallized as the 20
stretching ratio increases and as the fibegs_are subjected to the therna
hysteresis such as heat treatnent in the step of production, and the staple
fibers tend to be |l ess softened and less nelted and, thus, |less exhibits a
per f or mance aa:ljardetﬁm'ctm qsrﬂ'f(’el!iéaéheéﬁmngthbe?ﬁfb_égei@r ﬁ_aaiti-%é@@ltﬁarrb@ed

i bers, sone te 0 rink i odipection.o iber axis and sone tend to
stretch when tﬁé%ﬁ%ﬁ%f%kﬁr?opghégfrgafﬁﬁn% F5PUFBRovi ng (dehydrati ng,
dehum di fyi ng) wat 6k rugipoeentt (biné spres¢ntonhaenedonncohprisber abyieat-

heating. By suida éﬁg@ L ng. i i e thermally
shrinking ar olr&r}a%%t:gyp%ﬁa, deﬂ%%b%rg%%%g %%g?hgrg%ﬁ%ygg?%g%gﬁpngggr Smat i c
polyanidg fi b erRg e br e, resitk ovith op d¢hethansunohatic fobgansteeti ber
sheet having &g $smalprLim®nsg onal change and exhibiting excellent heat 35
resi stant dinmensional_stability and_hum dity-resistant di nensional
stability even aftéet YRR porrdeplefivmshi hgati PReGareRarRd dryi ng.

- ﬁ3 Aﬁ thehﬁr&lﬂceléi&erélpfe@%é@aéf rifﬁéfs;%ﬁén@wan&smwmkggt iaChealky][f?rd
other than the aromatic polyanmide staple fibers, there can be exenplifie
54 n?I{b%ﬁ%ﬁﬁ&?cgﬂ%$§e§?%?te9ﬂiBg?iﬁ@V?PEbPB 8P¢stal I i ne

staplefibersroef a Who
5 propeify updiheunasety;ing aptelid iberls wiiah heher sgythetici Agbeonsheatng
aromatic pol yngy ﬁt??h par aphenyl ene benzobi st hi azol e and
polyparaphenylené' enf%%?%%iézole, and staple fibers of a

pol yet her et her ketone. 10 Next, at |least a portion of the heat-resistant

organi ¢ synt hedyie Dalederri St 8 & f I8 sprapiAgged in the heat-resistant
synthetic fiber sheet of theﬁgresent j nvention, nprises staple fibers

col
having flat end faced of! &SHapet R GHw: + HugrEating| phei ghape ofipaf| at
end 15 }?Ces|siap¥?|ﬂ1bﬁrtdumpﬁﬁﬂﬂﬁﬁﬁéthﬁaﬂrféﬁ?%ﬂﬁhfﬂﬁﬂg%%i%n angl e adof
not smaller t egre r ef er.ab) not s er_than egrees. an
nore preferab %?%tn%oettqs%&??@m%%acno%ﬂiéﬁ etd ?Ivimt??\a?'e’éﬁijc?t?%t a® gPE\lﬁ%t 5°t hat
crosses the ﬂﬂi@ennﬁhﬁelznfrﬁkﬂupnﬂgﬁms:iﬂantimminamdflat end 20 faces of
the staple fibers gan be farned fy q/.'i]vé’:w 'ﬁfu@éré@frbgdl?]il?': aéé(agfl & !N
urllTotrne cutte

producing staple fibers by cutting filanment tows, a ris
used to cut tFEaNYFEReE AVt aHB lahpredeet vrecat obwvof fiak dhdde

ther eof 2bei Ng faeeld Nebrk i RSi 4 etk ANG s 1 ik aSe 3 40 & pndRedegr ees from

a plane that crqsses the | engthwi se direction of the filanment tows at right
angles. O, aﬁé%ﬂﬁﬁf(ﬁﬁQ%ﬁlq used® XU T HeS F3M antRNEC af i8¢ Hesi red
angl e from a phaes tdfatthsy gaseertthe dwengiton se direction thereof at right
angl es. 30 Annul ar projections can be forned at the cut end faces dependi ng
upon the cutting device and the cutting conditions. To formthe annul ar

proj ecti ons h&@sSg Madd iffed Gafgr idve Putt the Hirsrristidn t he stapl e fibers,

there npy be 35 usathed Héddil iy eiitidr® MAM bl agle dmde: of a, npferi al

of a Rockwell hardness index of not snaller than H'A 80 and, preferably,
H A 85 to 95,a5FeFﬁ§r§qn%F ve thg, above-mentioned object and have

discovered the fact that the staple fibers constituting
the heat-resistant synthetic fiber sheet can be opened to
a sufficient degree when the staple fibers comprising a

30 heat-resistant organic synthetic polymer such as para-
aromatic polyamide staple fibers have faces that are cut
at an angle of 10 degrees or more to a plane crossing the
fiber axis at right angles, that properties of the sheet
and uniformity between the sheet layers after the heat

35 press-shaping can be improved, that various properties
possessed by the laminated material for electrical

circuit boards, such as impregnation of varnish to be



used a rotary cutter to cut the staple fibers at a velocity of 10 to 300
mmn while inparting a strength of 0.03 to 8.8 cNdtex (0.03 to 10 gf/de)
to‘the filament toes. 5 Nanely, in the heat-resistant synthetic fiber sheet
of the present invention, it is desired that_at |east some of the plurality
of heat-resistant organic synthetic polymer staple fibers have at |east two
annul ar projections that are spaced apart fromeach other in the 10
| ongi t udi nal dh'hmrdeicbrand reltddts:mfes]e indulstdes) reantbat fthehkar gest
Cross-section r on.is. 1.1 tines or nore and,
preferably, %flzo%ltoé’eefo Fies o %Leé)ac\?éeﬁ%éet%?oéges I&Y?gﬁé?nsl ze of a
portion between thd&n wdearmidsanpricjwantions, ofhe heeatapéeidantber. It is
further desireqrdhleiid masdt ofnddie JFHdllr@déé ya0§h tc&ﬁgﬁééﬂgho gani

g

synthetic polyner staple fibers, the two flat end taces at an e of 10
degrees dr noPE G IR GABONLARLS ark H]d%lh%%l”rlh ehestaple afiborprofeati ons.

Fig. 2 is a sihdetwrewiddast rdi:tgld}ﬁma digaindesd SERYmOF 9aghg RYRLhetic
pol ymer staple fi,ber having inclined flat end faces formed in the annul ar

proj ections. FRSESF2RS OhfRRLG SHUNERHIOROWTeE FHhHEds a2nd(®r2s flat end
faces of the strapndd |rtwln’L billiers i fardde gdosscseetipnad sagerofikbe

annul ar projecti pr.oj.ected ant ne at_ right angle vm th the fiber
axis 2 of t he%ijt (%r{l e % e S’ % ﬁe@t e‘-’ﬁ‘(’g)}aw e\ %
cross-sklti onallatgrmlof &edent erheedisdtieo puof ttilom n@aaerémismmttdmgam

annul ar  pr o] e%%zln%%tﬁcof &1%%%@ %fé e,k S &Sjeﬂ% %&’i’ef Adgs %hgp chd 1S

desired that the ratio nore an nore prefe from1l. 12

to 2.0. Furth&¥NtgEIGuitdirem &hegty fifcdsr o U thed Thry aﬁaipﬁt)j ections 4
at both end faceseafablie Fuwapl &5 ithereck ahe misd Nold Natbiad FPe FEBASIR, W th
respect to th%rpla go\l\ﬁ h rreets the fiber axis 2 at ri ght angles.” The
angl e a of ™ & Sfy degrees or nore as descri bed above and
is, desiFably, 15 'rA(s &@edé@raete&es'ﬁfsetammwrajarmd)jsap-tﬂmm:.chqyd>r5gnéﬁe

inclinedflat fa rk forcethe baondi aple . fibers in 5

the synthetic ?Bg’lr gﬁ%ee\t% gl% ] |rrpr &5 1 rgc%q%ccalp% ¥ % of the

synthetic fi béﬁia@ﬁ@etflbghr@pélasrtlalm |ai @b@tm-ﬁhmrsj odpet@abidndya The

heat -1 esi st anthQEGaN &ePYRRARLi JRolTR: S SN0 U et 1 ned
0 e

flat end faces nay be m_xe er st ple ers as par
heat - r esi st anf“°6PgaW|h@1§97ntal¥é’E“iaGl}§olP)¢r¥é’re5§te§plsé=am1lferfslb€|rrﬁ tenilidsieng it is

desi redd hat tahelsﬂuaﬂl erfylsft%ll&ﬂfh@Vl fpe&ﬁﬂyl b nid1 18 [ afise )EGHPY: Aot
| ess than 40~ b% h_t .and, nore pr.e 03 , hot |.ess than 50~ By nmass of
the total mas& 15 "5PRERATIRG SLSM: 5‘3&8 POET \FRAP Igh & 1N 2™ "t he

staple fiber sphévemgetrhehlemdxlewne@ fsrtatplencflﬂmm i sAns:maj |terent hait 405 by
mass, the Opeﬂbggrgﬁ they %%aghg %&%ﬁ%%l%nﬁpﬂgéﬁﬁg e %ﬁH§§;'9H$'°”

thereof in the synthetic ber sheet are I"Ci en
desired that ERE8PLEnERBE¥SoMay Senyglsedf ilBer isdindie H‘éatd- s ibstiave msiwrechet i c

pol yner2st apl eohebaes |1$1 ftrw@moQ &%rteOkfin@@ dtex (0.3 to 5.0 de) and nor e
preferably, fromO en the fineness of the single fiber

3t )

in the staple fi be?g €i §r§W§ItIlEr ppﬁ,gﬁmggleo@gddtf@g the dadtiwasifivamitcul ty
i s involved i oryheipreguehieedcoboflliyhets saaplehesibdes, cwatrs iy eak and
fluffs occur Kk difficult to stably produce fibers af good uallty
and, further, P?‘\a}ggﬁ hf’ﬁgpc?&g?mlfiepf"f}gu B8R O tch’ém% r‘?g‘H‘éises Sxceeds
5.56 dtex, onwhhehonhEr lpasdthade Bﬁemnéehamrezflerpﬂodgermws lefs st h:ﬂ'lafri lser s
and, paydicul dohy) berHechaglealng! b lq%hc%%%q%uttqw e %%t

ngcahanl cally

heat-re5|stant synthetlc pol ymer staple ers naé
fibrillated b8¥e 8BS F&BPyriAE HnﬁﬁﬁléeBFeﬁGPtﬁér Ytﬁéﬁ gol loyimgss. When
35 the contentoehuthe(fjbrillated staple fibers exceeds 50~ by mass, the
synthetic fiber she often inpregnated with the bl ended varnlsh to
a sufficient ﬁﬁ A2 rﬁﬁco ~Ar,-CO- -—= (1)

wherein Ar, and Ar, are, independently from each

35 other, divalent aromatic groups.
It is desired that the divalent aromatic groups
represented by Ar, and Ar, are selected from the groups



- 16 degree. It is desired that the fiber |ength of the heatresistant
synthetic polymer staple fibers is in a range of from1l to 60 nmand, nore
desirably, from2 to 40 mm 5 Wen the synthetic fiber sheet is to be
fornmed by the wet sheet-making nethod, ingarticular, it is desired that
the fiber length of the heat-resistant staple fibers is in a range of from
2 to 12 mm Wen the fiber length is smaller than 1 nm the obtained
synthetic fibesf stteetfdDl¢widerfagaebgat e2)pften exhibits insufficient
mechani cal properties. Wen the fiber I ength exceeds 60 nm on the other
hand, the staple fibers are insufficiently dispersed in the step of wet

sheet making, and the/T1Rer sheet eyhibits insuffigient uniformty and
i nsufficient 15 ne - Bt 0pe ' et — Next, the fibrids
of the heat-resistant\_arganic synthatic/ pol ynmer for the synthetic-

fiber sheet of the invention are thin leaf-like ® cale-1'i ke small pieces
having a plurality of tiny fibrils wth a binding 20 performance for the

staple fibers for forpng sheet, o e very small fiber pieces that are

fibrillated in a rang shiﬂgn. ggp { brids can Ae\prepared bymg'zri ng a

solution of the orgaRi ynt heti c mer with ipitating um f or
ation, 25 '

the synthetic polyner e appl yi ng aring force thereto as
di sclosed in, for exanple, Japanese Exam ned Patent Publications (Kokoku)
Nos. 35101851 and 37-5732, or by fibrillating, in a random fashion, the

ol ecul'e- orf ent ed sfianag: 3ol & obEahaet  LO0LA, SEEULLAN,8E B i Of

nol ecul ar 30 pol yner exhi biting an optical anisofropy by applyrng thereto
mechani cal sheE4MHYLdDrce) sRIE B JroFRARYHEOgenea bPBFTeMpybPeds are often

cal l ed "synt h@dwsmxp&'ada%ydsr@@l&s%f@ JEPRALS§e i A0bNEY PaLEPt alkyl
Publ i cati on (Kokoku) No. 59-603. O the above nefhods of producing 3%

fibrids, the f%ﬁ?ﬁﬁgTﬁﬁ?uﬁpq%ykw%ﬁ%ﬁ%ﬁiy used for producing the synthetic
fibeL sheet ?)f the Mﬁ&ﬁﬁhddﬁleﬁﬁ!pfbducinéjtl:h?'h@r&@@gié?ﬁbﬁraﬂi?@rgagi c
synt heti c pol yner_used a starti.ng. material for producing_the fiprids is
an organic syr#g‘?f)e%lisc Lb%?@rgorr h‘%\‘ﬁ e S Or M S PR EREFEG BFQ‘FFI ﬁg??ﬂ:m' ng
property, and,ofdesie abivyenthiam andernal f theteconppstrties- havei aeéeng

t enperature ofg; r: 4 h t i I r rm ng
heat - r esi st antdji‘r!’(i}%olrc%é(}%/s&,3 %%’erafyeb%an Bﬁ%b?%ﬁ%ﬁ%&@? %%ﬁ%?%gﬁgf yam de,
aromati c pol yéster BHEHet focy1 1344 nd'a0 Tohi a9 hi agd afonad Be9HdP ymer .
Am)nﬁt L blem _ i(jtari(cf :Fa?}jéﬂé@f(é m&wmé@dﬁégw@e%x%ppzyﬂ%é@tghgigaksﬂ? No. .

i sopht hal am de, (tradenmark: : uf actu on .), as_well as
a copol ypar apteri® VIZ% ﬁ%xy%?‘;]f%é@:{]eﬁ\éotegéb%{)%ﬁgn?%@ Iﬂ%nt%‘rﬁf’%&
inmpurity ions 15 i rAsnEld aromatic (pobgkemedk: £ Tieshnosai ngeaxuté et aned by
Teijin Co.) a @t .C. pol.; exh biti Liguid crystallin
property upon%%ﬁﬁnégﬁiggéqﬁéki%§§§é¥Eﬁﬁg4$%ﬁi{ﬁ%$é;%%€r%£c%ﬂ?%%#l§hﬁd
conpri sing a Coprinamerr gfatel -Hnddranddrenzober adh fclants aan aromatic

2, 6- hydp 9xynapiyhaing &0 Bitddl (dpdesBidea BEt D, aawf agtpsed py) Kugaray

Co.). Wien a particularly high heat resistance is required, 1t 1s desired
to use a pol ypar&thetil ERE BénzdNF sTXADRTEC (FF Adefraf k: P&XYROROS kaABRECt ur ed

by Toyo Bosekiared.9f wWhHidheHwalot£Sitdodd aydiheti€ Adbesmshest ofahhe 25

present inventd.on en the fibrids onl re used as i nder, the content
of the heat-regsol sf'{oal\r%]' orgoéhqrcets‘i/n‘?}ﬁaé?é‘ﬁbgspg?% ogibr?cfﬁ%g?s in a range of
from3 to 60~ Hol yresssphEmeflareblbg rdplorh Al drol dib-s tap hastilbeds mor e

prefer a?by’ f r(ocr?a%énpar%p:"' 1@(71@3.5,5 n@h&f?c@ﬁséé 193; cM"ePont Co.) and

copolyparaphenylene-3,4'-oxydiphenylene terephthalamide

staple fibers (trademark: Technora, manufactured by
Teijin Co.).
In particular, the latter example contains impurity
35 ions in only small amounts and exhibits excellent
electrical insulation, and is, hence, is useful as an
electrically insulating synthetic fiber sheet.



30 total mass of the sheet. Wen the content of the fibrids in the

heat -resi stant synthetic fiber sheet of the invention is smaller than 3~ by
mass, a tensile force (tensile strength) necessary for formng the sheet is
not inparted to the sheet in the step of_ wet sheet naking. 35 Wen the
content thereof exceeds 60~ by mass, on the other hand, the bulk density of
t he obtai ned heatresistant synthetic fiber sheet becones too great - 18
(exceeds the upper As ntleistdpleovsiiescsi bed phef eyhedetange igkrbuhket

density, i.e., g .and the _sheet s _not inpregnated with
t he bl ended va?ﬁ?@ﬁgﬁr%sésﬁ?fé%@%?lgggrtg’?tge%eﬁh?ﬁ@ P8¥t &Rt USES he
fibrids is setMeta{aromdtaic vedlyanidei shaplehéibbosetogagheri wikh dasired
Shear  ng, net hodlo i Selos e oide e B e BE QL Bt g kMR odhBaeBive
Publ i cat Pon (RKGIAYAIRNS BBlyamide oi s Jabanasengxaai pedyPatdet of the

Publ i cati on ( kpkakdl)sdNaw 13 - b7 324 he,- m x| atl 0 be
relatively high, on the uot heér3 ﬁalrlrclj}/‘\,%i%ciGl ﬁﬁésﬁﬂ%‘{zogﬁgebﬁﬁgg in%ri ds

t s
produced by a TEWIE BERYRY The'hbtlctheokPeat eBospEpaBonnti ébespt

di scl osed in Japdrese $heaii SEddby Pagedt hbhé CA6H08c 4Kk Ok Hh dNRon29- 603.
It is allowabl eal% ve, fi roduced, by the_above net hods

use t.he. abo rids
bei ng ni xed t dge aﬁlelreslasc%a%tbrf%r?d%f‘a}b%?s Te\HRh tRePRFBH8S: prBdABRYSHY
the forher netthedqqf egigliude | sippiesli fitbéss adflea, hahepo L pgepebhod) are 20

d, th - i t ic fib heet havi
i oh bulk denaiiy e he THHFe, SERABhER oY L8| oo P8 sHRoRE (BRLE ng
the nol ecul eordferfes PRI Graq id ea)d ofsemethat ierapidhas dieansesyliba the
other hand, theyiel cmdheraducad ahead s rﬁ%S&fg@oﬁe&g%@%gﬁ?gw% sheet

having a | ow bul k density. Therefore, which one uséd or
how t he i xi nG*H3R4NE of? thrd k3l nephanekiedher s 4et er mi ned dependi ng upon

the usel®f thelichtizictRbHeaiinasistadn® ey hetdce fdboni sbest  aSMenas.
properties re i for electrical circuit

ired faqor..30 the | am nat ed eri al {
boards. Anmpng Léﬁereﬁc’gé}qc-artels‘ﬁestea‘?ﬁm@regsarﬁrbcga HEt 3R D of RY S sehpe fibers,
further, sonecopsdiymerdred @imastich mrlysdmidk omtdeedxby@l direction of

the fi ber thr@&% i &ﬁmgg i f.vi nt .for renoving
wat er 35 cont ent (ltr%’t?%s%%pﬁg g?nlt%g?eﬁle In ﬂgery% %‘?éﬁ%ﬁ%@l?%é

heat - r esi st an®Pod¥F&TiexYdydeane itersnhharl aniste dar Ssophthrdlic sawkd t hin

|l eaf -1 ike or stdloe-ildeke tdrdgrdmdiland acid hi1d©Oisdrdpk or stretch in the
di rection of Ien%"tph throu%h the sanme treatnent as the one described above.
By using the fEBrPEE YHEARCSHARINE updh RaRfdh i Ty dMe tHORIBEG ds t hat
shrink upon deolgratiden sitapdenifiitationn antcd motd SdHd sl Bximen g ati o,

dependi ng upo he pr rti-es, therefore, it js allowed to obtain a

heat - r esi st an%ntgyn héa?!%%ahlgér nsc%eeltescﬁ qik}ﬁrbr#qsﬁré‘ﬂs%i &gﬁ& fotuchidihe, or
only changes &niitst lage awed apfhicsly len® hiscphepbedldreinte hpadupesieiaily

di mensipnal stabil hbyaand bugedi by 10 s aac;;%r iamgp j.opal stability even
after the washin ,V\,i,tﬁ1 V\gter aend drgil/-li r?e%?re?e . e%te r%el' iqusevstaaﬁ%yr.e In the
step of form RGRPRELEREetCoMAS iRy osedd Yofexhdbishadie frikidry, affect,

heat - r esi st antindr gaei desyieketfior peley R sfidylieds Wirs aora Rididede for

bondi ng stapl e. fihers to_each other. Hawever,, the bonding force
(adhering for?é%gfhgggg o gfs%]lel EF SERAT RYESFYHer noset ting resins such
as epoxy resin, phénotheebent-pelsyistentasyntéstic rfalbar thgedsSidt, the

f or mal dgpyde £$bR+96nf | y resin,. .l { t of faormng the sheet
20 (step of wet sheet nr‘raEp%?gEt’ggte %r gféstlﬁ%ds%@&%- &%rempﬁ$ ce is
enhanced by uBPAYaBAdEr §aapéer Edbrrsi ader useldeatted fadihat o alodve

TR e R e
ss of the
organic synthetic polymer staple fibers. When the
35 content of the para-aromatic polyamide staple fibers is
smaller than 40% by mass, the sheet that is obtained may

fail to fully exhibit the effect of the staple fibers



25 fibrids. Wien the fibrids and the resin binder are used in conbination,
therefore, the amount of the fibrids can be decreased by an anount of the
resin binder that is added. In particular, when an epoxy resin having an
epoxy functional group in the nolecules thereof and is 30 capable of being
di spersed in water, is used as a resin binder, the obtained synthetic fiber
sheet exhi bits good conpatibility to the blended varnish that is used in

the step of prtﬂp:atrlma PLpregd sackes h@teahsaﬂelél 8€d1@ HEQQH%E havi ng

good quality. V\h([ the rﬁaln bi nder is used gether with the fibrids
it is desired “E"n’%ﬁ hEHRRHPRE BYRRTHTG the ‘F‘%é? n°5| Rber figernatt 6ﬂahtmass
of the heat -r esigltest - 20 synthetic fiber sheet of the invention is 25~

by mass or |ess an r rab 0~_b rol en the bl endi ng
ratio of the resi nqkl%%etﬁlég%ée%%séggng%lc n%%gﬂ ‘g?l an)eV\EégFﬁ?aFrﬁass of
t he heat>resi 15t BrWhhayrtiebie %iie@t @}mﬂe‘al of nghehpreeenn bi nder, the
phenonenon of 1rrﬁ;%rﬂ:1t8d1d%ft @Qr@éépf'edstﬂ' eé‘tf Pgﬁfﬁ eQa&? <RE Fhe

suffici ent degg}eq t he step of formng t st ep

maki ng). Due t eh"e'5 M Yt orP b¥ed hee r%lﬁn%lh%lérth@h@e@otémeshénd

i nterlayer 10 rashergigrdronsie; PasaESe Aotk f DI en aoRag metﬁéoefceangfback
surfaces of the s c{ﬁeet a the internedi ate | ayer thereof. Here, If

obt ai ned sheetP i eed“e‘ieh ‘é?%‘fjecf?%%Y%’“H@%t?F%B%%dﬂF%ﬁe SO
;_ntt:)er rrﬁgw gte Itiyasr wfe tel shesdres £ armrw][bix?ncn@i ym@tefnagglsm@gﬁpytéae

i ber ensi ess. uni f or after a it
difficult to (;_'tbt ain ﬁqﬁzﬁ‘{s"{ynﬁi%‘% i %r shett y%%?/lr]ﬁ%gss?lg?%ctory quality.
I'n producing e tredichesk isstamite sfahidms i ¢ Andiey sheret Df fhe pr esent

i nvention, fuddiarcding 18 Qﬂelseu?&? f’&cpq{ di ey ei\./:?ﬁé(q_fxﬁlgg aﬂ'gm%ﬁlct: he

step of form ng .t he sheet (ste eet ma her ef ore e’resin
bi nder qui ckl fcd-é’ﬁ‘i"é&ees“i%%? tﬂﬂ’éo%lfsaﬁ}l’@?l%@ Welb%t@m aheh Tabipesin

bi nder i3 used irﬁarﬁgesidmlﬂdm nd.1 Besides, the phenonenon of resin binder
mgration is supprgi1 |n 25t step of formng the sheet (step of wet
t

sheet making) unle perﬁ FEHE NG | TG TRA - HRIB T R
pr edet er m ned srt&pile. owrrst hefure:sherr Diitderrs addgs fesd uSiegke a5héflﬁabl nder, it

is desired th er atlvetot eto mass of

t he heat-resi ? g’tnt{é%f(f% At he Qfggeif{pbe eergt cherL ﬁ%%ﬂei s #r?%m 3to

60~ by mass, pE&EONaliSy becagiaey tt61€2(f-4hgrﬂm‘ﬂst§ Mstﬁﬂrblmdafa attey, from4

to 15~ 4y rrasgtr\%@mm@er@wmﬂ&téa&@; die dLsinb bfl%’@fs'?‘r snal ler than
or

3~ by weight, a tensile force (tensile strength) necessar form ng 35

the sheet is FHIECHE @ﬁi itPp e e Mae bgpg@(rqsp;.s[ I g dTeéﬁbr m ng t he
sheet (step oftmttmlm&ehnmﬁm@)tdp ke Wireiddhe dr brdfls e drsgoh

conbi nati on. h m Xi,_ng i 0 excee na urt her,

t he phenonenon o%r%egﬁn YA &® r‘?’leﬁrsat %’tﬁqrgecﬁ cﬁﬁ}ﬁﬁ%é@%{f cﬁ step of
formng the shées,(dess ekhviiitsheepeariomynde ks veheni rideer fidtrdrtisalar e used
in conynation. 5 Fhenkedher %%o%ztea%tro%é'%tl%eédocl}jdnﬁed’e sﬂﬁoeetrsc’f % pcr esciant

i nvention can be groduced by utilizing a
d

is, a predeteftRi S8d1AfodRt toe CHe aFddory &F §tlé3r$tr s%ﬁﬁsneimcb %ﬂﬂ%/lmnéttapl e

fibers such asteaeewdt wbepokhey deeSipapl ad ither £ radnat MQAMId&fby hgl0

pr edet er m ned gng‘ugt gf fi bl’lgj glr hed, thrown into water and Tare
honogeneous| y (HFE¥EF &4 e Hmﬁ' l%ryéﬁ& e V& S FEFRO TGN (P IRES) havi ng
a staple fi beconmaaeaﬁr dni aheoif ivetroty heardent. ratByorslﬁJ‘taﬁstla_,»pl e fl bers and
fibrids;gn a ro boyt 2 U about 5 b n, as

r equi redd a d%ggggggg g)q% %ge\rlll%él(q? Fsi t;JICléde ustl tilferﬁ‘{ l;ga Y t he
slurry and, théﬁma&lwepoﬁiap@nd% fibemsd apg &h\ﬁettheheetlhyalem@trmnhm u5| ng
a Fortlinear BapREtFBCRLAGARL d@ CEYle'eF}@er t'?i%%'é'f%%e Asthr %wlrse%,btali an

organic resin binder resin iLs onto y
net hod or theaP|R§°Wé?hSdPP%YQWléﬁnﬁﬁPeéfSéeﬁﬁe@@Néﬂm @e@ﬂ§dﬂ|d conponent

ratio, follovweimbysdeybngchiRgeolhal BRAIBRY ifRERKcI 1A% HR@YLred, put to
t he heat. press-sha |ng 0. as to otital n_a_predeterm ned bul k den5|ty,
aglmensn.ona

t her eb 0 obF 8PS 5°R stability and humidity-resistant
dimensional stability even after repeating the steps of

washing with water and drying.



25 resistant synthetic fiber sheet. \Wen, for exanple, the synthetic fiber
sheet is to be put to the heat press-shaping treatnent by using a cal ender
machi ne, the cal ender treatnment may be executed between a hard-surface rol
havi ng a di ameter of about 15 30 to about .80 cm and an elastic roll of

whi ch the surface can be deforned having & dianeter of about 30 to about
100 cmor, nore preferably, between two hard-surface rolls having a

di aneter of about 2% tih 805 1&lef Bred &) OF dgrnthat
organi ¢ synthetic }fﬁ’ﬁl yner 3@5&@1‘)I bri dse are softenegl1 E%ng@slegf}fc BE?%\ﬁ%gt o fully

exhibit the fFETSTHs RAY M AR D nideenth S| TomatbE| Pellyemagot he

cal ender treatsteptle efipesrd UrhdSe S&in i e 8exemp22f1é§n§€é .TLHrE.LBéPSeo?f
from?220 to 4%0(%, from250 tp 350C, and further

re pref erabl
preferably, fr omhfg% Y% GG A Bfob T X bohre nng‘E‘F\éds?’é)éFEaHb’é?s i's
obt ai ned>t hr otr¥IP R Yo alrd ave Itvioed mesttami e hf ibéhe @boy ehStoBdEoDed

tenper at ure T 068, ddn et o4 Nelorflasid Gh il thepalgnder treat ment

pressure is controlled to posses S5UT e |n a range of from 1470

to 2450 N cm PP3YPEF aReRy) hank ohigt e it 2d ke ably, pd L ppe tFpHe hpl 40
N cm (180 to 2@&z@%ﬁ§8&aiﬂ¥éf“%ﬁleé&ﬁtérf¥B to#ising 10 the cal ender may
be a one-step treatnent sing a calender nachine. To obtain a sheet

which i s nor e PRONSEEFEAIIS M &Y%t recti on of thickness, however, the heat

press-tI@at ment nmayesa ,a dovd-edsap £PERdIn tdﬁ%ﬂ@ﬂﬁeéf@é@ié‘@a@t
prelimnary hg‘&t ress treatnment. .15 Througg;[the above heat press-shapi ng

treatment, it Si PR TR G RO f Snt1RSAR AR 2 0 1k HeleR

adj usted to p@ggé-sge@ltﬂtlamtdaymﬁr;emfc firidra0. sﬁkfeéto ds %@/ﬁf@serw ef er abI y,
fromO0.50 to G839/ fara m 0. 55 g :

The step of produci r%%rﬁfh%%% %%e%rteﬁ%ﬁ%’ergﬁ%%%% che Velt:rf‘%lé];?t c‘??‘%u’fﬁc%ar ds
from the heat Ofedi Shape Spntsherine i Fdig sHeet Iof Ring. presen fhaﬂenind)n
includess a st gpcek heatnlr ad WENtha!SHAJDe @lbed LENPA AN S rPeL a;ﬁ: h as
about 220C. Unless the thermal hysteresi's at a 25 tenperature hi gher 't han
t he above heaPPBl€afnrt ntoénﬁé‘rad{liﬂre tll’@n riﬁhrd@raes ,acpmmamlyheqot
heat - resi st an e inker i nvent| t.herefore, the
heat - r esi stant% %32% e:tlth% f 1ltg)erd ?} evél opE il f&% 'cH%ﬂ'Fge?“ %o
heat and/or i#fPaprndl gegxess wn@mefr@ﬁ@ecso tiche giteaiened tradductosese bi t s
insufficient bgatrigsirshanl gi ARNS I | it | ff t

R P oror o TR arihy e T ene

resi st %rbce agai nst defor mat i on. or esire
heat r esi st ant T&GREhBET ENE; Eérapéﬁeétlbéﬁ-’st ﬁénprb@sef@trmeﬁlvém icorvarsietyl exfder ed

under the connethods.of Fart @mampabur e_no r%@uagggt gt%%qg e d |b|3,e pressure
,of 1764 to 2?}1:'-}9 Mgmfﬂg% Q n{ Xr\h% -treated at a
tenperature of - ForoeXanprerts Bﬁsf’oF gui Stéé"e Fh‘é?tﬁéatlsr asiest & cut. 23
synthetic fi behesfadamehat tbwsculiehdehed len@ethwlllse ahree tiemt icgnete
condi ti ons expiphbsc RefBRNSLORA! 6RARAE, el QN9aLy 4 gﬁgaaﬁ&c 930 or

| ess, %r ovi ng_excel | ent. heat-resi stant si onal &t her ,
has a %ul k 48nkPty0i Aegregagérem fr é%\a0955hﬁ(§ Gr¢5sglscrt$1ee>ll$|nlg|tmwngea

tensil e strengiheaddoancEntgel ay%mee;el ltBQsSEFte@thBtV\AAh%ﬁe%re lbar gg enough
for practical ynt hetic fiber 'sheet of

r‘\’,\ﬁ The£§ are § re5|ﬁt ant,
the invention"Whteh T8 ﬁfeﬁﬁe}ls??e Pegubather Fé%W&PFoG?V"anﬁr dperties
required by tdesinednanetiemireni al planeetkatr ceaksekr et 1eaatdsyiaad by the

step of produ&if?c{f nl@g&ggggdagaﬁggbgl 52V\gen t he heat-pressing conditions

in the cal ender ireéa excee BoCRrcm (250 kg/cm), the bulk
densi t yOof the obt%tlilml@blashpeojeetmayseaaaeuelfdzsmgdcaﬁ thbr oughehble heat

oot 11 ci ont ol et s opadPag] apo PR ERRETh L BB R NG BRB: FLUFEBEr sheer

coefficient of water sorp eST St ant synt
drops due to ¥PAEr_R%t i zation of staple fibers constituting the sheet,

making it possiblero form the annular projections having inclined end
faces at both ends of the staple fibers, there may be
35 used a guillotine cutter having a blade made of a
material of a Rockwell hardness index of not smaller than
HrA 80 and, preferably, HrA 85 to 95, or there may be



20 to control the equilibriumnnoisture content of the sheet to be 3.5~ or
smaller. It is desired that the heat-resistant synthetic polyner staple
fibers and fibrids have equilibriumwater contents of 7.5~ or snaller. Wen
the equilibriumwater 25 content is too high (when 7.5~ is exceeded), the
equi librium noisture content of the obtained heatresi stant synthetic fiber
sheet may often exceed 3.5~ even if the obtained sheet is put to the heat
pr essshapi ng. J@@deﬂufbtbfyuavﬂﬁéstUbecﬁentﬁatsQEpubefSB@Q% 3@ that exceeds
3.5~ adversely, g{fec{s t '§Ct§§ al/charaﬁ iflSthS such as insul atiagn
characteristics, and s® i B/ MiRe"Rdal- FBERSEARE &y STERENBEDT Pher
sheet used as %.%hseon&t&rtuydtex {beOBatonadedfrdeer tal ther fellagienitcal
circuit boards.ggguires careful attention 35 for selecting the
heat-reS|stant staple fibers contained therein and the heat-resistant
fibrids, 2and for sef#MeYthénbteAadhaatraesbsthBkedynthetigdfiPee sheet

equi | i bri um N stike spasent Qﬁvéﬂﬁlbﬁat£€5k§té@Elﬂéat gﬁ%'tcaft' g ggheet of
t he pr esent inventio | S I’T'EfSUI’e a nmet hod describ elow in COI’Tp| | ance

with JIS L 105PMet the B %5%%}’h‘éﬁth%&rg?aﬁaﬁtsngyﬁrﬁéﬂm pypshesheet

is dried in arpaa:tym@@@f@pﬁé aiberperater 80l edd0CtyBt hhnhhgrabsol ute water
content becones 0. nﬁ¥§theat-re5|s ant s¥ %hetlc fiber sheet is
t

neasured for |QEP?§E£§?%S abEo| TRRF G dPPaLEat EOMNBRED PhBEEhdBt thE | ef t
to standlin anleigisphinel 1@iovécaiorl atirvethisi daby, ol t65sRiekored2thaurs

to place the St o) an equil Lpriumsta Then, the
noi st ur e- absor :ﬁ%aﬁgggs%£é§%t§€§ﬁ?% % %lgegkshggt apgu Eﬁﬁsured for its
mass, the|%ﬂ|R¥?}90¥ﬁ°@rﬁﬁwktbhtlmﬁér@bfm©nethedabpvefabsbﬂuteﬂylaryonass

is 15 cal cul ated ahds se0erses éLabe @&@gugéepibﬂmﬁméu%@ ontent of
t he sanpl e sheet. The heat-resistant synthetic ber sheet e invention

contai ns heat BUGIRRETIYEM LIy Pe ?%ub%¥yﬂﬁ?3§?5bPésfPSngeaﬁHaphe
whi ch at5| eastfidgee. staple 20 fibers have flat end faces at both ends that

Tore and. further gy erel ab150 30 GROFRES Brehotb PEFA Phetbs BlBrANCT
crossing the fabhedreatdmesistdet fohgasiatsynghet angbesymén shepitep of
form ng the shegle(st e, Jg%#% sheet, I%%#% Lhe fgﬁ the ?hagéergégers

are easily di saggredate eneou perse are
hoaneneousIyQ%uFQHQrﬁQ”@vh Q%mﬁ%h%raw¢af¢rm¢ddsnahu¢oanaulé5|n bi nder
havi ng pondi nggypresidns .Therefore, despite of its relatively | ow bulk

density, 30 the he%t-res st ant s.ighetic fiper sheet of the invention
possesses a | arge terkile strd amf% 1 %ﬁF¥?ﬁ%@9a%e?e%EE¥?ﬁbS§%?%ngth
whi | e exhlb|tmmy&nrnnﬁynthemﬁmipw%ymeﬁuﬁmﬁplerEi$EISMﬁfﬁnglDnéhenddFECtlOn

of thickness o) |s cau ed by changes in
35 the tenperg?%?%Qgﬁgqﬁ%%$%f¥§ﬁa%%q%ie€&é & % % ?%?%.%°%§hthet|c fiber
sheet of the inventifoFis. fawvamEbilal mpreiget tonwi 4 hatdef bived et vewai sh,

permtszs - 251dhersi %Hceeg'@@r%é %d@&fé'fflg@yeﬂ'tﬁélee;nlfhéfhétep of

press-lam nate formation, and, hence, kes 1t fOSSIb|e to forma uniform
| ami nat ed mat &5C5S-S2qbiQmR lEsize of the annular projection projected

onto the plane at right angles with the fiber axis 2 of
the staple fiber 1 is denoted by dl and the average
cross-sectional size of an intermediate portion 1la

30 between the two annular projections 4 of the staple fiber
1l is denoted by d2, then, it is desired that the ratio
dl/d2 is 1.1 or more and, more preferably, from 1.12 to
2.0. Further, the outer flat end faces 4a of the annular
projections 4 at both end faces of the staple fiber 1 are

35 inclined at an angle a with respect to the plane 3 which

meets the fiber axis 2 at right angles. The angle a of



The invention will now be concretely described by way of Exanples to which,
however, the invention is in no way limted. Test pieces used in Exanples
were prepared by the 10 net hods descri bed bel ow and were eval uated by the
eval uation methods described below. (1) Prgparation of test pieces. (a)
Production of para-aromatic polyam de fibers having 15 flat end faces at
both ends at an angle of 10 degrees or nore to a plane crossing the fiber
axis at right ianglfsatfompl Ugal ) tgegfcpararanordt b pekyaibae HBbLEf ahament
yarns having a fi ncfness oi 0@? tt_'o a S%dt ex (0.3 to 5.0 de) were conbed
whi l e inpartiny welet 2P ther et 0°° ahl A8FESBENdI ed toget her such that the
total fineness was Bb@uniillanOpfrdject {40, PAGine) thByitsilnged gukkl ehidne
cutter using i I r f HrA 91, the, obtai ned
mul ti-fil anentafétgoév\%%v\iﬁg %%tﬁ?ﬁl?ﬁé%@%r% %t§${§n§%g§ ?gnSFﬁpE‘E ?8bf§s’nﬁf in
manner 25 thattheesymighetvs fieeh| shleewasas tegimpsove ahpl meehendsailng at
right angles tho-deh Lofli npd shhepdion plpbheshbbL] - LhhaueoL h0gs. (o
prepare aromatic_pol yam de staple fibers having cut face i ncfrned at an
angl e of 32 dejibesinensiRnal afiedR¥bis¥ng the fiber axis at right 30

angl es. Here, annulgtie M&dectéoNstinad beganior spapbtbot ol Abrendapages 3}‘
Sl zZze

the staple fibers, and a ratio dl/d2 of the |argest_cross-sectional

t hereof and t He &S Qbaevjé?%s%q%}éclfl?%%lalpeéig%aJBZg%é EABeF - BRANBEeR1BEd
por ti on$0bet weentlt hetlproj sicd p ban Sf Ove bot &is Spales, ofvashd . Adat Fees€o8RALI Son,
further, a pl |ty O r tic | yam de |tp=filament _yarns having a
fi neness of O%A&ch Z%Y&lg&%?%(ip(gf%%gﬂe %agg%b HGRTT e #ﬂpg{nf‘ﬁnﬁaﬁﬁt er

t hereto, and vy elhudel oced ogetherheustaphat £ thers ohavifgnenessnedst about
111,000 dt ex (&R0 Q0% el iy Unbna dsd olisy £64 15y dxgé%ggtaa}?aadﬁop ving a

Rockwel | hardness_of H A 91 rotati nQ% at a | rnear velocity
of 5 mmin, tRFORBNSG RALiL95T rhan I0hsPeraseuefi ke Botehghasef 2 to
12 mm tDSIor epar tE O MR e mada/h@m flﬁ]@éla@J e Wﬁéhﬁr@h@?d%ﬂﬂeﬁt'ffofa@ﬁé_ i ECl i ned
at an angle of 5 degrees to.the e crossjng,t I ber axis af rignht
angl es. 10 Hersét,apgh%tﬁe S5t J}aevcjtlf%n ehald“b];erhg ogfr%'ﬂ kI pbeFeFI A% end faces
of the obtai nethasltlogy ecfabet®y ndnass attloe dbpei?ing dhethargesple
cross-sectional,,si t . t e e cross-sectional size d2 of
smal | - di amet erafll&iérrtzsue o%rlesd bﬁ%ﬁl%hﬁjﬁtégﬁr%u%ﬁ% ROt Wl 1983, 15
For conpari soYTtihather i rheet yangd eftemtnet pphfahetentul ti-fil ament
yarns haying a finenesss Qfed 33 tiha Shdt L s W@%%i?,ffﬂ?@ftmg

al fi

wat er thereto, wer e bundl ed t%&et her, such that the to neness was

an ! .
about 111, 000 t&’teegle(altﬁdfwt&é)t. ETF POYTRE I $EAPHR ELRSES, 1% he

obt ai ned mnul t ifrfdnl EIB tHooves. Serdrenut (0 J8 ot 3 eNgd) adnd, tod@ mMm wi t hout
inclining the t r [ r ti yam de aple fibers having,cut
faces incli ne(?qjae?f%g?r?bgr}él e "ot éfi'cfeggr:eoegz 'F%t 1 an Et 0T NIRRT b‘g#
axis at right téeglsesi9lxs Hdrey, ammilears yrwiectinss hiel seehléoresh at bot h
flat engsfacey afy St apliedihtla Ak fdaly o dl 1A fed e, lalgest
cross-sectional sjze dl' thereof and the average ¢t 685 %ect onal &7 ze d2 of
smal | - di anet ePYPSAGERS 1t Vddreshe st ojkagidats arf b hrgalesandwesluf is. 30

(b) Producti omcefuran@ iic palprardde: fidert Heets-odihse 66&5@}% Coff)%a(@éﬁ de
staple fibers de Grl bed nésiar) above, aromati ¢ polyam de staple fibers
described in @)‘(‘éﬁ{pﬁ es aéléipe g el &M/ W &%"yﬁt%tﬁ@%&ﬂw- 35
fibrids, wereWhespeised iinenstseretceqemrss phetor fideastisheaisndyom t he
3gfgogf?§gu;[%%% %%d%éﬁ?téﬂ“ﬁ?&g@?éﬁ%éngﬁu%%e-¥¥%é;é“;ﬁg}c fiber sheets

particularly, the mechanical strength become

insufficient. The heat-resistant synthetic polymer

staple fibers may be partly mechanically fibrillated but,

desirably, at a ratio of not more than 50% by mass. When

35 the content of the fibrillated staple fibers exceeds 50%
by mass, the synthetic fiber sheet is not often

impregnated with the blended varnish to a sufficient



- 27 110C, and the dried sheets were cal endered using a cal ender apparatus
having a pair of nmetal rolls under the conditions of a tenperature of 200
to-350C, a line pressure of 1960N cm (200 kg/cm) and a cal ender speed of 5
4 mMmn, to prepare heat-resistant synthetjc fiber sheets. (c) Production
of prepregs. Heat-resistant synthetic fiber sheets described in 10 (b)
above were used as base materials and were inpregnated with a resin

varni sh. The résgresarni sh was prepared by nixing a bi sphenol A epoxy resin
and a novol ak epoxy esi n a f.10: to 50: 50, adding, to the
m xed resins thereof %scﬁ??hﬁe%ggﬁ?£ %h§59éaﬁﬁ ﬁngﬁﬁuﬁﬁ thet PeR&E-rati o of
t he eqU|vaIentreﬁl$h@nphemmthethgdpokymgrosbapmé fhbeeuruaglﬁgan&ahgethe
epoxy equival e h X di ng ther

cur e- pronDtlndg%g§% ﬁlﬁ g%cﬁgan a uht ?ﬁgtg?ﬁér?BEYo gFOPhe ﬁﬁs oPmsolld
conponenb of tHeerurke 20y prebi¢ nfibgensheas Ds004 be forhgydnbgsthe ibe
whol e mass of soldd £ ﬁgﬂﬁ hoF t ns, . ag furth ddi ng
thereto a sol vent su QQRéﬁé8%0n£§n ra ??%%f% E ggxgés%esgngﬁ %urlng
agent and cur & bR hgl eREt oH the %@@Veﬁ@ss%t&ntoﬁtaaée4®lber§0isby

mass. As for 2m tanermé\cxdf of r bfiPZ egHat  Ofim . thﬁh@ﬁtsehérak%b@' nélﬁétﬁeﬁa'st 0 an
appl icati on nac uousl npr eg nat e W t resin

so .as to be conti
var ni sh. Thefﬁﬂ%iﬁ%rWE&aqhedm?EHBQ%do F%h?%%eSYﬁ%P%bhatédbgﬁeébgeﬁo
t her eby1pr epar € ilvepragsre ot € 1) o Pronluekh Divi ©F pms@fegcﬂéhtnﬂebﬁaﬁﬂéalAn

electrolytic oid W m was ed on_bot
surfacesyof tﬁﬂﬂggédgégé dé@%??b%@é P§3§ a%%%gh %ﬁﬁeﬁﬂ a?mprggstgﬁhered
t her eon underQﬁ@&ﬁmﬁ&ﬂﬂuﬂth@nﬁi&@leitﬂbssmr@raf1@@ufﬁ15®ekglynﬂ and a

| 'am nating terH?@‘s&?éf’é&l ofn Q;ﬂé) $Pry 80 é‘i‘xé‘é% ;gak%_ﬂg ké‘ma”@%é”glber

tenperature was suitably set dependi ng upon
i mpregnat i ng rEget 19 IR %ﬁlkﬂﬁpﬁﬁkp%%@tcwmlﬁ@rmehpeae@u;esutﬁ;Cﬁﬁgtes

subt endes by1ﬁgtﬁauhddxupﬁ5§b£@g@§ fgtg enstapheyfiber and a plane
crossing the fiber i S right a hundred sanpl e staple fibers
wer e observed thr od\gﬁi‘fa’n%dbef %&P Jrf?% copRe, heder LRR)t £52 Rt sppgapded by the
pl ane crossi ngiithdterpaiyme? wed | £t gl epn gk idefiber sheet of
the invention are thin leaf-like or scale-like small
pieces having a plurality of tiny fibrils with a binding
20 performance for the staple fibers for forming sheet, or
are very small fiber pieces that are fibrillated in a
random fashion. The fibrids can be prepared by mixing a
solution of the organic synthetic polymer with a
precipitating medium for the synthetic polymerization,
25 while applying a shearing force thereto as disclosed in,
for example, Japanese Examined Patent Publications
(Kokoku) Nos. 35-11851 and 37-5732, or by fibrillating,
in a random fashion, the molecule-oriented shaped
articles obtained from a solution of a high molecular
30 polymer exhibiting an optical anisotropy by applying
thereto mechanical shearing force such as of beating (the
above fibrids are often called "synthetic pulp") as
disclosed in Japanese Examined Patent Publication
(Kokoku) No. 59-603. Of the above methods of producing
35 fibrids, the former method is preferably used for
producing the synthetic fiber sheet of the present
invention.



10 flat end faces la, b or 4a, 4b of staple fibers were neasured as shown
inFig. 1 or 2 to find an average value thereof. (3) Bulk density of the
sheet. 15 Measured by a nmethod in conpliance with JIS C21116.1. (4)
Tensile strength of the sheet. Measured by;a nethod in conpliance with JI'S
C-2111-7 20 by using a constant-speed elongatlon tensile tester. (5) Heat
di mensi onal change of the sheet. Five pieces of sheets neasuring 250 mm

| ong and 50 nn1mndeTMerRe@bLﬁeBedtaﬁttbEghﬁmglEydtﬁéhlélg@qym%& %@@dzﬁs'n

the transverse_ d usi recisi nmensi onal
coor di nat e neasu%%%%{%g %%efﬁﬁ uFSEt838888§HHUF86K5W§5165 1S @Re sheets
wer e neasur ed ¢Dgamh@|$ym9hgthe polymerlhagnngdfmbbrdfbemhmqnp&@b@&@ t he

heat treatnent,an t ratur OC for
5 nminutes, to c§|€h at fg?ﬁbgﬂe§?58§%§ﬁsr§ﬁ§r éﬁgﬁﬁg ﬁx ralésr da ggr h the
follomnné foHﬁ%%9m9¢ﬁ9%WQmag@lVaﬁUGBgotemnersanpéesfpnokedowprlmhbhe

| ongi tudi nal disgegion and in the transverse direction were found. 35 Heat
di mensi onal change (~) eélle gth before heat treatment - length after
heat treat rrent|)/|e%tﬂ’% vreheticopolynekt foF cAPRBARY Re2OOTE6)sCRALK

resi stance of fihrrdsntfhbﬂwr¢@@ boanded, Ther cORRRP1EDI hrehathe upper nost
| ayer of the 5 nted boards descri bed.in (1) (d)

ed nater
above was etcH%dﬂﬂ#ﬂ r 2R %Cwﬁgi%§i+?5daP ePEERTPEYHLeFaFrdifast  pi eces
of Ianlhéted|nnmwaxn5mqcneratﬁedpmlym@g bomndsgothehi chtt hg circuit has
been fornmed. T e t a Qver tenperature 10
range of from&%rS ﬁ&l%& %%%f‘{(??rehgg ‘%% %e%‘?fgmggégh%Y ©Bfit, and the cut
surfaces were iohrrittieail i de éhﬁ%d@m@kbcamemﬂﬁarmahefboundadybpedmeeanthe
W ring copper doiy, aqyl Jde resi st i gh-scope system
(KH 2400DP, nanquctured by HI&%S agg% o?hg£é€%dgbgprlnter (US- 2300,
manuf act ur ed W}é@rﬁ}*%%ﬂ%n@%wwmm%@@mt@m@m wWaBueyayuaord in

three steps aslrdaswub&dndlﬁlwv(&a&@n@f}@ckré@hﬁgﬁwrxﬁﬁ’n&%ée@h@éésbﬁ?f the
test pieces sefected&b ran<§n1mere observed, and the occurrence, of
ohske

crack was not at =il )80 ArPAekT n%o%%%%??%de@?-}ﬁ%wg(.lLSqN‘éces of
the test piecexrydialtiot giropedom uwsre mbbet vedhawidgt Hespeturrence a of

Lhe test pi coaur 5 o A1 ap By naon teTe ShlaVER S oSl T o e

the test pieces 25 se ecte ran onlmere STV
tWo or nore mqi; )R- hydroxyben201c acid and a 2,6- hydroxynaphthoic
20 acid (trademark: Vectran, manufactured by Kuraray Co.).

When a particularly high heat resistance is required, it
is desired to use a polyparaphenylene benzobisoxazole
(trademark: Xylon, manufactured by Toyo Boseki Co.).
In the heat-resistant synthetic fiber sheet of the

25 present invention, when the fibrids only are used as a
binder, the content of the heat-resistant organic
synthetic polymer fibrids is in a range of from 3 to 60%
by mass, preferably, from 4 to 45% by mass and, more
preferably, from 5 to 30% by mass on the basis of the

30 total mass of the sheet. When the content of the fibrids
in the heat-resistant synthetic fiber sheet of the
invention is smaller than 3% by mass, a tensile force
(tensile strength) necessary for forming the sheet is not
imparted to the sheet in the step of wet sheet making.

35 When the content thereof exceeds 60% by mass, on the
other hand, the bulk density of the obtained heat-
resistant synthetic fiber sheet becomes too great



(7) Deformation of the |amnated materials. To a m xed resin of a bromated
bi sphenol A epoxy 30 resin of a high purity and an orthocresol novol ak
epoxy resin at a mass ratio of 25/75, there was added, as a curing agent, a
di cyan diami de in such an anount that the jghenolic hydroxyl group

equi val ent of the curing agent was 0.8 relative to the epoxy equival ent of
the m xed 35 resin. There was further added, as a cure-pronoting agent, a

2-|e_t gyl - 4- et holéﬂc]l:ﬁétﬁs'iottlﬁeiLﬁpﬁélﬁgloﬁrﬁiaﬁwn&elb@ldébérﬁ.gégo gEgEB%HHSS of
sol i d conponent_of the cure . - pronmoting agent _was O. y mass
relative to t hrea%%l%]?r%@@( ofeuSt Py cbn%one‘ﬁ’?geggst heldi 968mrksiand tHe eby
to prepare an spoxty i®esict chnposgtaoed Wwheh CORPOsiéhasdWasrdigsokyed in a

m xed sol vent ; I ketone and 5 a nethyl cellosolve, so that
t he concentrat%fnﬁo&% e %%%Q%é'resi n conposition was 60~ by mass to thereby

prepare a varni sh thére themnderteTheofibblve filbradsciposgantdebéi ber sheet
was | npregnat & v i, dNE N N SPh {9 b d i

tenperature of 110 lto % 1_200?@} 5 ?ge 1%)1?%&%58?6\/\%&%(ggg%ﬁgp}:gg
sheet of the BIR] dgte IFARF I3 upoterR@m?Y i3 neehedsiprepiphbapidpreg sheet

was 55~. The mefiiag ishesida@s 41068 roiehermb@ hasscisses of thgrcopper
foil of a thickness of uter 15 sides thereot, there were

8 ~.m bot h
further |ani natsd'® aar%arb%sﬁ)epg'}]x?rb%lP?é)ﬁ%t?%?ﬁ RabpLicahieRi &kokakyu)
hot - pret8ed untter 3thel I8Fididi aNsparie e redimatedresceie Pib1708: X040 kg/ cm x
50 mnutes to e .1 npr resin thereby to prepare,a | am nated
material for e(ﬁétéui’:]for]% calﬁoc'l r%ﬁ_in%%' bﬁ'zr?%.tqﬁem%éﬂ%ﬁ% Loat®rPEF tRsPe
further curedidelatialwmilrighyern atha dtemeriadnd g bt 2908e§ dDreabodit u@d
m nutes. The ifned. d am teri al I ical circuit boards was
cut into a ngégj’% %%al%ﬂoéﬁ)%gclé% %ﬂgﬁéﬁ%&cg%%%“?%i %eolﬂo%%?‘ﬁ SUrfaces
of the | am nat¥d-andtest idiaRRY 2 Ppake s ettt eeed ehpvEapanes@nBxamined
corresppndi Ng Hak et tS G 18 At Porsi Gkl QrdMm IL e, | NS des | £aVERGp1e

to prepare b tEsESR Ao A ROt Pant PR S YRUBTE AP or
el ectrical ciraiing ntihedd viasyethesr pes td ynaettohed fasolesé - treated at 260C
from the contral parbrbriihar sar RIS IT 8 EO e IRy Tohe
the armpunt of (RFestimttiagring nedlwanid eadded nalhnmermeathod) -aBd  ( 8)
[ nsulataon I eyisANah R arl Lo Mo ML CHU L OlFe SHDrSDAPed
el ectrodes mai ntaining a gap of 0.15 mm
fiber sheet having a high bulk density. When the fibrids
produced by the latter method (beating the molecule-
oriented shaped articles) of the latter method are used,
on the other hand, there can be produced a heat-resistant
25 synthetic fiber sheet having a low bulk density.
Therefore, which one of the fibrids is used or how the
mixing ratio of the two is selected, is determined
depending upon the use of the obtained heat-resistant
synthetic fiber sheet, such as properties required for
30 the laminated material for electrical circuit boards.

Among the heat-resistant organic synthetic polymer
staple fibers, further, some fibers tend to stretch or
shrink in the axial direction of the fiber through the
dehydration (dehumidifying) treatment for removing water

35 content (moisture) contained in the fibers. Among the
heat-resistant organic synthetic polymer fibrids,
similarly, some thin leaf-like or scale-like fibrids tend



were formed by etching on one surface of the lamnated 5 material for

el ectrical circuit boards described in (7) above, and were left to stand
for 1000 hours while applying a DC voltage of 35 V across the conb-shaped
el ectrodes in an atnosphere of a tenperat e of 60C and a relative humdity
of 95~RH. Next, the conb-shaped 10 el ectr es were left to stand for one
hour in an atnosphere of a tenperature of 20C and a relative humdity of

60~RH and, theib éhBGWabt aé}@ré@éhtPngghé/)d.’("f‘éc@PBh g ?8 'Eﬁ LR8ough

conb- shaped el ectrodes for 60 seconds to neasure e |nsu t| on res?stance
(S2-cm. 15 1SPMe GERAlleRki YRttt Aeatdeesribadt abpyani cByynshati c

pol ymer st apl ecHe hiitsr 0ds atmwoéw@cusca}ph@mﬂl ed€hyd faOX¥HI RR&NYhENGibrids
t er epht hal am r 20 fineness of 1,67 dtex (1.5 de), a

fib
fiber length o q}%a}a\%ﬂﬂlgln SI : 5??}}‘36$¥%H%|Js’?u?%m}Bbﬂ?Eh?nof apdgat a
(trademabk: Testinmkde rmmﬁfra;tmienbbydé’mmdm@m@oﬂnﬂhépbapwtgbg of
heat - r esi st anty S i f f ol nyl ene
i sopht hal am de h?_:'[ra x(r:ﬁar iné kngg &Pc%é/nanoufég %lrdrzdg K}eﬁg f—% g% ? \)//vere
di spersed in atreghefiiqsiiken ﬂﬁqﬁew%w&x@ whiie hs ives ddeednat despegsant
(trademark: YMBGnipmHaridy e ﬂ'}’t‘d\@é SLHM 9?] HHSh e £R1Di L8 éygg}fg?@rmunt

that the concentration, thereof, was 0. to ereby prepare sta

for sheet 30 e A s‘i%ﬂer’}ﬁw]ngs%ﬁkﬂbe#yc@%elmma@ibﬂ-of 0.20 by
meigrt lﬁbrﬁ ﬁdﬁisﬁ&nﬂ(ﬁﬁmdnﬁﬁ?ﬂﬁltéﬁhﬁlllt ev?n aﬁfer thet%ashl?% ¢ had
copol ypar aphenyl.en i phenyl ene te am de, were_t hose that ha
been so cut by J‘ttﬁh %Jr?feﬁ%‘nro régs%'xlﬁg% qaf (?L‘%{é% RRPEREE1BSlY he angl e

subt ended by the cuin sure acep tdferfem:fm:atgj the| sieeCrossimotidesfépesr axi s
at right angl gs tid of, the largest cross-sectional
size - 32 dl \A%%t‘%zt annuﬁgﬁ? Pt 0] er?etal(tgnﬂs For I 25 HOHC TR R F aces
and the aver ad® lyMmess fsidstidsnalor A5 dp indemafonvbeudingn Hedmben t he

proj ections waspbrk?.+ NeHoh BtHEI NI Hdifey Elppytr{%’ cgﬂ?%efmé'al paper s
maki ng machi ne, ﬁhe Sluryrs for sheet makin or ne paper-like

sheet, lightly’ fatiey, SW%st%ﬁﬁ eehath @f hot air dryer
heated at a t emeematserte: iofg Jr@iﬁrfs)rswml&s Jéi:dﬂy%tte@u{ 0 PHERS er&dl @y omatic
pol yani de fi bef, t he .sheet was_ pass h.a cal ender
machi ne conprisi ﬁ’l& attﬁé%% :%Sé éhar’d};ﬂsurafnélé’e et cfeor%xl‘a} %%’%F &t & of
about 400 nm érldlqmdie’atexpmwd urIdnerthehesmncbﬂ ifoxsninfg acHergleged ur e of

230C angh a | i NgRHESFULR +Ofs yand s, A thery Rassed. throu
15 hi gh- tenpe?aturrpe hi gh cgl éeng.' rfeq.'(%'lorrprf'loszl%rfgn—'a(@a{'1 palr o d% 1'E%rface

metallic roll ?eéffoéa"“@lné’@etlér e@fhaélmﬂit Q‘/O@lsmﬂ%r@di ey avelat -qersissduindwler t he

condi tions of salteeméar&trbﬁnet%fe NG ARM A IR ARSI IS f 20 & @R in
order to soften,and (fﬁg’Fn%tst t he po”é net aphenyl’ene 20 | sopht hal am de

fibrids and t&StPemte h&h 6 iththe fibrids. 1In this
copol ypar apherpsene+ded resiydidineley! dse useide plat hﬁ]lb&rﬁldﬂl'lﬁ aJre dhders.

Th bt h .de .f.i b heet h
paci & v ght o 53987 o " Fho haar LPAa ol ARE 1T Bel Ctet ot dt SR D5

equi l i brium néPsFQF‘ l@@ﬁtl@ﬁt; sheredoretatfhe Bmolmis otfhetlreorfprmems can

constituting baedgegggtsleg BY wanmsde fn begy; e ed,. and
Tabl e 2 shows tgpe angl es sugten ded u © E’g f%:?%t treetr?g fgggl?egf?tt?hail bers and

the plane cro88Pfg: thénf P56F15%|1§rat W@Gnr PGhEPRIHY &SS tand oy imat |8<§1 dl / d2.

Table 3 shovvsepbaye‘fahuaﬁ.@daﬂe%@bhﬁ oh ael Akl eRLARY RS f WG lij@m nated
mat er i a§o for gl ECEJ&I caF gl r.cui t..boards produced by ,preparing a prepreg
h

sheet BY i npr 83RAPTHRgCEhBeAPInELFReFSPFatPd¥etrBer t6h8&eniath & ﬁ@sx}é‘r ni sh -
to be bl endedbbyd8s,t hbenebhednddsesynbedtin Eipee) shlkete exind Hiy sugiosd t he

thus preparedcBheRE8:1$9€F! +B2Rd BRhlBaT6LERYsHORRLLPEE lkM)(dknRPOVe:
step of preparing a prepreg, and there is obtained a
product having good quality.
35 When the resin binder is used together with the
fibrids, it is desired that the ratio of blending the
resin binder to the total mass of the heat-resistant



- 33 Exanples 2 to 4 and Conparative Exanples 1 and 2. In Exanples 2 to 4
and in Conparative Exanples 1 and 2, the heat-resistant synthetic fiber
sheets were 5 prepared in the sane manner as in Exanple 1, and prepreg
sheets were prepared to prepare |anm nated,gaterials for electrical circuit
boards and to neasure various properties. Here, however, the mxing ratios
of the copol yparaphenyl ene- 3, 4' - oxydi phenyl ene terephthal am de 10 staple

fibers and theypeherdiamiond enredsgtdrd amwenmdidd i ds usedpy mixanpte 1
were varied as shown jn Table, 1. stitutions of the obtained aromatic

. The co
pol yani de fi beF $h&&Fs, MHE Ha5 & Wrd%oa%obbbr%%? t9%sl@¥S t neieaRi Hag ed
materi al s wer landimgwratnclalf ehel resianbihddb dxesgde 5% Avy expes i ment
in the same (i i | s cargied qut., Here, however, there
was used 90~n%%&%éil§%t to%f @glon&ﬁgcraglpﬁ%ﬁy eontre J"teréer gbﬁﬁ%ﬁ%?ﬁ%%a%? aple fibers
20 (sindte fibnthetdgesshelr e tdicmntaiminhgedhe frdmein |leimddr pf tise nm

demark: K f - : d f S h |
trademar ephahomERAH %@W&Qrpﬁhl%éif‘%ﬁgeq%zéldlrﬂ?%ﬁrg?g %1?%{99 the staple

fibers (tradermark: Technora) used in I nclination of

the flat end FREBIEEFELhESsitafiud FiGENS WEITES deyrids, 5P ol 1oemirg i o

dl /d2 of the kaegesketr QsTerr@f ol st Malefnd e aywla HQj ections
formed at both.fl at ,end faces and,th%,average cross-sectional size d2 of

t he internedi St8FFGHPoR & IPPInT RISt iHhRNSHP IS tihe obrEsmkarer

ar onat i 0 pol yadhee ihighgorsleedtecanes natnumiddm? abranc iy opesit esndf the

| am nat ed nat eri.gl I in,lables 1, .2 and 3. anpl e 6. An
experi nent mgaggngﬁtfggﬁ%n%{%ﬁ\éﬁsea%ge%%n élrdlé-'shq ﬁ%%@rﬁr’% iaiﬁ%? e,
however, ther&hggeefuseder®y By whieglobtefined sheet is calendered, the
copol ypar aphegyl - 34 o i I ter t. 1 de I I bers
(single fiber Yo1e Biberd msg&%q%t%ge d‘?‘eﬁ%;lg?éa%ﬂe%ﬁe?p%%\ég’% 5t 3 m
equi i bri um n5'&t §P€etoREEntoFuNL farmly: ardmmted Tedtaraty, thaufieared by

Teijin®.) addnd3tyby swaiighir idhiteel MeRiaREaDIANG ins0pH Al anidle Stapl e
fibers (stretchegﬁggiég he step.of, production at, a ratio of 1.4 tines,

: Y 2 e 506 Sipthetiie f:3ian 1shorets haine

single fiber fn
trademar k: Comexisfranubagt gued ity .Teijin Co.) instead of using the Technora

Ot ai ned atomt | c T8 BoPOSSIRy Sl SoReEe S e atis s SAPBr oper i es
of the |ani nafBgeknPérithe wseseas shyentileontalfluedher,2 taed skamanpl e 7. 15
An experg ment rWBsrgoRdYekedel Fellye radeR JMARNEH 3% d %t@sﬁirgy & frmit® &he
however, there were used 7$ by weight of the heat-resistant organic
synthetic pol FREFLE ( BERBs 08t Wissl pheeapRékinene | Foswmearem dhe tiegddmmar k:
Nomex, manuf abtuaed ByidulBoperfearesAiheb tthe SRAQH JTBKINA: webs even
when the resin binder is used in a single kind. Besides,
the phenomenon of resin binder migration is suppressed in
25 the step of forming the sheet (step of wet sheet making)
unless the content of the resin binder does not exceed a
predetermined ratio. When the resin binder only is used
as the binder, it is desired that the ratio of the resin
binder relative to the total mass of the heat-resistant
30 synthetic fiber sheet of the invention is from 3 to 60%
by mass, preferably, from 3 to 20% by mass and, more
preferably, from 4 to 15% by mass. When the mixing ratio
of the resin binder is smaller than 3% by weight, a
tensile force (tensile strength) necessary for forming
35 the sheet is not often imparted to the sheet in the step
of forming the sheet (step of wet sheet making) like when

the fibrids are used in combination. When the mixing



20 further, a bisphenol A epichlorohydrin-type waterdispersing epoxy resin
bi nder (water-diluted solution of Dainihon Kagaku Kogyo Co., solid
conmponent concentration of 5~ by weight) was sprayed onto the obtai ned wet
sheet such that the anount of adhesion of % e _solid conponent 25 of the
resin was 3~ by weight. The constitution of "the obtained aromatic pol yani de
fiber sheet, the ratio dl/d2 and properties of the lamnated material were

as shown in Tabbe&olexﬁe@@@ 30%3@ B! e B tAB X RG], éagﬂﬁ dﬁg cted in
t he sane manner. _as g E?F re, homever t'her re use 0=
r 8¢P5FANn

wei ght of the hESED f“larr&éﬁioe dipn 1t isiDRAIeFRad firorihes wfep of
pol ypar apheny| énemt eyephiehahaeitdg stepademaide sheatomais Y pL i KBRSt ur ed

by Teijin Twarg ft t he sheet naki,n further, a bisphenol A
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Cross- sectlonal size 3
edquired, put to the heat press-shaping so as to obtain a
predetermined bulk density, thereby to obtain a heat-
25 resistant synthetic fiber sheet.
When, for example, the synthetic fiber sheet is to
be put to the heat press-shaping treatment by using a
calender machine, the calender treatment may be executed
between a hard-surface roll having a diameter of about 15
30 to about 80 cm and an elastic roll of which the surface
can be deformed having a diameter of about 30 to about
100 cm or, more preferably, between two hard-surface
rolls having a diameter of about 20 to 80 cm. Here, in
order that the heat-resistant organic synthetic polymer
35 fibrids are softened or partly melted to fully exhibit
the function as the binder component, it is desired that
the calender treatment temperature is set in a
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synthetic fiber sheet of the present invention includes a
step of heat treatment, usually, at a temperature of as
high as about 220°C. Unless the thermal hysteresis at a

25 temperature higher than the above heat treatment
temperature is imparted in advance to the heat-resistant
synthetic fiber sheet of the invention, therefore, the
heat-resistant synthetic fiber sheet develops dimensional
changes due to heat and/or internal strain. Therefore,

30 the obtained product exhibits insufficient heat-resistant
dimensional stability and insufficient resistance against
deformation. It is, therefore, desired that the heat-
resistant synthetic fiber sheet of the present invention
is calendered under the conditions of a temperature of

35 280 to 330°C and a line pressure of 1764 to 2450 N/cm
(180 to 250 kg/cm). When heat-treated at a temperature
of, for example, 280°C for 5 minutes, the heat-resistant
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Exanpl e 3. Th%v%%gu% % QQQT%QJMEnggwls put to the heat press-
shaping. The equilibrium moisture content of the sheet
30 that exceeds 3.5% adversely affects the electrical
characteristics such as insulation characteristics, and
is not desirable. The heat-resistant synthetic fiber
sheet used as a base material for the laminated material
for electrical circuit boards requires careful attention
35 for selecting the heat-resistant staple fibers contained
therein and the heat-resistant fibrids, and for setting
the blending ratio thereof.
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dlsaggregated homogeneously dispersed, and are, then,

homogeneously and firmly bonded together via fibrids
and/or a resin binder having binding property.
Therefore, despite of its relatively low bulk density,

30 the heat-resistant synthetic fiber sheet of the invention
possesses a large tensile strength and a large interlayer
peeling strength while exhibiting a small dimensional
change, in the sheet, in the direction of thickness and
in the transverse direction, that is caused by changes in

35 the temperature and humidity. Further, the heat-
resistant synthetic fiber sheet of the invention is

favorably impregnated with the blended varnish, permits
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the staple fibers to locally move little in the step of
press-laminate formation and, hence, makes it possible to
form a uniform laminated material.

5 EXAMPLES
The invention will now be concretely described by
way of Examples to which, however, the invention is in no
way limited.
Test pieces used in Examples were prepared by the
10 methods described below and were evaluated by the
evaluation methods described below.

(1) Preparation of test pieces.

(a) Production of para-aromatic polyamide fibers having
15 flat end faces at both ends at an angle of 10 degrees or

more to a plane crossing the fiber axis at right angles.

A plurality of para-aromatic polyamide multi-
filament yarns having a fineness of 0.33 to 5.56 dtex
(0.3 to 5.0 de) were combed while imparting water

20 thereto, and were bundled together such that the total
fineness was about 111,000 dtex (100,000 de). By using a
guillotine cutter using a blade having a Rockwell
hardness of HrA 91, the obtained multi-filament tows were
cut into a predetermined length (2 to 12 mm) in a manner

25 that the angle of the blade was 32 degrees to a plane
crossing at right angles the longitudinal direction of
the multi-filament toes to prepare aromatic polyamide
staple fibers having cut faces inclined at an angle of 32
degrees to the plane crossing the fiber axis at right

30 angles.

Here, annular projections had been formed at both
flat end faces of the staple fibers, and a ratio d,/d, of
the largest cross-sectional size d, thereof and the
average cross-sectional size d, of small-diameter

35 portions between the projections on both sides, was 1.12.

For comparison, further, a plurality of aromatic

polyamide multi-filament yarns having a fineness of 0.33



Exam | 9Technor a75Zyl on15Nonex10p e 10 Technora 75 Vectran 15 Nonex

1011Technor a75PEEK15Nomex1012Technor a90Technor al013Technor a90Vect ranl1014Tec

hnor a90Zyl on103Technor a75Conex15Nomex10 Com a- 4Technor a75Zyl on15Nonex10p

rati ve

Exanple5Technora75V€ctranlShbnex106Techﬁbﬁg%SPEEK15Nonex107Technora75Cbnex1
- 42 Table 2 ItenFi bers conprising heat-resistant organic of

5Nonex10

mer Exam | eType 9f5éi deeg! Wekbnébflbed while imparting water thereto,

10

15

20

25

30

35

and were bundled together such that the total fineness
was about 111,000 dtex (100,000 de). By using a rotary
cutter using a blade having a Rockwell hardness of HrA 91
and rotating at a blade tip linear velocity of 5 m/min,
the obtained multi-filament tows were cut into a length
of 2 to 12 mm to prepare aromatic polyamide staple fibers
having cut faces inclined at an angle of 5 degrees to the
plane crossing the fiber axis at right angles.

Here, annular projections had been formed at both
flat end faces of the obtained staple fibers, and a ratio
d,/d, of the largest cross-sectional size d, thereof and
the average cross-sectional size d, of small-diameter
portions between the projections on both sides, was 1.03.

For comparison, further, a plurality of aromatic
polyamide multi-filament yarns having a fineness of 0.33
to 5.56 dtex were combed while imparting water thereto,
and were bundled together such that the total fineness
was about 111,000 dtex (100,000 de). By using a
guillotine cutter, the obtained multi-filament tows were
cut into a length of 2 to 12 mm without inclining the
blade to prepare aromatic polyamide staple fibers having
cut faces inclined at an angle of 3 degrees to the plane
crossing the fiber axis at right angles.

Here, annular projections had been formed at both
flat end faces of the staple fibers, and a ratio d,/d, of
the largest cross-sectional size d, thereof and the
average cross-sectional size d, of small-diameter

portions between the projections on both sides, was 1.15.

(b) Production of aromatic polyamide fiber sheets.

The aromatic polyamide staple fibers described in
(a) above, aromatic polyamide staple fibers described in
Examples appearing below and organic synthetic polymer
fibrids, were dispersed in water to prepare synthetic
fiber sheets from the aqueous slurries by a wet sheet-
making method. The synthetic fiber sheets were dried at
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110°C, and the dried sheets were calendered using a
calender apparatus having a pair of metal rolls under the
conditions of a temperature of 200 to 350°C, a line
pressure of 1960N/cm (200 kg/cm) and a calender speed of

5 4 m/min, to prepare heat-resistant synthetic fiber
sheets.

(c) Production of prepregs.
Heat-resistant synthetic fiber sheets described in

10 (b) above were used as base materials and were
impregnated with a resin varnish. The resin varnish was
prepared by mixing a bisphenol A epoxy resin and a
novolak epoxy resin at a mass ratio of 10:90 to 50:50,
adding, to the mixed resins thereof, a curing agent in

15 such an amount that the ratio of the equivalent of the
phenolic hydroxy groups of the curing agent to the epoxy
equivalent of the mixed resins was 0.6 to 1.3, adding
thereto a cure-promoting agent in such an amount that the
ratio of the mass of solid component of the cure-

20 promoting agent was 0.001 to 1% by mass to the whole mass
of solid components of the mixed resins, and by further
adding thereto a solvent such that the concentration of
the mixed resins, curing agent and cure-promoting agent
in the solvent solution was 40 to 70% by mass. As for

25 the method of impregnation, the base material was fed to
an application machine so as to be continuously
impregnated with the resin varnish. The solvent was then
removed from the impregnated sheets to thereby prepare

prepregs.
30
(d) Production of printed wiring boards.

An electrolytic copper foil with a thickness of 35
um was placed on both surfaces of the prepregs described
in (c) above, and was heat press-adhered thereon under

35 the conditions of a pressure of 20 to 50 kg/cm® and a

laminating temperature of 0 to 260°C for 60 minutes. The
laminating temperature was suitably set depending upon
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the kind of the impregnating resin that was used and the

curing temperature.

(2) Angles subtended by the two flat end faces of the
staple fiber and a plane crossing the fiber axis at right
angles.,

A hundred sample staple fibers were observed through
an optical microscope, and angles a subtended by the

plane crossing the fiber axis 2 at right angles and the
flat end faces la, b or 4a, 4b of staple fibers were
measured as shown in Fig. 1 or 2 to find an average value
thereof.

(3) Bulk density of the sheet.
Measured by a method in compliance with JIS C-2111-

(4) Tensile strength of the sheet.
Measured by a method in compliance with JIS C-2111-7
by using a constant-speed elongation tensile tester.

(5) Heat dimensional change of the sheet.

Five pieces of sheets measuring 250 mm long and 50
mm wide were obtained in the longitudinal direction and
in the transverse direction. By using a high-precision
two-dimensional coordinate measuring machine
(manufactured by Muto Kogyo Co.), the sheets were
measured for their lengths in the longitudinal direction
before the heat treatment and after the heat treatment at
a temperature of 280°C for 5 minutes, to calculate the
heat dimensional change in accordance with the following
formula. The average values of the samples picked up in
the longitudinal direction and in the transverse
direction were found.

Heat dimensional change (%) = {(|length before heat

treatment - length after heat treatment])/length before
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(6) Crack resistance of the printed wiring boards.
The copper foil of the uppermost layer of the

5 laminated material for printed boards described in (1)(d)
above was etched. Then, a resist was applied thereon to
prepare test pieces of laminated materials for printed
wiring boards on which the circuit has been formed. The
test pieces were heated and cooled over a temperature

10 range of from -55 to +125°C 400 times. The test pieces
were cut, and the cut surfaces were observed on an
enlarged scale near the boundary between the wiring
copper foil and the resist by using a digital high-scope
system (KH-2400DP, manufactured by HIROX) and a color

15 video printer (US-2300, manufactured by Sony Co.), and
the occurrence of cracks was evaluated in three steps as
described below.
3: No cracking occurred (15 places of the test pieces
selected at random were observed, and the occurrence of

20 crack was not at all observed).
2: Cracking occurred slightly (15 places of the test
pieces selected at random were observed, and the
occurrence a of faint crack was observed at one place).
1: Cracking occurred (15 places of the test pieces

25 selected at random were observed, and cracks occurred at
two or more places).

(7) Deformation of the laminated materials.
To a mixed resin of a bromated bisphenol A epoxy

30 resin of a high purity and an orthocresol novolak epoxy
resin at a mass ratio of 25/75, there was added, as a
curing agent, a dicyan diamide in such an amount that the
phenolic hydroxyl group equivalent of the curing agent
was 0.8 relative to the epoxy equivalent of the mixed

35 resin. There was further added, as a cure-promoting
agent, a 2-ethyl-4-methylimidazole in such an amount that
the ratio of the mass of solid component of the cure-
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the copper foil of a thickness of 18 um. On both outer

15 sides thereof, there were further laminated the same
copper foil. The laminated material was hot-pressed
under the conditions of a reduced pressure at 170°C x 40
kg/cm x 50 minutes to cure the impregnated resin thereby
to prepare a laminated material for electrical circuit

20 boards. The laminated material was further cured in a
hot air dryer at a temperature of 200°C for about 20
minutes.

The obtained laminated material for electrical

circuit boards was cut into a square of a side of 150 mm,

25 the copper foils on both surfaces of the laminated
material were partly etched to remove portions
corresponding to a square of a side of 110 mm on the
inside leaving frame-like portions of a width of 20 mm
from the ends of the copper foils to prepare a test

30 sample for evaluation.

The laminated material for electrical circuits that

was thus partly etched was heat-treated at 260°C for 10
minutes, and a maximum amount of deformation that
occurred, starting from the central portion thereof, was

35 measured and was regarded to be the amount of deformation
of the sample laminated material.
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0.20% by weight.
Here, the staple fibers of the copolyparaphenylene-
3,4'-oxydiphenylene terephthalamide were those that had
been so cut by the method described in (1)(a) above that
35 the angle subtended by the cut surfaces thereof and a
plane crossing the fiber axis at right angles was 32

degrees, and a ratio of the largest cross-sectional size
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Table 1 shows the components constituting the
aromatic polyamide fiber sheet that was obtained, and
Table 2 shows the angles subtended by the flat end faces
of the fibers and the plane crossing the fiber axis at
30 right angles, and a ratio d,/d,. Table 3 shows the
evaluated results of various properties of the laminated
material for electrical circuit boards produced by
preparing a prepreg sheet by impregnating the aromatic
polyamide fiber sheet with the varnish to be blended by
35 the method described in (1)(c) above and by using the
thus prepared prepreg sheet based on the method described
in (1) (d) above.
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1. The constitutions of the obtained aromatic polyamide
fiber sheets, the ratios d,/d, and properties of the
laminated materials were as shown in Tables 1, 2 and 3.
15
Example 5,

An experiment in the same manner as in Example 2 was
carried out. Here, however, there was used 90% by weight
of polyparaphenylene terephthalamide staple fibers

20 (single fiber fineness of 1.58 dtex (1.42 de), fiber
length of 3 mm; trademark: Kevlar, manufactured by Du
Pont Co.) instead of using the staple fibers (trademark:
Technora) used in Example 2. The angle of inclination of
the flat end faces of the staple fibers was 35 degrees,

25 and the ratio d,/d, of the largest cross-sectional size d,
of the annular projections formed at both flat end faces
and the average cross-sectional size d, of the
intermediate portion was 1.17. The constitution of the
obtained aromatic polyamide fiber sheet, the ratio d,/d,

30 and properties of the laminated material were as shown in
Tables 1, 2 and 3.

Example 6.
An experiment was conducted in the same manner as in
35 Example 2. Here, however, there were used 75% by weight
of copolyparaphenylene-3,4'-oxydiphenylene
terephthalamide staple fibers (single fiber fineness of
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of using the Technora (trademark) staple fibers used in

Example 2. The constitution of the obtained aromatic

10 polyamide fiber sheet, the ratio d,/d, and properties of
the laminated material were as shown in Tables 1, 2 and
3.
Example 7.

15 An experiment was conducted in the same manner as in

Example 2. Here, however, there were used 7% by weight
of the heat-resistant organic synthetic polymer fibrids
of polymetaphenylene isophthalamide (trademark: Nomex,
manufactured by du Pont Co.). After the sheet making,

20 further, a bisphenol A epichlorohydrin-type water-
dispersing epoxy resin binder (water-diluted solution of
Dainihon Kagaku Kogyo Co., solid component concentration
of 5% by weight) was sprayed onto the obtained wet sheet
such that the amount of adhesion of the solid component

25 of the resin was 3% by weight. The constitution of the
obtained aromatic polyamide fiber sheet, the ratio d,/d,
and properties of the laminated material were as shown in
Tables 1, 2 and 3.

30 Example 8.
An experiment was conducted in the same manner as in
Example 3. Here, however, there were used 20% by weight
of the heat-resistant organic synthetic polymer fibrids
of polyparaphenylene terephthalamide (trademark: Twaron
35 Pulp, manufactured by Teijin Twaron Co.). After the
sheet making, further, a bisphenol A epichlorohydrin-type
water-dispersing epoxy resin binder (water-diluted
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solution of Dainihon Kagaku Kogyo Co., solid component

concentration of 5% by weight) was sprayed onto the
obtained wet sheet such that the amount of adhesion of
the solid component of the resin was 5% by weight. The

5 constitution of the obtained aromatic polyamide fiber
sheet, the ratio d,/d, and properties of the laminated
material were as shown in Tables 1, 2 and 3.

Example 9.

10 An experiment was conducted in the same manner as in
Example 2. Here, however, there were used staple fibers
of polyparaphenylenebenzobis oxazole (trademark: Zylon,
manufactured by Toyoboseki Co.) instead of using the
staple fibers of polymetaphenylene isophthalamide used in

15 Example 6. The angle of inclination of the flat end
faces of the staple fibers was 40 degrees, and the ratio
d,/d, of the largest cross-sectional size d, of the
annular projections formed at both flat end faces and the
average cross-sectional size d, of the intermediate

20 portion between the two projections was 1.22. The
constitution of the obtained aromatic polyamide fiber
sheet, the ratio d,/d, and properties of the laminated
material were as shown in Tables 1, 2 and 3.

25 Example 10.
An experiment was conducted in the same manner as in

Example 6. Here, however, there were used staple fibers
of an aromatic polyester that exhibited liquid
crystalline property upon melting (trademark: Vectran,

30 manufactured by Kuraray Co.), which was a copolymer of a
p-hydroxybenzoic acid and a 2,6-hydroxynaphthoic acid,
instead of using the polymetaphenylene isophthalamide
staple fibers used in Example 6. The angle of
inclination of the flat end faces of the staple fibers

35 was 24 degrees, and the ratio d,/d, of the largest cross-
sectional size d, of the annular projections formed at
both flat end faces and the average cross-sectional size
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Example 11.
Experiment 11 was conducted in the same manner as in

Example 6. Here, however, there were used staple fibers

10 of a polyetheretherketone (manufactured by Teijin Co.)
instead of using the polymetaphenylene isophthalamide
staple fibers used in Example 6. The angle of
inclination of the flat end faces of the staple fibers
was 28 degrees, and the ratio d,/d, of the largest cross-

15 sectional size d, of the annular projections formed at
both flat end faces and the average cross-sectional size
d, of the intermediate portion between the two
projections was 1.19. The constitution of the obtained
aromatic polyamide fiber sheet, the ratio d,/d, and

20 properties of the laminated material were as shown in
Tables 1, 2 and 3.

Example 12.
Experiment 12 was conducted in the same manner as in

25 Example 2. Here, however, there were used fibrids of a

copolyparaphenylene-3,4'-oxydiphenylene terephthalamide

instead of using the polymetaphenylene isophthalamide

fibrids used in Example 2. The constitution of the

obtained aromatic polyamide fiber sheet, the ratio d,/d,
30 and properties of the laminated material were as shown in

Tables 1, 2 and 3.

Example 13.
Experiment 13 was conducted in the same manner as in
35 Example 2. Here, however, there were used fibrids of an
aromatic polyester that exhibited liquid crystalline
property upon melting obtained by copolymerizing a p-
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15 laminated material were as shown in Tables 1, 2 and 3.

Comparative Example 3.
75% by weight of heat-resistant organic synthetic
polymer staple fibers of a copolyparaphenylene-3,4'-

20 oxydiphenylene terephthalamide having a single fiber
fineness of 1.67 dtex (1.5 de), a fiber length of 3 mm
and an equilibium moisture content of 1.8% (trademark:
Technora, manufactured by Teijin Co.) and 15% by weight
of polymetaphenylene isophthalamide staple fibers

25 stretched at a ratio of 1.4 times in the step of
production and having a single fiber fineness of 3.33
dtex (3.0 de) and a fiber length of 6 mm (trademark:
Conex, manufactured by Teijin Co.), as well as 10% by
weight of heat-resistant organic synthetic polymer

30 fibrids of a polymetaphenylene isophthalamide (trademark:
Nomex, manufactured by du Pont Co.) were dispersed in
water by using a pulper and to which was added a
dispersant (trademark: YM-80, manufactured by Matsumoto
Yushi Co.) in such an amount that the concentration

35 thereof was 0.03% to thereby prepare a slurry for sheet
making having a fiber concentration of 0.20% by weight.

Here, the staple fibers of the copolyparaphenylene-
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e 2 shows the angles subtended by the flat end faces
of the fibers and the plane crossing the fiber axis at
right angles, and a ratio d,/d,. Table 3 shows the
15 evaluated results of various properties of the laminated
material for electrical circuit boards produced by
preparing a prepreg sheet by impregnating the aromatic
polyamide fiber sheet with the varnish to be blended by
the method described above and by using the thus prepared
20 prepreg sheet.

Comparative Example 4.
An experiment was conducted in the same manner as in

Comparative Example 3. Here, however, there were used

25 staple fibers of polyparaphenylenebenzobis oxazole
instead of using the staple fibers of polymetaphenylene
isophthalamide used in Comparative Example 3. The angle
of inclination of the flat end faces of the staple fibers
was 4 degrees, and the ratio d,/d, of the largest cross-

30 sectional size d, of the annular projections formed at
both flat end faces and the average cross-sectional size
d, of the intermediate portion between the two
projections was 1.19. The constitution of the obtained
aromatic polyamide fiber sheet, the ratio d,/d, and

35 properties of the laminated material were as shown in
Tables 1, 2 and 3.
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Comparative Example 3. The angle of inclination of the
10 flat end faces of the staple fibers was 8 degrees, and
the ratio d,/d, of the largest cross-sectional size d, of
the annular projections formed at both flat end faces and
the average cross-sectional size d, of the intermediate
portion between the two projections was 1.14.
15
Comparative Example 6.
An experiment was conducted in the same manner as in
Comparative Example 3. Here, however, there were used
staple fibers of a polyetheretherketone instead of using
20 the polymetaphenylene isophthalamide staple fibers used
in Comparative Example 3. The angle of inclination of
the flat end faces of the staple fibers was 7 degrees,
and the ratio d,/d, of the largest cross-sectional size d,
of the annular projections formed at both flat end faces
25 and the average cross-sectional size d, of the
intermediate portion between the two projections was
1.15,

Comparative Example 7.

30 75% by weight of heat-resistant organic high
molecular polymer staple fibers of a copolyparaphenylene-
3,4'-oxydiphenylene terephthalamide having a single fiber
fineness of 1.67 dtex (1.5 de), a fiber length of 3 mm
and an equilibium moisture content of 1.8% (trademark:

35 Technora, manufactured by Teijin Co.), 15% by weight of
polymetaphenylene isophthalamide staple fibers stretched
at a ratio of 1.4 times in the step of production and
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10AA 10 0.03% to thereby prepare a slurry for sheet making having
a fiber concentration of 0.20% by weight.

Here, the staple fibers of the copolyparaphenylene-
3,4'-oxydiphenylene terephthalamide were those that had
been so cut by the method described in (1)(a) above that

15 the angle of inclination subtended by the cut faces and a
plane crossing the fiber axis at right angles was 3
degrees and that the ratio of the largest cross-sectional
size d, of the annular projections formed at both flat
end faces and the average cross-sectional size d, of the

20 intermediate potion between the two projections was 1.15.

Table 1 shows the components constituting the
aromatic polyamide fiber sheet that was obtained, and
Table 2 shows the angle subtended by the flat end faces
of the fibers and the plane crossing the fiber axis at

25 right angles, and a ratio d,/d,. Table 3 shows the
evaluated results of various properties of the laminated
material for electrical circuit boards produced by
preparing a prepreg sheet by impregnating the aromatic
polyamide fiber sheet with the varnish to be blended by

30 the method described above and by using the thus prepared
prepreg sheet.
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1l |Technora| 95 Nomex 5
2 |Technora| 90 Nomex 10
Example
3| Technora| 75 Nomex 25
4 \Technora| 65 Nomex 35
Compa- | 1iTrechnora| 98 Nomex 2
rative
Example| j|rechnora| 35 Nomex 65
5| Kevlar 90 Nomex 10
6 |Technoral| 75 Conex 15 Nomex 10
7|Technora| 90 Nomex 7 Eggfz 3
g8 |Technoral| 75 Twaron 20 ?gg?i 5
9 |Technora| 75 Zylon 15 Nomex 10
Example .
10|Technora| 75 |Vectran| 15 Nomex 10
11|Technora| 75 PEEK 15 Nomex 10
12 |Technora| 90 Technora 10
13 |Technoral 990 Vectran 10
14 |Technora| 90 Zylon 10
3|Technora! 75 Conex 15 Nomex 10
4 |Technoral| 75 Zylon 15 Nomex 10
Compa-
rative | s|pechnora| 75 [Vectran| 15 Nomex 10
Example
6 {Technora| 75 PEEK 15 Nomex 10
7 |[Technora| 75 Conex 15 Nomex 10
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[Note] PEEK: Polyetheretherketone
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7! 0.57 81.32 0.23 2 - 3 3.4 10
8| 0.66 75.46 0.14 3 2.8 102
9| 0.67 55.97 0.06 2 - 3 1.7 10
Example
10| 0.64 59.84 0.09 3 1.9 10%°
11| 0.69 52.98 0.11 3 1.8 10%°
12| 0.61 73.78 0.08 3 2.6 102
13| 0.58 49.51 0.08 3 1.7 10%
14| 0.54 47.24 0.05 3 1.5 10%?
3 0.66 32.66 0.38 1 5.3 102
4, 0.64 33.11 0.08 1 4.0 10%°
Compa-
rative | 5| 0,60 34.48 0.12 1 5.1 10°
Example
6! 0.66 38.35 0.15 1 4.8 10°
7! 0.61 75.46 0.14 1 1.3 10°
Industrial Applicability
The laminated material for electrical circuit boards
5 obtained by using the heat-resistant synthetic fiber
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times or more the average cross-sectional size of a
portion between the two annular projections of the staple
fiber.

30 3. The heat-resistant synthetic fiber sheet
claimed in claim 2, wherein in each of the plurality of
heat-resistant organic synthetic polymer staple fibers,
the two flat end faces at an angle of 10 degrees or more
to the fiber axis are formed in the annular projections.

35 4, The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 to 3, wherein the

plurality of heat-resistant organic synthetic polymer
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16. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 and 10 to 13, wherein the
heat-resistant synthetic polymer from which the fibrids
35 are formed, is selected from the heterocyclic group-
containing aromatic polymers.

17. The heat-resistant synthetic fiber sheet as
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claimed in claim 1, wherein the organic resin binder
comprises at least one member selected from the group
consisting of epoxy resins, phenol resins, melamine
resins, formaldehyde resins and fluoro polymer resins.

18. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 to 17, having a bulk
density of 0.40 to 1.13 g/cm®.

19. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 to 18, having an
equilibrium moisture content of 3.5% or less.

20. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 to 19, exhibiting a
dimensional change of 0.30 or less in the longitudinal
direction of the sheet when the sheet is heat treated at
a temperature at 280°C for 5 minutes.

21. A prepreg comprising a heat-resistant synthetic
fiber sheet as claimed in any one of claims 1 to 20 and a
thermosetting resin with which the synthetic fiber sheet
is impregmated.

22. A laminated board comprising a heat press-
shaped article of a prepreg comprising a heat-resistant
synthetic fiber sheet as claimed in any of claims 1 to 20
and a thermosetting resin with which the synthetic fiber
sheet is impregnated.



