11 July 2005 - 1 HEAT-RESI STANT SYNTHETI'C FI BER SHEET Technical Field
- The present invention relates to a heat-resistant 5 synthe{jsufpdgy sheet.
More specifically, the invention relates to a heat-resistant synthetic
fiber sheet that features excellent heat; resistance and el ectrical
I nsul ation, and that can be preferably used as a |amnated material for
electrical circuitry. 10 Background Art A base material used for the
laninated material s forHEEteRESTSPANTI SENIHEDDAr S8pHRSEzhave excel | ent
properties such as heat resistance, heat-resistant di nensional 15
stability, humdity-resistant dinensional stability, electrical insulation
and resi st anfechgacast Fdefidrmation (hardly tw sting, warping or
undul ating). Int Lcal..,cl.reuit ards for snall el ectronic devices
such as cel | phongg? ﬁ%?g égkigggégﬁéb Eggﬁé?gr§°aﬁthﬁ§75?%¥q&§ntfurther,
the w ring nb¥bthetier fitbheyephedbnseMyre Fheréfdrellyhe thasd nvaterioal
t heref or mMustenNBebsVasi QUResPL i L Low:ywei gk ILnh,addition to
.the above- nti oned ropert?egeg%ﬁggﬁgagyﬁgggg%gn l?%%t%éﬁfg F%ﬁ%r sheet
features exgg??Eﬁfe%e ¥oepiifRtaheat resistenrstand elestdimedsi onal
_stability anfnsubhtioe} ghhd eBacosRRred bLersPEBLyNREREr gsmade of ot her
materi al s ang Qfﬁa é recent_.years,. been used as a,base material for the
| aninated meEeriarct dPefetititdr electFicpbartEcnhkfYrequire the various
propedidi es descri bed above. 30 For exanple, there have been known an
el ectrically jgi%! ' romati c pol yam de fiber sheet conprising
mpolynetapheﬁvvén fgg%ht'glanide staple fibers (trademark: Conex,
" manuf act ured by Teibase Gmaderinl aisaxb| forettdpheythtnet 8 opht 8ak ans deopul p
- (fibrids) (JaRan8sS&al circuit boards must have excellent properties

such as heat resistance, heat-resistant dimensional

15 stability, humidity—resistant dimensional stability,

' electrical insulation and resistance against deformation
(hardly twisting, warping or undulating). In the
electrical circuit boards for small electronic devices
such as cell phones, notebook personal computers and the

20 _ like, further, the wiring must be formed very densely.
Therefore, the base material therefor must meet various
properties, such as low weight, in addition to the above-
mentiocned properties. The heat-resistant synthetic fiber

sheet features excellent heat resistance, heat-resistant

f?ﬁk'.

25 ~ dimensional stability and light 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 reguire 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




35 Unexani ned Patent Publications (Kokai) ‘Nos. 2-236907 and 2-10684);
resin-inpregnated aromatic polyam de fiber sheet conprising july 2005

' ponparaphenerne t erepht hal am de staple 11 July 2005 - 2 fibers
(trademark: Kevlar, manufactured by du_Pgnt Co.) or a

copol ypar.aphenyl ene- 3, 4' - oxydi phenyl ene terephthal am de staple fibers
(trademark: Technora, manufactured by Teijin Co.) and an organic resin

bi nder 5 (Japahese Uﬂeadmnaeld PaéemarPuhth%b@nr(eﬁow HuN@onl- c%2§33)?

and, a net hod _of 2 Pf ab ve a yam_ de fiber shee

(Japanese Unelgam ﬁgggli%{?gﬁ ?FB?\’[’E’ EB(REKQELP hRpYlerg7392). The forner

el ectricall ytensphahahgmadenntapléOfmbéya dealicharksheetbnhagaexcel | ent
i

heat resi st d,at . a_t erature.of not |ower than ff
250C, homevgl?gﬁuﬁ?t\é\p‘g?ect%c %fﬁéu nﬁngrgﬁa?f"gaﬁf)?yﬁﬁ?&@ piBdersheet
shrink$ and b%%m@%%5$nU%¢%@mln@@sPdésnttRebllbetlbas(Hohagm mgui iibrium
noi sture 15 gpptent L@t LrpnLodent S h iLnmurity.ion
cont ent . Vh%ﬁéf age for egtendeQ$ eﬁfogg &tFﬁ% 59 Vengﬁoﬁﬁ¥§chun1d
condi ti on ¥15t ’?Hée%l%&%ﬁ“‘r%awalﬁ%%‘atUWM@@@@SPaheutf i ci ent.

Ther ef or e, tyfulsllcaamimﬁlgxmly)am@e jlbﬁg@ eet cannot be used as a base 20
material for elegﬁrlc | nsul.ati.on, h degree of reliability is

required. On the StherOHYHY, ST HE 7 Yr’e‘%‘? ?‘hsp'i‘%gﬁﬁ’a@é@tlfaronat ic
pol yadPde figsehyashiods fidsera sremt tepidodul Lont MRESE Wres COMERL . and a

relativel y sy Hé@rﬂf‘%’iﬁe %?hcq:n%tngpgtroﬁtbut g%e:zs thelrfg;%?gl C re5| n only

as a binder conponent

“pol yani de f a5k’ %d&wew&mr@u@ehmmmrlmw axmrm@t@s to t he
“front and b%ﬁiy%ﬂfcﬁ;ﬁefl%éie%h@ce%]@%ﬂ%&t nf‘?}i"%h %o.n the front and back
de

surface 'sides resul e afount o ¢trffonent becones
smal | Besides, the fiber has a high equilibrium moisture
15 content (water content) as well as a high impurity ion

content. When placed for extended periods of time under
highly humid condition, therefore, the electfical
insulation becomes insufficient. Therefore, this
aromatic polyamide fiber sheet cannot be used as a base -
20 material for electrical insulation where a high degree of.
reliability is required.
On the other hand, the latter resin-impregnated
7 aromatic polyamide fiber sheet has a small equilibrium
. moisture content and a relatively small impurity ion
25 _ " content, but uses the organic resin only as a binder
' - 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 afomatic polyamide
fiber sheet loses uniformity in the direction of
ﬂthlckness and - performance
35 becomes less reliable.
When the above-mentioned conventional heat-resistant
- synthetic fiber sheet is used as a base material for




in the mddle |ayer of the sheet; i.e., the resin distribution in the -
resin-inpregnated aromatic polyam de fiber sheet |oses unifioJui2005 n the
direction of thickness, and perfornmance 35, becones |ess reliable. Wen
t he above- nenti oned conventional heat-resistant synthetic fiber sheet is
used as a base material for 11 July 20053 --3 electrical insulating
materials, therefore, dispersion increases in tEe anount of tpetEIeEded )
~varni sh that i X IarI the direction o I ckness
or that is agggf:’ecggpnqgﬁzltsggggqo# (?uc |orf n%‘ f 1SPeXfifiGthg t he
~ step of prepéflpﬁgaﬁeﬁr épr éi@eb}imoumtr @gfns;thmgﬂaamﬂec&ywanguesrbltﬁmled.warmsh
- such as an Qﬁ@%égh@%leﬂ @a@tllautﬂa%l%rt en ftﬂea r}%[dﬁqir{ %ef\c,lm agcgf?dgﬁ

repreg articles, Besid t he bi nder re5|n _
'gdhgrlﬁg f or 86 Ehﬁﬁglﬁhédhﬁﬁéﬂs1?0t&@bﬁé&§b§ﬁhm€Qﬂﬂ§Qﬂﬂ&n base naterlal |s

caused % 0 bepabtmkemarEyrtHeklnbheh&t%ng beb@he IS £ S Idrk ﬁﬁﬁ%ﬁ Ve

d.th t densities |'osesS u
ggﬁgu ﬁtgh? Le ’?g%r‘%%?‘%glﬁﬁ[ ap aF’r%Pg 8| g’i@i‘ﬁ@é‘l verndgiht sawhd@st @nbe

def or med, paepoxwl aekynlSanéit én the step aE &ah&@&t%ablQWetE%&ahﬁeaﬁ;;gﬁ?
t at a hi e I n er, to e above problens in
?ﬁ tﬁe rlogP éngJé%%%EE%SUnegég%ﬁga P $1538F|E§§FBnP€K6QH| No.
12001- 295191.@ﬁkt$os@heéebﬂseheaaéheahnﬁoforbe amohgntnatedb@&herlal for.
el ectnigcal cddetbisboasds. thiegnOle 4 §e31[98¥§r959b1§ 3 Obtga'B”e by using a
én pars=er 5Rabfc

fiber sheet that contains, as consti enents
pol yani de stREPEen | heF4rthavi nghe wotaplepf ébanauhave pasjidpt kebstioemed

(w ndependent|®bféémhe@@ﬁbfﬁfﬁﬁd|Ehér@as@§1$99965u9fnf&bgkrggﬁéfgiegnd

mer f i ds.
organi ¢ hlgqﬁggéxﬁ%f¥or£) ;vcausing the laminated material for

electrical circuit boards to be deformed, particularly
. 15 ~after the step of solder reflow that.is carried out at a
hlgh temperature. ,
In order to solve the above problems inherent in the
prior art, Japanese Unexamined Patent Publication {Kokai)
No. 2001-295191 discloses a base material for the
20 = laminated material for electrical circuit boards, free of
the above problems, obtained by using a fiber sheet that
contains, as constituent elements, para-aromatic
~ polyamide staple fibers, having two or more annular
projections formed independently from each other in the
. (ﬁ} 25  longitudinal direction, and organic high molecular
| " polymer fibrids.
| In the para-aromatic polyamide staple fibers for the
base material, however, two or more annular projections
are, in many cases, formed on both flat end faces or on
30 -the portions close to both flat end faces of the staple
fibers. Such projections promote the entanglement among
the staple fibers and, hence, the fibers are not fully
opened in the step of paper—making. In order to obtain a
synthetic fiber sheet infwhich'the étaple fibers a¥eé’
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




In the para-aromatic polyam de staple fibers for the base material

however, two or nore annul ar -proj.ections are, in many .casef, jfipsded on
both flat end faces or on 30 the partions close to both flat end faces of
the staple fibers. Such projections pronote the entangl enent anong the
staple fibers and, hence, the fibers are not fully opened in the step of
paper - FRGHGLIaNt slemiea sastiain howsypmiretd cddgdn tHeeet in which the

st apl e griddeks iatie 35 uniformy distributed in the direction of plane and in
the'directign %& t hi ckness, therefore, a step nust be provided to

di saggr egat & “&Cragite thicpsygthgtaci fibgry shees is pzepbiretedn degree

causi n@, shewevehere dh@pfﬁbe&hearérﬁ@ﬁckhihkyoPﬁgéhgehoan Ehf frntheticd
e fiber§ are not fully opened,

fiber IS ared in a state where t ) t
hon- uﬁ??gﬁ’fni“p’é’fggf?gﬁé‘sa%ec8ﬁP§PﬁBﬁdi A0t kBe| dpphaatadnBateranl for
el ect r fe8l edprtuica) chatuisrpbthaveds bpPrapaedicukgr, after the step of
sol derpgefl o gxec Lgh Lemperature, . the |am nated material for
- electr?cgﬂ eﬁ?r%ﬁi%kgggfﬁgguﬁgégg%%sg$ﬁ%eﬁrBﬁfEﬂVo?x%%$Eﬁﬂa§¢o%. It has,
t her ef 3t€! beRperRERFed the sbiwinated maoetial o selesuricaof the | nvention
It is,ciheirtf Beardd i &f &if [pvention . to pravide a
heat - nesi Sttﬁt s%/nt het.i c&ﬁ%er, éslﬂ%é{yt a‘%nl %ghf%tlt?rsfnae%oerf‘l em® heat .
" resi stance, heat-Fesi KGR daf sk itoh@o Istealditiia ywrekd eal.ect rical i nsul ation
under . highly hum d conditions, that is suited for use as a base material

for thsd-a0 e egrical for. electrical «circuitry, that is free from or
scATs Ak %fn%%en&avFggéap

decreases, the above- probl ens possessed by the conventiona
heat - resi $tans sybeefocef,i ber objeetso@ngheppibibertalhyentigs from or

decr eseprodehiar uhEan LLUGSELAD: YRERLES: (REY BLLOD (BLE) TN the step

. EXHlbigS excellent heat resistance, heat-resistant
'dimensional stability and electrical insulation under
highly humid conditions, that is suited for use as a base
material for the laminated material for electrical
circuitry, that is free from, or decreases, the above-
mentioned_problems possessed by the conventional heat-
resistant synthetic fiber sheets and, particularly, free
from, or decreases, deformation (twisting, warping,
undulation, etc.) in the step of producing a laminated
‘material for electrical circuit boards, that is free from
the problem of lack of electrical insulation under highly
humid conditions, and that can be produced by a known

- method without decreasing the productivity.

A. first aspect of the present invention provides a
heat~resistant synthetic fiber sheet comprising, as
principal components, a plurality of staple fibers.
comprising a heat-resistant organic synthetic polymeric
material, and at least one member selected from (1) heat
resistant organic polymer fibrids. and (2) organic resin

binders, wherein,




material for electrical circuit boards, that is free from the problem of
llack of electrical insulation under highly humd conditiongyjapgogdat can
be produced by a known method w thout decreasing the productivity. A first
aspect of the present invention provides a heat-resistant synthetic fiber
sheet conprising, as principal deamonents, a plurality of staple fibers

conprising a heat-resistant organic synthetic polyneric naterial, and at

| east lected f 1) h i stant i | fibrid
and (2) or gante PRGIFEL O (b Bt ey oL SR ooh T SPRE SR | Ly of

st apl e thirkeigh ajtee head t&s Pacin Ot Bekant Br ayghnthecheah RSl st Qr ganic
synt-hetic polymer fibrids and/or organic resin binders, to forma

paper - AN GGheRtdant fe I&SATentinferfe dtapferhi Bergaperrhikhe stmsge of 40
to 97 0 : Sis O h ot al f the
sheet, %g% é%%e%gt gF ?é}r?t atfa(@fsét ﬁgb%gga%%c Jériln{:ﬁ%t i?:@tnﬁcﬁ ycr)rlglra%fi 5t i ds
and/ or %e organic resin binders is in the range of from3 to 60% by nass
on the basis of the total mass of the sheet, and at |east a portion of the
staple fibers each have two flat end faces at an angle of 10 degrees or
nore to a plane crossing the fiber axis of the staple fiber at right

‘angl es. A second aspect of the present invention provides a prepreg
conprising a heat-resistant synthetic fiber sheet of the invention and a

thernosetting resin with which the synthetic fiber sheet is inpregnated. A
third aspect of the present invention provides a |am nated board
conprising a heat press-shaped article of a prepreg conprising a

heat -resi stant synthetic fiber sheet of




the invention and a thernosetting resin with which the synthetic fiber -
sheet is inpregnated. In the heat-resistant synthetic fjber1§ 6$ one
enbodi ment, it may be desired that at |east a portion of the p rality of
the heat - resistant organic synthetic polynmer staple fibers have at | east
two annul ar projections spaced apart Tromeach other in the |ongitudinal
direction of the staple fiber, and in each staple fiber, the |argest

Cross-ségt ingrsad cai 2he0baldies @M@&&a‘?ﬂ%&b e Sk & tines or more the
n be

aver age ectl nal size of a portio wer Hh St aftiisl ar
pr oj ect |tg%;q%fscatﬁh % foz organiley uuhetSa polymerheat - r esi st ant
synthetfébﬁlﬁgragﬁéer teheaneighric e MBRge st 1§a¥ %i%§§jred that, in

each of gfheplukakjt heat - resi stant organic i er stapl e
fibers, .the twg % atxoengy aces ao é}&?eaﬁéﬁésopfl@hée@pé@d oaseDre to the

fiber aRfsthPesheehedand ahelensul ar pbE-ejieat benghel QtEBQe ggf) al-gsi stant
esired that the

synt heteacﬁlbg{,esgﬁgtf f+ ugpLher odinent, it may
pluralit . eat-res?stzl?l?&or%éan c gbﬂf’h@flgéepﬁfy%rdgﬂﬁﬁﬁé é ber s
contain %’é?a ArdnRtiRe ROF9RHi e thapfibéibexssiof apha@n®ugpie of 40% by nass

or nor ef iloer tdie hixgies higide, total mass of the plurality of heat-resistant
synthetic polyner staple fibers. In the heat-resistant synthetic fiber
sheet of an enbodinent, it may be desired that the para-aronatic

pol yam de s a b ected fromstaple fibers corrprlsmga
pol ypar aphenylgéﬁgmtjer%{%h&%tgl g% dggﬁnfrﬁsfﬂ% RYBRF$CRoRFIEIdRF aa

copol Wmﬁ%mﬂmﬂs&n@’ 0xtysh phesy] engn ¢ eéﬁrpm&@ién]fﬂserléhégky g005 6
I n thq:h@eatl re stant sa/nt hetl c fiber sheet” of
nve lOH thermosetting re31n with which the

synthetic fiber sheet is impregnated.

A third aspect of the present invention provldes a
laminated board comprising a heat press- shaped article of a
brepreg comprising a heat-resistant synthetic fiber sheet of
the invention and a thermosetting resin with which the

synthetic fiber sheet is impregnated.

In the heat~resistént synthetic fiber sheet of one
embodiment, it may be desired that at least a portion of
‘the plurality of the heat - resistant organic synthetic
polymer staple fibers have at least two annular projections

. spaced apart from each other in the

longitudinal direction of the staple fiber, and in each
staple fib_er, the largest cross-sectional size of the
annular projection is 1.1 times or more the average

cross—sgcpional size of a portion between the two annular
 Projections of the staple fiber.




further enbodinment, it can be desired that the heat- resistant organic -
synthetic polyner, fromwhich the staple fibers are fornmed, j# sfjsected
fromwhol Iy ‘aromatic polyesters exhibiting a liquid crystalline property
upon nelting. In the heat-resistant synthetic fiber sheet of yet another
enbodi ment, it can be desired that ¥he heat- resistant organic synthetic
pol ymer, fromwhich the staple fibers are fornmed, is selected from

het erocyclic group- containing aromatic polyners. In the heat-resistant

synt hetic filbertishektadfrenestenbodiymehietiict Milyebesidestred thatthidie
‘heat-resi stgnt organic synthetic %Ol mer, fromwhich the staple fibers are

forned,?qu?d_s‘éfleé’(,ttfec}tf S pot yet et 8t heRREet ofBsS2FR Phe theaPesildttant
synthet«c hiberrsbestaRt rdaiithesysrhodi Fents1 yferCabc 051 desiiied ot hat the
plurality of the heat-resistant organic synthetic polyner staple fibers
have athiehewd efgtth ¢md t heceange ef fanghe 2f olA2¢egreast he heae- tesi st ant
synthetic fi.her sheet _of at hery . enhodinment,, it nmay he desired that at
enst T RET St RS AT ddhPs G e G het i c. pol ymer
melt- bonds the plurality of staple fibers to each other therethrough. 11
July 2005 6a In the heat-resistant synthetic fiber sheet of one :
enbodi nent, tht €go bg. gdes) t t-resistant organic synthetic
pol ymer from whi ch theéj‘fei %lggssﬁ%?{é f nnede?tl%asf%etlhers Skt a
~ deconpbarthen- embodameng, t éhpematute efes33HI Gia g pIuidBity of
heat-rlgé%ﬁlfg%.ss ntgeti c fiher sheet of another enbodinent, it can be
desired tha Jhga H3at - PESPSant SHMPEE € syRPhERRE péitaRde f i bipesshave an
equi | idwn tain Nphehuhof@RE N Of yamBRI8 OLthE3s- #ibdNe hgatsiresistant
synthetic fiber sheet of yet

of 40% by mass or more, on the basis of the total mass of

the plurality of heat-resistant synthetic polymer staple

fibers.
In the heat-resistant synthetic fiber sheet of an
embodiment, it may be desired that the -para—aromatic

polyamide staple fibers are selected from staple fibers
comprising a pPolyparaphenylene terephthalamide and staple
fibers comprising a copolyparaphenylene-3, 4/~

. oxydiphenylene terephthalamide.




anot her enbodi ment, it can be desired that- the heat- resistant organic -
synthetic polynmer fibrids are the ones prepared by m xi ng p,@ggéﬁ&ﬁn of
the organic synthetic polyner for the fibrids with a precipi rng nmedi um
for the synthetic 11 July 2005 7 polyper solution, while applying a
‘shearing force to the solution. In the heat-resistant synthetic fiber
sheet of a further enbodinent, it may be desired that the heat- resistant
organi c synthetic polymer fibrids are the ones prepared in a procedure

- such that shapedharthehesr8avsNgne &HPheget ec0rf ki ngpioperdsy arg formed
~froma solution of the organic synthetic polynmer having an opti cal

ani sot F8pfFherangnbpgipeng, a Kecharfdal Shealdiggchr ddato the nbeetul e-
orient icle ibrillat t randomthe .mol ecul e-oriented
ehapod afiroras. s spthekrl et Ea nPrEhy PBatTorEs “sPeyiE
anot hefibpbedi et , formead, be idesi seltkdthad t HeoheatwhsEBy St apbmakgani c
synt het i olynmer, fromwhich the fibrids are forned, is selected from
pol ypaP8EHEﬁ§?£ﬁe ¥RtRpRERAI i detBRE c SFOISFFArdpifenProRErsy4: upon
oxydi ppemykgge terephthalamde. In the heat-resistant synthetic fiber
sheet of one  enbodi nent, the heat-resistant organic synthetic polyner,
fromwhich the fibrids are forned, nay be selected fromwholly aromatic

pol yesters hiQiti _liquid crystalline property on nﬁ%tin .. In the
heat-resistgﬁt1§$%tﬁ§??crpﬁ gFag'ee?y%?h%El?uﬁ? é?feﬁggﬁFné% , t%gt
~heat -resbshant sywbdehéet polyer darombehi gastihed | bhids ane freged, may be
selected fromthe heterocyclic ring-containing aromatic polyners. 11 July
2005 ¥gsistant organic synthetic polymer, from which the “staple

fibers are formed, is selected from heterocyclic group-

containing aromatic polymers.

In the heat-resistant synthetic fiber sheet of one
embodiment, ‘it may be desired that the heat-resistant
organic synthetic polymer, from which the staple fibers are

formed, is selected from polyetheretherketones.

.In the heat-resistant synthetic fiber sheet of a
further embodiment, it can be desired that the plurality of
the heat-resistant organic synthetic polymer staple fibers

have a fiber length in the range of from 2 to 12mm.

In the heat-resistant synthetic fiber sheet of another
embodiment, it may be 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 yet another enbodi nent, it
can be desired that the organic resin binder conprises at 11easj2qpae menber
sel ected fromthe group consisting of epoxy resins, phenol resins, :
nmel am ne resins, fornmal dehyde redans and fluoro polynmer resins. It --nmay
be desired that the heat-resistant synthetic fiber sheet of one enbodi nent
has a bul k density of 0.40 to 1.13 g/cnB. It can be desired that the

heat - resi st ait §At Hwac rigimranhestyndhedrie efibodi netteamy ogxhi kire a

di mensi ; ge.qf O. or, less in the longituydinal 11 July 2005 8

di rect ieg%%oque%gﬂshégt \Ah%%nt He® sh%%?“f%d hedtat r eed%ﬁﬁt?etsé"rﬁfé% ure of
280C f arrgamind niptrashetBrd efolResof | PtoNwei ch hendr anbR88sFhagde ¥Fdrsed,side
vieM/iIIustrathg the shape of a 15 staple fiber conprising a

heat - r 8@%tAntNBFYahi EecepReReLioNpéIy Fdra tdmg digrpyaturaeat- BS9I°St ant
synt hetd,c mddber sheet of the present invention; and Fig. 2 is a side view
‘illustrating the shape of a staple fiber (having annul ar projections at
two flat end 20 faces) conprising a heat-resistant organic synthetic

pol ymer contained in_a heat-resistant synthetjc fiber sheet of the present
i-nventi on. es?ﬁﬁbéga%ofqﬁiﬁaﬁqﬁy%XHtQQ%%?ré&Qﬁ?cﬁp%ﬁﬁTﬁg pRESERET

i nvent embdadweneconduct ed sdnuditRs Ide Alrept QAR +Q-aChLEYE LG stant
above- nenti gned object and have discovered the fact that the staple fibers

const i CFGRARGC t Ky HéstticCesiraiteBynfhbridsf i beweshest cagubéibpéned to a
suffiph%qthQQrggn%@ﬁg Lhe;staple fibers conprising a 30 heat-resistant

p
organi ¢ synthetic polymer such as para- aromatic pol yam de staple fibers
have faces that are cut at an -angle of 10 degrees or nore to a plane
Crossing th§ fiber axis at . right angles, that properties of the sheet
n the heat-resistant synthetic fiber sheet of yet
another enmbodiment, it can be desired that the heat-
resistant 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




and uniformty between the sheet |ayers after the heat 35 press-shapi ng-can
be i nproved, that various. properties possessed by the_lanrﬂqhgpzmﬁﬁerial
-for electrical circuit boards, such as.ijmpregnation of varnish to be 11
July 2005 - 9 blended and electrical insulation, can be further
i nproved, and have thus conpleted the invention. |In the present invention,
 the heat - resizplmesgnhdtion f ivierl s hagily i udash@a shegt FEAEPrisifige as 5
~principal conpongnt a plurality of staple fibers of a heat-resistant
organi c synthetic po yner and heat- resistant organic synthetic polyner
fibrids and/or organlc resin binders, and, particularly, a paper-Ilike
sheet, a no sheet and any ot her sheet-llke 10 material. Here, the
ratio of th Ihe 'S ediedtafesasganitc Syvﬁbﬁéupc ﬁ@bynerSBEepleoflbeks to the

whol e masscifr t Renspidagt i ¢ ;i ber ee from40 to 97% by nass,
preferably, from55 to 96%byftmatssm‘§1 Eé CHrEFer AL WrombEatro 95% by

mass. IB$shad heaganasi %Mhmganlmwmmetﬂl@rgqlsyngge stapl e nlisbers,

t here EQQ%Q%_ eqharonatlc yamqb staple fibers having a fiber- fornlng

pr oper 1 ern€F°&88 MposT{§ tPﬁFtF@ﬁ Neg taper krur baving3acC or

nor e, W@dlelqal&roma.bmzlpgl yesseErsy aphe f ioehsd e t hngGAQ & d: adi-d
heterocyclic rint-contalning aronat|c

. crystalhjne rﬁfré¥ upon neltlng
_'polyner staﬁp gl p%?%é?ﬁéréﬁﬁéﬂ@eﬁmuﬁﬁﬁkﬁﬁb gnbepsropppng t hem
|t I edesind yingise Wbkl osRoLyan dvclapl e fiber s The  stapl e

fibers may be used in a single Kind or mxed 2 TREFPASTwo or
mor e kPﬁa§nt¢ﬁeSBﬂEﬁﬂtﬁcthRvantdefmbedlﬁatetbe heat-reS|stant organi ¢

_ Syntheféﬁd@ﬂlyﬁgrméiégﬁfévﬁg$%ﬁ%%€ % ng?h%ﬁt%%fnatlc honopol yam de and an

aromati ¢ copol yam de o 7t d (preferably, not |ess
t han 90

In the heat-resistant synthétic fiber sheet of yet
another embodiment, it can be desired that the heat-
resistant organic synthetic polymer, from which_ﬁhe fibrids
are formed, is selected from polyparaphenylene
terephthalamide and copolyparaphenylene-3,47- oxydiphenylene
terephthalamide. |

In the heat-resistant synthetic fiber sheet of one
embodiment, the heat-resistant organic synthetic polymer,
from which the fibrids are formed, may be

selected from wholly aromatic polyesters exhibiting a
liquid crystalline property upon melting.

" In the heat-resistant synthetic fiber sheet of a
further embodiment, the heat-resistant synthetic polymer
from which the fibrids are formed, may be selected from the

heterocyclic ring-containing aromatic polymers.




30 nol %9 of the recurring units constituting the polyam de are the
recurring units represented by the following formula (1), 41 July2005

NH- Arl - NHCO- Are-CO --- (1 ) wherein Arl and Ar2 are, independently from
each 35 other, divalent aromatic groups. It is desired that the divalent -
aromatic groups represented by Arl and Ar2 are selected fromthe groups 11
July 2005 - 10 of the follow ng fogrml as (2), 5 10 In the divalent
aromati c groups of the above formul 48 (2), one or nore hydrogen atons may
- be substituted by one or nore of hal ogen atons, |ower al kyl groups, or
phenyl -groups. 15 The nethods of producing the aromatic polyam de fibers
used for th eatyrd esist.al tic fiper.sheet. of the invention and the
fiber propeﬁ@e?hk%vgle%teter%tesg%és@éggsegyfﬁﬁgeﬁéF eﬁh%?e,‘s}ﬁ‘??i H Pacént No.
1501948 nothes; amhbehineiN, B733964hbe Noes 3764 7582 andhbo - r386942% 20, and
Japaneggln%]_xam' ned. Pat ent df’ubl i cations (Kokai%q No. 49-100322, No.
47-10863. No. BEWAFE? Hnd St LBs5Igbenssehechednarrn pbeyaniote fi ber
havi ng cexteildteinty heat ep8si,/St-a [ i t n_be exenplified

a para-aronatic gpoI yamﬁ.deyfi bgsg\ﬁﬁi c@)t?%?gotla#ga%nrrsa’t F@ég%ﬁ%%?yg%ségsﬁ ber

r epr esdER siehvide dissia s smellfd uokp ol yweirchrefrinsand Ar2 are aromati c
groups at para-positions and of which the total npblar anmbunt is not
smaller than 50 nol % Concrete exanpl es thereof include polyparaphenyl ene
t er epht hal aditde-saaplle f dbelised0 titatadehar kiede\deari strmntuf aghuhediby du

Pont " Cq. nd, copolyparaphenyl ene-3, 4' - oxydi phenyl ene terepht hal am de
st apl g%flli)ggr g’hfategaﬁefmﬂ?epfgg%’m,n %tta}fléa %@“Slty of 0.40 to

1.13 g/cm’.

It can be desired that the heat-resistant synthetic
fiber sheet of one embodiment may exhibit a dimensional

change of 0.30 or less in the longitudinal




Teijin Co.). In particular, the latter exanple contains inpurity 35 ions
in only smal|l anmpunts and exhibits excellent electrical inpuladbesy and
is, hence, is useful as an electrically insulating synthetic fiber sheet.
11 July 2005 - 11 As the staple fibers for the synthetic fiber sheet of
the present invention, further, there maf be used neta-aromatic polyamni de
staple fibers together wth the above para aronatlc pol yam de stapl e

fibers. The a the aromati c pol yam de of
the above fo?ﬁ%ét§oge5? EﬁQ&gﬁg%t # Enﬁ ﬁr? srt dbvhrafrtrersedt iad gr oups

. of which the? tB?%PeﬁBFﬁ¥eaﬁﬁuh80|@ fot -5smhbeest han 50 nol % and havi ng
‘non-coaxi al and non- parallel chain bonds which are not in parallel.
...Exanpl es 10 thereof include staple fibers of a honopolymer or a

copol ymer zed el fy mess catitpaii @edohytu@i@ga@q%g%r two or nore of terephthalic
acid and i sopht hal.i c qeld as dlcarbOéyI i aci d .conponents, and one or two
i RRRSS A

or nore of netap%eﬁ&lene i Snife VigvVa [ther fdyapes 0f1 a15
dlanlh@dlph@ﬁ@@#@tﬁah@raudmpyhyhegeadhaamheeassdh@m @%@anlﬁepresentative

| | d t
obt ai ned LC%%S’?%%"FF’%P%"%?L% Patashendl nberEobrEraiantasynchetic:
ee

pol ynet axyl $HLERE € ﬁhpﬁathﬁtneeeantsmphehahpc aend 20 chl ori de,

'terephthallc aC|élghlgrhgeaogldgegﬁghmg Egeghgghgetph ggglgﬁhgr t he

aromatic Igagl g gta le fibers In not and,
pr ef er abl y, ShePLFeSsbPeRakn Qﬁlﬁﬂl@9%ﬁlﬁﬁepredﬁ¢tiﬂgs ah|t§0aféaheea¢henylene

_|sophﬂhalandeegUOU@ﬁprQ@ﬁhéYaCh@étﬂ§%§1é9§§£|ar%QHQE Q&ghhgeg@erature and
hi gh pressul:r)(sl cond ns_t or e favor abl y exhi I nder effect and

are desired Eecag Pt e 9|%e9%a?oﬁe%§%¥h%¥|%YHFF%E%Csﬁé%?§ of the

present inveleebnef the present invention.

Best Mode for Carrying Out the Invention
w> .25 - The present inventors have conducted studies in an
' attempt to achieve-the_aboveementioned 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 IOidegrees 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




In the heat-resistant synthetic fiber sheet of the 30 invention, further,
it is desired that the para-aromatic polyam de staple flbeﬁshﬁ%gmy§ed at a
ratio of not smaller than 40% by nass and, preferably, not sma t han
50% by mass on the basis of the total nmass of the organic synthetic

‘pol ymer staple fibers. Wien the 35 contefit—-of the para-aromatic pol yam de

staple fibers is smaller than 40% by nmass, the sheet that is obtained may

fail to full x | |t t he. effect of the staple fibers 11 July 2005 12

that have fl pbeLeCERiGHy| gilabigRgreas be fwskbero the pl ane
crossing theLr@wcaréti tded fhdes taﬁuéIcgrbkﬁplélﬂgaeﬁheV\bﬁGeﬁ'ﬂfoHEta aromati c

- pol yam de stapled%{b rs are 5 used for the synthetic fiber sheet of the

present inventi THE i RERRAYT N YGRE Phe E??e@%ﬁ?hﬁe$h§F%n%f the fibers
is control | eyrthdieicsniiber shset 5 Tudes @r@heeﬂm&upfﬂéﬁﬁ@ lys smal | er

han 258 d d I
fiber o so TRt SR EhO PR B SRR LS e 10

maxi mum degﬁ@t—@esmatarst degjarsid: tsynjslaetmspmmméted ﬁ@rﬂ@{-& bers. Anong
them it is,.Jardd | f.ched nmeta:aromatic
pol yani de stapl e fi ers rgl?aﬁ}{ #'S%édlhﬁ?g Fet cgsi c§5°1é range of

“from 1.1 toOrgenich nasd s thindsir spr gk repathiccwistalar argtd e pdl ijeni de
. staple f|be@@ee&gr@h@bnwavéﬁ;éﬂg@ﬂ%§$gfgﬁ tgggégﬂshgg§tgﬁ§$|s i s not

possi bl e. The reason _is because | bers are

I mpar (Fd asagu Bﬁas
crystaf i zed! -20 Bt mengaﬁ:&ﬂ &f rdreeat -Jins ist atte dudseris ar e
subj ect ed t eynithethier pallyvmest etapls FUGR@S heathe tvﬂﬁiiteff@dhtsé et hg st ep of

~pr oducti on, stapl e flb rs.te d to he Ies sof tened and | ess nelted
' Ssﬂq}ltem’gc FADet, Sr msn goé% 4 c??r t SYESS.

.and, thus,

ess exii bits a per
preferably, from 55 to 96% by mass and, more preferably,

from 70 to 95% by mass.

15 As the heat-resistant organic synthetic polymer
staple fibers, there can be used aromatic polyamide
staple fibers having a fiber-forming property and 5
thermal decomposition-initiating temperature of 330°C or
more, wholly aromatic polyester staple fibers exhibiting

20 a liquid crystalline property upon melting, heterocyclic
rint-containing aromatic polymer staple fibers, and
polyetheretherketone staple fibers. Among them, it is

- desired to use the aromatic polyamide staple fibers. The
- staple fibers may be used in a single kind or being mixed

. ij 25 together in two or more kinds.

. The aromatic polyamide used for the heat-resistant
organic synthetic polymer staple fibers contains an
aromatic homopblyamide and an aromatic copolyamide of
which not less than 80 mol% (preferably, not less than 90

30 mol%) of the recurring units constituting the polyamide
 are the recurring units represented by the following
formula (1),
' —NH-Ar,-NHCO-AT,-CO- == (1)
‘wherein Ar, and Ar, are, ifdependently 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




25 Anong t he above aromatic polyam de fibers, some tend to shrink in the
direction of fiber axis and some tend to stretch when .t heytangy pods t o the
treatment for renoving (dehydrating, dehum difying) water conponent
(noisture) contained in the fiber by h ing. By suitably 30 controlling
the blending ratio of the thermally shrinking aromatic polyanide fibers
and the thermally stretching aromatic polyamde fibers, therefore, there

i s obtained ofintREOFBL16wPR yga}ﬂglggbgg)gheet havi ng a smal | di mensi onal
change and exhi biting excellent heat 35 resistant dinensional stability and
hum dity-resistant dinensional stability even after repeating the steps-
of washing with and drying.,/Th July 2005 - 13 As the staple fibers
of a heat-resistan CD “Tall pol yner~other than the aromatic
“polyanmi de staple £\ e % exerrplif' staple fibers of .
awhol | § aromatic pol yester éxhibiting liquid al ine 5 property upon
nmelting, staple fibers of a heterocyclic ring-containing aromatic pol yner
such as pol yparapheny| ene benzohi st hi azol e and pol ypar aphenyl ene

benzobi soxazol e, ay hNapl e fibérs\&f a polyetheretherketone. 10 Next, at
| east a portion o eatQ { or gani g 8tic pol yméd) staple
fibers contained in 3 t i ber sheet of the

flat end faces of a

present invention, conprises staple fibers havivig
shapeias shown in Fig. 1. In Fig. 1, two flat end 15 faces la and | b of the

staple fiber 1 are inc ed at an angle a of not smaller than 10 degrees,
 ghe, db

.
‘preferably, not “Sha eelr e El:ﬁéﬁ‘?’ag"e]sc FHPURHrE fied RS, not smaller

than 20 degrfeesudiash (9speote tar anqeansydrddmat Ltossasay the fiber axis 2 at.
‘right angl es,pH18 ¢ ' flat e 0 faces, of the stapl.e fiber an be
formed by a%\}zaﬁ?tet }}Rc%d @ﬁrd one? ore%xze o@cilaslogen atoms,” lower aﬁcyq_l.

groups, or phenyl groups.

h
t

15 : The methods of producing the aromatic polyamide
fibers used for the heat-resistant synthetic fiber sheet
of the invention and the fiber properties have been

"disclosed in, for example, British Patent No. 1501948,
U.S. Patents No. 3733964, No. 3767756 and No. 3869429,

20 and Japanese Unexamined Patent Publications (Kokai) WNo.

49-100322, No. 47-10863, No. 58-144152 and No. 4-65513.
As the aromatic¢ polyamide fiber having excellent
heat resistance, in particular, there can be exemplified

s - a para-aromatic polyamide fiber which is an aromatic
( } 25 polyamide fiber represented by the above formula (1) in
“which Ar; and Ar, are aromatic groups at para-positions
and of which the total molar amount is not smaller than

50 mol%. Concrete examples thereof include
polyparaphenylene terephthalamide staple fibers

30 (trademark: Kevlar, manufactured by du Pont Co.) and
copolyparaphenylene—3,4'—oxydiphenylene terephthalamide
staple fibers (trademark: Technora, manﬁfactured by
Teijin Co.). _ _

Iin partiéﬁléf[”ﬁﬁé'lattéf”ékéﬁple 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.




thods. For-exanple, in producing staple fibers by cuttlng filanment tows,
geguillotine cut?gr is used to cut the filanment tows with { g#fﬁmghMAse
direction of the blade thereof being inclined by a deS|red an such a?
25 10 to 30 degrees froma plane that cregses the |engthwise direction ﬁ
the filanment tows at right angles. O, a rotary cutter is used to cut the
filament tows at a desired angle froma plane that crosses the | engthw se

di rection thereofaAat theghtapigl Gs.be%@ 3@1?'@1@ %Wt??%%g%l%%&c%ﬁf%g med at
h t end n on.the in evi
Eoﬁdfglons. ?Eaﬁgéng?ggggkngpgg g?SFec ﬁ§e%avFH§rPn@ﬁWn§G &sed faces at
- both ends ofmehe- ér@ma91¢|pelgamnheretﬁpyebelaérgsegg@tggklhgggnngﬁgEer
ness in

a ;Rockwe a
Qﬁgirgratﬁgﬁg§ﬂgﬁ %P%n pre §%3§5 MR §59P eQE ESFStheﬁéenﬁ9OB@ 11 July
2005 2 14 1&%%@“%?@%@%}9 B@lf@mlﬁe matthbeasbmatﬁcfpbgyamaaeaofvghQC|ty of

ngt.h 3.to 8.cNdtex (0.03 to
18 5?/32? ?Z?E?E§¢$+§méﬂ?aéioggnaWﬁiéﬁ ﬁE Eﬁhifﬁé ﬁégtdF¥§ﬂ§P§nt synt heti c

fiber sheet 3TfMAHES HERERR ?%V@%%@Bnthettptabegoled shatnat ikeast sonme of

the pluralitsmalldeatharess GRALs Or 4301 Ka$YAL NELHC CcoaS’Qié(fEéni '?‘?%ﬁq ngﬁr S

o= ERBa M RGPS LI e SR pelfE (i e
the | 4P gest tdrerswofsaiotdlontd Sﬂ&@l@ffiﬂi@r@r@ﬂ@rhorﬂﬂ%%éﬁ%fs 1.1 times or
more and, pPreffy é%lb}?“ 1[2 ttlrres f the, average cross- sectlonal
-size of a poﬁ@m%retwe awdd Pt G O b @t dpine 15
fiber. It i®F haupahtdediicedaivhtarich ieamphidfalie g4 ald tdicarboxylic
‘ acid components, and one or two or more of metaphenylene
diamine, 4,4-diaminophenyl ether, 4,4
15 diaminodiphenylmethane and xylylene diamine as diamines.
Representative examples include staple fibers of a
copolymerized aromatic polyamide obtained by
copolymerizing polymetaphenylene isophthalamide,
polymetaxylylene terephthalamide or isophthalic acid
20 chloride, terephthalic acid chloride or
metaphenylenediamine. In particular, the aromatic
polyamide staple fibers in which not less than 80 mol%
and, preferably, not less than 90 mol% of the recurring
. units are metaphenylene isophthalamide groups, easily
_( : 25 ‘melt locally under high temperature and high pressure
- ' .conditions to more favorably exhibit the binder effect,
and aré desired for uée as staple fibers for synthetic
fiber sheets of the present invention. ‘
In the heat-resistant synthetic fiber sheet of the
30 invention, further, it is desired that the para-aromatic
polyamide staple fibers are used at a ratio of not
smaller than 40% by mass and, preferably, not smaller
than 50% by mass on the basis of the total mass of the
organié¢ synthetic polymer staple fibers. wWhen the
- 35 rcontent df 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




of heat-resistant organic synt hetic polymer staple fibers, the two flat
end- faces at an angle of 10 degrees or nore to the fiber a4 §psgsf or med
in the annular 20 projections. Fig. 2 is a side view illustrating a
heat-resi stant organic synthetic pol yney, st apl e fiber having inclined
flat end faces formed in the annular projections. / In Fig. 2, annular
projections 4 are formed at two 25 flat end faces of the staple fiber 1.
Here, if thethaiﬁqs@véeﬂé@r@hdsfé@egfa£h§naﬁﬁ'§héfo?rQbeﬁg?ﬁge ré&eCt ed
~onto the plane at_right les with the fiber axis 2 of e'staple fiber 1
is denoted BYPHT HRdRhe HRT agECSeibgstecerbnapisthe 6iban ant eightiate
portion |a 3hdkésween the two annul ar projections 4 ofdfpgzspaphelflber 1
i s denoted by d2, .the it is desired,that_the ratio 2is 1.1 or nore
and, nore prgferﬁm%%rﬁ%%nﬁ%ﬁ%ﬁ??%ﬂagﬁ?LP?%N?W%ﬁ? thepbat Etberataend faces
4a of Phe amffdrfopridjectyordsediatfdosh sk aﬁgstlﬁé Et,f@ésﬁlgplhe fi bter 'éLhe
are 35 inclingaAly | i & ect, to the ane |ch neets
fiber axis 2. at r?%léﬁ?' g%llgss?d%lelh%#lgﬁﬁga% e 1E_lt%i$‘§}.”_2rb‘i)5ratl‘5°|%ﬁ%t i on
is 10 degr eds RS siote cagitgmsidrgbep ditﬁ)\ﬂ;naahlda_rltls}ardfr}(ll atbinyesd 1&;&,0 60 .
degrees. ThencanWrair =185 i@ Navidig he d ng 1.3t e es wor
togrejnforce t eqtondin g? staple fi ersn?n ggﬁkggsynf?mﬁl%kﬁqb sheet,
and to inpr&F& qﬁénﬁé&#%ﬂmﬁﬁa“%ﬁqqﬁﬁﬁQ1RﬁlH4ﬂ§Qﬂnﬁﬂﬂle>ﬁnhﬁnsﬁhﬂet, shape
stabiloty ahatditMensiodealhstrafyd idsy a Bihdigatndisisiants gpGaynt hetic

~ pol yner sta@oe fibers having such inclined flat end faces nmay be m xed 10

- ~wi.th other stapl & Dels 59 58t St Aéariasddied &4 Usgani ¢ synt hetic

_pol yner st aphnstiretehed bhaplies faasas . immo%ngQkﬁﬁdj&235 Lhemzfaﬁleaagbers

' ggygng 'nCle§QiEh§5r1§ngeE§%%% QECERY 79L g%%%t%h%g meta—aroma ic ’
polyamide staple fibers that are stretched at a ratio in

15 a range of from 1.1 to 1.5.

In the step of producing the meta-aromatic polyamide
staple fibers, further, it is desired that thérmal
hysteresis is not imparted, as much as possible. The
reason is because, the fibers are crystallized as the

20 stretching ratio increases and as the fibers are
subjected to the thermal hysteresis such as heat
treatment in the step of production, and the staple
fibers tend to be less softened and less melted and,
.thus, less exhibits a performance as a binder material.

25 ' Among the above aromatic polyamide fibers, some tend
‘to shrink in the direction of fiber axis and some tend to
stretch when they are put to the treatment for removing
(dehydrating, dehumidifying) water component (moisture)
contained in the fiber by heating. By suitably

30 controlling the blending ratio of the thermally shrinking
aromatic polyamide fibers and the thermally stretching
aromatic polyamide fibers, therefore, there is obtained
an aromatic polyamide fiber sheet having a small

‘dimensiocnal change and exhibiting excellent heat—

35 resistant dimensional stability and humidity-resistant

dimensional stability even after fepeating the steps of

washing with water and drying.




~hand, 30 the rrech ni cal ro eriles of the
nechan$cal qﬁ’5§¥8£émg T £ | Thapke ﬁ?hﬁﬁ%a@fr@shstan@cgghi@et|c
"pol ymer st a:plregr—fachﬂfanm;/g beer gt 1oy Cé?\léh/ fibrillated but,

preferably, not |ess than 50% by mass of the total nmass 15 of the whole-
staple fibers. Wien the content of the staple fibers having shgoods! i ned
flat end faces is smaller than 40% by mass, the opening of the staple
fibers and the uniformty of distribution thereof in. the synt hetic fiber
sheet are often not sufficient. 20 It isyflesired that the fineness of a
single fiber in the heat-resistant synthetic polyner staple fibers is
fromO0.33 to 5.56 dtex (0.3 to 5.0 de) and, nore preferably, from0.33 to
2.22 dtex. \Wen t&e thﬂeﬂ’e&gleffibhessbﬂghehéhbefehmsi:ﬁﬁtsb%%b @ikibers is
smal l er thamng t C Lcult s involved in the
producti on Cﬁfﬁ%%ﬁﬁﬁ?:g%@fymér SEngyg#%§ %B%aﬁr %a£%?uP?gYa8&éﬁr make it
difficult tc??ﬁ&ﬁﬁ)fkﬁ%ﬁﬁuxﬁ*@%%r%a@fb@o©®emghafleg aﬁdpléufibéfs geive up

hand. 30 {he. nechary Rl b oners S o repreerend ity FFeaPAr e o

desirably, not nor e t han 50% mass. Wien 35 the content of
the fibrill teg’pat%;ﬂ%eq?ﬂbé}s SRS ;%Z(bi//er%% Pliparapienytefe ber
sheet i-s notegfzodisaxgaedgnataad wittdplidher tbeangdask varni sh to a sufficient 11

July 2005 pol egygy§§5erﬂétdd% desired that the fiber length of the heat- .
resi st ant synt etic polyner staple fibers is in arange of from1l to 60 nm

and, Hbre desirabeyt f @dmlBass 40 pant SN tHee rsgaﬁ—ll@slcsﬁdrh.er sheet .is

to be for medrlynt be sk hetieets dq?ﬂ qgin d, arti Iar i s desired
~-that the fj ggrnﬁens h of the heat-resistan §%ﬂﬂp QQ;191$Q§ range
_of from 2 t8®®5-KRF Wfréﬁtt serthgddc) Sigenr isheesnmif] e;rhet heeskeram the

obt ai ned symhlrehidohi bebnphéeles staple fibers having flat end faces
of a shape as shown in Fig. 1. 1In Fig. 1, two flat end
15 faces la and 1b of the staple fiber 1 are inclined at an

angle o of not smaller than 10 degrees; preferably, not

smaller than 15 degrees and, more preferably, not smaller
than 20 degrees with respect to a plane 3 that ¢rosses
the fiber axis 2 at right angles., The inclined flat.end
20 faces of the staple fibers can be formed by a variety of
methods. For example, in producing staple fibers by
cutting filament tows, a guillotine cutter is used to cut
the filament tows with the lengthwise direction of the

(‘g blade the:eof being inclined by a desired angle, such as

25 10 to 30 degrees from a plane that crosses the lengthwise
direction of the filament tows at right angles. oOr, a
rotary cutter is used to cut the filament tows at a
‘desired angle from a plane that crosses the lengthwise
direction thereof at right angles.

30 : Annular projections can be formed at the cut end
faces depending upon the cutting device and the cutting
conditions.

N To form the annular prOjeCtlonS having 1ncllned end
faces at ‘both ends of the staple flbers there may be

35 used a ‘guillotine cutter having a blade made of a
material of a Rockwell hardness index of not smaller than
Hrh 80 and, preferably, HrA 85 to 95, or there may be




10 (fiber aggregate) often exhibits insufficient nmechanical properties.-
Wien the fiber length exceeds 60 nm on the other hand, the sigphes fibers
are insufficiently dispersed in the step of wet sheet making, and the

fi ber 'sheet exhibits insufficient uniformty and insufficient 15

mechani cal properties (strength, etc.)” Kéxt, the fibrids of the

heat -resi stant organic synthetic polynmer used for the synthetic fiber

sheet of thggkavantiQ i) l.eaf - | or_scal e-1ike small _pieces
having a plurality of ?ﬁlﬁg/%ﬂ I‘E{}| steo\?vict%t l(jfei'b"al’ er:iarPglezoéjp%‘?’f“%r%rﬁe for the
stapl e fiber ¥ef8F1ftyr Mifngd Os Keet3 0 tom/mime wisirhe simgdrfimera piecasgtihass ar e
fibrillated pno3 tbasdemciashican.(oThg fdpri be prepared by mxing a
sol ution of %he organi c synthetié pol ynmer &f?ﬁggﬁnpﬁégﬁgﬁ%éﬁﬁﬁﬁmﬂﬁﬂiun1for
- the synthetit®p8rynerization, C 25 while applying a shearing force thereto

~as disdosed in, Nhmelgxatpl ehelaaresessamnied LPatent; Publipatdy

(Kokoku) Nos, .3 1851 _and 37-5732, or by fibrillating, in a random
f ashi on, theoﬁo?2%ng?S?Pgn&EHegﬁéﬁéd 4 ¢5cFes 1818 fatorhesdol uti on of

a -hi gh nol ecebme GO pbeypinreihichi bifnjean-epkligdlhndnicyAfaraRy SPh R NY

t hereto nec i@érsggﬁé%ggfggr e EUCQ ag gf beating (the above fibrids

are often callet "synthetrc purp~) “88° &Fs¢PBS&dtiR e Exami ned

Pat ent Publ iRE®iesti¢oKakbkay fbe 5pa66ad. aphrthérahovacheibhods of, praduci ng
- 35 fikpids, 1 3 ' refera used for,, producing .th _

synt heti c figﬂfgiﬁgﬂfﬁ%?e§ﬂggg$§gght ?§n§%% i%ﬁ?eillﬁuﬁﬁ %Géérgﬂ fgatThe

heat - r esi st arit© o} YEFREL sGRPHET FECpdPYARr sigedofisthe shanliamg material for

- ((produci ng t herddst isn i $s an. 1 0¢ 0R8k CosYRbRE! biq Oé¥gﬁgrggy%nglt5?egbforning
“property orzfdltmform glgro ert%, and, desirably, has a therma
deconposi ti dn-1 nr T i%g TRARYSE G oFCfRrseehteiahafize of a

portion between the two annular projections of the staple
15 fiber.

It is further 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

20 ‘projections.

Fig. 2 is a side view illustrating a heat-resistant
organic synthetic polymer staple fiber having inélined
flat end faces formed in the annular projections.

_ In Fig. 2, annular projections 4 are formed at two
:< 7 25 - flat end faces of the staple fiber 1. Here, if the
- cross-sectional size of the annular projection projected
onto the plane at right angles with the fiber axis 2 of
the staplg fiber 1 is denoted by di and the average
cross-sectional size of an intermediate portion la
30 between the two annular projections 4 of the staple fiber
1 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 o with respect to the plane 3 which

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




330.C. As the synthetic polynmer for formng heat-resistant fibrids, there
can- be used, for exanple, aromatic polyam de, aromatic polyp§@?50@§d
heterocycllc ring 10 containing aromatic polyner. Anong them

particularly desired to use a polynetaphfnylene | sopht hal am de (tradenmarKk:
Nomex, manufactured by du Pont Co.), as a _ o
copolyparaphenylene 3,4"- oxydiphenylene terephthalanlde cont ai ni ng

t I u La C ufactured by
Tel]in o ?”ﬁﬁéﬁlﬁﬂsfﬁﬁm#?gg ofoazPer  SETBEe a5 (At aatd S Y e

property upot® mefeFhg2Rav n atgnﬁpl degggiesi-bri um noi sture cont ent and
conpr|S|ng a copotysesnneiagn rBjéEQ&%Q%nﬁﬁbﬁnQC%ﬂeaﬁgcﬁlned ﬁ
hydroxy € hth0|c 0, acid, %radena Vectran, manufacture uraray

When 55T t YUK afF P yF R BRORES: LESPQP%B@ X3 ﬁ§é@|1ﬁeélbﬁFS ii& desired

'to useSa pol tyipar sypinelnyt eoef beazobhsexazaha t6t iageswek thiy hebhamaeriact ured

fiber sh f the 25
oresent i nventi Shothuh THE TTBFRGETEnFSBhr coheh. adhapenrRabiiithe content

present 1 nventlon

of the heatiﬂE%l@lMﬂnsxwgﬁinstabyhihptic polyner fibrids is in a range of

: from3 to 60% bypHEBSSaa r{?g{g@&ﬁf g%ﬁgﬁ aSI g ?xgngéiyggglsggégeof t he

preferably, from5 to 30% nMass on

- sheet . WhenﬁﬂhﬁﬁﬁnﬁﬁﬁﬁnQﬁSQ%@ fnpiivged fhathenfieftcessinayahe myreletic

~(tensile strength) neceﬁlar for. formng the s

-

{1 bersheet el ndi AN £ &R 48TpANaNB% Ry, B35, rBslenshlLe oroe

sheet in th& PRI . S%%P¥%eﬁlb%ésconI@nthtﬁe¢@@¢,exceeds

( 60% by nmassitonis th:o:teh;erthd;hé herawl & £lohstd Yhofidbei bt 8 Hgde Ngat -
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preferably,_not less than 50% by mass of the total mass

15 of the whole staple fibers. When the content of the
staple fibers having the inclined flat end faces is
smaller than 40% by mass, the opening of the staple
fibers and the uniformity of distribution thereof in the
synthetic fiber sheet are often not sufficient.

20 It is desired that the fineness of a single fiber in
the heat-resistant synthetiCIPOIYmer-staple fibers is
from 0.33 to 5.56 dtex (0.3 to 5.0 de) and, more

~preferably, from 0.33 to 2.22 dtex. When the fineness of
the single fiber in the staple fibers is smaller than

25-. 0.33 dtex, a technical difficulty is involved in the

"production of fibers and, besides, yarns break and fluffs
occur make it difficult to stahly produce fibers of good'
qdality and, further, drive up the cost of production.
When the fineness exceeds 5.56 dtex, on the other hand,

- 30 the mechanical properties of the fibers and,
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 mOIe‘than'SU%'by mass. When 7

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




range of bulk density, i.e., exceeds 1.13 g/cn8), and the sheet is not "
impregnated with the bl ended varnish to a sufficient degreg ufiy ¥ the
content of the fibrids is set to be relatively low within the above range,
it is desired to wuse the fibrids produc by a method (precipitating

medi um i s added, shearing nmethod) disclosed in, for exanple, Japanese
Exam ned Pat ent Publication (Kokoku) 10 No. 35-11851 or Japanese Exam ned
Pat ent Publidagree ( Kokoku) No. 37 5732. when the mixing ratio is set to

be relatively h| he at,h is desired to use the fibrids
produced by a m_et d S(")bcélaﬁ“nﬁd ﬁg‘ Itg‘@ulfébeJrﬂ@ﬁtgéd’ Hagdtf draatc es)

di scl osed i nrgapahast EXahhatdclﬁomgmewtsEubﬂec&h%@ﬁ@(KqukyklN@ng§9-603

It is allowabhfer SELt oye sfi rodu t he above net hods

bei ng ni xed toget Igryagoaglﬁa e%{ﬁgf g‘oug g% he frroﬂhzdé"opﬁ@dﬁ‘é’ed by
the foPner d@ﬂ%%dth?p$3%tbeta@|ﬁgbaedsbeets1addedbesﬁeammﬁgk@E&h@dMe%re 20

used, there figdeHonaPlgUk he syt etl fi.ber eet having
a hlgh bul k ns tya gn ?ﬁ%é?lb?PdES§E?%§E%gd Re IE&F@P ﬁgﬁﬁod
(beating the e-lepgehted §hap€@a§rtﬁéhé§§nbfSthglbaEUbersehhod are

used, on tnmcarﬁnwrwf thenezcey be mod%ﬁgnatgﬁaklpéi«' i%mﬂi-hZ?s

synthetlc fiber a | ow bul k, densit ore I'ch™one of

heet, havjn
the fibrids |S:U€éafg?lhoyﬂ%ﬁe %?x?hba%%??OSBPtPﬁElFmélbgrséheeted is
det er A ned (dmbanhaagnqgﬂtéYMDiﬁenOéxhhslﬂbtﬁh@@ﬂfb@ﬁénéeﬁbéhéﬂical

synt hetic ﬂﬂyg Shegly . syah rtie ui r ed f r 30 the | am nated
material fo F@ctrlcal C|ré§| f%% f TFeSH §t69e§WstﬁﬂttB?gan|c
(Usyntheti c p&%hﬁ? %ﬁdﬂﬂﬁbqlaﬁﬁgiefiubémﬂ aﬁﬂﬂ&némfﬁisléﬁﬂﬂ to stretch or

shrink int 41 t e h, t he dra i.on
(dehuni di fy?ﬁgs?ef?ggtj R rmé\;fn‘%éﬁa nedt, ghj%ﬁjrﬁ%hta?‘ﬁo\\{g? u’%Jek?er .
cont ai ned i FERE B tsadmsy i i eratunieSimbngy  ardaim su S§ht hait ¢

pol ynes fi bheddanical properties (strength, etc.).

' ' Next, the fibrids of the heat-resistant organic
synthetic polymer used for the synthetic fiber 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
;re 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,
C:: 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
" {RoKoku) 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.




simlarly, sonme thin leaf-like or scale-like fibrids tend 11 July 2005 -19

to shrink or stretch in the direction of |ength through t hg /@BOG eat ment
~as the one described above. By using the fibrids that stretch ‘upon

dehydration and the fibrids that shrink upon dehydration in conbination,
-and at a 5 suitable mxing ratio, dependifg.upon the properti es,

‘therefore, it is allowed to obtain a heat-resistant synthetic fiber sheet

of which the size does not change, or only changes a little, and which

exhibits excelIen?hehéaﬁtregseﬁaﬂmtdDﬂgm$u@naWnﬁhﬁﬁﬂdtgbxymbﬂuﬂgéatég 10.

r tant d n he t.h water and
esi st an |§E§§h99§hgsﬁﬁgbkhﬁi &% fh Qﬁ%tgﬁﬁ%ﬁ§g:ﬁg Abet or

~drying are effected réepetitively. in
the step of SWBRN&ReBYNERREAE, P?hemﬁeabaveggsﬁa@Enmﬁgmmnngﬂpﬁdpaﬂﬂy
pol ymer flbrd>ﬂ3fﬂ\l.)rhkf@§ anbi pdepeley, bandi n 'b> v pbers

nénd ?or%g ? Qﬂglngegg?%eﬁ fhergo?' Q 5 Ier than

ot her t he bondin

that of thé&ﬁ%@%???h@l?%sfﬂétéaéhngstéﬁﬁﬁyaﬁé§ﬁnOfph@moﬂoweslmhan

pol yur et hane33@%i n, nelantne resin, formal dehyde resin ar fl uoropol yner
of wet sheet nuking),

resin. In the step ornt S t 20 step
therefore, the sheet 9 gﬁ %é?fg? ek f eﬁﬁéﬁééa BpatisragiahanEgani c
resin b|ndeﬁibﬁﬂdﬁmeﬁhér@nn&hebabmyedthﬁoﬂnéﬁ&mpMQ rggbmstiast ead of

using the fidyi t aged b n_this.. case, the resin
bi nder is uégéiﬁgmgﬁhstlttﬁ%¥}0r5$h%Q%F%% %ﬁ% Pﬁéer9ﬁ§ﬁltﬁertPBrlds and the
resi ntBi nderct@igsigw ﬁﬁﬁmﬂﬁﬁﬁrﬁﬂlxmerthemmémgetheme ﬁﬂbuﬁt of the fibrids

can be decn Edna Al f [ added. In
o R et @fed Nesd 851 5, % %%? e it he

. »parti-cul ar, n_epo resin_having an
'(@nnlecules tH@Wﬁgt%§H@ %§g3 tgsianarior Wﬁﬁ@ﬁycmammiseﬂuradmbyedu Pentised as
a resin bimden,, tatsev.@lltlaletEQa S Vgt st res %hl bits good

conpatibility t ended varni sh that |s used |n
mp d&ydo %eny ene terephthalamide containing impurity ions

15 in small amounts (trademark: Technora, manufactured by
~Teijin Co.) and an aromatic polyester exhibiting liquid
crystalline property upon melting having a small
equilibrium moisture content and comprising a copolymer
of a p-hydroxybenzoic 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: Xyloh, manufactured by Toyo Boseki Co.).
In the heat-resistant synthetic fiber sheet of the
(Lf 25 ~present inVention, when the fibrids only are used as a
' binder, the content of the heat-resistant organie
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 sheéet 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




step of preparing a prepreg, and there is obtained a product having good
qua?ity.p35pVMengthepregin bi nder is used together with thet fuypgagss, it is
desired that the ratio of blending the resin binder to the total mass of

“the heat-resistant 11 July 2005 20 syntgetlc fi ber sheet of the invention
i's 25% by mass or less and, nore desiT 20% by mass or |ess. Wen the
bl ending ratio of the resin binder exceeds 25% by mass .relative to the

total mass otekbsebgaﬁhéeﬁpﬁé%nhﬁl%y%h%&%wf 'd%%%ri@%%t P%%%gtarlr%:d{]g the

resin binder, the menon Qf resin grafi
- suppr essed tBa%gﬁu?E brdki dgBgieE i i -Ehe §ﬁ§ﬁe§ﬁ ﬂeﬂﬁ1ggcnfhe shé@ethést ep

of wet sheelsmastng3 ndueinprehsateionathoRnel phBadeasyA-RiRHCE, Lher efore,
t he |nterlayer 0_adheri,n orce becones nonuni form anong the front and
back surfaces bft ?ﬁ%nghgﬁgrﬁﬁd the intermediate layer thereof. Here, if

t he obbai ned shedfheés tcladendetedt bhethétﬂp?elﬁfbggssgt5§5lBg;ed Ln EES

I nt er medi at a uni for ente ere

fiber 15 deﬁ%%%%$¥% d¥si$§b§¥€§£?eé@eung?g?nf§nﬁéklﬁb 1§f8§?l5?@ to|t
difficult tddtEie fHer 5ot peedeced bey shmethbdv(pgec$pits{ﬂﬁ§ory qual i ty.

.'-In produci ngnddumesd g&g@@tagﬁe %qﬁég geélsgfggédﬁgﬁgrg%gresent

I nvention, further, the sta | e 20 ers erse very y in the
step of fonﬁ%ﬂfﬁ%ﬁy %ﬂﬂﬂﬂe§%t%¥ﬁ%ﬁnﬁﬁtP%h%@t Pkl hep tioThesatoke) the

asin binder 0.0 et i aeat e e e et Rk o1 resin
n e Kin
bi ndor i g AR Aprlstiban 28hd % dpobing orat iy iheence et ep of
- (‘wet sheet nedeilng)iverny Gﬂﬁ;ﬁh&):ﬁ&ﬂi@rﬁthﬁr tr’feend £si@ i ngled; daes nofsexceed a

d as the blnder it
predet er m neq I at. en t i n blnd I S, use T
s desi red %ﬂlat t b(%lrdat B uctehiﬁ} lyeatlng the molecule
oriented shaped artlcles) dlsclosed in Japanese Examined
15 Patent Publication (Kokoku) No. 59-603. It is allowable

to use the above fibrids produced by the above methods
being mixed together as a matter of course. .
When the fibrids produced by the former method
(precipitating medium is added, shearing method) are
20 used, there can be produced a heat-resistant synthetic
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
(fl 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




[ | | ative to the total nass of the heat-resistant 30 synthetic fiber
gkggfro¥ethe invention is from3:to 60% by nmass, preferabljfifoms3 to 20%
by mass and, nore preferably, from4 to 15% by mass. \Wen the m xing rat:o
of the resin binder is smaller than 3% by weight, a tensile force (tenﬁl e
strength) necessary for formng 35 the.sheet is not often inparted ;E tmﬁ
sheet in the step of formng the sheet (step of wet sheet making) like en
the fibrids are used in conbination. Wen the mxing 11 July 2005 21
rati o exceed§©68¥Fbykmassstiakchein the phesomedanodf 1ehgehn thir-Bdgh

o m i i t ' e+ fLeBLf gofQruing the sheet (step of wet
sheet maki 'nZ;H? B eathehy, BIC5Eb B8 sherFbad BPRuEr onbvsiehis

heat - r esi st aht€syhPhafpcthibertEnteh wponhdehpdesenoni andnthenfepnibe

atighAgnRk KpPe e5t 18K 09 t LSy 8 .
B;gggtc%?mbxeiha né:lfzggf .?hﬁ%hg}ta{?r giﬂg]!tfagt (g?ﬁlnitg Q?F%Q%Im éﬁ%régt%pl e fibers
such as arOna??c pol Vaft e 5ithPe FePePSlBGIPRR Fhegupreperaiqg,

predet er ni nethemetote pf it bs i alblows® 4@ %@&%%tgrl‘aée%'ﬁéf%i&%ﬁ%ﬁﬁ]eﬁggf are
nonogensousl sy 4 ROEL B 1 4 of PTRRLE D afieols STUTTY (hereol,
fibers and 94 Bnks ¢hprgeargelioft ¥e ormbattiidh Ik b Ao Wx&e #0%A5 by
S ag i SRR et I ftn @ RIS A By N S AT 2
are added to the slurry and, then, a wet pa | _
Sheot ki ngaionnt sk ol papevemati ane g
N0 The vet paper o o anad ingReg SR e Lot TS T an amount of a
C bt o o ot U 3R S v o mgnhom b h o
i e | Sk S R MR B
P{Eg?tnggPﬁglgﬁe§ %%%?id%’wor% a5’ a binder for bonding staple |
: 15 fibers to each other, However, the bonding force
(adhering force) thereof is smaller than that of
thermosetting resins such as epoxy resin, phenol resin,
polyurethane resin, melamine resin, formaldehyde resin or
' fluoropolymer resin. 1In the step of forming the sheet
20 (step of wet sheet making), therefore, the sheet-forming
performance is enhanced by using an orgahic resin binder -
selected from the above thermosetting resins instead of
-using the fibrids or together with the fibrids. 1In this
. case, the resin binder is used to subStifute for the
(ﬁﬁ 25 fibrids. When the fibrids and the resin binder are used
| - in combination, therefore, the amount of the fibrids can
be decreased by an amount of the resin binder that is
added. 1In particular, when an epoxy resin having an
epoxy functional group in the molecules thereof and is
30 capable of being dispersed in water, is used as a resin
binder, the obtained synthetic fiber sheet exhibits good
compatibility to the blended varnish that is used in the
step of preparing a prepreg, and there is obtained a
product havifg good quality. =~ = T
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




‘Wien, for exanple, the synthetic fiber sheet is to be put to the heat: -
press-shaping treatment by using a calender machine, the cff @ngepos
treatment may be executed between a hard-surface roll having a dianeter of
about 15 30 to about 80 cmand an elastic roll of which the surface can be
def ormed having a di aneter of about 36 26 about 100 cmor, nore
preferably, between two hard-surface rolls having a diameter of,about 20
to 80 cm Here, order that the heat-resistant organic synthetlc pol yrer

35 fibrids a‘%@@bﬂb‘?\eﬁﬂej‘%f P98y Sl thel invenritign kit by hmassnetion as
" the binder cmwrn&m idré Sdétﬁﬁﬁaﬂf%(t@d% Ban£sd efderedd eat g &? the
5 o) rom 220

t enperature range

t enperat ure | S 11 J
t onApfOOC mor fg‘r a‘bzl‘a"yl #JoelﬂeZW?d" %U@e%r%qqm%e%?prle}r dradty, from
280 to 330®ellhtgnmi trcestﬂiet taftdiondisig dhectsd afdf fidgrscdse obt ai ned

h b th {. th| t.he. above 5 nentione terrperature
ﬁa:]ggg | t ?s f Ut [ﬁ els%rrg?fr}i%e\% Cq%ealé’éllr%&é‘re SRS essth® is
control |l ed mmﬁw o Iliaﬁe-rpﬁressiﬁremﬂgmﬂmwgasofndtr @htlkety0 to 2450 N cm

(150 to 25QuiHrelscaN %o MOTR i@ iA0 96 Ad Q 22 Ncmr§180 to
250 ‘kg/cm . The heat press treat rrent usl r? fO e cal en er
one-step tr Py (fdopy of wed sheet rlﬁiid‘-ﬁ-lnrge) TOuebttsi rthe sheet which is

mor e hoan&ﬁ@Qw&AddﬁdEthﬁl&%%hho%lgae&h'Q%@@%?or@ow%%%run %1%?5?

press:treat 36 a t% step cal ender treatment inclu

prel |]ﬁ£§narygﬁl lﬁﬁge Srfe ﬁé’ﬁlﬁs PSUPRASGEH pRENgbbhe ﬁe@mtpra@sis shapi ng

treat ment, back Sudésb@edthahetbﬁeh@ahnﬁe$h%tiﬁ%e%ﬁ@ﬁﬁ%%bcl%! &! Spefgbl;s
prefe ,

Cpohustedoghnagss St SRSV oL ton 0,22, 05 Lok gpcn pielerstl)
The step of spapdecifipetsediatribneddminethal iheermebigatei gales bguit boards
fronlthe hegher epbitalte nonuniformly oriented, whereby the fiber
15 density is distributed less uniformly making, after all,
it difficult to obtain the synthetlc fiber sheet having
satisfactory quality. }
In producing the heat-resistant synthetic fiber
sheet of the present invention, further, the staple
20 fibers disperse very favorably in the step of forming the
sheet (step of wet sheet making).. Therefore, the resin
binder quickly permeates into the staple fiber webs even
-when the resin binder is used in a single kind. Besides,

the phenomenon of resin binder migration is suppressed in

"-\" .
(_L 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




- synthetic fiber sheet of the present invention includes a step of heat -
treatment, usually, at a tenperature of -as high as about 220§y b#gsess the
thermal hysteresis at a 25 tenperature higher than the above heat treatnent
tenperature is inparted in advance to the heat-resistant synthetic fiber
sheet of the invention, therefore, the_ Bgat-resistant synthetic fiber
sheet devel ops di nmensi onal changes due to heat and/or internal strain.
Therefore, 30 the obtained product exhibits insufficient heat-resistant
di mensi onal staibia iexceads GBuUHY chasd, rastsianc e g ahishondesorsmti on. It
I's, therefor [ ; t-.resistant synthetic fiber sheet of
t he present anev%ﬁ&?i%%%%q%laﬁtﬁdlﬁgdlsunrgg& %L}Pé)rce%'{]ijdhsttb? steRMerat ure
of 35 280 to I3FEhdhe ISheetprienp obivelty haet B0 cM i Kd &hdp 250

kgl cm) . when diRate TGl AP frafon fOr exampl e, 280C for 5
m nutes,” the heat-resistant 11 July 2005 - ‘synthetic fiber sheet that

i s cal endered undéde Reathdes ishatt svathadidi thidves ehead taf i nensi onal

change, due. presteal indentieh ca% e300 QM3 el en :
heat -resi st ant. _di mensi.onal tna%i lit g)nd_, Lﬁ??t’s% r?ltﬁ'gsl%g'"?(%ul n%a}élnSi ty in
a range of fHF6RG.” ?%lgo.‘“?% §Fcns i45irt i@ Hrededesmiaest eaeygnt afd an
~interlayer pédlei hgatstresigthnthisghtaee ilcabe yeaeughabae Biachiscaluse.
Therefore, the Qgggégggiékaggmiﬁgthgtii fibgr'sheet of the 1.nvention which
i s cal ender-treated satisties vari SusPi6 FropErt RBY r BguiresdiBgdy he
| ami nat®d mapPsergterpined| avprntabicifibuitishoardswanghby,t harsiapiato
. producing t{erkanypat gd | - pressin conditions in
the cal ender treatnent e§gggﬁéb%é88¥@2258?§RFg%%?Zggeﬁﬁfgnf? PREPBLEK
- (densi ty of tfit BEBHEPHEdSsREEY therapfehevwénglalstgptesfiBhrough the heat

press- shapi ngontereiaenbn Usges {:B@aﬁb@&ﬁc%ﬁﬁ@ﬂ&q 89”94—.%];?25&}‘:‘38{-% her,
st an

t-he coefficient gf er .absorption of the heat-resist
, and

1b¥? S 1n a range of from about 0.15 to about 0.40%
15 by mass. Then, as required, a dispersant and/or a
viscosity—adjusting agent are added to the slurry and,
then, a wet paper is formed by a wet sheet-making method
using a Fortlinear paper machine or a cylinder machine.
As required, further, an organic resin binder resin is
20 applied onto. the wet paper by a spray method .or the iike
method in an amount of a predetermined solid component
ratio, followed by drying. The obtained dry sheet is, as
required, put to the heat press-shaping so as to obtain a
. predetermined bulk density, thereby to obtain a heat—
ij} 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 Qﬁzaboﬁt'zb toc 80 cm. Hefe, in
" ~order that the héat;résistan£”03ganic'synthetid 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




synthetic fiber sheet drops due to the crystallization of staple fibers
constituting the sheet, making it- possible 20 to control the agupdgsori um
nmoi sture content of the sheet to be 3.5%or snmaller. It is desired that
the heat-resistant synthetic polyner s%@ple fibers and fibrids have
equilibriumwater contents of 7.5%or smaller. When the equilibrium water
C 25 content is too high (when 7.5%is exceeded), the equilibriumnoisture

content of thenmdtatnes hasde dﬁsfﬁxﬁirﬁz@y{@h@@(b@cf'xﬁ’@fe EtefRY1 Qf LN
eet. is put to the press- shaping.

exceed 3.5%_ eve e i ned, s

The equi | i britil :}D#(Lt é%‘ﬁ%ﬁ ARG TR SR gt e By alpky - e&%‘é‘&d%g% Lso7

adver sel y af¥3cics. tIre @icﬁttﬁemalt ehasaed B Sthe Sssaiste asibasail af ion
characterlsgﬂ§§5 esirabl e, The heat-resistant synthetic fiber

sheet used as A Base tn}1{art$ t RIC RSy TR TSR ot N ridie akaye cal
circui® boarmgmtriemdd dEImIa"anreatnaarge on 135 ifsnrfxﬂedlﬁﬁ ides ikl that

heat - r esi st q‘%{}{@ ned. . Lherei . an at-resi stant
fibrids, g%ﬁeo?ag%{nﬁ‘#gkﬁ{ endl ng ra{] hereo ﬂﬁJ'}[ﬂ 524 The

equilibri umané%rﬁerec,scﬁﬂr@wtlrbfa s dee sttt ﬁmn Sttaii tsyrit%eﬁ mr/dm @ osheet

~of the presest 2l5rmve4§kﬂcqn ardl %@%&e%x%ﬂfﬁéh%o% 60ag, belsgw in

conpl i ance th JIS L 1013. 'That is, a sa heat-reS|stant synthetlc
fiber sheet™ w%mdﬁﬁg it? 2% VatiH SBier e The &eaﬁemﬁﬁﬁﬂnhn9aﬁm9920@su@gu t he

absolll e watae caleader lmegromses aoonEh%tmlr@amﬂ@htrw %ts%tg gynthetic
fiber sheeE sureg1 .for g, rr?%&ll n th| S abs &_g dry state. Next,
the sheet is Pg%? "8R84S n &R 8 phér & fGto Pétﬁ@éehun1d|ty of

( 65%RH f or 7Zomogesebusphacehehdlrﬁumibure{ab&Qbhh@gsaﬁn@ﬂbvb& afhe

MeqUilrbriu”h%%@tﬁregge@reagmgn%hﬁagnbgtur%w%bggggega %%%é&e%kéggﬁént

synt hetic
including a preliminary heat press—treatment.

15 ' Through the above heat press-shaping treatment, it
is desired that the heat-resistant synthetic fiber sheet
is adjusted to possess a bulk density of from 0.45 to
1.13 g/cm?®, preferably, from 0.50 to 0.88 g/cm’® and, more

_ preferably, from 0.55 to 0.75 g/cm’. |

20 The step of producing the laminated material for
electrical circuit boards from the heat-resistant
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-

’r951stant synthetic fiber sheet of the present invention
' is calendered under the ¢onditions 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




i ‘ or | ' o i hereof to-the
sheet is neasured for its mass, the ratio (% of the weight t
above absolutely dry mass.is 15 calculated and is regarded tiQuae2s
equi | i briumnoisture content of the sanple sheet. The heat-resistant

.synthetic fiber sheet of the invention contains heat-resistant organic

.

: . . : e 20

nt hetic olymer staple fibers and i-h 2fpi<h at |east some stap
??bers havepflgt-end faces at both ends that are inclined at an angle of
10 degrees or nore, preferably, 15 degrees or nore and, further _
preferably, 5§148§rdestdperprbeetelhatyést gadephamedcuasernghehabbiber géls
of the fibermengtiohb@htoandkesns! BxhhgisLER aﬁméﬁégbﬂgltéﬁa§Q§6t8§§tep 2
of sheet makjng herefore, _the stagle fibers are easily ag gat ed,
honogeneousl| Od%@ﬁ%rs@ﬁ,sﬁﬁ&laﬁé,otﬁ i, O’ héRB§enpaylingandceliahy bonded
t oget her viahéabFrdsisaadﬁoaiﬁeﬁgﬁbﬂabiQéﬁbimiﬂyngnéb”?bPQhﬁE?pﬁggya

lvely ensi t 30 the

' LS, | bui k d , :
EQ:{?Igifétg§§P§;§?ﬁ% #%S%#gé?£§ﬂg%t°%?¥%ﬂé Pn@én??oﬁ-7%o§é%@ses a large

.'tensile str ety Ebihing datgesiheestrayrgthpeeti ag shteAtAPe Mhbb &1 £XAI bi ting

|1 di negsi €aph N sheet .. ip the directjon of thicCkness
gnznain tLge$€%§§€%?ggmg?ge%féo%%Pf%dgﬁ?%g%aﬁgﬁd95§cEﬁ%% ¢4%¢n 35 the
t enper at ur e BRRECHRFR di E8e Rptheesistanhesynthesict Aibesyshdet isf fi ber ]
sheet of therhevenién és wﬁf&@r@'d/aiépgé@ﬁ- @?té%t L8 bésfe.”\?a(eqdié)"qa%”'tﬁ ’
perm 11 Juhy 2005 25 the staple fibers to localTy move Ti e
st ep gﬁ pr EPRGNT R & SBHRRT W dite Irunoratemikestéiqglosiibl e to form?
uni f or m | anietded: deierd louft BOMAEIIH) MIQL, W Lo dis poncr etel y

ntion i in no

-descri bed by Y. Of ahples t.o Mhi%%i however, i
way |imit ed.“‘]e\g?tamplinea?e(esmd%aetc?ﬁlr?laa &5 1 d'eptepriass ing t he

conditions in the calender treatment exceeds 400°C, 2450
‘N/cm (250 kg/cm), the bulk density of the obtained sheet
15 may exceed 1.13 g/cm’. Through the heat'press—shaping
treatment under the above-mentioned conditions, further,
the coefficient of water absorption of the heat-resistant
synthetic fiber sheet drops due to the crystallization of
staple fibers constituting the sheet, making it possible
20 - to control the equilibrium moisture content of the sheet
to be 3.5% or smaller.
It is desired that the heat~resistan£ synthetic
- polymer staple fibers and fibrids have equilibrium water
. contents of 7.5% or smaller. When the equilibrium water
25 | content is too high (when 7.5% is exceeded), the
‘equilibrium moisture content of the obtained heat-
resistant synthetic fiber sheet may often exceed 3.5%
even if the obtained sheet is 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 heatéresistant staple fibers contained
therein and the heat-resistant fibrids, and for setting
the blending ratio thereof. '




10 met hods descri bed bel ow and were eval uated by the eval uation nethods
descri bed bel ow. (1) Preparation .of test pieces. (a) Produoﬁggnmgﬁos
par a-aromatic polyam de fibers having 15 flat end faces at bot ends at an
angle of 10 degrees or nore to a plane crossing the fiber axis at right

~angles. A plurality of para-aromatic “po;f@/a‘m' de nulti filament yarns having
~a fineness of 0.33 to 5.56 dtex (0.3 to 5 0 de) were conbed while

| th that the total
i hanesedune: ahoot 8 15a g EinPLdn GhEsFHEE, Eon a8e BF RUCRERIT f he Surt er

usi ng a bl adéehhvtapt asrotkekit fhhednebseof ol Ah@lprtebenebtiavaﬁdlon

mul ti-filamens Ia@a@uy@aebycaltmé@ﬁedadggsgﬁgga%eigw'% %i jh8c42 M 10 a
manner 25 that the_an bl ade rees a Crossi ng
at right angf+sh t‘ﬁ%sl’gnqu)%%dl n'-B]PaEll%%ctﬂoﬁa@Pleth@aﬁureSlﬁtaahent toes to
prepar 6 aror@mﬁh@@idam}ﬁi@r ﬁé@teléléﬁiédhﬂﬂlﬁﬂ EiﬂﬁloéﬁH@?e'QE'é”Ed at an.

I f 32 rees to t ane crossing the f axis at right 30
Zﬂglgso Her &:© ?ﬁﬁ%ﬁ r %fe%? onsUhsd bE%% ?BFﬂ%ﬂt%tW%B?ﬁ cenrbgnend faces

- of the staplkeadcmmso arthe satpbe o&;é@l€~ﬁés1éhsn{:aég@§ﬁe€i@3§1§@§t'Ona|

size d, ther cy0ss-secti . Si ze of_.-s -di anet er
35 ‘portions meen t 1?%%%c oh%t%ﬁm%%ﬁhl%l s ﬁ%%qﬁ qggyrE%%

- conpari son, Sf‘l'tﬁ‘teh'er N%i(tpl ubrtest isﬂyeetﬁf % ohef  cto p@itgaaﬂnﬂe anul dimddleemat

‘a blade tip I|n ar. veIOC|t mmn, the obtalne
“were cut int qi b0k

P 4 SR e oo A o

while inparting water theret were oge

‘total finend$yStie-ARRATPINY GOBWte)xi I 100,00 HdT idy mm a Mgy

cutter usingl hlside ki orgirueld_hayness. oyt QL Sand rotating at

amant t ows
its mass, the ratio (%) of the

‘weight thereof to the above absolutely dry mass is
15 calculated and is regarded to be an equilibrium moisture
content of the sample sheet.

The heat-resistant synthetic fiber sheet of the
invention contains heat-resistant organic synthetic
polymer staple fibers and in which at least some staple

20 fibers have flat .end faces at both ends that are inclined
at an angle of 10 degrees or more, preferably, 15 degrees
or more and, further preferably, 20 degrees or more
relative to a plane crossing the fiber axis of the fibers
at right angles. In the step of forming the sheet (step

25 of sheet making), therefore, the staple fibers are easily

‘disaggregated, 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




of 2 to 12 mmto prepare aromatic pol yam-de staple fibers having cut faces
.inclined at an angle of 5 degrees to the plane crossing thﬁli“pgfng|s at
ri ght .angles. 10 Here, annul ar projections had been forned at bot flat

end faces of the obtained staple fibers, _and a ratio d,/d2 of the |argest
cross-sectional size d, thereof and t‘he %v‘erage cross-sectional size d2 of
smal | - di anet er portions bet ween the projections on both si des, was 1.03.

15 For conpagi,gso t Lura of aro m de
mul ti-fil ams{r‘i%.1é gFﬁEEEa\g?%erg ?I nenggsﬁo’f “'8V§3Tattoi§ ﬁé"x ShsPe odonbed
while i rrpartPﬁgsﬁ/aﬂémltlﬁéﬁetfgrmaamdnwénd biedked mage‘shart pocls ithat tiche

total finenegsrmasuableldimliin?Q8tdleHat1P9,900 de). By using a 20
guil l'otine cutter, the obtained nul tl-? l'ament tows were cut into a length

of 2 to 12 mﬂwthout inclining the blade to prepare aronatic polyam de
stapl esfi berexhavipg cut faces inclined at an angle of 3 degrees to the

| ane crossing t fiber axis at ht angles. 25 Here, annul ar
Brgjectlons hag bggﬁ +BYRBELIGR 36%# gPWaPeeﬁﬂnFﬁﬁéglﬁfd?ﬁérébééléYflbers

and a ratio valajzdaf oExampkes atgeshichpshonaetipnghe siAfeft ibhesgof napd t he
- aver age cros‘§ {JJHJC_) % size d2 of snall-diameter portions between the
proj ections o was 1.15. 30 (b) Production of aromatic .
pol yami de fi ber s‘h%%t splqthes anpedt i nmhzyah'oslew«sfappﬁeﬁ)abeﬂsbﬂeﬁﬁél bed in

(a) ahgve, Ll e d ed.in anpl es
appearlgng bngow a(%% %‘%%ﬁ%’:g& ‘% tl"il:lf"!i §e g@%{ %%1 gﬁ?e di spersed in
wat er. to pre?)‘é?]éi%%ﬁfhéﬁﬁ”éhoﬁ U&S%ﬁ@e&@ 315¢bm7the aqueous slurfies by a wet

("sheet- maki ng met hod. The synthetic fiber sheets were dried at 11 July 2005

-- 27 110C, he dried str}giets wer e, cal endered using a cal ender
appar at us hamq&%e%%ﬁar tyn e3R8 Rer the

(a) Production of para-aromatic polyamide fibers hav1ng
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 ihto 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 righﬁ 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 ratioldg%g of
. the largest cross-sectional size d, thereof and the
average cross-sectional size dq’of’small—diaméter
35 portions between the projections on both sides, was 1.12.
For compaiison, further, a plurality of aromatic |
' polyamide multi-filament yarns having a fineness of 0.33




conditions of a tenperature of 200 to 350C, ~a line pressure of 1960N cm
(200 kg/cm and a cal ender speed of 54 nimn, to preparelyxﬁmgg@kﬁtant
synthetic 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-rgsin varnish. The resin varni sh was

prepared by m xi ng a bi sphenol A epoxy resin and a novol ak epoxy resin at
a nmass ratlo of 10:90 to 50:50, adding, to the m xed resins thereof, a
curing agent tPn5156sgbpxanesarogambelawhife iaprotahgt e tequittalrenio, of ]Eheh
phenol i ¢ hydé@deQf@UBﬁnQieHh%ogh"{:hﬂg éﬁéﬁt thQ¢t 'EﬁeeE%%l ‘%‘El_%' ‘éa'gﬁt”t of the
m xed resins was heret o a curé- pronot 5 in such

an anount tﬁﬁ?stﬁQOUFa%%B Bgotﬁéeﬁaééogiﬁgglﬁﬁ)eonﬁﬁnéﬁﬂngfath@t@wwe 20
pronoti ng ag@@ttMﬂSuglﬂ@latElé&ébﬁaﬁﬁﬁ§ hORBBﬁw$@9lﬁagﬁﬁ £s0h£S @lrhd

nents o he ed resins rther addin ereto a so vent
gﬁgﬁot at %p%on €%€+%?|%ﬁ %fbl?ag F¥Re§19%§¥nEelQG%gHgoégénm/mnd,

~ cure- pronDtltMpewhmmlneﬁ mMBtSnyBﬂmeﬁﬁlﬂéwgnw@@é é@tthZQ%%bieHB §f. As for

h base material _was, fe an _application
ﬁgcarﬁengg g%%f% %gp%%n nuo yp TRpPeghat+s QW{%aTh@er§§F319a?hB§ﬁs The
sol vent -was h&ﬂ#ﬂgr@mbv@&bés0mm¢lmme@pmﬁgmml&mb£@e@fsst@egb@égbyopfg@are
prepregs. 3G £he %gﬂég’cﬂ{dé)nupg f)%g,& ed, W ré@gﬁ. Eid%h @%? heI ectrolytic

copper .foil wth a thlckness of | G Wa's surfaces of the

| prepra‘e@;s descri bétfT9m ¥ orrojert iens Hexd hrars sEadhed ealt t betleon under

C

35 the condiflianem fad¥LSthdfoRh b A2 408,
tenperatureé)f 0t 0C for 60 m nutes. Theﬂa:f am nating tenperg%ure was
suitably set: égbéﬁg'éhf 49t [FYSFoRRctional size d; thereof and

the average cross-sectional size d, of small-diameter
portions between the projections on both sides, was 1.03.
15 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
20 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 staplé fibers having
cut faces inclined at an angle of 3 degrees to the plane
- crossing the fiber axis at right angles.
25 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.

30
(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
35 fibrids, were diépersed in water to prepare synthetic

fiber sheets from the aqueous slurries by a wet sheet-
making method. The synthetic fiber sheets were dried at




28 the kind-of the inpregnating resin that was used and the curing
tenperature. (2) Angles subtended by the two flat end faces, w#éq?55 staple
fi ber and a plane crossing the fiber axis at right angles A red
sanpl e staple fibers were observed through an optical mcroscope, and |
angl es a subtended by the plane crossipg the fiber axis 2 at right angles
and the 10 flat end faces la, b or 4a, 4b of staple fibers were neasured
as shown in Fig. 1 or 2 to find an average value thereof. (3) Bulk density
of the sheetl1018, Meagutde: mwiedﬂaﬂumié|wexﬁnﬁdrﬁnu£ﬁ@dPudiﬁbca21ll- 6.1.h
4) Tensil e_sht h h Nb S red b ce wt
S|)s C 2111- ‘iglEgH%E ag)&)ag:gew%ogls 2ap 2 T ‘?F%ﬂ jn@? n‘? € (5)
Heat di menspondllt@haﬁg@fofa ttlﬁaslpﬂr@emreFlafe 2A0i0eces IHO Yheeat slnwsurl ng 250

m long and,a@s %@el%ro%/%mip%%dwg%&@e A0 i e 800 Ol and - 25
in the transverse direction sin hi'dh-preci si on nmensi onal
coordithat e ﬁeﬂé@#ﬂmgtﬁa@ﬁﬁ@ér€n§ﬁ@¢aéﬁﬁﬂééam¢Iﬂﬂﬂth@ﬂnﬂ)ﬁlb%r t he sheets
were measuggdef@r their lengths in the longitudinal direction before the
heat treatnment and after the heat treatnment at 30 a tenperature of 280C for
5 mnutes, to calculate the heat dinensional change in accordance with the

following fennmkradudhecaverageepledes of the sanples picked up in the

I i tudi nal di h di t f d. 35 Heat
di monsi onal - changee{PERICH=RET 878 THERLC FABAEnENEesd SRTT o haat -

_treaﬂﬁbnt)/[bmgahobefweeelmsédlySZBQSe RAterials 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‘therequivalent 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 promcting 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 soclvent such that the concentration of
-the mixed re81ns, 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'thé 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)‘ébove, and was heat press—adheréd thereon undér

35 ~the conditions of a pressure of 20 to 50 kg/cm® and a
laminéting temperature of 0 to 260°C for 60 minutes. The
1aminating temperature was suitably set depending upon




heét'treétnent} x 100 (6) Crack resistance of the printed wring boards:

The copper foil of the uppernost .layer of the 5 |aninated' ngtgjyRjosf or
printed boards described in (1)(d) above was etched. Then, a resist was
applied thereon to prepare test pieces of lam nated materials for printed
Wi ring boards on which the circuit has_bggn_forned. The test pieces were
heat ed and cool ed over a tenperature 10 range of from-55 to +125C 400
tinmes. The test pieces were cut, and the cut surfaces were observed on an
enl ar ged scaF%engantﬁé bbendapyehoahday thesiw rtihag weappgfed Qidd arkk t he
resi st by usé@giggdkghb@kaghggzscope system (KH 2400DP, manuf actured by

H ROX) and a colof 15 video printer (US-2300, manufactured by Sony Co.),
and the occurrence of cracks was evaluated in three steps as described

bel ow. 3: No(Zy agkyD8s0seHEERIG 1By PLALE f et t i eces | ected at
randonémere observe and t-he gccu?rence%g? f%%%c%ggkf%§§§ ﬁgt% © al
v

observad). Ft& %k?%ﬁeﬁcﬁﬁ?r%dpéﬂPﬁhFF?SEiBQp¢§§e§ibErthsiEeat riighdes
sel ected at arantlesm wer e observed, and the occurrence a of faint crack was

observed at one s .Cracking occurred (15 places of the test pieces
( 25 sel ected at9$g%%%%¥%%r%a%§g%r gﬁ?fﬁnﬁl595 k¥esBcoPFegvad thweugh nore

places). (7)amefwritdi ani @foddsps AN Aat 8 TBE ek §h5tei§8eg E}qx%ﬂer esin of a
a

~epoxy equiva
_cure- pronot ithgreagent, a 2-ethyl-4-nethylimdazole in such an anount that

bromat ed bi sphenol A epoxy 30 resin of a high purity an orthocresol
novol ak epo%@aqﬁﬁﬁqP 100 fehe Fihen dXips?2 78t rheht angleddadd ahea

cur i ng0 agentflat dimyamhebande b mhsueh, %%Pu&aéi‘%t 1hg s PhEPQl i C
hydroxyl.grgf eqyivalent of the curing agent wat .5 Pefat'VeSto the
Nt e THRBY 95 Fledi nT ghet etebitdramecavadaed, vatua

the ratio of the mass of solid conponent of the cure

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

(4) Tensile strength of the sheet.
Measured by a method in compliance with JIS C-2111-7

20 | by usipg 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
25 “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 1ongitddinal direction
_ before the heat treatment and after the heat tredtment at
30 a temperature of 280°C for § 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. | | |

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

treatment - length after heat treatment|)/length before




11 July 2005 - 30 pronoting agent was 0.03% by mass relative to the whole
mass of solid conponents of the mixed resin, thereby to PreRfiiyE2@s epoxy
‘resin conposition. The conposition was dissolved in a nm xed solvent of a
methyl ethyl ketone and 5 a nmethyl cellosolve, so that the concentration of"
the epoxy resin conposition was 60% by pgss to thereby prepare a varnish
to be bl ended. The above aromatic polyam de fiber sheet was inpregnated
with the varnish to be blended, and was dried at a tenperature of 110 to
10 120C for Beab tlemimahé$ tkolpPwepare a prepreg sheet of the B-stage. The
vol une content of the resin in the prepreg sheet was 55% . The prepreg
sheet was | am nated on both surfaces of the copper foil of a thickness of
18 m On bot ho buepck 15esigesncheprdothet peiatwer erifrimich@odraid.nat ed t he
same copper foil.gpdhe-bautpa ekri,al <Pk ed er the

condi tiions of a,reduce rglsgﬁ?éng{f 'iji%gcugﬁ§6ﬁ8%§/ %%?’%%6’## es to cure

t he in%regna UH-PREEH PRePELYL £8rpPEpAtedabpanidsatedcmibed din f(an (d)

el ectrical cibow twd deochds, Thpehanhnaggd i gl f Lacyred in a
hot air dryer at a tenperat ur e of ZSOC,for gg‘gﬁ?%%bp\%@%& g@feg%%; obt ai ned
| ami nat ed neteri At f oo eI REEFFRaPT LARLORECEoBRES R SchPri pPrangedquare of
a side of 150iming BErtde coppeichothse onrbeibh nusfBees ehrhba.! aphpat ed

- mat erial wer rtd t ve portion corresponding to a square
of a side of L0 ﬁrﬁféllco(%t e ler el 2y i%%"f?‘ir@‘-’?? k& PBFPEEASUEE a width

of 201%m frGdhefroni-iheteoph2s e 08 times eparkeatbest p8ecsanpl e for
eval uati on. e lQ natgf | al ctrical, circuits that was thus
partly et ched vas heat -t reig?%g&%'f %%%%‘Te%‘? v& S PRTTEYSd 0 A% maxi num
{ amount of dSFIRRI9D $a3igt 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 = wvideo 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;'énd the
occurrence a of faint crack was observed at one place).
' _ C 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-éthyl;4—methylimidazole in such an amount that
the ratio of the mass of solid component of the cure-




occurred, starting fromthe central portion thereof, was 35 neasured and
was. regarded to be the anpunt of deformation of the sanpl e 4 d
material. 11 July 2005 31 (8) Insulation resistance (BDV) under highly
humid conditions. Comb-shaped el ectrodes maintaining a gap of 0.15 mm
were formed by etching on one surface-of3the |amnated 5 material for
electrical circuit boards described in (7) above, and were left to stand
for 1000 hours mhlle app! yi ng a DC vol tage of 35 V across the conb-shaped
el ectrodes iRFEPETMDFHIHTe WS 0 t Biphnat Bres ofebatigadtoathel ahple
~hunidity of n@hdRMbs Nextid t&tenmﬁéla@sdtﬂ& ﬁiﬂé&rﬁégﬁn\’\eﬁﬁek@faﬁr kg stand
for one hour_in an .atnopsphere of a te erature of  20C and a relative
humi dity of ORI Afd S EF%*?V%&T%. T30t o BBC\FOMRAS1IEAANI WASacr oss
t he conb- sha#m&zbcdlm riodes rrfaorecﬁ(ho]swwomdsfta) mnealsmeethyll Redbaki 8Ad

resi stance -aq%, I%;(E?ﬁ’gl 9 /by of he t-resistant organlc
synthetlc pol yne sta§I er glcopo yﬁ%Pgﬁ R§? ha™ 3°§ £§

oxydlphenyléﬁénﬂ@ﬂéﬁﬁﬁhﬂqanﬁ;ﬂwnnrwﬁﬁi&ﬂ%uﬁxama$ert@0tmenehyss of 1.67
diex (1 ® deopald berydienad of ub oADMY U AEL U Sl atur e, cont ent

- of 1.8% (tradenark: Technora, manufactured ]1n % by wei ght
of heat - r eHFYRMLAS ke Shnetetias paphaRgnFyast wastlmftlae varnish to
pol ymet aphemaxé 1@ ndednhthdl dEd(IIdRaMY e B ne fgfggtured by du

Pont re.di spersed in water by wusing a pul per an to Whl ch was added
a dis rsamﬁZ%(tcréﬂ’g rEO Vi @Gn%ﬁjf’;&btﬁﬁe&fqﬁ/ MRERMERD sheet @b.) in
such an anouhie Bha&a@be C ahee Roaireo e driterofo flathe G304 10, thes eby prepare
stapl e flbe§§e% g%%t 30aga%%%q/fibr|ds slurry having a fiber

f(concent rati
The prepreg sheet was laminated on both surfaces of

the copper foil of a thickness of 18 pm. 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,
(ﬁﬁ 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 cdpper 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 deforﬁation that
occurred, starting from the céntral portioﬁ thereof, was
35 measured and was regarded to be the amount of deformation
of the sample laminated material. '




0.20% by weight. Here, the staple fibers of the copol yparaphenyl ene-

~3; 4’ - oxydi phenyl ene terephthal anmi.de were those that had beenygpogoy by the
met hod described in (1)(a) above that 35 the angle subtended by the cut
surfaces thereof and a plane crossing th? fiber axis at right angles was
32 degrees, and a ratio of the |argest dfoss-sectional size 11 July 2005
32 dl of the annular projections fornmed at both flat end faﬁes and t?g
average cros el ispnal I tween t proj ections
e P o8 g S R L A N S AT L e L e
machi ne, theC§Pdﬂ¥}°P§r sheet making was forned into a paper-like sheet,
lightly pressurizedmdndhagely daledodead maas tdiBhd %A}Pto@'d 1 Y

heated at a tenperature of 160C for about 15 m nut'es to prepare an

aromatic polyﬁﬁ?dgoFmﬁér §h§§F%l9@ RBx P&t fardRest afadhsadsminatesugh a

cal endey nambt951amnﬁbrsengc&rﬂ&aa @Erbaﬁ@ ?@@&g%e&agﬁﬁ¥ﬂéa ﬁ%!i% gfo? N
di anet er of 400 mm_and heat - ed under e _caonditiion

t enper ature % %30 andwgrﬁlﬁw%% &8s 8F gf%?golQQPcﬁPuéﬁdWW&ée further,
passed throughpayidg hiBa- Ve&magetheBBlghaeabe@dehegﬁ©ﬁﬂm%mé r|SIngda
air of har al. i I a di apet er of about mm and was
Eeat pressedgﬁ%gé%gg %n%%néhtggﬁg %ﬁeget8ﬁp8rg?HP8r8Fu§§oefaﬁ 5 PPAe
pressure of 200ekytéwe hwmidider of0958RHen ¥adtpathkycoebtshheed

I h h ds.and. t.o here themto
pol ymalap enyi@@@rgge%ﬁggfé §§35}38 %Eﬁéaeggetg?% H%Halan1 g stapl e

t he © copol ypar aphen :
fibers. pTth% Vﬁ %%?%lﬂ%daatﬁ@a?rﬁ %F%t@ﬁtzoaﬁoﬁﬁdlé pellpsiivde fiber sheet

havi ng a bashsmireightodf 60 TREIANE, Eh@nbeatnée§b§£§§é RBQGEOSQSGQ possessed
(én 25 eqU|I|br|umlq%é%Lg§}gthgﬂe of 9% shows the conponents
constituting' the'PP

seconds to measure the insulation resistance (Q-cm).

combmshape electrodes for 60
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Example 1.

95% by weight of heat—iesistant organic synthetic
polymer staple fibers of a copolyparaphenylene-3,4'-
oxydiphenylene terephthalamide having a single fiber

20 fineness of 1.67 dtex (1.5 de), a fiber length of 3 mm
and an equilibrium moisture content of 1.8% (trademark:
Technora, manufactured by Teijin Co.) and 5% by weight of
heat-resistant organic synthetic polymer fibrids of a

§ polymetaphenylene isophthalamide (trademark: Nomex,
(fE 25 _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 thereof was
0.03% to thereby prepare staple fibers for sheet
30 making/fibrids?slurry having a fiber concentration of
1 0.20% by weight.

Here, the staple fibers-of the copolyparaphenylene-
3,4'—oxydipheny1ene 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

degrées, and a ratio of the largest cross-sectional size




aromati ¢ polyam de fiber sheet that was obtained, and Table 2 shows the
angl es subtended by the flat end faces of the fibers and t; Jy%pq§
crossing the fiber axis at 30 right angles, and a ratio d1/ 2 le 3
shows the evaluated results of various properties of the | am nated
~material for electrical circuit boards._ pgfduced by preparing a prepreg
sheet by inpregnating the aromatic polyanlde fiber sheet wwth the varnish
to be bl ended by 35 the nethod described in (1)(c) above and by using the

thus prepar ed, pseptieg §mﬁ@1abap£&héwt$$ﬁ%r@%fﬁ@bd§§6$b@ﬁdf1he éﬁb(d) above.
11 July 2005_ 33 Ex ngbﬁ 4 and Conparative Exanples 1 and 2. In
Exanpl es 2 tgaﬁeﬁnana nﬁ§P§FB9eCE9§ﬁpP€§t}°§ﬁ& s3ze; He ﬁéa@ Pé§F§Want

synt hetic fIbetlehebbﬁwWEhetﬁeppﬁﬁgéﬁdlbﬁstb@FSQUEZUHSner as IP E?anple 1,
and prepreg shee p are are lam nated materials for
el ectri cal cirCU|&g§§§r§¥ 3ﬁ§nﬁogﬂ%a38 vﬁVPSquuBFSp@PP vad Papes-
however5 themakxnggmpatiios, othehelurnpofypasaabenmhgmﬁg3wﬁs @xytheghenyl ene
terephthalanlggoEg é%ng ngegﬁeggd ifghgggaﬁg%%gggg¥ggn iﬁghthalan1de

fibrids used 1 were varréed a _
constltutlon@ebfdrﬁéeébtahdeﬁaar@na@dCl@oathtdelrfdbgersheated thear ati os

© d1/d2 and pf@@ﬁﬁék&éu?& &@elsba@1P@%egba@£eisaﬁ§nﬁﬁés 838 §g8p§rhg Iab'es 1

2 and 3. exper i ment e same nmanner anpl
was carrledaBﬂTgE¥%r8°1H6Wé@%rfl?%%r%h%%§ used 90% by wei ght of

pol ypamaphenyl enaqé;etep’ahéaéﬁ@w&q&é %@é@séabeﬁﬁoggh(él Bﬂhénééi?er fineness

‘of 1.58 dtex(1. 42 de fiber ngth of 3 trademar k: Kevl
manufacturedIg e o9 §$ %%n%gs?ﬁga%?aﬁ?%a¥ib%r§°1ls

'(’(t rademar k: ofremmhbarae)teusedfuabcﬂxzamﬂ@ . dihe wigl e ot -pnessoat inde of
' _ the conditions of a temperature of 230°C and a line
| pressure of 160 kg/cm, and was, further, passed through'a
15 high-temperature high calender machine comprising a pair
- of hard surface metallic rolls of a diameter of about 500
mm and was heat-pressed under the conditions of a
-temperature of 320°C and a line pressure of 200 kg/cm, in
_ order to soften and partly melt the polymetaphenylene
20 isophthalamide fibrids and to firmly. adhere them to the
| copolyparaphenylene-3,4'-oxydiphenylene terephthalamide
staple fibers. There was obtained a heat-resistant
aromatic polyamide fiber sheet having a basis weight of
72 g/m’. The heat-resistant fiber sheet possessed an
{wr 25 ~equilibrium moisture content of 1.9%.
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
preparihg 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 prépafed prepreg sheet based on the method described
in (1){d) above, |




the flat end faces of the staple fibers was 35 degrees, 25 and the ratio
d1/d2 of the largest cross-sectional size dl1 of the annuqu{w¢&6m§ions
formed at both flat end faces and the average cross-sectional "size d2 of
the internediate portion was 1.17. The constitution of the obtained
‘aromatic pol yan de fiber sheet, the rati9,dl/d2 30 and properties of the
I am nated material were as shown in Tables 1, 2 and 3. Exanple 6. An
experiment was conducted in the sane manner as in 35 Exanple 2. Here,
however, there were used 75% by wei ght of
copol ypar aphgnyl ene- 3,.4' - oxydi phenyl ene _terepht hal am de staple fibers
(single fi beg"I%WREﬁgsg &P ?1‘35‘& §° Bobative,Expmpiegt dx 3pd 3 .de), fiber
|l ength of 3 nm edni Exbmplies Boist 4r andonhenbmphri+3% & sk Eeghnor a,
manuf act ur ed, by i, . 5% Db L,ght .of  pol ynet aphenyl ene
isophthalani%é 13 gp#EQFE%E%%Qgg?%e§%ﬂgﬁg§lgn%ﬁﬁgrs?gﬁeaﬁ WfE&&uction at a
ratio & 1. 4prépesedsingthe $aberminneness ofi Bx3fpdkex,(3nd @ekpriigber
'ength of 6 r . X u .by, Teijin.Co.) instead of
using 't he. Tednners f¢Faapbapio et to BALEEL CLBHIRNLRE holabRals Boke
constituti on®bFCERECBbt aihedl briopaxde andpbpymeiderei berisheet, the ratio
d,/d2 and prpspéieses! ibfe] amdnaies, n@ﬁgrmg&iﬁgggaﬁ?ﬁhgﬁnthg Tabl es 1,
uc I'n

-2 and 3. Exaqg%£¥7. 15 An fx eriment was. con e same manner as
in Exanple & RATABIRIE NG br &' v XA iRkeNYIE DS hergphthalanhde
heat-ﬂ@sistamtap&gaﬂibesynam@tﬁneFﬁ&b&ﬁﬁtééﬁ%ﬁﬁ@enéfiQ@#HﬂR&ﬁEH?&&'e”e '
isophthalanﬂgﬁﬁéiégde%aéki W%gex gfnufactured by du Pont Co.). After the
sheet naki ng; UriTheY , 1 ot YEEDi BT bR OhIRIr FRRYY pin vhekie

' (ﬂdispersing epoxyrhestondi hideriqumted -tdid Wieth bdditabomdtic polyamide

o 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) usedlih 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 cppolyparaphenylene—3,4'—oxydiphenylene | '
terephthalamide staple fibers (single fiber fineness of



Dai ni hon Kagaku Kogyo Co., solid conponent concentration of 5% by wei ght )
was. sprayed onto the obtained wet sheet such that the amunt, @fthesi on
-of . the solid conponent 25 of the resin was 3% by weight. The constitution
of the obtained aromatic polyanide fiber sheet, the ratio d,/d2 and
properties of the lam nated material wekrg as shown in Tables 1, 2 and 3.
30 Exanple 8. An experinent was conducted in the sane manner as in Exanple
3. Here, however, there were used 20% by weight of the heat - r esi st ant

or gani ¢ syntlhét7 citpol yriers fdeyr, d‘fs‘Lbeﬁ ]m;igﬂﬂa[rcap@nm,er@!ﬁﬂcgp?@% ?(ranr dtehe
(tradenark: r.on .3 Q. tur ijipn Twaron Co.). Aft 1€
gheet maki ng. l}?l{}r?er%,ol?% %S5 _e%dl%%A et%accﬁe%’%?’%ﬁyﬁ‘?‘#r{% wat er - di sper si ng
epoxy resi nMRwd&C tukede bydiTadtida Tb.Julan@® by 3Beigol wid on of Dai ni hon

Kagaku -Kogy %o@%get%@ﬂeﬁy‘l%’ﬁ%o EA htq’l%'lca‘?rﬂhcféaté ttoe&% Oe]; fg'(r)ﬁ)e%yrﬁ V\Q%&Q‘%‘*?f éﬁq@%n of

t
sprayed ontqQ t . obtained wet sheet such tha _ adne:
the solid cofpbRentteP Ofe PEOSIUELARR 5% 1By nediightof Thel Figwersst idiutglen of

the obt ai ned iseemEtihenpekyar de 3hi Beex SREE ad)ne fri%f[eiro_ﬁ(%{gq;% ?ﬁdzs
properties of the Ianln%%ed material were as shown in Tabl"es I,” 2 and 3.
Exanple 9. T8+AfT8L68AF n{COREE - cBRAYEREF U Iy Fadd imakiver) dsiteadExanpl e
2. Here, homévasinghehe.We&ﬁnbsad(tkéﬂgﬁa&&aekga 3 fibersfussdkgg by

- pol ypar aphe epzobj,s_0 e rademark: Zylon,, nuf act u
goyggoseﬁi %%%ﬁgigs?éaqbﬁ égﬁgglFﬁ§1°§t8 | EDEi B F5189QSGF§W@Féﬁhenylene
i sophtthal anpdéyanadei AibsrEshapte ﬁheThatangH@hQIa?ﬂfbm&@bqﬂ1e%gfygg Liathe
end faces t f or an ratio

_largest crogg?sgg??%%g Ssﬁégggiag?é?ﬁg ggnﬁﬁﬁgp 6POF3E§F8ng'f8rﬁ§8 at both

A( flat end fades and the average cross-sectional size d2 of the internediate

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



20 portion between the two projections was 1.22. The constitution of the

obt ai ned aromatic polyam de fiber. sheet, the ratio dl1/d2 apdypwomeyties of
the lam nated material were as shown in Tables 1, 2 and 3. 25 anpl e 10.

An experinment was conducted in the sane manner as in Exanple 6. Here,
however, there were used staple fibers B an aromati c pol yester that
exhibited liquid crystalline property upon nelting (trademark: Vectran, 30

manuf act ure r : ) [ _ copol.ynmer of . - hydr oxybenzoi ¢
acid and a %€¥%§§égx%a%%%%ﬁl§@a&ga,gﬁai ﬁg%gdbéf 'u§Pﬁlégt ﬁgmponent '
pol ynet aphergPeeentsdpiehadfind debysvapbbtfi wessspsegednobxanphe 6. The 7

~angl e of i nchhpaiien t d esy, of e st apl ibers 35 was 24

~degr ees, and'the|%ﬂié§%ﬂ§%ﬁé%?§?ﬁ§ Fgégeg?gc?%gg?éségtgghﬁ?lgng dl of the
annul-ar pr.oje?¢ i ¥Psiq gieRRrPRENt Kot htheateehn WaseStahy waibghter afbe

Cr 0ss- sect i anghs i @ fldn Wi W 2908ht 51864 930££tiée%bﬂ%§ﬁﬂ§9'ﬁ£8e ortion
bet ween the two _praqjections 1.14. The constitution of the obtai ned
“aromatic polSEHT e %%&a%é%ﬁsd?h@niﬂaPFBPEFFHQSaﬁﬁ theopaminatedf the
| ani nat ed mataErdmia Wererasas khvewn nid Tables 1, 2 angd 3. Exanple 11.
Experinment 11 was conducted in the sane manner as in Exanple 6. Here,
however, there were used staple fibers 10 of a pol yet heretherketone
(manuf act ur ékdRpIreij.in Co.) instead of using the pol ynet aphenyl ene

of the Tl at end Tanedber RIS R STl Ml ol Gl b fler At o
d,/d2 of th&XaRYEs -cr deders hpmavarnal theine werefusdrk strapilart reaject i ons
~formed at kgt hdlypar@pheniaethe U MBIAAG GASRIaRSH :Onﬂll O%i,ze d2 of
( the internediate portion between the two
- 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 crdss—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 Ffibers
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




projections was 1.19. The constitution of the obtained aromatic. polyam-de
fiber sheet, the ratio d,/d2 and .20 properties of the |lani ny gdy pgdeerial
‘were as shown in Tables 1, 2 and 3. Exanple 12. Experinent 12 Wwas
conducted in the sanme manner as in 25 Exanple 2. Here, however, there were
.used fibrids of a copolyparaphenyl ene- 3#'--oxydi phenyl ene ter epht hal am de

- instead of using the pol ymetaphenyl ene isophthalam de fibrids used in

- Exanple 2. The constitution of the obtained aromatic pol yam de fi ber
‘sheet, the r&t e &hredingeraed intshaattdenofbatwedtilmted materi.al were as

shown in  Tabl@fedsighdiad. 1Ei<@”p|'§hé3co§§9§£ﬁ€?ﬁﬁ df YB3 680ANgLed | n the

sanme manner as I n ., 35 Exanp| e Her e, however ere were use rids of

‘an aronau<§Hﬂﬂ%ﬁ%ﬁeﬁ°¥¥%ﬂl%&hbe?Edsh?%ﬁrdt%¢y§@b}©lﬂeﬂhpﬂogerty upon
nel ting. obtmided-thiesappl yi@rizhigaced ddtdrd ¥1 2005 34 shyghoxybenzoic

acid apd a h droxy a ic acid instead of using the
pol y'me?apheﬁf 6Dl(_:yes i s’op’ﬁq ‘—ﬁ%é de fibrids used in Exanple 2. The

~constitution of the obtained aromatic polyam de fiber sheet, the ratio

dl /d2 5 and gy, rdigs of the lam nated material were as shovvn in Tables
1, 2 and 3. Ex%e 14. Experinment 14 was conducted in the same manner as
in 10 Exanpl e 2 EARSrdmeygwellerwas heoreduetrerd usedle bsams mdnmer as in

pol ypar aphemy ez 0birfe XX a2 t enyl ene
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3. 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 polymetaphenyléne 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-




75% by wei ght of heat-resistant organic synthetic polynmer staple fibers of
a copol ypar aphenyl ene-3, 4' - 20 oxydi phenyl ene t er epht hal am de, &ﬁg a
single fiber fineness of 1.67 dtex (1.5 de), a fiber length d% mm and an
equi | i bi um noi sture content of 1.8% (trademark: Technora, manufactured by

- Teijin Co.) and 15% by wei ght of pol y‘nﬁt"ap'henyl ene isopht hal am de staple
fibers 25 stretched at a ratio of 1.4 tinmes in the step of production and
havi ng- a si j i hen o] .33 tex.(3.0 de nd a fiher length of
6 nm (t rade%c%:&@%%%{lﬁa%a %C%I&(?e% %ygﬁfigﬂx&a??ltﬁglﬁeﬁf:lgs 10% by
wei ght of  hddistead faris brgabthe sylyhetapheoyyeee 36cphbhallamdlie a
pol ynmet apherpyl | SRy ) rade X mapuf actyred by du
Pont Co.) mg¥gﬁg?§%ersedh?%?ﬁﬁﬂf%ééb?'UQ?%% %Ppuﬁgé?tgﬁg %g &ﬁ%ch was added
a di sper samPtaingse framatdg gool vamidact ibed dyeam: sthet vatvasdi/dgo. ) in
such ap amouitd thatpdhe EONsentiati an Boddefeolr 185 PaP3%E F’sﬁ&?@ e:g%/ 0%

0 .. 0

prepare a slurry fqr sheet. pmaking having a fiber concentration

by wei ght . q%ﬁ%isiﬂﬂa%n%ﬂﬂegfibers of the copol yparaphenyl ene 11 July 2005
- 38 3, 4'-oxydi phenyl ene terephthal am de and the staple fibers of the

pol ynmet aphenyl.en e'ii_%pht hal am de were those that had been so cut that the
angl es of inc i'Bation ‘at the end flat faces thereof forned by the nethod
described in 5 (Experiawove Menmdatdnduadegt eas vl ddmwd main®ds of itrhe

| argesy crogs=s84Ll 9nal &l t.he | ar rojectigns. formed at both
flat end faces z’ﬁlﬁ tQhe g?’elfeg’ %O“%Ivc?g;’- stgﬂc%%o%dﬁré;i%gee%zé%na# icﬂ‘féar medi at e
poti on bet wPeRYPREEPhRS Yidredjalar ashs svsra 20 163 imntaad [ f nesirerttihes| y. 10

~Tabl e 1 shows1iherepreoRamine G hainE J& 1 QL] |y de 4fJ ber
sheet that Wé’S?O ta?ned?q.and, Tabl e. 2 shows t hle eiLng edssces(gglt%n eag{&%f t he

‘flat end faces T8f CRESHURYIOM@L Adepohia idesks drapatic mujamarEdss at

fiber sheet, the ratio d,/d, and properties of the

15 laminated material were as shown in Tables 1, 2 and 3.

Comparative Example 3.
75% by weight of heat-resistant organic synthetic
pelymer staple fibers of a cdpolyparaphenylene—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 poiymetaphenylene isophthalamide staple fibers
'(“; 25 - stretched at a ratio of 1.4 times in the step of
N ‘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
vushi 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—_-




ri ght- angl es; and a ratio d,/d2. Table 3 shows the 15 eval uated resul ts -of

various properties of the Ian1nated material for electrlcai ﬁ%%fﬁﬂé boar ds
produced by ' preparing a prepreg sheet by inpregnating the aro
pol yam de fiber sheet with the varnish to be blended by the nmethod

descri bed above and by using the thus prepared. 20 prepreg sheet.

Conpar ative Exanple 4. An experiment was conducted in the same nmanner as in
Conpar ative Exanple 3. Here, however, there were used 25 staple fibers of
poIyparaphen?bénebegﬁabhenqﬁaneleenmﬁhﬁmihmhﬂﬁﬂruhdfﬁhénguggiélﬂggéiéﬁ

h aratjve Exa 3 The angl e
bF ol i nat1 ot oo, PIPRERA AR 3 Y SRR s Tt #dgr coe,
~and-the ratibad, bé@noﬁot butl &hgésther asgles sneEctmmiaJna*t{[Jﬁﬁl ;da.t ?j‘;leteh;ﬁld
e
annul ar prOJEﬁétoﬁﬁcégrgﬁ@F@Bﬁe?BEﬂeﬁlBg @% E@ﬁ%?aﬁ%%@tﬁé Hétho

cross-sectional 'si'ze nt er me _
“proj ectdi ons ﬁék(i)lgbOYﬁewééﬁsbpﬁbt5oﬁegteeﬁea@@taMHedra&a@ﬂaKﬂbtm@!yan1de

h t L ept i nated materi al
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were as shown in Tables 1 Conpar ative

2 .
‘Exanpl e 5. Aﬁr%iﬁﬁFrﬂﬁﬁtfﬁé§eéoﬁ8u9958 fﬁthénéaﬁéCﬁﬁnﬁ@d &bej average
Conpar at i ve ExaspleedtibRit, sh@ﬂeﬁgnaftdﬁ”fhﬂ&&ﬁb&@ﬁ%b SeRbe héhpLsyof an

' bited 5 tall erty upon
et no. i Be Bho PRSP BhE SFePe 1 h 0800 30 c ReePachiueye o
hydro%?naphth0|c Bahble 1nshews bheusomgobéetspobysetanbeny! ene I f
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~ inclination of the 1 egr ees,
(‘and theI%ﬂ?%P¥HJ%MﬁQ@W$h%h¢a¢@@%@5C$@bses@ed|bmathelféaﬁlenﬁ 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 usmng 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
(f ‘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.




the annul ar projections forned at both flat end faces and the average -
cross-sectional size d2 of the internediate portion betweesy jedga0
projections was 1.14. 15 Conparative Exanple 6. An experinment was conducted
in the same manner as in Conparative Exanple 3. Here, however, there were
used - staple fibers of a polyetheretherk&®one i nstead of using 20 the

pol ynet aphenyl ene i sopht hal ani de staple fibers used in Conpar ative Exanple
3. The angle_ of inclination OE the flat end faces of the staple fibers was
7 degrees, QNBPERBLIEPI BXGTPAS Sf the | argest cross-sectional size dl  of
the annul ar proj eahi eﬁpeirdlfnafﬁd ahsbebhdukaledend fiacesalie 2amnd- the yverage.
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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
C;f 25 and the average cross-sectional size d, of the
 intermediate portion between the two projections was
1.15. '

Compérative Example 7.

30 75% by welght 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 Téijin Co.), 15% by weight of
polymetaphenylene isophthalamide staple fibers stretched
at a ratio of 1.4 times in the step of production and -




in such an anount that the concentration thereof was 10 0.03%to thereby
prepare a slurry for sheet making having a fiber concentrqqtﬂﬂugk50;20@6by
wei ght. Here, the staple fibers of the copol yparaphenyl ene-

3,4' - oxydi phenyl ene terephthal am de were those that had been so cut by the
met hod described in (1)(a) above that 4%G he 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 | argest cross-sectional size dl of the
annul ar pr o] EHIHh SR OFMEEE af ibernfingnesenatf 3¢83 dhext 8 .8veedgend

cross-secti enatisdzel gl dhes 20ni ptengedhake BBhLRN RELVWRSR+LBS 4 1o
proj ections .1.%?. Table 1 fhoms t he conponents constituting the
~aromatic pmﬁﬁgaﬁﬁa Goler Thettlthdf hAS BBt WPhERt afdhersbresistrshs t he
angl e subt erdegarbiyc tthieyH Ivdlemdl daceslynért hebfiber sfand the pl ane crossing
the fiber ax] |, ght | nd.a ratio _dl/d2. Table 3 shows the
evalua?ed rggaﬂﬁ?€§%4éiiéﬂ§QgF§§ ???%%a%}g?hgt¥3ﬂ?ﬂﬁfgd Noge&rial for
electrical &arafiactyoedPiprddRent byo. prepae | dispepsedr ¢g sheer by

i npregnati ngdl t yia ke L4 S 1 th.fhe varnish to be

. bl ended by'Sgl?ﬁ%%%ggﬁgﬁgaéggiﬁ%ggggﬁgggﬁ%%dgﬁ§é%2%n€1%3§r§%ﬂ ~prepar ed
prepreg sheditrafemanks XhH0 4 manpfaetured dpy Mapsenétbereskibeods and

- resin bindefin GuEN a3 RENRRA! tiRSE SOt ERN £ toRLLEo Pl JBr Type of
Cont - Type %f nt- Fibrids Cont- Resi nc Cont - f?%lgcrng gﬁ%fé?ge‘?rggent ent
~ bindetent UElampite® Hher eRICIFGRARS Aok Y Beiptheot Teakioy ahavingnex 10

a fiber concentration of 0.20% by weight.,
Cﬂ- 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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Industrial Applicability
The laminated material for electrical circuit boards
5 obtained by using the heat-resistant synthetic fiber




of reliability can be maintained over extended periods of tinme. Therefore,
‘the heat-resistant synthetic fiber sheet of the invention 1'15‘]%%@05useful
as a base nmaterial 10 for the lamnated material for electrical” circuit
boards . used for the applications where there are required very .small
wei ght, high degree of heat resistance; 4fum dity- resistant dinmensional
stability and electrical insulation. 11 July 2005 - 45 CLAIMS 1. A
heat-resistant synthetic fiber sheet conprising, as.pyingipal conponents,
a plurality of°° t%%l%ﬁ?ib’é‘r’%“%%r?%iﬁgbngsﬂe%?g?’é%?%téﬁf’g&?gaﬁiﬂéﬂ es
synthetic potyhetj cwvasping abr amddalatbas; ané mekberitspbesiblef tem (1)
heat resi st r I C iC Y. fibri and (2),organic resin
bi nders, .V\hglﬁ]%flﬁ,gﬁ:% %f%%*ﬁy o?pg%aegﬁéenf%g%ér:g?%?%c béﬁ%ﬁs g?jvéﬁgh ot her
t hirough t he $ieatl resest boiewtganf cthernyht aed | kumpbd i/oerekpansisn asdébr
organi g resifgbingdes$esd &dL4ma radi h he_gont 0 e

'S, | e : 0 océ%f%]?/ SGC} %tlﬁ dLBake é%%gt he

staple fibers is in the range of 4 s on e basis
total mass GATe HALLPRELY BeHNteRk theagordil etrldfrinte driyboh cdeynedetic

polyner fibréglsremnidion ifie gant tndbnL£hda bAersSxi sndda 3pé A1GEs Obs from 3
to 60% by ss on the basis of the total pass of the sheet, and at |east a
portion of tiE"StaptFTiRns &h%"'\‘/ —ESRLtant shepthekic Hibek angle of

10 degrees ashemt eof ctle plranmici@ssinigvéhe uddhel axis wisd heassaphe fi ber
~at right an 20 2. .The h -resistant_synthetic fiber sheet as. clained
in cl g?m 1, %vﬁ?értel'l?en lgafmlneag:s c?i&abtﬁﬂag];a% T HECHRah 9o ﬁéoards
heat - r esi st amtedriyani thes yapletdat poly reres tdp e fateneqacredaweryt | east
Awo annul ar j i e 0 j.n..the | ongitudinal '
(direction of agllte%}eélsq ap ﬁa%qﬁglr%é%lgd cﬁfnmeeaécﬂeé éalp tear}'ﬁetfe;}g’"% Y5 gest
B | : resistant dimensional stability and electrical :
insulation.




cross-sectional size of the annular projectionis 1.1 tinmes or nore the
average cross-sectional size of a portion between the two anmw agos
projections of the staple fiber. 30 3. The heat-resistant synthetic fiber
sheet clained in claim?2, wherein in each of the plurality of

heat -resi stant organic synthetic pol ymer48taple fibers, the two flat end
faces at an angle of 10 degrees or nore to the fiber axis are fornmed in
the -annul ar projections. 35 4. The heat-resistant synthetic fiber sheet as
claimed in any one of clainms 1 to 3, WHEREEA t he plurality of

heat - r esi st ant organicRsymﬁmmﬂdasqyﬂammemyhlhéwhb 20%er sHetr staple fibers

t fib t of 40%Db
or more, " on Coavpas e dio Pt REIReILM Eonion®its  pPLP AR Yo IRdar -1 03 St ant

or nore, on the basi

synt heti c poﬁyﬁ@ﬁesﬁaﬁﬁﬁsfPD@P§155n§ aTheaheabsnesaatab&gﬁmﬁkhet|c fiber
sheet as cl@Pﬂ%ﬂet&ccb@&@hérlwhﬁh%lehﬁeaBﬁrQtaESQEE'% Ro! a”‘de stapl e
fibers are selected from Staple bers conprising a po ypa nylene

t er epht hal anP8¢ 5§95 Eaple (R)pEpat &eApFtantgoaganic synthetic
copolyparaph@b&&a@@Bfibr@&gdaahemzheaegaﬁlhetsghhhshﬁHEQE @hW%QEn
heat - resi stant synthetic fI?ﬁ Eeet as clained_in cl n the
heat -resi stant organic synth&tP uﬁéﬂ}ﬁﬁrofrﬁﬁﬁﬁkﬁcﬁlbﬁéssﬁésléoﬂnﬁers are

- formed is stbeehed btbarmhbtbygarenathsaﬁok§§§ge§§te59?ghgbng a 15 liquid
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of e total mass of the sheet, and the total content of

the organic synthetic polymer fibrids and/or the orQanic

15 resin binders is in a range of from 3 to 60% by mass on
the basis of the total mass of the sheet, 'and at least a

- portion of the staple fibers each have two flat end faces
at an angle of 10 degrees or more to a plane crossing the

‘ fiber axis of the staple fiber at right angles.

20 2. The heat-resistant synthetic fiber sheet as
claimed in claim 1, wherein at least a portion of the
plurality of the heat-resistant organic synthetic polymer
staple fibers each have at least two annular projections
spaced from each other in the longitudinal direction of

25 the staple fiber, and in each staple fiber, the largest

- cross-sectional size of the annular projection is 1.1
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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~.articles to

| ai med in any one of claims 1 to 3, wherein the heat- resi stant organic
gyﬁthetic polgner fromwhich the staple fibers are formed jsJfeb@m ed from
pol yet heret herketones. 25 9. The heat-resistant synthetic fiber sheet. as
claimed in any one of clains 1 to 8, m@eagln the plurality of

heat -resi stant organic synthetic polyner=“staple fibers have a fiber length
in the range of from2 to 12 mm 30 10. The heat-resistant synthetic fiber

sheet as cl ajgmAd rf_iqje%igﬂ%on% g{é}r?galjr%qﬁ%icgg% rﬁ%ﬁ@‘r}lﬂozﬁéﬁgﬁﬁyfi brids

e e
conprising the organic synthetic p _ of stap
fi lr)rgrs togeaé%b@tr%erln Ber@ddugi. 495 by. mHse keatroresi stirarthespnistiet i
fiber sheet aF toleditRel MmadRid thedh1ar WELLIE %@%fyﬁ?'fé ! tanz7
organi c syntheti al yner, from which the fibrirds are 11 Jul'y

f or ned, has-gypﬁﬁﬁﬁéF BEIEMsSsiStiede fiibe&sing tenperature of 330C or

more. 12. The heab-resmhieanicasynidhdbicanti behtabeet 23pet! aizRd L, any one-
of clains 1, grei,n the 5. heat resistant organic _synthetic

‘pol yner fibrfégiggg'é#ég A3 far & eﬁﬁlﬁi%%ﬁgpéfégﬁﬁpﬁéﬁlﬁfPPH¥aQﬁganic
synthetic péltppee fobetrle afiebsiedectietin faopr 8ebpilbakii e rEE G 85 hgt he

3 .an il ' .sheari.n force.fo the
solution. "16 T5LvRRcHphaRy thie BoaRBLLLARaR: 88 Bhar dennle Eebospai rred i n

~any one of cFamﬁﬁiQ?nioaaﬁ@P@lYPﬂhépéEnyﬁhae-Reat-oayﬁspa@hyQéganic

) hBl} [ h t hat
synt hetd ¢ pokyephthRl1hfi$qare ones prepared in a procedure suc
s%aped artPclgs ving  a nol ecul esorientating property are formed froma
15 sol ution of thB-orghifchephrEesistpot yarnthavingt dherophiesl aani sot r opy,

and applyingcaaﬂﬁéﬁanhcﬁlasﬁeatiﬁﬂeré9ﬁ0€hé0hé§@—P@éf§U£§E°6£8§ﬁféed shaped
synthetic polymer from which the staple fibers are formed
is selected from wholly aromatic polyesters exhibiting a
i5 liquid crystalline property upon melting.
7. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 to 3, wherein the heat-
resistant organic synthetic polymer from which the staple
fibers are formed is selected from heterocyclic group-
20 containing aromatic polymers.

8. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 to 3, wherein the heat-
resistant organic synthetic polymer from which the staple
fibers are formed is selected from polyetheretherketones.

{Mf' 25 o 9. The heat-resistant synthetic fiber sheet as

" claimed in any one of claims 1 to 8, wherein the
plurality of heat-resistant organic synthetic polymer
staple fibers have a fiber length in the range of from 2
to 12 mm. '

30 10. The heat-resistant synthetic fiber sheet as
~ elaimed in claim 1, wherein at 1east a portion of the
fibrids comprising the organic synthetic polymer melt-
bond the plurality of staple fibers to each other
therethrough. -
35 o 11. The heat-resistant synthetic fiber sheet as
claimed in claims 1 or 2, wherein the heaf-resistant

organic synthetic polymer from which the fibrids are




fibrillate at randon1thé nol ecul e-ori entated shaped articles. . 20 14. The
heat-resistant synthetic fiber sheet as claimed in any onejpjugbass 1 and
10 to 13, wherein the heat resistant organic synthetic polymer from whi ch
the ibrids are fornmed, is selected from pol yparaphenyl ene terephthal am de
~and copol ypar aphenyl ene3, 4' 25 oxydiphenﬁVeﬁe terepht hal am de. 15. The
heat -resistant synthetic fiber sheet as clained IR any onF of c}alnsmélgﬂd
10 to 13, wherein th heat -resi stapt organic synthetic polynmer from whi
t he fibrids%%F@‘ or ,ﬁ:?Qﬁﬁ%ﬁﬁEA%QHWBQ%}Q%Qﬂnﬂq%ﬁ%ﬁﬁ%ﬂﬂyesters
exhi biting aﬂdmpﬂnihnnaﬁaﬂIaanﬁtpkﬁpakhyLuFon mel ting. 16. Tpeclains L and
‘heat -resi stant synthetig, fi sheet_.as . clair an one of «
10 to 13, wherei nrltzﬁe Tﬁgat@%é%%s&ﬁt%ﬂ&tﬁe%ﬁ yﬁg%/erf iRSthidch the
fibrids 35 acFdafigededn ianysenectod dledmst He het et w]E:]J_,l @qlg;rr@jpr_t t@@nail gl lng
aromat i ol S. @yqﬁ 2SI t n Lic fiher .sheet as Ju
2005 - 4§8 IOcl jiaﬁi@%trat'd rieﬁiglt-agiiﬁ% T, %ﬁisﬁ%@g t%%g%’n%ﬁ I}eé:s!%%&lﬁ%eramCS’ﬁﬁrs! ses
at | east onePKSRBELds BVeSi&d g dmscHatgooupt thensirsfamig efynepexycr esi ns,.

henol resin FMERS £heS i ifadr ehy [.esis Luoro pol ymer
Iroeginns. 5 18§Jo'll' ebhg‘fta- r,gs?gtfgntrlg%nﬁlgglig g?ﬁg(ﬁ%%%%g?%%she?ﬁgfﬁngarl n any
one of clai ke S¥nERetigy PR YRHUSR Ll ugdnsit yhifle) applydny. 33shbenBngl9.

The heat - r esiEsicant t8yRhbekbg uftiibar, sheet as clainmed in any one of clains 1

to 18,; havi-ng an eqgilibrium noisture content of 3.5%or less. 20. The
_heat'—'rledsji stagt syighet !r'ééef fEr-<RESETERT eVRFhedirnfdkgrofbest 8kains 1 to

19, exhi bi ti ngadmedi renahgnahecbangeadhs013010r ah8S$ 1i, Nyhbeek ANghLE udi nal
(ﬂ ' heat-resistant organic synthetic polymer fibrids are ones
prepared in a procedure such that shaped articles having
a molecule-orientating property are formed from a

15 solution of the organic synthetic poelymer having an
optical anisotropy, and applying a mechanical shearing
force to the molecule-orientated shaped articles to
fibrillate at random the molecule-orientated: shaped

articles.

20 14. The heat-resistant synthetic fiber sheet as
claimed in any one of claims 1 and 10 to 13, wherein the
heat resistant organic synthetic polymer from which the
fibrids are formed, is selected from polyparaphenylehe

~ terephthalamide and copolyparaphenylene-«3,4'-

(ﬁﬁ 25 -oxydiphenylene terephthalamide.
| ' 15. The heat-resistant synthetic fiber sheet as

- claimed in any one of claims 1 and 10 to 13, wherein the
heat-resistant organic synthetic polymer from which the
fibrids are formed, is selected wholly aromatic

.30 polyesters exhibiting a liquid crystalline property upon
' melting. '

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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direction of the sheet when the sheet is heat treated at 15 a tenperature
at 280C for 5 mnutes. 21, A prepreg conprising a heat-resi${ gy 2609t hetic

fiber sheet as clained in any one of clains 1 to 20 and a thernobsetting

resin with which the synthetic fiber sheet is inpregmated. 20 22. A

| ami nat ed board conprising a heat press-4g shaped article of a prepreg
conprising a heat-resistant synthetic fiber sheet as clained in any of
claime 1 to 20 and a thernosetting resin with which the synthetic fiber

“sheet is inpféahaeddin ABSIRACLT whelean- thei straaniki hesipapehdeirke sheet

conprises 40C0&gr§§é%b¥t”§§§s@foh%aheﬁS§ESE35%c% %a%k%m§¥§t2§%bﬁ ??Lyners

staple fibers Yo by nmass o resrstant Organi
pol yrer flbr?ﬂnﬁhatngaﬁf 8PYEHi €©FéBFm bheded, resiaspomeilemiog the staple

- fibers, eachegiaQLeférﬁgndaayaagrbwanélahde@QuBésegoﬁ9¥gggrgg aknclining

angl e 10 degre froma ane crossin axis at a
right gngles gnd?és us gguﬁeaﬁsrﬁsbggénﬁaﬁﬁﬁFB?tﬁérfﬂbﬁfnah@eha@@rlals f or

electrical clatwéd boaadg.one of claims 1 to 17, having a bulk

density of 0.40 to 1.13 g/cm®.
13. The heat-resistant synthetic fiber sheet'as
claimed in any one of claims 1 to 18, having an
10 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
15 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.

‘20' 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.

(.
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ABSTRACT

A heat-resistant fiber paper-like sheet comprises 40
to 97% by mass of heat-resistant organic synthetic
polymers staple fibers, 3 to 60% by mass of heat
resistant organic synthetic polymer fibrid and or an
organic resin binder, in a portion of the staple fibers,
each staple fiber having two flat end faces having an
inclining angle of 10 degrees or more from a plane
crossing the fiber axis at a right angles, and is useful
as a base material for laminate'materials for electrical
circuit boards.




