-1 - WVHOLLY AROVATI C PCLYAM DE FI BER SHEET BACKGROUND OF THE | NVENTI ON

(1) Field of the Invention The present invention relates to a
whol |y aromatic pol yam de fiber sheet. More particularly, the present
invention relates to a wholly aromati c pel yam de high hum dity, and

useful for the manufacture of |am nates usable for electric circuit boards.
The whol |y aronmatic pol yam de fi ber sheet of the present i nvention is nade
principally froma stapl e SELLAROMAPIENEQLYAYAR LBERaSHEBAd of neta-type
whol Iy aromatic polyani de staple fibers and para-type wholly aromatic

pol yam de stable fibers and a binder conponent conprising at |east one
organic resinous material. (2) Description of the Related Art 20A substrate
for a | am nat e usablBAGKGRQINEC OFi CHECINVENTIDIards is required to have
various aglvant ageou r opgrdi€s, hi gh heat resistance,

di mensi onSaiI stabili ts(yllqun(%eL lde%ﬁ fgﬁ% ? gBé?rper ature and high and | ow

humi dity conditions, el edd @rﬁﬁgnpa@nﬁgn%enop@%@yesr‘eg| stamekly o

def ormation (, afr@ina&)ia:ﬁ‘@io@.yaﬂﬂlﬂéopfﬁb@& sRHELL NOMEPE SOFFLORILP a{}ﬂe a
l'ight weight. Aromatic . poleét%m de féber sheet s ﬁﬁf excel I ent i'n the heat

resistance, el 8&tri€ i ASIFARE pROPEREYEOt AV RRf 1 ¥i HEPLR bialPekaRide y and
i ght wei ght, isheedmpar ithen £3@mi bli &hpspepf shéet cohyeitd oatale;s&elejtesntrrade

from the grat er hah$ dik; %rt%m:ef QRP Lhe. PLOPBLL CLIQQLII%/MH? e?lfoaq thg?‘ta?tizléqal S

and are thus currently bei ng ed as a substr
| ami nates for f'#& elhélli‘ﬁfilléyel Féél ?5%6‘31% dEor Fohe anampf &S tUsmparfese Unexani ned
Pat ent 35 Publ uaat.nemeeslous§$1é6@590eﬂéé@£9§e§l§c@iﬂm&@f@gty par aar am d

“sheet conprising a binde onent consj sting, of ta-type aromatic
pol yanide fibrids and a @P qu ?f gfromanle ‘g rﬁﬁ’ sthesF &£ a bl end

of para-type atbfRaPrespokyaniedetsomple rﬁadbserlsz;lricnrpmw:mm Kedmaiple

(trademark) fi b@f,g f t rromati c
pol yam de fi ne g[cg,eﬂ ggggﬁcgwl%\[‘%}r %%traﬁm%%og r‘?eeyfgfﬁﬁ%rlg made
by Du Pont . |naFﬁi“§ $ReBP; Yﬁ%d%a%a@%ef)a%!fﬁ RHqd tzeafrsa-amper Whallyat ed fine

fibers are bondedmtoieapblphhitde tdwL30h £ e F@tand Y& iHAH @ofrdp*%rne%% Thi's

t f th t hi bi t | I ent, heat t
o onsi onal ot SBPET LB 1 0F Sher it & SR M Th Y. AR oot ance to

def ormati on includi fg) fBeseripiplen aif sthor tRelgteslirAdtng and corrugati on.

However 20t he neta-type ago Y, f i b e
di sadvant ageous.in hj gﬁgggﬂ%%%ﬁm% gare lcé(#tﬂeérﬁe glﬁsrc?bﬁ'%p&%%t eaecﬁr&Snt ent

15deri ved fronTthe“pF 9 oS FAIEHY Thd & 24N, aﬁvﬁ@éatgﬁeugaps
bet ween t he p-prepedtiéapl tof iddingplay e HidH atbdry Adig sfdabicel, | at ed fine

fibers, and t rs.an flbrlllat fine fibers are honded
to each ot her@h&%ﬁ% or%%]flp$"earamet&/ i |rbG?| g, &7y glﬂ “t &ATPEHEHEEE 8Rfi bi t s

a poor i npregrdtFBrARA ofey thyartist e ishi cosp eslieditarici iakudiangngf or
exanpl ezsan ep@@pé n ﬁwfgéméf&ehé&fd&%&nqt e%‘é‘ LRakBgevarnish to

provi de a substr a‘i eet for electric circuit boards. Accordingly, the
sheet is i rrpre%fh Ju‘?l‘?e&/e‘?h‘ A0 snrgEticren@ng By ligBtvaeagbh.
conposi tion, abrdmisc txbmlymdet Pibedl aticdts GirkClidcehoand exhthbt fedt

defect in el eqegg Csé ert apanese Unexam ned Pat ent
Publ i cations No. 2236007 éal%tl%g%p €¥‘(}§‘J°d*n§0|?(§§§e§ Yo §g‘f“ﬂ“8?30| nsul ati ng
sheet nmade frcﬁfﬁ“?%t%’-QWe shradriild tat aplde liighér sredgditnetia- typpaatl achd pul p

fibers 80ibrida)ch HHdsd e e coRventiional eheetksi ﬁaagssékaﬁ' pgesheet is
unsati sf act ory it i.n healﬁ tS:glrgftance and el ectric insulating property, because

the meta-type Sram SELMhIEEOR FOReATRBAE 1S5 PadvaRaAACefiRaR that of
para-type aramaterizdrss amd arleeItahlsvelu)trblnghyeﬂullhgbﬁtum.!\@&eés cgntent and

thus a relati welps d Q¥ LLRGLYG 1 B 3HLNG REARELLY (LD ¢ROP iectrlc
Circuit boards. For example, Japanese Unexamined Patent
35 Publication No. 61-160500 discloses a high density para-

aramid sheet comprising a binder component consisting of

meta-type aromatic polyamide fibrids and a stable fiber



- 3 - with the para-type aramd fibers. Also, the marand fibrids used as
a bi nder cause the inpregnation property of the resultant electric

i nsul ati ng sheet with a varnish conposition to be | ow when an electric
circuit board is 5produced fromthe sheet.; lapanese Unexam ned Patent

Publ i cati on No. 1-92233 discloses an aram d fiber sheet conprising

pol y( par aphenyl ene terepht hal am de staple fibers (Kevlar, trademark, nade
by Du Pont) an€ompowrerfarseny iesi itaus fhianddrendThifs phaype teeCarvaakigonal sheet
10i s unsati sf agd DF¥mide 'ggegﬁ' taly | i el ectric insulatin
property becaﬁ%epgl t hougéh thfeEl gtlgérear%n"dtf _igbtg%gﬁ‘ggﬁi’b:itfévalr‘?re>£§§ﬁf18ﬂ?rgéat

resi stance, the"PEFafdfs ey Fomtonmithfilkic idpenedepareregprent at a

hi gh t enper at uaeomd t 25Q I9fanifee fideC FaB@e st heodi arAsLHeRS khefgof, but 15
al so exhigbi t a(%l%n%%)l i i u%\gat er cont egt and_a high_content of
inpurity ions.' Al'so, In'the o PonZPFaPEntd FPBér shBefhifhaheegani c
resi nous bi ndefhe vtz ttope gramd dt ¢ ibkesf rodt fahdibaekedurfasershaes of the
sheet and to he-dinsRily & Salinb i heet,, _thus 20exhibit a
reduced uni forgn'btly,ckn qugﬁ %Cihng:tﬁgrd?%%g?fggngg% P%ggt %P’Bﬁn%ﬁgmb? t he
sheet . 10Tidgec odiifgltyPet RE &bRvEReMbAaE ipear ahedtf exkibsheet

exhi bits an ureats Sfeant s teheelibiantas U2k AS 1 BRADEE EXHLWDER, exposed to a
hi gh hugjdi tyteé?q\gerr%r{rﬁ%rg far.25a long geri od of tine and thus i's not
suitabl e as an electric i Ao SEPAGiEubstRdt ESFRFERNGE WAi SafPEmaeipRred to
exhi bi t a hi gR-nceiuddisial,i fpr dapmpéese dhexantihed, Patebdinfudhdcation No.
2-47392 di scl esAs @ aRiQGESS odyg] _ i.c_30pol ide, fiber
. sheet from copal u% phenyl eﬁggév%&’ g%/&?% %nﬁg(%gg %’F%gg‘f h%‘?g;faé?lcg? apl e
fibers (Techn%&é’% aBEfafR, NAiBeaby Fefpdvidnbageaws otganicghresi nous bi nder
having a reduecethidebaliuaontest. cdhtent yped ofmpervept ionatoshest has reduced

equi | i bfeum . n ‘35and_i npuri content. and thus exhibits a

sati sf ag%orymg%gg'tvr%lgctf?rgléugg?i Rﬁoggﬁf)e%%/ﬁp%‘%é‘f/ﬂ? e sS¥Bhvertisshal  sheet

i s unsati sfactSénNye fhanghpenbeywean quiad i pyazardid harsaple 4f ibdrs rgdd ability

because the orrganig 59SEHQU§19£EE‘P&Q&gff‘rﬁ(fsﬁk?e%é‘? di&&”éhé"%grbobaCk surface
e bl hde

portions of th(,aé sgee%,go that the anpunt of 1 [ r— | ocat 9% the

ni ddl e portioff “6P Fh&i8RERt 2R cEPaskklated fing fikestliare itmndeash taf t he
organi c resi neashbbhter throbghstieetmhecands tneveds | neidieglifegjon of the
thi cknesg of thReesheghipit oor Vhen the above- mentioned type of
conventional sheet in which tHE°DF g T FedT Bt LHIRRITY i LOTufev@mngish

10di stri but ed“PEPHEEHLIAB dnclbdingt ef ommtesrangld orarelemdxyt it wienboar ds,

the sheet is sibjented 1o anprepieonl PRI AGRIN WG Lhe sheet i
or exdnpl e, an epoxy

i npr egnat ed vvisagsg vgr ni sh copposition contal ning,
resin, and drred> —af eas?)‘?%‘brg‘gr-I%ﬁ%%%ﬁ%%é}ﬂaﬁ@i%ﬁtep. During the
steps, the undveardisglyputhersiafet hiss omgaighdtesi RS dHIRdamayses the

i npregreg i on I f varni sh.conposi t.ion to bécone uneven, a
portion of thgﬂglil%gg(?%rg&b‘g l?%rs%’ ST c;g)ér@?c,sé'tﬂ?é"atﬂﬁ’é’sit&ﬁ‘soﬁhﬁhe

stapl e fiber sSTEOUEERMt RIRGtrighd dtxteusi tt oo 220k leewtipars se defebe hroken.
Al so, due to éh@ctmweihéiiﬁéﬂﬂ,@ltgj%é}fta;.he resi nous binder, the staple
fibers unevenly nove from each ‘ofher and thus the distribution of the
staple fibers in the shRFROMESFESE PrferfePublicatdomst ant | ani nate
for the el ect¥oc &13310AQ7 2Gbalads 4-$ 79@etiiska D sdefzor mmdcaktier a sol der
refl owsst ep aina, MHGth re. .o Accordiongly, it has been
strongly demanded to pg}r ovi Setagn%r?%wftrfﬁneTgfaaFgﬁgt Ffaﬁ'&ﬁyéﬁﬁﬁéef tBBRTEheet
having a hi gf1ed¥ "A iy Reaferaimiyd foorl pt id belrsct(fiibri8B )i.nsa@hasi ngpeesEn, a
high heat restatwnosicand a8l §RakudaveRg gnak stability; hus being
free fromthe, ahove- nent.i %ned di gadvarlilt gge,sgof thé: té%n\llférslt%i)éégg CsRE¥: .
SUMVARY OF T |1W%\n‘|eéﬁs ance and elegfIdfj daFudpting presentyinvention is
to provi de a BBuhsid ther owati-cypel weainde sispke bikBebishget olayvi Rgaan
excel | gpt heagted @S- n peri aor_electric insuylation under a high
hunidity condi tilon aﬁ?ﬁ‘&? q-hgg Sf' Pard-Eype' &ramid ibers”and a
relatively high equilibrium water content and thus a

relatively low electric insulating property in comparison



“usable as a substrate material for electric circuit boards. Another object
of the present invention is to provide a wholly aromatic pol yam de staple
fi ber sheet 5having a high resistance to deformation, for exanple,
distortion, curling and corrugation, whiclg accurs during the process for
~producing a lamnate for electric circuit board fromthe staple fiber

sheet, and a superior electric insulation. 10The above-nenti oned objects
can be attai nethby Ehre Rl tyrer emamiicl folbpawsi.de Adsapl ehbi hearsheat of the
present inventf ok idhideLUPE $8%4d Ak hé0 1 26 RS Lght of a
staple fiber co o}?ent C rising ael:]):I gr?éllsof: 1_5.1(3r gnt glég%%gw\/\/ﬁgﬁht of
net a- t ype V\hol(?gp% Drfeti %tyz?ﬂ'ie&ér Capfeiphdfg, SAREt with a varniph 70
to 95% by wei ginmpfs igaircn ttppdenoll whanoaat etepalyantdecst apbgafibers, and
(B) 4 t0530 pastsydweded ght (of bi nder .conponent, 20conpri.sing at | east one
or gani ¢ resi ngffjs Rt er | arlgjrﬂ1 tt%Fogaﬁe\Xﬁi cﬁagl‘qﬁ &r @3%8%%?‘1(59??@ stapl e
fibers (a) anc?‘(kalqafFJ{O_ﬁ’eN§t-aé|—@2f2i35eﬂi@9ﬁrpéﬁénﬁn(A)faaié bobhdedshééh each
other to for mavmanesinly ke 19188kapRERCRLRE Cb-OFn i) RREEEREED, FVBODI VENTS

25The i nvent orts.bof d present invention have careful studie whol |y
aromatic pol yarm de st zﬁﬁ"éaﬁ'béfagﬁ@éf:kha(??ﬂ@ BysBei Bpakl orgdi apregnat i ng
property w th cargagliectreisd nonsubahieg . varnisht ype st f oo ivah S{shdutd e of a
resi nouggbi nderg and Il mati ¢.pal yanm de staple. 30fi bers throughout
the sheet, an _esnhanca\g%géﬁéé%goﬁ%l 8% a |¥H° ?/Ee%%%géf“éyh? MEFEH IS and a
hi gh resi st and@sidaddngr pappenty Aseganssusithoughashé oprairamad fiten-d he

whol |y ar onat iexhp@litaghdexstapbic f hOgE SH&eLt ¥RSe | Q{dﬁ@g;t;iiféﬂad 3p; bl end of
a maj or am)untnO%f oRar a-s%%/ﬁe whol | y aronati c pol yanm de stapl e T1 ber°SAni ch
had a | ow i npurity ién PEntPoRheqhi FFeR HipR et bra dokaiefiemparathingh heat
- 6 - resistarde2afdCdpmenstenad shabgéi the t dimdesihmy dHerdSTPGSAL Ur €,

W th a18nor aTgunkxaipel & fyge dhol |y ALTA o PRI de SLan § f el

and a binder conprising an organi C*resinous nateria 9% i ber
sheet 5 was fFEBLPRENPHNEVRRTHFSt¥PDut | ohl9F, the Bievdemveanttivmadi pect i on of

the thicknessaptmtibiefsbheet s Ragk | huse ey sn tni £y mppaly it J { as
found that thgﬁgggg-?tgge Wno)LrI aro ti.cﬁ}gol' an‘ilde st apﬁﬂgeﬁg}%ggc%ﬁ d be
a-1y

bonded to the Who! T3P R | ReTol SR stidR ©F ither $hEdwhi ch
were partial | nfieto- bef treesh hndi et widsh @sd tieratad ieedi ngidd herns  at
porti o of thgnhsbhaplg fd i 1.ing: at.her, w.thout usi.ng the
conventional fine fibr i%%%%%d f%%ésﬁgj?é}?%br?ia(ﬁ%lmnény,tqen dILiI’f?crtéé’:‘g‘l t ant
sheet, the gaPs BRBwWERHCkRRSSStQpIthe ishaetare 15not fiiled by the fine
fibrillated fibers or fAd¥dssinAGEOriddohvddia dreauldantnstanigli ber

sheet had a upjy le fiber-distribution and exhibhited an enhanced
i npregnating %’P%%%p%)?/ﬁh 1% aa’\/é‘}l}‘ﬁastﬂ'scgcﬁfﬁc?sﬁyt iegr?‘\ﬁl’ﬁl&h 1R§¥1858M%d to the

sheet in a prRpPRYC Y epematd oAk ttep and gin hunpkddveed et trioRgieproOgekt V.

Al so, e resali & it flgr, £l rdyG, Cisr.Cui [ roduced fromthe
above- nentione %E% Elge_ fiber ,shéneet “ex i%’lﬁltse&sazl?te@tn%gﬁggglgi ft8n&fonal
stability at & % ght% efperi@tiing swdssrade aakiegi alumhdchy isFueghéredt he
resul tant 25| o eeiibiaxhi hilggd ra1hia@i 1riesi.st ance to defornmation during the
electric circuit boar d-Jar oduci n% procedure and a decreased reduction in

el ectric insulating property At “AeREgH FOnTG-ERE FHELAFEEARR i nvention was
conpl et ed bad&t ddr4Md 2alddselosetsi engdokiesdi fgr patHacwhgl by arematis

pol yandde st g dnikRy Sheet sfbet from copoly(p-phenylene-3,4'-
oxydiphenylene terephthalate) staple fibers (Technora,
trademark, made by Teijih) and an organic resinous binder
having a reduced metal content. This type of
conventional sheet has reduced equilibrium water content
35 and impurity content and thus exhibits a satisfactory
electric insulating property. However, this conventional

sheet 1is unsatisfactory in uniformity in quality and thus



the present invention conprises (A) 70 to 96 parts by weight,
preferably 75 to 90 parts-by weight of a staple fiber web conprising a
blend of: 35(a) 5 to 30% by weight, preferably 10 to 25% by wei ght of
neta-type wholly aromatic pol yam de staplesafibers, and - 7

(b) 70 to 95% by weight, preferably 75 to 90% by wei ght of para type whol |y
aromatic pol yanm de staple fibers, and (B) 4 to 30 parts by weight,
preferably 10 && Eziélﬁéllﬂstbybaeagm the acbgamler conpId s rtguﬁtteﬂ east one

organi ¢ resi nouﬁgﬁftersl ab, tﬁ@dfkélﬁé’r&’x?&a%ggk'é"ﬁzofé&e %&zaclom btf' rhr% web (A).

The whol Iy aro tlg% ﬁm de staple fiber sheet ma of a
paper-|i ke she&t'S 8n QEnt]F‘%tb"f“F%url?)o?ftWée Ili”r&der locateﬁlelrthdﬂel y
aromati c pol yamiddlasabkreidnrof hehoresest davenid«n Q-Qméﬁtﬂfs Riref erably 80

to 100 ny ar %i(L%eEwﬁHE%grit aggmifanlfcg rrré)sarmusrg) currlg: unlts of the

formul a (1) erern pres n§heet

i ndependent | y PPERTMEECHN@Yerin athd vohi et t gromet i ttheg rtduis ksrdsec togd theom  f or
exanpl e, thosesakethe foll OWI ng formul ae: 20 (a)(b) 25 ( c )(d)
30These dival ent aromati ¢ s are optionally substituted by at |east one
substituent selected frof} %‘geerﬁba‘?‘tﬁfﬂ“edhfdqulﬁﬁertyéi%ﬂf §osyes thaviadg, for

exanple, 1 to S8heatbhbn welbris. tﬁd]eaﬁmﬁss:@sﬁrwusomdw@rngst E%e%ﬂ'l_lyy

aronat i oly ber s reof ar isclosed in, .far 35exanple, UK
Pat ent (I;Iioop 1, gg%ggﬁgg%% % g 4 MaseFarlrderaRdeStEE9, 429,

Japanese -8 Lﬁé&@mﬁe*epm@mtmtﬂhmdm i ecASd] 60, azzs,re@ze@c 863,

-58-144, 152 andpdepsrSdion step 1ﬂ1dﬂfﬁﬂﬂfﬁgﬂyhéerqgt' ?regggtg Wlt
"para-type V\hol%%naronatlc yam de" refers to a wh rorral 8I§amde

Shaving 80 to {00 hot a7 UBRE: tHé’n R dunifos @P‘af“ﬁéefroﬁnuﬁaow) wher ei n
50 nol ar % or noeeimf dne difieal eratncaraorm{spte@r-quﬁinlaeﬁbﬁsﬁﬂaeghgﬁlﬁq’;t have a

pan-strygture 50 Yo RIE of .the divale ti,c grou
represented by Ar haélue)lla ar s rs?:r lli)ct’uré,:l TOAVSE, ﬁﬁﬁgrﬁgaﬁfoﬁef’é E?%e
whol |y ar omat | € $t Ak efel noafse g nide ra cwhvslelsy tarodmpiregpekyani dedhavi ng 80

to 100 nol ar%a)ihéshﬁrfftﬁﬂﬂtrﬂengr woiitss Qbnidle e |1 of the
di val ent arorrggért resaentled b mtg%elfggbgﬂte E%EKX){% gﬁ%v rg(/e
r

met a- structu §Ih§ HINEG T PaP% SHSEHe SAI 28] EAt TafBRRatL the gr oups
repr esent ed byacth%smrh@f ahe sftaMlealidbAIrg has ecacHeb8h&E [ UShMI €hus the FOr

exanpl ez0t he Rafdd ye: Waokby par 9Bidh. POLYaE] Ig.Useb! nl ol Lhg, Present
I nvention CO”EQ!é??igitlon of the resinous bind
er, the staple fibers

unevenly move from each other and thus the distribution

of the staple fibers in the sheet becomes uneven.

Further, the resultant laminate for the electric Circuit

25 boards is sometimes deformed after a solder reflow step

at a high temperature.

Accordingly, it has been strongly demanded to
provide a new type of aromatic polyamide fiber sheet
having a high receiving capacity for the electric

30 insulating resin, a high heat resistance and an excellent
dimensional stability and thus being free from the above-
mentioned disadvantages of the conventional sheet.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a

35 wholly aromatic polyamide staple fiber sheet having an

excellent heat resistance and superior electric

insulation under a high humidity condition and thus



. for the electr

20100 nol ar% of the recurring units of the fornmula (1) wherein 50 to 100
nol ar % of each of Ari and Ar2 are of the formula (a) or (c), for exanple,
and 0 to 50 nol ar% of each of Arl and Ar2 are of the fornula (b) or (d).
The para-type wholly aromatic polyam de may be 25 selected from for
exanpl e, pol y(paraphenyl ene terephthal am de) and copol y(paraphenyl ene/ 3, 4" -
oxydi phenyl ene (nolar ratio: 50 - 100/0 - 50) terephthal am de).

The neta-type wisaldle arsomisu@spehyYanindeerBY1be,30select £d %{Pzﬂ&iéor

exanpl e, poly(netaphenyl ene isophthal am de), poly(3,4"-oxydiphenyl ene,

i sopht hal am de),” and ‘pol y( nmet axyl ene i sopht hal am de). The

copol y( par aphenyl en@n3tierorpdepheay! ehe present imrephidraliad &, fibers
(avai | abl e underogiheade f 0 om Teijin Linited) have a | ow
i npurity ion c%ntent a%d%%gyugg?ﬂggg‘g éﬁl%%rélc risgtalpnls%:-ga‘trg% hegy

mat eri al . YR8 9 BpBighpERapheans @ nes Hef cxmatiqrhe fidre recdrgriepht hal at e)
staple fibers disabbetion,tBerDiRsesmd i CyEAtd O JH efBi; sglid,

cat i on- exchangeqhl g ggon-%on-aﬁg rbjn ﬁl%cjr%%nﬁ' gg{nlp%glu)ré(f@%\é%t id‘érelé‘gri xed
to the surfaces of PFRESTT bETS. PHIEG T fantam JiF sdecitaliss cHinced tt o
the fiber surfheesdafeomonheibramre fibeenhengitng dte d BRpEGIatd Ng property

of the resultapjestaple;fibel. sheet of the present invention with the
10var ni sh conposition aﬁ’g t%et%%h'esi on of the varnish conposition with the

pol yam d€ fibers. OfRetaPevr-rargvieneshidieet sechanbemantainkd bgsghbant
whol I'y ar omat i eh$Dl y adtt élea StAPA JdrPiele & 1ee>£%%t§h§et! agr %ﬁse‘j .
resi stance togeggrmtlon during the process for produci ng t € laminate
T et T B a i 1he SOBORIERAL | ani nate exhi bits enhanced
el ectric insulating(fropkrtho @r6d pdirtendiyonelightabitl bt ¥tap1bi ghpAum dity.
The solid, cat&&qb@ﬁ@{@ &in30n- ib‘i%h%bé&”-bi ng 20i norgani ¢ compound i s
capabl e_pof exchangi ng cati ons and of “absorbifig non-ioni c substance, and can
be sel e&ged from for eXdnpl &, t&i B0abyaweduha, ofi heta-npgaeshal tonpl ex,
kaolin, acid teraeatald polyekiivat edaphayribakc, Rggtonite and hydrated
alum numsilicate. The i rllagr g%i % nggn*gound,p‘arti cles fixed to the surfaces
of the staple fibers ar Pdont’ Fi b6t y P¥ BRASAEI A PREabevek nghetbperty of
the staple filFgemafrifcapedyafiidepattptbesipeeserahly have a particle size of
0.01 to 5 gm nore pnefaqrapl ¥50 0 LX_t.he inorgani c conpound
parti clg , 30t he stfap?)l e@f ?Ee?osﬁg%‘é%e’?? ?%%gllz[?lo&ga%i%l er"ﬁ)o YHRE cl es
are attached fO™PR&SINGpRE LPPEFE QUPfAEEanNiE I¢wineds emterianper at ure of

the staple fildrsuahdwhiesspIn8or asohPoRéhe &@{)Otﬂé"estsc{ﬁ@ eﬁfg%eg (Saérfaces.
The aromatic Qghy?ﬁi)dgnsgggl etfiﬁer .éa and ( Q 35(pr ef'er abl'y have' an
i ndi vi dual fiber thickness:-of “oF etgl dEATRIREYD. () taFe1 Ponded esd)th
preferably 0.83€B StbedehpefsriiOa 33aper 5l Beal stwadt. General |y, the aromatic

- 10 - pol yani de spaptrIbtBSE SOk i {giavi dual fi ber

t hi ckng%s | ess thauﬂ 0.1 denier (??@%é@%@rﬁe}&m@ﬁﬁ to produce

wi t hout” gener at i ng” BF ebREQRESFS A brilg RAQFPHT irventilver davEhemafedtd, it i s
difficult 5tosprdiedea twico BIpraidmta o) YTy istea e f1idberi$ hawing .2

satisfactory gualpty . hj rocess stahility and efficiency, wth a
reasonabl e cost .“Il—%v\%\a/éeartjal%a%t%cgr}i ndIRAHRE “ % & PFEENN#ddh §npre than 10

deni ers (11. 1°¥FexdC inrukatsinlg amrrsisdpl @ finidoammay sexiblicion of a
10unsat i sf actesyi ReNAM ey HALNHI1 PIRVGA LY poi§ARiLE sLhendth, and
t hus ngy not Pﬁ) sui tabl e for pragﬁ ceﬁyeuses.a e pﬂ&f%mflﬁg 5&'5@2‘ t -
i nvent'on, tHe Aroet M YBInithe siserts @a) cahanchy dapebeishaght |y
fibrillated Btability even at a high humidity and a high resistance
to deformation. ‘
As a result, it was found that when the wholly
aromatic polyamide staple fiber sheet was formed from a
35 blend of a major amount of para-type wholly aromatic
polyamide staple fiber which had a low impurity ion

content, an equilibrium water content, and high heat



15nmechani cal nmeans. However, if the degree of fibrillation is too high, the
resul tant fiber sheet exhibits a reduced capacity of inpregnating with the
varni sh conposition, and thus a reduced utilizability for producing the
electric circuit board therefrom Thereferé, -the degree 200of fibrillation
shoul d be as | ow as possi bl e. The aromatic pol yam de staple fibers
(a) and (b) usable for the present invention preferably has a fiber length

of 0.5 to 80 STt PNreralhllipensionsd srrbpaityctPachgngiheninhe fibers
are produced bytempetathps ocsth at Iﬂﬁnblrb%ohﬂlagblﬂ tnétat@&ﬁé%aa%yto 12 mm
If the fiber Iql%{la slesth {im Héresultant aromati c am de
fiber sheet may exhibit 51 yt?ﬁ'%l fté‘e? &r ¥ 1REEhaANEaf Et?‘é%thPmWJs%le t he
fiber |ength i Shxganian lermmst heteesult anhestaphetinberiway RQaxhi bit
unsat i sf ast or y \epenife Ff&%?\e%)évaﬂdd%??%ﬁtEgn%?p@ﬂéy and thus the

resul tant fiber,,sheet, may have an insufiicient uniform trid dh

unsat i sf act or y He&Fhi Oé‘ansﬂ:P@néfthkfFﬁésfPﬁ)th%h%}e@ebfamdtettpxsestm’d a

i nvention opti qnm»anIo)thE;hHIltllﬁgr Cgmg{;,l S€6 @asNMBdhn@ Py B{e
para-type' aro eflbg{,s ibrilla ne(;ctt’é)nlcal

ya g ged by appl yi ndg
shearing force t er P'8taEnPPOYaRife  3EPR o ef oS arsld sy smded t he
aromati c pol yaﬁfpdéhfel metashgpe Wbobllya@mmti@tpol_ﬁtﬁde ahdie Mg (_ec%se a

bul k densgty of, r My unt of the fibrillated
fibers is too Hipe fﬂbpsr ggf}? L %? $h r@tﬁetﬁvedsé‘sr &hgcagl

capacity for r g8gp\3‘f‘ﬁgft~ﬁ@r§arm sPP%@rmmi dlrh%trﬁctattﬂts fiilbersesul t ant
electric circuihtbossdt iRy &xbhbbtnan W@Hd@e‘ aes 4o tEHee%torn'v%nltri%‘r{'ﬁt' ng

property. The r t he. ano of the fjbri Iate para-type aroma

pol yani de fi be?gﬁﬁgn%ﬁﬁlﬁ%’éﬁ’g %ﬁe%?r%tfb‘ﬂlfdl%dfor edtamedtred ltﬂotéel evel of
15% by wei ght desuditant pseéet ,abtlrye mpsbyaem«e@ﬁ e |s&$z§>,1eb§§§€r9” the

wei ght ofs t he pafariypey al vy, sta i bers IIn the wholly
aromatic pol yani de i bera&gs)ﬁ”@‘%é farBrrelg?‘eln epdn& i Sn 0Tt Eéb§%§5t e fiber
web conpri ses 2°¢ordg by, 1%|rg#ﬂultr§#‘®f ertaply glﬂJ@rZ@%aby nedght of the

met a- t ype whol hiyi foxmimed d £p 20| #5058 149 1530k tilohe b @)Xhi‘B Zﬁ LR 95% by

wei ght, prefer%m%/ Oto QZ%M%M of the pare-ty \M'% |y aromatic

pol yani de sta o SRR LPPery ﬁ‘étté‘ Pyﬁérﬁhéhl gompeshtien

pol yam de 205t vipleh faserapyldechas hihgheheequiihi ar puarpwatge{)rgpgi—ggto@nd

i mpuritpoi on coyy rﬁndf@nmﬁ% f nat i ymde stapl e
fibers (b). If t p? cont nt %te(aecgr%g%awp %&ggtgaglye f%%e?s is nore than
30% by wei ght,© tnaftiebéPrsﬁééFtékﬁl BLESuAh Qgem@atpsmmmy

electric i nsulfatqnng;h@r amﬁvteymeaaribh@ul 8thpleakiBehi gﬂegy t iedfd fhus is

unsui t abl e as r nmat.er he lamnate for t ectric
circuit board e\;I;\')m Iﬂ%%}js%ﬁgl&w rlgﬁa?o g‘rﬁhﬁéfﬁ at h?ghlg}évﬁ?mli’ﬁrfﬂé%li%bl lity

over a |ong p&ig@roftt pmbigBOMhmidety-t yPerwhet| yths oredd Tr4ed yan de
stapl e 25bersl@at)m@1a6 éﬁhiBHE@HeQ opeg at of . for exanple,
280 to 330 C, han o h E t eni ng t}g'tL gr%?%\?‘gét% th£e81 C%F A Sthol |y
aromatic pol yam Istdpl E1PFBELS %bfcuaﬁdb%%'e@r?@lctheg erecadpe stinapl e
fibers (b) 35at dpgrEaead rb&ﬁeeionniﬁréb@étﬁgc eagdu AN g YRS, Rﬁ gure.
Therefore, the ReLa- HHRE S’é?p' eTfl bers_can serve as a flgnrous bi nder for
the para-type staple 1 BerR ?%3“ IJf YHE LYhtt SRLsE efet a- type
whol |y ar omat P2S88I 9&%6@ @bgmﬂnémtbmrsec( ajindinde staple fiber web (A) is
. less th#h 5% by weThétwhé DBy "BESHa & g fd;hers (a (b)

cannot be bong ﬁ% {0 ea‘gh 5P}t,her ta(‘) j[f;ttdsatl Iglgfeory enfltlt% &ﬁ)§ﬁr8 t hat
the meta-type whott§°arb n’a‘t‘f%mio’d?’yaﬁﬁ“&émsﬁ%ﬁpl e fi bers (a) exh| bit a

sati sfactory bondi h@) propetd y95 toer ety twepeyrt a@r%fféllg%rl tgre

preferably sebg r nes and drawn ones at a 10§raw rati o of
2.8 or |ess, nn?ﬁge%'gef%na"g%] f“‘(t)d"1 PP LE &9 v’\’mefrorwetbné?o%’é’@élﬁﬁn?l oned

pur pose, it i%liﬁ%f%fr-abl e that the thermal history applied to the rreta type
st apl e 36i bers during t prthgbtl S reof
possible. If he dr aw P@u o1s e?(rbge?)rthaqlég& E) ferably 10 2" E

Y weight of meta- type wholly aromatic polyamide staple

flbers, and



150r the thermal history is too large, the resultant neta- type staple
fibers (a) exhibit too high a crystallinity and thus an undesirably

i ncreased softening tenperature, and therefore becone difficult to
effectively serve as thermal bonding fiberg..20The wholly aromatic

pol yam de fi ber sheet of the present invention optionally further conprises
additional staple fibers which are different fromthe neta-type and
para-type aromatic pol yartibje 3Dapbed$t bey swdiagh@and fdfjeratd yarzs itec 9ogor at ed
into the stapl J28 Ty ( T 5 Q f r uId be in
an anmount in mgpiﬁkfhe&pgff rﬁ%ng %f@ﬁﬁii {%?qiggpéﬁgﬁkgﬁ- y%g gronatrc
pol yam de stapﬁeif?ﬁerénéa) and (b) is not hindered. The additional-staple

fibers may be sel ecti@d fromp Borpgﬁﬁgﬁﬁﬁhwéh fpﬁéﬁé%ably 10 ‘to
polyetheretherg%tone fi

ers 0 fi bers, yphenyl enesul fi de
fibers and ceram EFi° Eg 3?%%8 %% rh %ﬁkﬁqqgﬁﬁﬂLQ§F gePFGeP§eare
cont ai ned, theOm@ﬁauccmasenousfmatmriﬁﬂgaaqqxinnutgmma&ebynatarmﬁat|c
pol yam de stapgeagugeggbgg)wggd AP in the resultant staple fiber web -
shoul d be 80% by vol une or t e, preferably 90% by vol unme or nore.
The whol |y aromati cTB8I Vaﬁtlhlé érw@tlscrqemlmnqct% spa@dentt ibpveshieeh may
optional Iy furbbeinCenprises &f SaBpdper-lhike sMERMNt 0hoRwBBLA- t¥Be Mwhol |y
aromatic @olyagkde ait%cles in the forntof spheres, flakes or scales, as
an addltlonal SO|I The additional solid binder particles enter:
into and fill the g3ps weeheeraitdma et poliand deanaabype fotraphe prbsest (a)
and (b). Therebaventibn! Boneimhntp e d: 013780 kBNalosAbd,byndgr particl es

is too nuch, the resuliant fiber s eet may exhibit a re uce regnatlng
property with PRBIGHEAR %hg%cﬁﬁkuQ|Wﬂtqrh%tﬁé 5?éHF€@nEréﬁaFétP§nt§?ep from
the fi ber sheefermuﬁathup 10nay be i npregnat ed unevenly and/ or
insufficiently wth_ghe ﬂbﬁh )sition. Accordingly, the anmount of the
neta-type aronatic po e par c es should be restricted to 15%

wei ght or |ESSWh®¥@i@I’]@bﬂ yﬂnQO%byre/geia}antorreIS@szstmedann t he wei ght of

t he nmeta-type pal yam stapl.e f bers

present |nvent%§%¥5%A fi?? éﬁﬁ%lfﬁg%rthg aé?% t¥pe %?%ﬁ%t?cgﬁ%ﬂ&antde
staple fibers ?%ﬁeQEﬁﬂﬂ@¥an'ﬁﬂ@eeﬁ@@Qéﬁb ﬁh?éﬁtpénthﬁchHbmemg whi ch

el ongat e al ongféheulangi t udi nal axes thereof when the staple fibers (b)
20ar e h?%t dried or dehydrated, and the neta-type wholly aromatic pol yam de
stapl e bers (a) usable for the present invention include ones which
shrink along the | ongitudi nal axes r eof ‘n heat-dried or dehydrated.
Therefore, the el onggtable para-t gﬁﬁh_ (‘rbnatlc 25pol yam de stapl e
fibers (b) are useggtn’aonblnatloﬁegtgﬁ i i nkabl e neta-type whol Iy
aromati c pol yam de staple fibers (a), the resultant staple fiber web (A
can exhibit a signiffa)cantly enhanced dipgnsional stability even when the
web is bhgat-dried or dehydrated, or water- 30absorbed or hydrated. In the
present invention, preferably the neta-type gbolly aromati c pol yam de

staple fibers (a) have— shrkﬂkage of 0.1 10.0% nore preferably 0.5 to
7.0% and t he para- BEJEh@Lgﬁ é ”chﬁdpQE_—Qéde stapl e 35fibers (b) have
an el ongation of O. ~ referably to 0.8% The shrinkage or

el ongation can be controlled by - 14 - adjusting the production

conditions, particukarly the heat-drawday conditions, of the staple fibers

(a) or gb). Nm,sewfeqoa&@ﬁtsgtb,qg@g@ @t%t;lt% ! aogtypo%{hy'e f'bet%ﬁga) and

t he elongatlog of the para-type stapl ers are con i oned
above, the reddl fantepPbePnghewstityemateekic @b dirin heilagsen atomsd

exhibits an eahdndedeteauﬁpangﬁbﬁgsdﬁﬁ@im@llﬁHb é#&ﬁ??@“ﬂ@ &0 Gl THHHKON,
oo ST e AT, PO L i B0 1
met a-t ype whoPPyyamdaat aod pHilyeans deheteapl earfd hibirss cwedarich ,t e rel ongation of

the parastypeewhgbhy, aﬁfé”?ét,?,htpgwag %qt‘f(tﬁ&n Jlsberpsat(e&) are deternined by

the fol |l ow ng_nmeasur énent ri nkage an eIongatlon

measur enent niPRod3/788)9ehe BitHPl €756 ek B %ort A%) Japeneseer sed i n wat er
at roomtenperature for 24 hours, to allow the staple fibers to absorb
water, and are dried at roomtenperature; '



(ii1) the water-absorbed staple fibers (a) or (b) are 20heated from room
tenperature to a tenperature of 300C at heating rate of 10 C mnute, to. dry
t he wat er-absorbed staple fibers (a) or (b); (iii) the heated staple fibers
(a) or (b) are inmediately cooled from3®¢€ to roomtenperature at a
cooling rate of 10 C/ mnute, 25(iv) the heating and cooling steps (ii) and
(ii1) are repgated further twce; and (v) the shrinkage, of the staé)le
fibers (a) and"PRE™EIOHGRRTUH RS LN HOFi-parPs1PRy 33Fe LArilr8Peéd in
accordance w bA-Lheé, eduadndms-q9,)51nd (11), respectively: S(% - L - L,
x100(1) LI 30and L;: 9. .- 4Li wh i represents a shrijnkage
in % of the stapl el?i%}ger %%eqﬁ lrné’)pérntlatg%r?t’s%ggl gﬁgltnh g?rgﬁgyg?a‘ﬁﬁ%ﬁz 15 -
fibers (a) af BEPMEKEC vi2e branideesr giafgrandodryWwhgliyepronat andpbbyamide he

first heatingnateRrg (80 )so L20d &R1838" T dnkeR@ENrLinkhenstapbe fhbers (a) -
after the fi ngl@rcool ing step, E represents an elongation in %of the staple

5fi bers (b), Peh? ebbhtd1er 9idh §ioh Mo arfe 0%t BpFe Of i bResdivylamrter the
wat er - i n{rer Si alsngoxs&mr ]S(j]?[o@'ﬂjtﬂé@{r@rs%nfgbﬂ i:‘i_grlr:)s.i.f1 ][}?ﬂxd trbﬁ Eﬁfx%)-sl(ﬂﬁu)ctl\ﬁréd Lt4
represents a length o e staple fibers er e final cooling step.
The shri nkabl%n?lre%(g-’?‘i}p?er MPTgr Qfatthe éb%’?Zﬁf‘Hea’i@g?Eb‘F eI¥PPRFs (a) are
er ef erably lserepfmblﬁvminb@oimﬁnn%a@rienyémﬁﬁ_ mpﬂiiﬂlzaal a.m;jde) t st iapl ]?- Li ber?b)
so, e el onga e para-type whol |y arongfi ol yam de staple fibers
are prtél erably selalgtstoe'datr}\go Nols) y("ﬁ&?éﬁﬁ@ﬁy?’%ﬂilg e‘?‘é‘b’ﬁ?‘ﬁ‘a‘F aﬁ’ﬁﬁ’éﬁm%‘i%pl e
fi belrs and 1?;@’{;@&3/I(q;araapﬂ@rmbrgaebﬂazd'icopyzygmémIhmeir@g n8 @ 1;]0 ! ami de)
copol yneri za . ratig o I s al am de
staple fi bersi.(%] ﬂ&ﬁrﬁgﬁt ttﬁlee steggfelflggg? &b?%A%ﬁ%o%%#lﬁégﬁ é\ﬂol end of the
net a- t ype whofts§rediodtdi @ fpsihpafiitalenappeona bif sIX@YPROreRa eReteshr | nkage

of 0.10 to 1GbP%:iete mrhegn@sarERrkonadeaRonet Wit BribeuPal ashy P Whol Iy
aromati ¢ polyam de staple fibers (b) having an el ongation of 0.03 to 1.0%
det er nitled aslSAst i%On&@lapdves the féxalenhtareratic@RIuURshi bit an

excel | ent di mensicsenstedbiblyi tyiee¥eRe25vhENo ISR, a%hida asybeis af emgeberial for

a |lam nate fort an.electric circuit board which is produced by a process
i ncl udi ng repsea’i"g&‘\ﬁft'er-vx/ashi ng and drying procedures applied to the

substrate nateri alForl exahelwahothy paopantype poiykly decdnderc ghaBtantfde he
present | nvenjdaile 3BLNenDi BIEL-LE) 1hPoREL SR AL dqig, the staple

fiber WFa)b (A), conprises east one organic resinous nmatertal,
particaParly WgaRiteréhetrbhet FPAYF £_Y nwkt fredforihe stormwrlax@ipl e, epoxy
resins, pheneihexreianpound- i oomabdghyder restmsot Pt yuhat RanesFesdns and

mel am ne-f or mgl dehyde 35resins. Anong these resinous materials, the epoxy
resins whi ch%f" oulat (ReasE bhbr -eg%&ye’ﬁf?ﬂ:]ﬁforﬁé}d dt dipp Hemolarts -

nol ecul e and cefr @eadhspér 8kpland Mmynaagueoushaeth tim B BRVEr ady gh
compatibility w tgPt he_var ni sh co(gglosi tion to be inpregnated_ in the

resul tant whol |y APSnBRFE~pBPSariakelY i bt ahice Pty A HESH &3 && pr epar ati on
step a?® nosise3prébdr bbm, The dardere ( B)olw( mmppmheadlienean anount of 4 to

the' ot a %Y‘%ﬁ??&%ﬂ??ﬁ%ﬁl%ﬂ%%@%&%@&{é BB B8 (8. "1 the
amount of t h@*YOBPRERYL1eRy (molamsratigy 4 Hart L9/ Owei §), the staple
terephthalamide).
The meta-type wholly aromatic polyamide may be
30 selected from, for example, poly(metaphenylene
isophthalamide), poly(3,4’'-oxydiphenylene,
isophthalamide), and poly(metaxylene isophthalamide).
The copoly(paraphenylene/3,4'-oxydiphenylene
terephthalate) fibers (available under a trademark of
35 Technora, from Teijin Limited) have a low impurity ion

content and thus useful as an electric insulating



fibers (a) and (b) cannot be satisfactorily bonded to each other through
the binder (B) in the formation of the staple fiber web (A by, for

exanpl e, a paper-form ng procedure, and therefore, the resultant fiber
sheet does 15not exhibit a sufficient mechanical strength, for exanple,
tensile strength. Al so, the insufficient anmount of the binder (B) results
i n easy break:')aTg(i of. the resultant fiber sheet during a cal endering step
and/or a prep S‘“ dration step including an inpregnation of the 20fi ber
sheet with a varni Qh&cmpoiykpmﬂaphenyléﬁsm 4 f-d:heligmanitledle t he binder is
nore than 30%t@£e tgllatlat%t)]e Pété e]I‘é l{ga heeftore)g}‘l bl s .a reduced

i npregnating property w arn| S | on, G8%e varni sh
conposition i §Wvﬁﬁfcé@ﬁapé§fanelvbmllyam %Uefectatpellry-ammahn@ehﬂober, sheet,

and the gole afonth@nvababﬂalﬁem?éfgam liftfl'cﬁ' SNtel;¥ oAt (.31 ned.
Al so, the resultant fiber sheet iIs unswtable as substrate material for

the | aminate f8f PHELBFER( PE cthe rktherHoardie go\mq%ecgm@mpﬂc pol yani de
stapl e fiber pheeticabst Bexpdesenthd m/fmiﬁ Gurdfadds |dr@@o@$:r§b&‘d6$:&r ate for
a lamnate fo C it boar t he di nension stability and

resi stance to% ﬂ%ﬁ?% |8fr§1é(;|’o?ree‘3<na 1Iﬂeg Fi & r{:e 08 I ﬁ§1§ﬁ6‘¥
corrugation) ﬁﬁééﬂevéitb@nssmierqfertatmmmthumv@lnttyomowdlthl ohe are )
si gni figant| yvbﬂﬁhgﬁn@&ﬂ?bé'uwat a‘jﬁ{'%ﬂé"acfh%%'oln o ”t‘ﬁ@%grﬁ“gh' nterlam nar
peel i ng strength of . th eet. - - Accordingly, préeferably the

bul k density OPTPRELF}PRYEHudthg §>°a1d']aﬂ§{d€d fiibegsas DyeOtoOthecaBovesr e
preferably O. 55nt§)oﬁe@5e1@ri£r[’é’ametﬂte tt@Rs ide@ ul tthargtdRoef tB?oifan% sheet to

2.0 kg/ 15 mm oy e rab t /15 nmm and the |
“interlam nar ee?glﬁbd%t 7 e r{ §¥‘§FI‘5 Ff& g’rltﬁ‘ofag LAGFE82preferably 30 to

50 g/ 15 mm | feshetand« 1der\?k:it'o)t.‘lraariu:l/oanr dulré nigntéel prbnasspéeki ng strengt h of
the fibey shegtokseOndSusl ot tfads esf%ra@@voelégtg/ﬁ SeHMLQfe| £38ral BRyS! D! €

fibers located in the 10m dd ortion o rsheet” may exhi bit
a reduced bondMAgtPTHbERYy ltaa‘lé‘édtﬁ Wﬁélblténénﬁé?caﬂl 8keehEigar ni sh ,
conposi tion tindel atixegnaiped tyn aTnﬁOdhﬁlégelaﬂa&r@liﬁblﬂﬂt%h@t mhedghe |ayer
portion, thi s% dée%?ed anount of the inpregnated varni sh conposition may
pronot e the 15undesitable | ocal novenent of the staple fibers in the nmiddle
| ayer portion, andfRhEplise seapbe-exbbesgmablbe dpstiobutesounivgnly in
the i nsiode Oflﬁdi'!r.&;a(reﬁmctcﬁdﬁo In@mlaagggggnett;@ @k@ﬁ&ﬁ!{ﬁn&'é&é‘ién?oﬂg The

uneven distribution the staple fibers may cause di nensi onal
stability and T &ds sqrgarfdtg f’&ndéPBFﬁaFPBﬁtﬁﬂaﬁr 788 688 Pengrletted and
hum dity conditdmon fiar kxatedecasetiica, aldhs$na, i éllh@aixe&l@mé@&t rength of

the fiber shegl,dis,e n kg/ Lhe_resul |ber eet may
25exhi bit an ur{nsﬂatl Sf?i%t &:1% rég?gt gn%ga{%’%% éa %gtlav?j%rl ng the W ‘i sh
conposi ti on- iRFEYHAE amdphyesated. akuriner, Siil@h‘eebul‘kh@exmztgamtcthe

fiber gbeet iconpund Ppartdc88s9fFeRBa {:Betﬁésé'uir%‘éeé'@?rtﬁé‘%eéam exhi bi t
an unsati sfacﬁi%r I Npregna |og}1 Famt for the varnish 30 conposition, and

thus the resu J’[éeﬁ:ts IPaf AR0&TH EctPi eRRIrCRg BRarkeiiindREeperty
unsati sfact oof dhhectsitiaplengubati sgr paoper t yTheli pensionsd siatidddyy and
deformati on wRY St a1 eL:hig r €,&n hhu dit

condi tions. 5aThe wfiij %legrgo%rﬁ?%cggo ;gfngéeuéstarg‘l g“%% A%/ can be
produced by 29 Y loftor ﬁe“@onv@ﬂtfbﬁathfv\/ebﬂ@m«?ﬁm COIHHCSmd mme$pr

exanpl 80 t he tiet attype Mﬁé£YS@fP&@ééC D Vare deasi@Rigndd gl s (@) and the

para-type wh II aromatic e staple flbers (b) are blended in a
pr edet er mi ne% oo ﬁgaﬁﬁlg X‘%é?(? 6% HREBRIARCST athe bl end

i s disper sedtlhﬁ a%@aausgeﬂerwmfaﬂlﬂé db thélQ%a/[E]egl'ﬁldesl\Iﬂrﬁr to pr OVI de
an aqueous shapkehi bgr sl pLr opt 9 addi tive, exanpl e,

di spersi ng aig)ent or A vi gcgél %/t-er e Au %?‘Jirlnélg Satga dflbeidﬁe‘ﬁ%{aé:etshe aqueous
staple fiber slur '11'9"3‘ @ﬁ@mﬁ’é%mmanlntﬁqmm%thmamfl (BOr agldur(ioy) i s

Subj ec3$ ng t pru€brABPR hatOr A Nch PIACRANT 65 Bisi %l%xﬁiers% RaPgY, 1mRENi ne or
cyl i nder papib gﬂchl ne to g]aow de a wet paper-lik a binder (B)

conprising a Biehhe( Brbhnte Tles) rijolfse’h)at @nefierabliym@rpdrated in a

predet er mi nefl. 8odediamdupt . 15t the wettdigper ddret-a3Neet dhy BaRst 1Eor
exanpl e, a



sprayi ng nethod; the binder-incorporated wet paper-like sheet is dried to
provide a dry wholly aromatic pol yam de staple fiber sheet. Optionally, a
resultant staple fiber sheet is subjected to a finishing step including a
heat - 20t reat nent and/or a pressing treatnéfit; to adjust the thickness, bulk
density, mechanical strength and peeling strength thereof respectively to
desired | evel s. . .I'n anot her process, the neta-type wholly aromatic

pol yani de st apPel¥EBéfs FhaPindf HREDAE- e (RHoMay 18gapBnabfévierghn de
Stap: e fi bglrs Ehbear ehbbmffséﬁgl iélss-?l)tﬂfeﬁgﬂi.g_; Rieha@ rwgioght aat:iasa;)j ,taﬁe _
resul t ant ended_staple, fiber a) a are ogpened_at.random by using
hi gh speed fl ugdggf%g#rst%nﬁr%‘i‘é‘i(ﬁrmlattr}bodl(tol‘?eé‘ il r?ﬁrﬁakﬁgﬁofo forma
wet web of thefsbapléatibteroblend;f ibdes 30biTheaere foBe,i stappl deffiouht
predeterrd ned dpy o] g%gﬁl f: sth | e.fLher nd (b)
bl end tongl ncorg%rg?gmtfﬁée gth‘%l e}]'; [ rﬁég‘l}t é'd\t?et%t\%g%g gﬁgé?ﬁehééine d

bi nder - appl i edS#eishretesy hewalpressed dghdpregess séphiditdarged whol |y
aromati c pol yagkdec s&a@y e &i9€ra shelonabass coert.i onededbpye; s Wga the
staple fiber shegt oé t he flir)esent, inventi.on is usgd aﬁ a . substrate sheet of
the |amnate foPItHEdRFecther GHAl eSS odfd™OrRe t4rRendi 8RAFSTS 19 -
stability and ¢&totndtten) [ dilst ardsudrcantusitiapdeaidbeasr mgat évh)biesi st ance
under varqd ous . dit es in e often
i encs by PRERELAIAEER hettirlcal Yerblehis UkBLaL AP WA PLE 01 DO
strength of the&tEergtle famkrthitestay AetoPgi AYLyablreferapractivel o
sheet - prepar ath &8s process is preferably controlled in wet sheet-formng -
condi tions and dryijgrg a}géj heat - pressi ng .condi bi ons so that the resultant
stapl e fiber sheet €XhiH tREIIREadSVENEANr 0hB88 PEFBRELGIPRLY R 4RIensi ty,
tensile strengfibers (o) errdnimamayedkl BgightepgthbrEspecedl by, the

heat - pr gssi ng i.s i1 nportant d o] ef ul ony rol | ed.
For cxams e, viERen £ gfedrllo xRl T8 khA 8aERE ol LIbEEIH PLo

cal ender nachi b, tehighpltdef itesulshast fiberspheesr aphibheata predumet
between a har dcdgdd i thad MGinbrAgEREQG Qi tAbeHE Jarh@sBOc&Mpedth fbn el astic
roll having a di(&hrm}tber of out 30,tlo 180 ‘(}:‘gl a?d prov(ijded w th a peripheral
surface porti oW BH i% TFsEETabtd Lo 2Bt whEn 8T pBF PIBF 1 MAar PG ol T er s

havi ng a di anetlkrctofi@lmoiutcdd boazd8@hermefbPumi ngThheefiend ; pries sdeygree
procedung, N 1Ayl e WGl loncATAMBL! GsPebyantdgostapi e, fibers (a) are
sof tened and press-bonded to the para-type 0 I¥_aromat| c polyam de staple .
fibers (b) at portiGis aUEREGF Prigpsédei AFaRAEhI 5PRES , (BhdErthe(3) apl e

]EiB ;oe_rs (a) andlsgﬁ_(]@ fre thier tp'ii@%e?@BQﬁdehgiQ%\CﬁriﬁzféﬁébhhL}%tg_hatf@e@ nder

i ncor porated i.ntao the_stap i ber we . _For_the_bondi ng pur pose,

t he heat-pressllenngqtg’r (?cftag)u e % 8§afnfni’e8°55tP%?%?E?B{)Yy{]a?c’ abn(? erature of

240C or nor e, Ragrteqwleirdiyablyiep80heof3660s uader profiumedrbypraesetr e of 30 150

Kg/ cm opsNDr €, p B Or @fher 30y 18An5Pn490 Kpbedtabspesi@llya dde 1f

heat - pr essi ng)&roce_%ure is effected between a pair of the above-nentioned

hard rol | ers. the fibex lepgtRedsi hgstehpatal u? eWs FRRsresisitaoc and/ or

t he pressure iaxrdmasdct panlyim@dkglepert BRed€SHAY adtkh 5Bl en 35f 1 ber sheet may

exhibit a tengj] trength of less.than 2.0 kg/15 an, i nterl am nar

peel ing str enﬂtrﬁ%(;c Slfgggotrﬁaﬂ‘eﬁgaafi%?n?ngﬁ%rd?'gé' a Igg%cl’(’ d‘e%sr%qey %;quess t han

- 20 - 0.45 g/lemgth is mopesbhann8phemprodecréoml bint hecd it orayt he

el ectrlgomrcu@xthilaqaarqng@@ﬁgtfaetéwp&ﬁ%ﬁm&rpls@ﬁ@;tytén%a o8 e%gi'rrr%er sheet
or nor

nmust pass through a heat treatnent” at 5a tenperature of 240 e.
Accordi ngly, &FCREESY ofnd RBYE. Rhat Be§ubiarhel Shampl Thesharkheste an a
tenperat ure edmahftfacaenhbi ghefoinaty t &ed heatuid Lol Sid t d8MpeicHa iR.a 1bef or e
t he heat treatsr‘r_r;g%lgths contributory to preventing undesirabl e di mensi onal
changes and formatron of internal 10strain of the staple fiber sheet during
the heat treat nment Th¥héibéor eheehi of priee tpretement ingeroirtr idpttioma ity :

enhanci gg t he gdi i ili i esl f. the

osul tane | amiastao of DR T om ¢ HeaT AT A O JRd A Ahhetad 1
tenperat ure. PSA¥EBiERn§ibers hbilexpkli et dwfapmey ing entmachagficade present
i nvention, thenbaalingr 55689t ASEIUr & fnthel S ?ﬁ&&é‘déﬁ%fe ?F%?a kst he
present invention is preferably carried out by using a cal'ender at a
tenperature of 280C to 360C under a linear pressure of 180 to 400 kg/cm
20After the above-nentioned heat-pressing procedure is applied, the
resultant staple fiber sheet of the present invention can exhibit a change
in dimension of 0.25% or |less by a heat treatnent at a tenperature of 280C
for 5 mnutes and a bulk density in the range of fromO0.45 to



250.80 g/cm. However, if the heat-pressing treatnent is applied at a
t enperature higher than 360C and/or under a pressure higher than 400 kg/cm
the resultant staple fiber sheet may have a bul k density nore than 0.8

g/ cnB. 30EXAMPLES The present inwveiatlien will be further illustrated
by the followi ng exanples. In the exanples, the resultant products are
subjected to the followng tests. (1) Bulk density of staple fiber sheet
35The bul k densPEpedf 1eathe serpnat ¥¢ el winiate iddadetsdresitned ian accor dance

with Japanese bpguspriate teddl; SHANGArithcHeSseC2blhk 5%?1@1‘%2 Brlent2)
Tensil e strengtfh of sé%glee fi ber sheet The tensi Fe strength

of each stapl e tPB&rS t AV er nilndd'S FMRUEST @dnddenifiRrilSate@111,

Section 7, 5usfhgeascbomstemthisih etutd n@esiAttanty ga beenshkett pajebxnfB) ¢
I nt er | amsnar pgel.i r ..Qf staple f.iher eet . . In the
. gerbRgesd g%aér]ﬁ%atfsora&el Sitg ~Ser ?rg?ﬁt K2gPL88cROUPEPLELPR ber

determ nation of the inter e peeling
sheet, a sanpl @'fthos Hehatrgrwd tfardeeleissatichaiiragia beagtihmef @QRibmt and a

wi dth of 15 nmanasnpeeis totidigd Alkddhs cmiddheakay r‘?EBéE%Qﬂ.therGOf at a
- peeling

peel i ng angl e fer18 degrees into twy pieces bX met hod using a
constant stretcHIng ¥ate Mp@MosRsi of ther éibriliatedspraraatepeon 15t he
Sfirml e \é/as me astmnet. 1q 4o Uanr Q%@br@h&ﬁgehgffibéﬂ §h%é’@?£h§@ﬁftbé"ﬂ e

el evat edqgt enp st.a i ber . sheet ving a length o
250 mm and a \%%étﬁg%teéjo tr%ﬂamés?"?elbf’%cgég {’3 YehBREuPENERES of 20t he :

| ongi t udi nal IRARAIF BN HE s byewelhghtr erahesaf t Basad heat the ead 1GHY ¢ a
tenperat ure oft RE8YA 1t DaMaR o] ! i C dirensi onal
coor di nat e- rreatj‘ur(et%? ty?set éar B%‘%Eég g?”ﬁ@gdﬁog§%8}§£§gg%e{%\ﬁ'an (% in
" the | ongitudinal® I 5{59( RESMEEREUPAL ¥ L Ae 2EhkeBr tiere of tthe mrdssintow ng
equation: Dn(%nventliln, tap/kaakld00ivbereéh mpepsesents aghange in
percentgn thediemg t udi ogtLh_of ,the staple fiber sheet between before
and after the hel(%!tTtl t'rggtltegg%?%ﬁgbgr%%rzeéén % Véé)%%?tonogftﬁb‘? MF 3 e of the
stapl e fiber ¥hedtlYapremathe pehvamicdatserplanfibers emesent Y® to 953

I 'ongi tudi nal bengehgat,t pecsbeghlPesOre, L4y haptdy rzp?tt&e( @alj'aj_rrensi onal
change of stagl (éef QA,R% sheet due 1o a de,héldrati on thereo A“sanpl e of a
staple fiber fabri &'R&sYi ARRPRELC | PP IvAR IS YRR tidhsisati@e for one day
and night to al | owGehersahp) ethe rertdyt s o> Mat efrdrbeiel Pol3adibhen - 22
- driech@t roggyp e r i our.s...rhe sanpl e having a w dth
of 5 nmwas hel 8bgtgp'?&gég%d(%gr?%%g%% }o(#ju%ylbarlﬁlﬁl IyggzterhSP(S‘éregﬁf a

t hermal anal y28f {tTPPaB:RArkon TR tRITY dharny ghasseofalthenathpddy TMA, nade 5by
Ri gaku Denki Krématidhsoiydriidd $lisgdance hetagey t hqfh%@eeomén%%gﬂ The
sanpl e was heg}lgdméiga; he ther %8{1 | yzer, from roomtenperature to 300C at
a heating rate of GIRATE lﬁ’g‘/l:scd(ﬁ*‘l)ec}sf FoRe3¢dent §%Ro8 t enper at ur e
at a cooling Yatghef tlte esuittant HibelObdaeitngxaithicaokinng procedures were
repeat @d f urthggat s £8-{4 J I ls i recording a

di mensi onal change of the]gl; ﬁlgetdh _o% tl&estugtaa%ﬁ%jg g%ogggﬁ rt. The initial

| ength of theP¥EnpTEaler athe Wdgdr humgddgivat rod &hdsdiyi ngssitabhad
before the fiasta heaidtmtbsiaeMal gorpanad1whiRatBesbenghh Qieé@‘%a”pl €
after the fi r@ircq_p]loé 'Hl%tzsdt% s .conpl eted., The difference between"f e
length of the sanple after tHEWareF ANEPSi Y BAGNERYING Bieh beebefore
the first hedth rtfkitady ldtg woiver] engbhgoperhedsanptematter the final cooling

step was 20cal cul ated, d n e .lL.ength difference
based on the igzipl e Iglr?‘g?hta ltge?';l?%y\/\é%g%?gﬁegéll%gﬁé%% %trWﬂ% step and

before the fiTst Hedfinga5t 88 "asteapeupht@dloTae tewperatiers emhi Eahange,
the higher ttexadipiensizanakosBabi Pt ytRaf €RECSHBEERING temperature of

the para-type wholly aromatic polyamide staple

fibers (b), and bonded to the para-type staple fibers (b)
35 at portions thereof intersecting each other under

pressure. Therefore, the meta-type staple fibers can

Serve as a fibrous binder for the para-type staple



- 25resistance of the sanple in the tenperature and water- content-varying
conditions. (6) Deformation of lamnate for electric circuit board A
~varni sh conposition was prepared by preparing 30a m xture of a high-purity
brom nat ed bi sphenol A-type epoxy resin WPt K an o-cresol novol ak type epoxy
resin, a curing agent consisting of dicyandiam de and a curing-pronoting
agent consi st kE t hy -net - 1. e a di,ssol vi.ng .t he resultant
mxture in a rtn'mgggg_sg?géntifg%r(%oé]n%éts%&ngoa%ghneet"%%a&tﬁ/ﬁﬁ(é'{htﬁelyand met hyl
cel l osol ve i n28°Rr&IAgPP RY3Bids VOB biihgsisgHa) Arsdms stefple stidgsire fi ber
sheet was i npwepnaApdis 1dsd henMardd by GRS ! it metR3 andiighddien the

i npr egnat ed varni shtcoggo J.tion was dréig&) at a tenperature of 110 to 120C
for 5 to 10 nTRET R 3R6° prikfice @B &t e es Sfedondad t@ £aFdr ni sh
resin céontentobhes586 by seat isac v eitenas. of the prepreg sheet were

| am nated on both e ck f é f first cqpper foil having
a thickness of 35 %‘?}e%%% h%% E%ﬁ nfe;:'%a %&g’%t %z?r? lB’acaI{Og‘Lﬁ' Aces of the

resul tant | anPRbY@v@e Ftarlirerfibensata)d adhtibittwe jsisddes acfcarysecond copper
foil 10havingoandhigkpassely 18 nunndine dastideant J aribaate (uhs heat - pr essed
in a reduced é)re surﬁ at r‘%?here at a tenperature of 170C Lfn er a pressure
of 40 kg/ cre FEF S MhATECTEH fTunsh W@y 9ngshendaidragny @negt ag

t enper d0ure ofr200fiy @bouts 2 rMiaus emork eueddrkblgminat ed ar. san

el ectric circyjta bo ined. .A S i men _for .the test was,prepared
by cutting thzgl%:%'r egé aé,rr}%‘ﬁ:%aatcﬁéjk'iaérl—tr;"c()e nstqlﬁf’a{1regi3 "eEES SHavi ndsaplrgﬁﬁlrﬁbﬁﬁd wi dt h
of 150 nm anthdenths rghaemlehisqrane arpltiedn oot hehmesectypec sppeilef oi |

layers of eachilsémardudiff &hdPhdihcdt il Pl c2Band swWirdih «fe 310 am so as
to retain edggmeplg{tlons of ..t.he secogrdkeco aglr foil layers in a square frame
W t

form havi ng a HDPST hhe by Ife CREAG. 1Phdargsm 8/ Babtial ly
et ched1bam nae tPiecesemerle Heatortyr dat atboatl aageg npdkatresa 1ehn26@ethor 10

m nutes. \Wiene SPEY ef r. exanple  distqnrted, curled
or corrugat ed,i}%ﬁe to the kge%gats(ragate?rr{g’%, & fﬁgongl%lgﬁrpljr?l EPSERALTORTY the
speci men was FASHED s wWdesinabhvdiincaeased fofheniagetepperesnrehe

def or med por tareh k< @ iHetlonO i fE1 @fl t! ke speetwBRe13068)-vknayl ation
resi st ance att@e]maglh un@i%x'g%%'-ghe -sanme non-etched lamnafe as in the

i mredi at e previous Sec Was ‘used. One surface of the |aminate was
parti aPPy etched tThe othaldonmersmapdd @odyamddes fabeirnséeeal s foth@. 15 nm and

consi sting ofpAdani®SeRAMN iGAPRSE 151+ T I [ : or ed
for 1,000 houprs ile appl ﬁbﬁ}gngté":co%g(%tlyvgﬁfggggo%gﬁ\gﬁigggzga-al}teggpag
el ect rodes ats%FR%nfe‘rb(ﬁ"%r &hdfhgeceadif fearati $EoRuNE Betartyps RAD and
then in the aarmws{igre atomatienpelgamideoktafleat iBekel hi)vanluURbLYi ty of 6%
RH for one h r. i storage, .a direct volt of 3ét 590 volts was
applied to t%e{{de.lagcei ?51 é)ts}% 5ra%§% &8¢ n%lg,e F%aﬁggsgg%af:hge nég‘l)ati Sﬁe :
resi stafce offdHeignadi meaplex diplesl shaudtapke ini ber abend Wwaswpiepar ed by
bl endi ng 77 patd pdBEoMiGlle Of RARAWLYRE tYhe! gxd%%at-!tg QOE%@%Q‘(%CN“&D' e
fibers consisting of'a C%L%(Para henz&Mene/ 3,4 -7 ox%gl ﬁen% eng no| ar
rati o: 50/ 50)PREFIpHifat PR o i 220 BYs by URF ghtndeTeat ¢ The
particl es an@&ddlitlidmalwesitgptleoff ibeies magabki ebeactbavicrgman fordi vi dual
fiber thickn . tex, (1.5 denier ~a. fiber length of 153 nm and
an el ongat i o(rje&zdgﬁalrerlﬁ %é&ggy%tlﬁérgboggﬁ %ﬁ?‘%gﬁggeﬁg?%Sﬂeo?lg?fﬁ% and
avai | a% e und’é’rlyteﬂfé‘etrrla'déﬁfarfli-béerTe@hﬁ(YPaeﬁVéﬁr@eiljlif:tht dibewst knd5 parts
by wei ght of ceatadrilcy ze pekel.| yAager,ratqhgnpeh}éaahagt%ﬁahesuag%_fs f%g?:gst' ng
of pol y(net a%q_%n Ier%e.l sgpht Hal am di), drawn 2Q at a draw ratio of 1.4, and
havi ng an i ndivi d0A“3HP5E8r tRPckREES 6PN5e88 At kRe(mefantyps) and fi ber
length of 6 marandypeshronkage pbl@ah¥ddesernpioedibyrtheagbava- eyt ianed
method. In thi e nts,qof th ras .and peta:type.whol |l
aromatj ¢ pol ygr%ﬁ 5%2‘?26;"2 Egggggrglﬁéfe“@g %E%)B%dv\g?gﬁﬁaﬁg _P( lé‘ﬂ}oebQ¥
wei ght 391 esp8CtievePyetenabdyapPé biybeplbhendrwasrsuspended in water by

The wholly aromatic polyamide fiber sheet of the

present invention optionally further comprises a. small



using a pul per and m xed with 0.03% by wei ght of a di spersing agent

(avai |l abl e under the trademark of 30D spersing agent YM 80, from Matsunpto
Yushi K K.) to provide an aqueous staple fiber slurry having a staple fiber
content of 0.2% by wei ght. The stapl é3fi-ber slurry was subjected to a
paper-form ng process using a Tappi type hand paper-form ng 35nmachine, to
provide a wet staple fiber web; an aqueous dispersion of 2% by solid weight
of a water-di spEPEPHI 8EbRsPREADFYRE ephehlvr dFR T I (B apisls rasshifles
(available - 25 thendeemtbe &pReles®) K Diked ok i stea BN 024, arf r om Dai ni hon

I nki kagakukogy < K s_sprtayed toward the wet staple fiber wep; and then
the resultant %ldﬁégrlgjlnﬁco?%gf'gt%ﬁn T st IEfFeac¥$]bte]r°r\1/@b %%ﬁﬁkﬁb@fﬂd cured
in a hot air dppetisaesaentepeintarandffI1BDGHorgfds Mannesn the methe

resul t ants whol byqapQpRLEGoR0LY e L e £ belq sheet capsi of; 92
iy {fi% sta%lmegff%gefpv\e% ,a d 8 {)k?rts by mi%‘%t’ oJTf t he

parts by dry wejght of t 1 b [ )
bi nder resin. ’fh SPGPNE ?f behe sttt irraheif Lt P H\PARG 1T es del ender

10nmachi ne wit htaopmichof thetaédi Lr 40t | Siteac hspreyindad estiiilb i handduced

peri pheral surt i ianmeter aof 400 t t enper at.ur e  of

230C under a |?ﬁgg$8§gggr§%rﬁgooﬁe€%§6 "I’(lgt?ek%:n%%el'hveanr, n{%he%s%mszﬂsel liotf’erms%&?t was

further heat pPESBEEILYremarRSt roT s erpleframmctiond Miarth shaedi r aofd Tt al | i ¢

[olls eaan proMhglede Mibr&ghatdy R ANl Pl artid AGH AN RAWNG A igiret er of
g

500 mm at a tepperature 320C under I near pressure o cm to
soften the met &7 ypar hhdh | PRV QN pol ARGRTHL NG lap &DE BEIoRngo ofs the al | ow
the{n to b_on;:l tmetb]gtppéaagmﬁwtﬂm%dwa{m%tp&ta@lggsy?mvﬁqldlsmpl e f![pers at
portions inter C I, . e resultan Q r ic
pol yani de st ap?%_gﬁgtg?g@he%?f%&% BB & gt o pfffglrr?f.l%’ Toi"By The
stapl e fiber sHeeghtve¥elsim durisall tan tte atsovght2Siferthicomedtat-gsps (1) to
(5). Thadest §RSULYSaléfaeOWbIyhnRl &tlaple fibH}® @Rl e fiber sheet was
converted to a prep¥ eqg, sheet set?%'il npregnati ng the varnish conposition and
then to a |am nate tor PH P ITOVETEAN, ddalds Feefe Ioafce th86nEhei oned
"nsul ati on T 6SLes pee TEASUY e (DAt A by ol D dl Ly as menthonea”
above. The tesft_:ﬁre u St%?gr%g‘a soos_'oimrllr?allur?aer;&ﬁ%e Y%lfg'Exar%‘Iggtf 2AChAol | y
aromati c pol yahidlel Rraptud indderaxsiredthages £ whes ther sgapde ybele {are
p][ oggdum@ts a; afe _E%@m&nlhl Eriled @&C%I%hyfdf l%ttetscﬂe &B?Q'h%g%!e‘%oﬁr-t ) mo%t@ya][m;lﬂt
0 parts by_wei was, prepared from86 parts : y weight o e
e covl et iy BN Bl shu o e s 11
an parts Imeiggtiti phetiynkead ongophthal at e
staple fibers f@hﬁigﬁﬁiﬂél @%%?mﬁﬁéke f wheﬁT%%a&Qﬁghgﬁ ot LAR Leskgq(1) to
e o L i s b e shasaon) &y
staple fiber s Pr S e 1,
except gls?t t heo taaplde fsidh@:(r)loé/\l&g.bie&s?r(rt]:ﬁ)”%]lci*étlg?%d9anp@6¥n§im§tw%hgmltwas
prepared from part.s : y . weig e _sane )
copey(parsphert S e oot et it pdvapie srioan

parts [ ‘ s amaeaghibryl erb i(agpbahal at e
staple fibers éﬁhﬂﬂﬁ%ﬂéiéa#ﬁﬁ%QEEQt% enhanced dimen}@g Q?SQkSBiQE fhe tests
(1) to (7) are\;shoyvn in 20Table 1. Examg']e g° 4 ofly arorraf:?'c_
pol yani de” st afi'&"¥ "B str*i‘@ef"’e\haé-spl*‘.ééﬁcé@lﬁﬁ PHedshirfdrprededarewahsrin
2E>5<arrpl ﬁm, excaemoﬁbhagi fdm&ygiga[ﬂba,fl bsr gfb |bn an am)un]'E 01;1 92 parts by

wei ght was prepar rom rts - [ of ., the sane
copol y( par aphenyl enlgll Fhp P&)‘?ﬁ&?‘ghéﬁi‘/_’%«ggéof‘ér B%ﬁ?ﬁﬁggﬁg) CBeaPrEArtBERs as in
Exanﬁ![ﬁ I1 ?n;:lggqlglla/rtasog@_t.li‘oq/@ohyamdghstaplpolfyb&eiapbcinyhegef: .
i sopht hal at e Kdd Ber 9 dpa odr a 13, na ayi pg a
30fi ber length of 10 gfmﬂ Zn? abs\ﬁ?i %Eége’oﬁwfg%%ggtge?rénléeg'g €37 69

and the para-type wholly aromatic polyamide staple

35 fibers (b) have an elongation of 0.03 to 1.0%, preferably
0.05 to 0.8%.

The shrinkage or elongation can be controlled by



by the above-nenti oned nethod. The results of the tests (1) to (7)
are shown in Table 1. Exanple 5 35A wholly aromatic pol yam de staple fiber
sheet was produced by the same procedures as in Exanple 1, except that the
staple fiber web in an anount of 92 partd4by - 27 - weight was prepared
from 72 parts (78 3% by wei ght of the sane

copol y( par aphe e/ 3,4 -ox d| ph | ene terephthal ate) staple fibers as in
Exanpl e 1 and® ‘rilg gr‘f‘g f&% @ ‘b?/tb\%’l‘g%‘?“%’f ’p%ﬁ/’( R p the

i sopht hal at e) héast-dphelﬁgbeosdﬁtm Atof thavstaplio Hibekst (and dmayibyg a
fiber length d shrinkage of .0.5% determ ned

above- nent i ongg Pﬁhgﬂ the S%f %gguf)tfst PR&ES &IPS (s%%pﬁlg (7) are shown
in Table 1. 16ERerpl éap and the Ael/matyl%n onattihe pARatxke sttaple fi ber

sheet was produpedsbyrth€osef®) PEPCLI WSS Bsndd BAW] &nb 2GARGMhat the

;;?P!se( f8|7b8£/() %Bgeﬁef; %?gg]? grtg%%tegih)gaerltgctb lé’\ecglgrhctuftvasbopa{r%oaerxehqglrt%m 80

copol y( par aphenyeeshen8ed' rexystt pienyt e nde femephidre) aﬁce) estaamﬂ@: fibers as in
Exanple 1 andy 1 \ ?h% r | ene

i sopht hal at e) i:tggg?{ﬁ?nbe?%p (? OﬁNeé e‘fgﬁi'egr‘l}g’t #n %‘$r| nkage
of 3.5% det er fhaBCHY @wammammmtmdmgh tempémetulr@smms of
the teste (1)atpifK) h@weaspewn in Table 1. Exarrple 7 A wholly aromatic

pol yam de staple t]ber 5pr oduced S rocedur es as in
Exanpl e 1, except #ﬁ%t ’ﬁbn%"[’%&)l%fz TR St 1?3%’ eréﬁ?gll}' g3 parts by
wei ght was prppayexdlcﬂeoméﬁl@aﬂlsez(ém( a7P/()axb;/ thes gfitorofatpalny (Qfarcighenyl ene
t erepht hal ate o f f vl K- 29,
from Du 30Pon%)?§% ‘]'éltr?lgjl: IVI ?Pé {nessﬁdef @%b{‘}f% ‘?@ %
deniers), a f BE?rméﬁa‘i’hbbft@e rﬁﬁJalrfdﬂ”eng @%ﬁ@mqw%m@w@ det er m ned by
thfe ?bq;& rr:lentl onemlnneﬁboglmls@;nda t:ﬂﬂi téﬁ{cdrﬂcﬁat?a.@}]n b&ééf@iﬁﬁa{eém n{eit%l tﬁm?f 6
pol y( et aphen ne, i so a stapl e fiQhers havin er len 0
nm 35as thoser‘ﬁ %23 g’xk% ‘taﬁ)at o% HP k% r‘ﬁ’i e By atthe
above-nent i onedonrethr@plemsunélaﬁgzedz‘f rlom s 6%d calloﬁ»%ﬁhe chapdiend ibee s

{1 ber - produci 8 cORYLD I 9RSer adf dre arsed et HER eflodiflasts (1) to

(7) are shown In Ioej]raronatlc pol yam de staple

fi ber sheet mtééprFbﬂu‘&%’ble’bS/atﬁfér%esﬁ:ﬂ'% Rarss(dn Bdil &8 except
]Ehat t I st apheatedefro@brodin atféxﬂgb’@tﬁ'ﬁluﬁ 92 apa:rénli?pdbéﬁ&&legmf \r/]mxw@r aRar edI
rom 77 parts 0 r.a e tere stapl e
fibers (avai I%%?giﬂcr{()drﬁy?h made th“{v# etiﬁo tj!f ar% rﬁo 33) f&%&ﬁt))

havi ng an i ndsvaadlal fibw t&) ckne@s) of (i 58 t:het dheqed Bwd@iicers), a fiber
length of 3 npygegdsa @PQPB O 5 G APPA AL IE RS by dnh & PRV @ gent i oned

nmet hod and 15 arts b wei ght of the ‘sane poI y(rret aphenyl ene

i sopht hal ate)® ‘P’épF ??B%?%r%lsa"r 3 IS(%Fh]p‘}Iég Fats @t N4/ ™AE f i ber | ength
was 8 r2h (ivYhehe elselétisn@fartdl&:dcﬁ]’sirﬁg (shege (iA)) aarel gliavn) iaxelabl e 1.

" Ex le 9 A t Q d db
the Same pr ochabrered ARG A Snd O Fdd iSRS W R DELFT o
amount of 92 ﬁa«wkeb@lw@htam@r@mr@mqu Parthe (BRPA% by wei ght
of the same cppebyép %?sﬁpmyéﬂtq{faéed Ofwoadmefwalrﬁd@ +iERHNal ate) staple
A

fi bers and 15 arts 6. 39 25wei ght  of (met aphenyl ene i sopht hal at e)
staple fi bers ﬂbe?n engtr ofesP Ja ¥ epared in accordance with
the process as d| sclg ed Lp-Eranpl e 1 of Japanese Unexami ned Patent

Publ i cation No. 4-85%513 —a"tffdr’%l\?v Patio of 1.1 in hot water and fdrther
heat - tr3%at ed tod30adj ust the' shrinkage to 0.9% determ ned by the above-

L, - L

E(%) = 3 % 100 ' (1I)

3
wherein S represents a shrinkage in % of ‘the staple

fiber (a), L, represents a length of the staple



- mentioned net hod. The results of the tests (1) to (7) are shown in
Table 1. Exanple 10 35A wholly aronatic pol yam de staple fiber sheet was
- produced by the sane procedures as in Exapple 1, except that the staple
fiber web in an anount of 95 parts by = = weight was prepared from 80
parts (84.2% by weight of the sanme

copol y( par aph / 4'-g§¥Qi enyl.ene .t er al_at.e apl e fibers and
15 parts (15. gg/ggﬁ?v\é)gkﬁ 0 t‘-'rlclilte;3 éﬂér‘r:g}p& 3‘ %\%’?g hg?%/jl éﬁg&lﬁgoﬁﬁ?ﬁa?éfe)
5stapl e fi ber s2R% RHgake itheofdmsite heatdng sikepefdiy bindeepressntsvas used
in an anount r i e I | t f et t . to
(7) are shomnq?% .gﬁfg§f?¥%%§#%P% ffbefSAI%ﬁoﬁﬁéggrgggtF%ngél§§%§éééétaple
fiber sheet wadt§RodudEPaRFamie sanelpngeéédanednad PA Ekanpteprie except

that thesstapl@idefer(beb 1i;nrapragents of 188gPRrés tive i ghte Was prepared
from72 parts (84.7% by weight of the sane ) .
copoly(paraphééé%%ﬁﬁﬂﬁ?qu ditPRe AteRe ITBPESLFAL AAPRt é) ) sfapl kefebers and

13 parts (15. 3Me biinwe ghiatdhgt Beepame ipgl woaeLaphepyd saecd sophdhaliat e)

staple fibers t.hose i anple 1, and the o] bi nder _resin was used in
an amount of I 63F?§Sﬁﬁﬂﬁ£édﬁFFsTK?)ré Eﬁfstgg ?ﬁ@abeEPgl%&? $BSP7) are
fS_hct?;wn i E Z?Tabﬂ'r&, Jséld@fﬂ{mé% Ieta-type A0l Yo dneieed & %&P}?ﬁﬁl&'e Staplte
i ber shge e _sanme_pr.oc res_as_in . Exanple 1, excep
t hat thegstagﬁéxﬁﬁbegg%%% iﬁggnagﬁn f fSFggEng??ch§d2 ﬁggght was prepared
from 64 parts 8 @Rtaphepyilgne dsophshedamide) staple fibers. Also,
copol y( par aphe/d ey aiey Hphenw e eierBpshat £ 8 APLe: dd bev 5, and
11 parts (14.799, b ight of the s 0 net aphenyl ene i'sopht hal at'e)
stapl e fibers %g"?%%ggniﬁrﬁxgﬁﬁkérigggngehégt@ﬁogﬁoﬁinder 30resin was used
Eg)an annﬁnt (ﬁblyigﬁmaphduylwaeﬁhérgphiha1Itéde¢sath@}@ffiheréeﬁhﬁ §1)|t0
ar e;ghown A ' i ¢.polyam de staple
fiber s%gep mégﬁgg%gfgééfggﬁgggt%é%égne?%?gcgﬁﬁ?ggggé ?ﬁg anple 1, except
that the fibeCARHgTIRTIRAtRENCBRSRY( paraphefyPBner3mazre/sQyer phesy) ene
ferePEth?l?Lehxﬁfggﬂﬁﬁénbhgaapm@@agm@nﬁfﬁefsf30 -tto|6 pnband t he beer i
ength o e poly aphenyl ene i s0Q a staple.fibers s .changed to
10 mm The resuepéggﬁ %ﬁépﬁgsgégff)ng ?é}-ﬁ?gpgﬁﬁﬁﬁ CE SVIRPESE
S5Exanol e 14 the meAanftyipeywapdigt copekyanpdéyshapeestabke Shbetswes)
producedoby taSHI LLACIINEES BF HN1EXRBDAG by BXESPhsAOATaLNE Stap €

fi ber web in an anount of arts g was grefare rom 74 parts
(80. 4% by weilRttionefoeheveaitd thopBPyPRERaPHEAYVBALLE, 3XOBRHE phenYl ene

t ﬁr eph'([j hal ag e)poosxyapiielef islaep%ea%bargxwpl ﬁa&iﬁgcgat elbaga%h@neb@ngam OR was
changed to 0. 1% det\grm t.he above- nent,i oned net ho anging the
heatQtreating%f%ﬁd?fig%%?ggﬁéeTSaSaW?gg635?€@€g8§eﬁe%5ﬁtr%%“?ﬁ%ngane

15pol y( met aphdriypsansheesprrhabatepnsespedleénberdimassianExbabpiti®y even The

results2ef theHeeshsedlhst @ 6dbstEarahauBetRaTabbe 1. 15x2AREE for 20A
whol |y aronatgiégﬂ am de staple fiber sheet was

tric circuit board which is produced by a process
including repeated water-washing and drying procedures
. applied to the substrate material. 1In the wholly
aromatic polyamide fiber sheet of the present invention,
30 the binder (B) to be incorporated into the staple fiber
web (A) comprises at least one organic resinous material,
particularly organic thermosetting resinous materials,
for example, epoxy resins, phenolic compound-formaldehyde
resins, polyurethane resins and melamine-formaldehyde
35 resins. Among these resinous materials, the epoxy resins

which comprise at least one epoxy functional group per



produced by the sane procedures as in Exanple 1, except that the staple
fiber web in an anbunt of 92 parts by weight was prepared from 79 parts
(85.9% by weight of the sane copol y(paraphenyl ene/ 3, 4' - oxydi phenyl ene
25t erephthal ate) staple fibers as in Exanplée -14, except that the el ongation
was changed to 0. 7% determ ned by the above-nentioned nmethod and 13 parts
(14.1% by weight of the sanme pol y(netaphenyl ene isophthal ate) staple
fibers as in EXGAGFBLlE4andxaEpt AL ARETE HRIGhET NRAGRIVRRU T Heerjisdn mﬂg 3. 0%
det gr m ned by hbeeaﬁouegﬁe?bhpafedbﬂmhpdwbyh Ci)illﬁ’élg\i'élﬂ)déle &'tﬁﬁg!ih oéirﬁaimeﬁbl
condi ti ons. : results.o e tes 1) to {(7)_are shown in Table 1.
Conpar ati ve Ex5R ﬁgpﬁegﬁgﬁe%bﬁ’5'7;‘%”5%%‘[‘#%3‘%%“}%%%% TR & F B THES  was
produced by thér{gaﬁesbﬁét;eélureheagrépraappé@azlqtmmeg hate trwes tst apl e
fiber welbsin aprapBuRb10f 92 parts by - 31 - weight was prepared from 89
parts (96.7% by weight of the sane )
copol y( par apheny! ent?8, BL04&yd( Bhehs | SRR P¥PEpH AR AUt 4 & fibers and 3
E?_r LS (3.3% hbyowpiaghs 5/ wﬁgﬁanePp%yfmlﬁWewlm?dﬁmmw?\le;xtge)t,?;?pl e
i bers as tho i e e.results of the tests to are
shown in Tabl eggl.: ?:%%g‘?’g TRl EXBRpTRES! e HHoY 195 drithet 1P 5ol Yde staple

fiber sheet waseROpdpdemedtiy bimdesaned prockliurles amount Bamie 1, except

that thegcstapl gihhber (mebiin t tS 4 i repar ed
from62 parts %Jé? 49 (%\? %Ne,lgﬁ]s g‘;w%ﬂe‘l S%arrfg‘?s RS LR ph el Gl M8 1R

sopoly(poranelfel ok Son e emin oy saried o o
arts . chyo I h SeRd a A i €
_s.taBI e fibers Q.gaﬁr% sgi'&(%:%n% jl?/ye @pThe)rr%esul ts of t sO?’gstfsg( %) to
(7) are shown in a%l e é mpal Ig)[l ¢ BRI P LIS0R WS T8RS ¢
pol yam de st apPECFe®e¥e shard tiesr pfwokicethdyrahd twate fikeredices aveisn

Exanpl e 15, except éhpivihe, s¢ idper A AN SATURL1Of parts by
wei ght was pre%are from 81, 5@%%%8@?5‘% b lvvee{j!t ht of tﬁle' éf%rzr:e

copol y( par apheT§TBhe? 3, 1 i PHeRA ehe P5t%te dnsdf istigpite amopats and
16 p?rtfs l(316. 56§ Diye vieirghdr of B}t lhﬁaﬁﬂrﬁ%gﬂiﬁe(d”@x a;&h;@rbelb g?n@fi gorht hal at e)
staple fibers as ‘gf@aﬁg\_ig.g@@ e 1l .and the epoxy. hi.nder_ resin was

enpl oyed i n an amount of 3 parts by gt .2 fhagLerr%dselﬁjtng 5ftetph§nF2§Fsa( 1) to
(7) are shown PFEOHREepRration Fien dnd tuding taaplispiricger tdee b fwabe

frequentiby br okeeduwndut twie-1cal aRde]id10 dYnprdwies .and thus was difficult
to continuously pr(}gfsss fo tg@l'ong tinme. Caonparatjve Exanple 4 35A wholly
apl €% i

aromati c pol yani de pREt s P RICEEhy St RO T8arBa5r 88&dur es
as in Exanpl e By vwsdgppt, ttisd ddwelstaap ef fddrersheslt iexhdbiarountedlic88 parts

by - 32 - wei r A I%g]f oY tsv(anz}]H 0 i.ght._of the sane
copol y( par aphelgﬂ% ene/ 3, 4ﬁ?g<y |ep§{$§}r?y _lgzr{gat[hérep% lglg()atce P\s‘f"t%é%ﬁé’“ﬁ BEFs and
10 parts (15.494%Dy-Reivinisth aempesht isgl isnempsieompitede unsyghi abat e)
5st ?p| egsg ber mmdm@%y I’I_rEW@'ﬁtl))jer %_‘Héﬁ-:tthe aw&eL esii Q:fn@%f Waf]
enpl oyed in an, t of 35 parts by weight. . . The results of the tests
(1) to (7) are s Bt comRghi o SERG e spfficdpntly attained.
conposi ti on-i dprsegndtheoresultant fiber sheet is unsuitable as a
substrate material for the laminate for the electric
circuit board.
30 When the aromatic polyamide staple fiber sheet of
the present invention is utilized as a substrate for a
laminate for electric circuit board, the dimensional
stability and resistance to deformation (for example,
disto:tion, curling and corrugation) under various
35 temperature and humidity conditions are significantly
influenced by bulk density, tensile strength and

interlaminar peeling strength of the fiber sheet.



10procedure, it was found that the varnish conposition was difficult to
fully penetrate into the inside of the staple fiber sheet and the staple

fi ber sheet was inpregnated unevenly. The resultant prepreg sheet had a
nunber of spots derived fromthe unevenlsy 1i7pr egnat ed 15varni sh conposition
and was thus useless in practice. Conparative Exanple 5 A whol |'y
aromatic pol yam de staple fiber sheet was produced by the same procedures
as in Exanpl e 2ccexdépglyhapreferaphyl ehe¢ilpekk v@ens hturoanuntf 8fe92 parts

by 20wei ght waghpeepakedd9@kyedr 081 § Nes S@FE0.80 g/cm’, more preferabl _
copol y( par aphenyl ene/ 3, 4' - oxydi phenyl ene ter epht%al ate) staple fi berd as in

Exanpl e 1, no BoPy(#Bt Aphenglehe itepiichglidee) tseagtd Pithéhe Waberenpl oyed,

and the epoxy ggskd bbndep ¥gs1eMmhYLhdfe AM@OUMeplr & RAME S By,
25wei ght . ults of the tests-(1).to (7) are shown in Table 2.

he r
The resultant &t ng/igb’é‘P' st EhRs B r Rt At 13T ROKEHNT B Y IRNTE difder i ng
procedures. 30COnpéalatineoExanpd £ fiore prefdrawby | 30 atoned i/ I de
staple fiber s t d € ne e s J4.n EX le 1,
cxcopt that the SioarE SeRcher aRl SN RETPIERAENES P rthd Rk,

3

Pr epameﬂ lon![ y)‘P?gFﬁl? héiéﬁﬁesl?)%%@ptﬁ W e aqfnf@hyloe‘néﬁ?,ﬂ'and%yﬁi pthyI ene
ere al ate s i e enyl.ene
P )5 gple ey ! BB 10,50 AP DU

i sopht hal ate) sta ers were' enpl oyed, = resin
bi nder Wds enpPéyelei hager apetintonfo il SEhmrtidyy siagthtmay exhiblte aresul t's

of the tests (Z¢di®ed Bord £n§PMbdtylal @ 2n AT Al X AMIE The

A wholly aromatic pol yam de staple fiber, sheet was, produced by the sane

procedures as Y%IYI’:'XP%%‘?%"“&?SJE%C@M“E B RIS i PN EI® &7 amount

of 85 parts byameught imashereiphiled later fpamitdre, ganes poloramticapheryhene

10i sopht hal at e} ¢ st @p! j ] : Mt hout . 1S e

copol y( paraphen Iene/%?é*%itﬁ#e%y ene togn epshl}tbéhla aﬁaﬁwﬁ]%%\(%@f itg‘eers, and

the epoxy resiHMEFHHERP IRisl A5Ed mav e dnUntt i s ti bey swdingfvihe

g:e rlesu:gtsAofmid!wlé el_iiﬁe:{ ?oﬁ%dﬂ) AHE tshmmd giéw skiakak g&%ex@m 8k }/eh
anpl e st apl e. fibe end \was, pr.epar.ed by mxi parts by wei ght

of floccul ent %J?%!fe%glﬁ%%r‘%nep"f'e re’ﬂpftﬁgemld‘tﬁ%pzfrépﬁq’%nﬁeéﬁgtant

t er epht hal am dJ_ei;mJ'ffilQ)feEr st(Iavtaﬁe! lee 20undercuies tcsdehar hef ukeviear K 49,

fromDu_Pont) d.@eordaies #idfh e diel hagalisflasedda dgmanese Exam ned

I dua

Pat ent Ig blicatjon No. 5-65,640, and having an indiv i'ber thickness
of 1.67%d tex T HMEr Staid &3 iamer BesigiRnge Fanse fgrmataonpandsry
wei ght of fibrvddiaded 2y paraphen i itter eindialian de) peul p fibers

havi ng an avercgé;l,’erdgé'stleec[< | engt h of about 0.8 nm which were prepared by
mechani cal | y abradi ng Kevlar K-29 (trademark) staple fibers made by Du

Pont, and 5 parts BlsSgei gifi tdfe fieme ifliehsitdengtéciof ttaeed iberi sheedudsng a

sol ution of a RnolsHAFRtARN W/ 18N G, S YRl halsdiTird): iﬂ%@@s%gaqugagi on bath
in accoggance wi.th the nethod disclosed in U S. Patent No. 3,018,091. From

the res@Ptant SHHRE RHANSATHERE2CkORBOREF ITGREE EopbIrpaknde Suapne fiber
sheet was prg_d.lmedrdx;njlshe c%@@@&t%bgc&g?&lé@:ag:fﬂo{mh@f?gﬂigréi efg@(ﬁéc)ekhat no
oo ey S e BB Ll B 0Lkl WSSk e -
- 35 - 0.80 g/cm’, the resultant fiber sheet may exhibit an
unsatisfactory impregnation capacity for the varnish
30 composition, and thus the resultant laminate for electric
Circuit board may have unsatisfactory electric insulating
property, dimensional stability and deformation
resistance under high temperature and high humidity
conditions.
35 The wholly aromatic polyamide staple fiber web (A)

can be produced by any of the conventional web-forming
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methods. For example, the meta-type wholly aromatic
pdlyamide staple fibers (a) and the para-type wholly
aromatic polyamide staple fibers (b) are blended in a
predetermined blending weight ratio; a predetermined
weight of the blend is dispersed in a consistency of 0.15
to 0.40% weight in water to provide an aqueous staple
fiber slurry; optionally, an additive, for example, a
dispersing agent or a viscosity-regulating agent, is
added to the aqueous staple fiber slurry; the resultant
aqueous staple fiber slurry is subjecting to wet paper-
forming procedures using a wire paper machine or cylinder
paper machine to provide a wet paper-like sheet; a

binder (B) comprising at least one organic resinous
material is incorporated in a predetermined solid amount
to the wet paper-like sheet by means, for example, a
spraying method; the binder-incorporated wet paper-like
sheet is dried to provide a dry wholly aromatic polyamide

staple fiber sheet. Optionally, a resultant staple fiber

.sheet is subjected to a finishing step including a heat

treatment and/or a pressing treatment, to adjust the
thickness, bulk density, mechanical strength and peeling
strength thereof respectively to desired levels.

In another process, the meta-type wholly aromatic
polyamide staple fibers (a) and the para-type wholly
aromatic polyamide staple fibers (b) are blended in a
predetermined weight ratio, the resultant blended staple
fibers (a) and (b) are opened at random by using high

'speed fluid streams and accumulated on a web-forming belt
to form a wet web of the staple fiber blend; the

binder (B) is applied in a predetermined dry amount onto
the wet web of the staple fiber (a) and (b) blend to
incorporate the binder (B) into the wet web; and the
binder-applied wet web is heat-pressed and dried to form
a target wholly aromatic polyamide staple fiber sheet.

As mentioned above, when the staple fiber sheet of
the present invention is used as a substrate sheet of the

laminate for the electric circuit board, the dimensional

r4
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stability and deformation (distortion, curling and
corrugation) resistance under various temperature and
humidity of the resultant laminate are often influenced
by the bulk density, tensile strength and interlaminar
peeling strength of the staple fiber sheet. Accordingly,
the staple fiber sheet-preparation process is preferably
controlled in wet sheet-forming conditions and drying and
heat-pressing conditions so that the resultant staple
fiber sheet exhibits the above-mentioned levels of bulk
density, tensile strength and interlaminar peeling
strength. Especially, the heat-pressing procedure is
important and should be carefully controlled. For
example, when the heat-pressing procedure is effected by
using a calender machine, the staple fiber sheet is
preferably heat-pressed between a hard roll having a
diameter of about 15 to 80 cm and an elastic roll having
a diameter of about 30 to 100 cm and provided with a
peripheral surface portion which is deformable or between
a pair of hard rollers having a diameter of about 20 to
80 cm. During the heat-pressing procedure, the meta—typé
wholly aromatic polyamide staple fibers {a) are softened
and press-bonded to the para-type wholly aromatic
polyamide staple fibers (b) at portions thereof
intersecting each other, and the staple fibers (a) and
(b) are further bonded to each other through the

binder (B) incorporated into the staple fiber web (A).
For the bonding purpose, the heat-pressing procedure is
carried out preferably at a temperature of 240°C or more,
more preferably 280 to 360°C under a linear pressure of
150 kg/cm or more, more preferably 180 to 400 kg/cm.
Especially, the heat-pressing procedure is effected
between a pair of the above-mentioned hard rollers.

If the heating temperature is less than 240°C and/or
the pressure is less than 150 kg/cm, the resultant staple
fiber sheet may exhibit a tensile strength of less than
2.0 kg/15 mm, an interlaminar peeling strength of less
than 15 g/15 mm and/or a bulk density of less than
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0.45 g/cn’.

Also, in the production of the laminate for the
electric circuit board from the staple fiber sheet, the
staple fiber sheet must pass through a heat treatment at

5 a temperature of 240°C or more. Accordingly, creation of
a heat history of the staple fiber sheet at a temperature
equal to or higher than the heat treatment temperature,
before the heat treatment, is contributory to preventing
undesirable dimensional changes and formation of internal

10 strain of the staple fiber sheet during the heat
treatment. Therefore, this pre-treatment is contributory
to enhancing the dimensional stability and deformation
resistance of the resultant laminate formed from the
staple fiber sheet, at a high temperature.

15 According to the experience of the inventors of the
present invention, the heat-pressing procedure for the
staple fiber sheet of the present invention is preferably
carried out by using a calender at a temperature of 280°C
to 360°C under a linear pressure of 180 to 400 kg/cm.

20 After the above-mentioned heat-pressing procedure is
applied, the resultant staple fiber sheet of the present
invention can exhibit a change in dimension of 0.25% or
less by a heat treatment at a temperature of 280°C for
5 minutes and a bulk density in the range of from 0.45 to

25 0.80 g/cm’.

However, if the heat-pressing treatment is applied
at a temperature higher than 360°C and/or under a
pressure higher than 400 kg/cm, the resultant staple
fiber sheet may have a bulk density more than 0.8 g/cm{

30 EXAMPLES

The present invention will be further illustrated by
the following examples. In the examples, the resultant
products are subjected to the following tests.

(1) Bulk density of staple fiber sheet

35 The bulk density of each staple fiber sheet was

determined in accordance with Japanese Industrial
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Standard (JIS) C 2111, Section 6.1.
(2) Tensile strength of staple fiber sheet
The tensile strength of each staple fiber sheet
was determined in accordance with JIS C 2111, Section 7,
5 using a constant stretching rate type tensile tester.
(3) Interlaminar peeling strength of staple fiber
sheet.
In the determination of the interlaminate
peeling strength of each staple fiber sheet, a sample of
10 the staple fiber sheet having a length of 200 mm and a
width of 15 mm was peel-divided at the middle layer
portion thereof at a peeling angle of 180 degrees into
two pieces, by a T-peeling method using a constant
stretching rate type tensile tester. A stress created on
15 the sample was measured.
(4) Dimensional change of staple fiber sheet at an
elevated temperature.
A staple fiber sheet having a length of 250 mm
and a width of 50 mm was subjected to a measurement of
20 the longitudinal length of the sheet before and after a
heat treatment at a temperature of 280°C for 5 minutes,
by using a high accuracy two dimensional coordinate-
measurement tester (made by Mito Kogyo K.K.). The change
(%) in the longitudinal length was calculated in
25 accordance with the following equation:
Dn(%) = (Lb - La)/La x 100
wherein Dn represents a change in percent in the
longitudinal length of the staple fiber sheet between
before and after the heat treatment, Lb represents a
30 longitudinal length of the staple fiber sheet after the
heat treatment and La represents a longitudinal length of
the sheet before the heat treatment.
(5) Dimensional change of staple fiber sheet due to
a dehydration thereof
35 A sample of a staple fiber fabric was immersed
in water at room temperature for one day and night to

allow the sample to fully absorb water therein, and then
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dried at room temperature for about 12 hours. The sample
having a width of 5 mm was held at two end portions
thereof by a pair of holder of a thermal analyzer
(trademark: Thermoflex type thermal analyzer TMA, made
by Rigaku Denki K.K.). The initial distance between the
holder was 20 mm. The sample was heated in the thermal
analyzer from room temperature to 300°C at a heating rate
of 10 °C/minute and then cooled from 300°C to room
temperature at a cooling rate of 10 °C/minute. The
heating and cooling procedures were repeated further
twice (three times in total), while recording a
dimensional change of the length of the sample on a
chart. The initial length of the sample after the water-
impregnation and drying step and before the first heating
step was compared with the length of the sample after the
final cooling step was completed. The difference between
the length of the sample after the water-immersing and
drying step and before the first heating step and the
length of the sample after the final cooling step was
calculated, and then the percentage of the length
difference based on the sample length after the water-
immersing and drying step and before the first heating
step was calculated. The lower the length change, the
higher the dimensional stability and deformation
resistance of the sample in the temperature and water-
content-varying conditions.

(6) Deformation of laminate for electric circuit

board
A varnish composition was prepared by preparing

a mixture of a high-purity brominated bisphenol A-type
epoxy resin with an o-cresol novolak type epoxy resin, a
curing agent consistinglof dicyandiamide and a curing-
promoting agent consisting of 2-ethyl-4-methyl-imidazole
and dissolving the resultant mixture in a mixed solvent
consisting of methylethylketone and methyl cellosolve in
a mixing ratio of 50/50 by weight. A sample of a staple

fiber sheet was impregnated with the varnish composition,
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and then the impregnated varnish composition was dried at
a temperature of 110 to 120°C for 5 to 10 minutes, to
provide a B stage prepreg sheet having a varnish resin
content of 55% by volume.

5 Two pieces of the prepreg sheet were laminated
on both the front and back surfaces of a first copper
foil having a thickness of 35 um, and then, both the
front and back surfaces of the resultant laminate was
further laminated with two pieces of a second copper foil

10 having a thickness of 18 um. The resultant laminate was
heat-pressed in a reduced pressure atmosphere at a
temperature of 170°C under a pressure of 40 kg/cm2 for
50 minutes, and then cured in a hot air dryer at a
temperature of 200°C for about 20 minutes. A cured

15 laminate for an electric circuit board was obtained. A
specimen for the test was prepared by cutting the cured
laminate into square pieces having a length and width of
150 mm; and removing center square portions of the second
copper foil layers of‘each square piece, having a length

20 and width of 110 mm, so as to retain edge portions of the
second copper foil layers in a square frame form having a
width of 20 mm, by means of etching. The resultant
partially etched laminate pieces were heat treated at a
temperature of 260°C for 10 minutes. When the specimen

25 was deformed, for example, distorted, curled or
corrugated, due to the heat treatment, the maximum
deformation of the specimen was measured as a maximum
different in the level between the deformed portion and a
central portion of the specimen.

30 (7) Insulation resistance at a high humidity

The same non-etched laminate as in the
immediate previous section (6) was used. One surface of
the laminate was partially etched to form comb-shaped
electrodes at intervals of 0.15 mm and consisting of the

35 second copper foil. The resultant specimen was stored

for 1,000 hours while applying a direct voltage of 40V
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to the electrodes at a temperature of 60°C at a relative
humidity of 95% RH, and then in the atmosphere at a
temperature of 20°C at a relative humidity of 6% RH for
one hour. After the storage, a direct voltage of 35 to
90 volts was applied to the electrodes for 60 seconds, to
measure the insulation resistance of the specimen.

Example 1

A staple fiber blend was prepared by blending
77 parts by weight of para-type wholly aromatic polyamide
staple fibers consisting of a copoly(paraphenylene/3,4'-
oxydiphenylene (molar ratio: 50/50) terephthalamide,
adhered with 0.5% by weight of talc particlés and 0.1% by
weight of osmose particles, having an individual fiber
thickness of 1.67 d tex (1.5 deniers), a fiber length of
3 mm, and an elongation determined by the above-mentioned
method of 0.18%, and available under the trademark of
Technora from Teijin Ltd., with 15 parts by weight of
meta-type wholly aromatic polyamide staple fibers
consisting of poly(metaphenylene isophthalamide), drawn
at a draw ratio of 1.4, and having an individual fiber
thickness of 3.33 d tex (3 deniers), a fiber length of
6 mm and a shrinkage of 0.6% determined by the above-
mentioned method. In this blend, the contents of the
para- and meta-type wholly aromatic polyamide staple
fibers were 83.7% by weight and 16.3% by weight,
respectively.

The staple fiber blend was suspended in water by
using a pulper and mixed with 0.03% by weight of a
dispersing agent (available under the trademark of
Dispersing agent YM-80, from Matsumoto Yushi K.K.) to
provide an aqueous staple fiber slurry having a staple
fiber content of 0.2% by weight.

The staple fiber slurry was subjected to a paper-
forming process using a Tappi type hand paper-forming
machine, to provide a wet staple fiber web; an aqueous
dispersion of 2% by solid weight of a water-dispersible

bisphenol A-epichlorohydrin type epoxy resin (available
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under the trademark of Dickfine EN-0270, from Dainihon
Inkikagakukogyo K.K.) was sprayed toward the wet staple
fiber web; and then the resultant binder-incorporated wet
staple fiber web was dried and cured in a hot air dryer
at a temperature of 160°C for 20 minutes.

The resultant wholly aromatic polyamide staple fiber
sheet consisted of 92 parts by dry weight of the staple
fiber web and 8 parts by weight of the binder resin. The
staple fiber sheet was heat-pressed by using a calender
machine with a pair of metallic rolls each provided with
a hard peripheral surface and having a diameter of
400 mm, at a temperature of 230°C under a linear pressure
of 160 kg/cm. Then, the staple fiber sheet was further
heat pressed by using a calender machine with a pair of
metallic rolls each provided with a hard peripheral
surface and having a diameter of 500 mm, at a temperature
of 320°C under a linear pressure of 200 kg/cm, to soften
the meta-type wholly aromatic polyamide staple fibers so
as to allow them to bond to the para-type wholly aromatic
polyamide staple fibers at portions intersecting each
other.

The resultant wholly aromatic polyamide staple fiber
sheet had a basis weight of 72 g/m’.

The staple fiber sheets were subjected to the above-
mentioned tests (1) to (5). The test results are shown
in Table 1.

The staple fiber sheet was converted to a prepreg
sheet by impregnating the varnish composition and then to
a laminate for the electric circuit board in the manner
mentioned above.

The laminate was subjected to the deformation
test (6) and the insulaﬁion resistance measurement (7) at
a high humidity as mentioned above. The test results are
also shown in Table 1.

Example 2
A wholly aromatic polyamide staple fiber sheet was
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produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 86 parts (93.5%) by weight of
the same copoly(paraphenylene/3,4‘'-oxydiphenylene
terephthalate) staple fibers and 6 parts (6.5%) by weight
of the same poly(metaphenylene isophthalate) staple
fibers as those in Example 1.

The results of the tests (1) to (7) are shown in
Table 1.

Example 3

A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 69 parts (75.0%) by weight of
the same copoly(paraphenylene/3,4’'-oxydiphenylene
terephthalate) staple fibers and 23 parts (25%) by weight
of the same poly(metaphenylene isophthalate) staple
fibers as those in Example 1.

The results of the tests (1) to (7) are shown in
Table 1.

Example 4

A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 pé:EﬁAby
weight was prepared from 72 parts (78.3%) by weight of
the same copoly(paraphenylene/3,4'—oxydiphenylene
terephthalate) staple fibers as in Example 1 and 20 parts
(21.7%) by weight of poly(metaphenylene isophthalate)
staple fibers drawn at a draw ratio of 4.3, and having a
fiber length of 10 mm and a shrinkage of 0.3% determined
by the above-mentioned method.

The results of the tests (1) to (7) are shown in
Table 1.

Example 5

A whélly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except

that the staple fiber web in an amount of 92 parts by
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weight was prepared from 72 parts (78.3%) by weight of
the same copoly(paraphenylene/3,4’'-oxydiphenylene
terephthalate) staple fibers as in Example 1 and 15 parts
(16.3%) by weight of poly(metaphenylene isophthalate)

5 staple fibers drawn at a draw ratio of 2.4 and having a
fiber length of 6 mm and a shrinkage of 0.5% determined
by the above-mentioned method.

The results of the tests (1) to (7) are shown in
Table 1.
10 Example 6
A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 80 parts (87.0%) by weight of
15 the same copoly(paraphenylene/3,4’'-oxydiphenylene
terephthalate) staple fibers as in Example 1 and 12 parts
(13.0%) by weight of undrawn poly(metaphenylene
isophthalate) staple fibers having a fiber length of 6 mm
and a shrinkage of 3.5% determined by the above-mentioned

20 method.
| The results of the tests (1) to (7) are shown in
Table 1.
Example 7
A wholly aromatic polyamide staple fiber sheet was
25 produced by the same procedures as in Example 1, except

that the staple fiber web in an amount of 92 parts by
weight was prepared from 77 parts (83.7%) by weight of
poly(paraphenylene terephthalate) staple fibers
(available under the trademark of Kevlar K-29, from Du
30 Pont) having an individual fiber thickness of 1.67 d tex
(1.5 deniers), a fiber length of 3 mm and an elongation
of 0.08% determined by the above-mentioned method, and
15 parts (16.3%) by weight of the same poly(metaphenylene
isophthalate) staple fibers having a fiber length of 6 mm
35 as those in Example 1, except that the shrinkage
determined by the above-mentioned method was changed from

0.6% to 0.4% by changing the fiber-producing conditions.
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The results of the tests (1) to (7) are shown in
Table 1.
Example 8
A wholly aromatic polyamide staple fiber sheet was
5 produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 77 parts (83.7%) by weight of
poly(paraphenylene terephthalate) staple fibers
(available under the trademark of Kevlar K-49, from Du
10 Pont) having an individual fiber thickness of 1.58 d tex
(1.42 deniers), a fiber length of 3 mm and an elongation
of 0.05% determined by the above-mentioned method and
15 parts (16.3%) by weight of the same poly(metaphenylene
isophthalate) staple fibers as in Example 7, except that

15 the fiber length was 8 mm.
The results of the tests (1) to (7) are shown in
Table 1.
Example 9

A wholly aromatic polyamide staple fiber sheet was
20 produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 77 parts (83.7%) by weight of
the same copoly(paraphenylene/3,4’'-oxydiphenylene
terephthalate) staple fibers and 15 parts (16.3%) by
25 weight of poly(metaphenylene isophthalate) staple fibers
having a fiber length of 6 mm and prepared in accordance
with the précess as disclosed in Example 1 of Japanese
Unexamined Patent Publication No. 4-65,513 at a draw
ratio of 1.1 in hot water and further heat-treated to
30 adjust the shrinkage to 0.9% determined by the above-
mentioned method.
The results of the tests (1) to (7) are shown in
Table 1.
Example 10
35 A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 95 parts by

Cl)lal celel ..1 al,
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weight was prepared from 80 parts (84.2%) by weight of
the same copoly(paraphenylene/3,4’—oxydiphenylene
terephthalate) staple fibers and 15 parts (15.8%) by
weight of the same poly(metaphenylene isophthalate)
staple fibers as those in Example 1, and the epoxy binder
resin was used in an amount of 5 parts by weight.

The results of the tests (1) to (7) are shown in
Table 1.

Example 11

A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 85 parts by
weight was prepared from 72 parts (84.7%) by weight of
the same copoly(paraphenylene/3,4’-oxydiphenylene
terephthalate) staple fibers and 13 parts (15.3%) by
weight of the same poly(metaphenylene isophthalate)
staple fibers as those in Example 1, and the epoxy binder
resin was used in an amount of 15 parts by weight.

The results of the tests (1) to (7) are shown in
Table 1.

Example 12

A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 75 parts by
weight was prepared from 64 parts (85.3%) by weight of
the same copoly(paraphenylene/3,4‘-oxydiphenylene
terephthalate) staple fibers and 11 parts (14.7%) by
weight of the same poly(metaphenylene isophthalate)
staple fibers as those in Example 1, and the epoxy binder
resin was used in an amount of 25 parts by weight.

The results of the tests (1) to (7) are shown in
Table 1. .

Example 13

A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the fiber length of the copoly(paraphenylene/3,4’-
oxydiphenylene terephthalate) staple fibers was changed
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to 6 mm and the fiber length of the poly(metaphenylene
isophthalate) staple fibers was changed to 10 mm.
The results of the tests (1) to (7) are shown in
Table 1.
5 Example 14
A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 74 parts (80.4%) by weight of
10 the same copoly(paraphenylene/3,4'-oxydiphenylene
terephthalate) staple fibers as in Example 1 except that
the elongation was changed to 0.1% determined by the
above-mentioned method by changing the heat-treating
conditions, and 18 parts (19.6%) by weight of the same

15 poly(metaphenylene isophthalate) staple fibers as in
Example 9.
The results of the tests (1) to (7) are shown in
Table 1.
Example 15
20 A wholly aromatic polyamide staple fiber sheet was

produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 79 parts (85.9%) by weight of
the same copoly(paraphenylene/3,4'-oxydiphenylene
25 terephthalate) staple fibers as in Example 14, except
that the elongation was changed to 0.7% determined by the
above-mentioned method and 13 parts (14.1%) by weight of
the same poly(metaphenylene isophthalate) staple fibers
as in Example 14, except that the shrinkage was changed
30 to 3.0% determined by the above-mentioned method by
changing the heat-treatment conditions.
The results of the tests (1) to (7) are shown in
Table 1. |
Comparative Example 1
35 A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except

that the staple fiber web in an amount of 92 parts by
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weight was prepared from 89 parts (96.7%) by weight of
the same copoly(paraphenylene/3,4’'-oxydiphenylene
terephthalate) staple fibers and 3 parts (3.3%) by weight
of the same poly(metaphenylene isophthalate) staple

5 fibers as those in Example 1.

The results of the tests (1) to (7) are shown in
Table 2.

Comparative Example 2

A wholly aromatic polyamide staple fiber sheet was

10 produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared from 62 parts (67.4%) by weight of
the same copoly(paraphenylene/3,4’'-oxydiphenylene
terephthalate) staple fibers and 30 parts (32.6%) by

15 weight of the same poly(metaphenylene isophthalate)
staple fibers as those in Example 1.

The resuits of the tests (1) to (7) are shown in
Table 2. _

Comparative Example 3

20 A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 97 parts by
weight was prepared from 81 parts (83.5%) by weight of
the same copoly(paraphenylene/3,4’'-oxydiphenylene

25 terephthalate) staple fibers and 16 parts (16.5%) by
weight of the same poly(metaphenylene isophthalate)
staple fibers as those in Example 1, and the epoxy binder
resin was employed in an amount of 3 parts by weight.

The results of the tests (1) to (7) are shown in

30 Table 2.

The resultant staple fiber sheet was frequently
broken during the calendering procedures and thus was
difficult to continuously process for a long time.

Comparative Example 4 :

35 A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 65 parts by
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weight was prepared from 55 parts (84.6%) by weight of
the same copoly(paraphenylene/3,4'-oxydiphenylene
terephthalate) staple fibers and 10 parts (15.4%) by
weight of the same poly(metaphenylene isophthalate)
staple fibers as those in Example 1, and the epoxy resin
binder was employed in an amount of 35 parts by weight.

The results of the tests (1) to (7) are shown in
Table 2.

During the varnish composition-impregnation
procedure, it was found that the varnish composition was
difficult to fully penetrate into the inside of the
staple fiber sheet and the staple fiber sheet was
impregnated unevenly. The resultant prepreg sheet had a
number of spots derived from the unevenly impregnated
varnish composition and was thus useless in practice.

Comparative Example 5

A wholly aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 92 parts by
weight was prepared only from the same
copoly(péraphenylene/3,4’—oxydiphenylene terephthalate)
staple fibers as in Example 1, no poly(metaphenylene
isophthalate) staple fibers were employed, and the epoxy
resin binder was employed in an amount of 8 parts by
welight.

The results of the tests (1) to (7) are shown in
Table 2.

The resultant staple fiber sheet was frequently
broken in the calendering procedures.

Comparative Example 6

A wholly aromatic polyamide staple fiber sheet was
produced by the same prdcedures as in Example 1, except
that the staple fiber web in an amount of 85 parts by
weight was prepared only from the same
copoly(paraphenylene/3,4 ' -oxydiphenylene terephthalate)
staple fibers as in Example 1, no poly(metaphenylene
isophthalate) staple fibers were employed, and the epoxy
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resin binder was employed in an amount of 15 parts by
weight.
The results of the tests (1) to (7) are shown in

Table 2.
Comparative Example 7

A wholly .aromatic polyamide staple fiber sheet was
produced by the same procedures as in Example 1, except
that the staple fiber web in an amount of 85 parts by
weight was prepared only from the same poly(metaphenylene
isophthalate) staple fibers as in Example 1, without
using the copoly(paraphenylene/3,4’-oxydiphenylene
terephthalate) staple fibers, and the epoxy resin binder
was used in an amount of 15 parts by weight.

The results of the tests (1) to (7) are shown in
Table 2.

Comparative Example 8

A staple fiber blend was prepared by mixing 60 parts
by weight of flocculent staple fibers prepared from

poly(paraphenylene terephthalamide) fibers (available

under the trademark of Kevlar K 49, from Du Pont) in
accordance with the method disclosed in Japanese Examined
Patent Publication No. 5-65,640, and having an individual
fiber thickness of 1.67 d tex (1.5 deniers) and a fiber
length of 3 mm, with 35 parts by weight of fibrillated
poly(paraphenylene terephthalamide) pulp fibers having an
average fiber length of about 0.8 mm which were prepared
by mechanically abrading Kevlar K-29 (trademark) staple
fibers made by Du Pont, and 5 parts by weight of fine
fibrids precipitated by introducing a solution of a
poly(metaphenylene isophthalamide) into a coagulation
bath in accordance with the method disclosed in U.S.
Patent No. 3,018,091.

From the resultant staple fiber blend, a wholly
aromatic polyamide staple fiber sheet was produced by the
same procedures as in Example 1, except that no epoxy
resin binder was employed.

The results of the tests (1) to (7) applied to the



CDh = - 36 - Laminate for electric circuit board at 957
RU OO HH c-1 0H O .--1 :

- 34 -

resultant staple fiber sheet are shown in Table 2.
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Tables 1 and 2 clearly indicate that the wholly
aromatic polyamide staple fiber sheet of the present
invention exhibits significantly enhanced dimensional
stabilities in the longitudinal and the transverse
directions and direction of thickness due to changes in
temperature and humidity and a superior electric
insulation resistance, in comparison with those of
conventional wholly aromatic polyamide sheets.
Accordingly, the wholly aromatic polyamide staple fiber
sheet of the present invention is useful as a substrate
material for a laminate for electric circuit board.

Namely, when the staple fiber sheet of the present

invention is converted to the laminate and further to the

electric circuit board and is used as the electric

circuit board, substantially no deformation, for example,

distortion, curling or corrugation, occurs. Therefore,
the staple fiber sheet of the present invention is

specifically useful for a high accuracy electric circuit

board and for an electric microcircuit board. Also, even

when an electronic part, for example, a leadless ceramic
chip carrier (LCCC) or bear chip, which has a low
temperature, humidity expansion coefficient is directly
placed on and soldered to the staple fiber sheet of the
present invention, the resultant product remains highly
reliable over a long period of time.

Particularly, the wholly aromatic polyamide staple
fiber sheet of the present invention is useful as a

substrate material for a laminate for electric circuit

board which is required to exhibit a light weight, a high
dimensional stability at a high temperature and/or a high

humidity and an excellent electric insulation.
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We claim:
1. A wholly aromatic polyamide staple fiber sheet,
comprising:

(A) 70 to 96 parts by weight of a staple fiber
5 web comprising a blend of:
(a) 5 to 30% by weight of meta-type
wholly aromatic polyamide staple fibers, and
(b) 70 to 95% by weight of para-type
wholly aromatic polyamide staple fibers, and
10 ' (B) 4 to 30 parts by weight of a binder
comprising at least one organic resinous material, and
incorporated into the staple fiber web (A).
2. The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, wherein the meta- and para-
15 type wholly aromatic polyamide staple fibers (a) and (b)
have, independently from each other, a fiber length in
the range of from 2 to 12 mm.
3. . The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, wherein the meta-type wholly
20 aromatic polyamide staple fibers (a) have a shrinkage of
0.10 to 10.0% and the para-type wholly aromatic polyamide
staple fibers (b) have an elongation of 0.03 to 1.0%, the
shrinkage and elongation being determined by
(1) immersing the staple fibers (a) or (b) in water at
25 room temperature for 24 hours to allow the staple fibers
to absorb water and then drying the water-absorbed staple
fibers (a) or (b) at room temperature; (ii) héating the
water-absorbed staple fiber (a) or (b) from room
temperature to a temperatufe of 300°C at a heating rate of
30 10 °C/minute, to dry the water-absorbed staple fibers (a)
or (b); (iii) immediately cooling the heated staple
fibers (a) or (b) from 300°C to room temperature at a
cooling rate of 10 °C/minute, (iv) repeating the heating
and cooling steps (ii) and (iii) twice more; and
35 (v) calculating the shrinkage of the staple fibers (a)
and the elongation of the staple fibers (b) in accordance

the equations (I) and (II), respectively:



4-1 - 4.-~ ... 03 00coal coCOOOI .--1H IW)4.-1 Oala. E--lrci

- 04-1>40 o raw= - 37 - Tables 1 and 2 clearly indicate that
the wholly aromatic pol yam de staple fiber sheet of the present invention
exhibits significantly enhanced di nensiendP stabilities in the |ongitudinal
and the transverse 5directions and direction of thickness due to changes in
tenperature and humdity and a superlor electric insulation resistance, in
conparison with thogggpf_cbm ? b whol Iy aromatic pol yam de shesz
Accordingly, the wholly aron@ulc pol yam de staple fiber 10sheet of

present inventigp is useful as a substrate material for a lamnate for
electric circurt board. Nanely, when the staple. fiber sheet of the present

invention is conver&gfhto-&me.&@nlggée and further to the electric circuit
board and i-s used as & ircuit board, substantially néII)

def ormat i on, fqg%exanple dlstortlon curling or corrugatlon occurs.
Therefore, the’ J igSRreseass éfsﬁﬁén§P§§ehﬂ ﬁn?énth@nstépépeC|f|calIy

useful for a rﬁlgiezaqcaar,aax ebpeésbht Sl & CLbhgtwasd el Sodpah electric
even 20when an electronlc part, for exanple, a

m crocircuit

| eadl ess ceranlc Qkéaf?;gF tPeCrRtEr-HERRTEANE, aRAi EEYRRS atepw(i)

t enper at bir e, tﬁnﬁ(hQQpneqrm@sEamstOﬁéEthgnEteg @Li??tty'ﬂﬂﬁﬁégéd¥} anhd

sol dered to th'rﬁ$§ﬁ flber & the I nvention, the resultant
product renai NS Y f@FéFl&B 5& | K SE?FloBff%Pﬁ% ceatingul arly,
the whol |y aréﬁﬁﬁthp@bpamBeetstaplelohgbeioaheﬁtsobftbﬂep§E§§Dé i nvention

|s useful as zipehst (@he tf% el et ric circuit board
which is required to(eghl éﬁ%d%fgme|g OE(%h aple

fibers (b) after the water—lmmer51ng step (i) and before

10 the first heating step (ii), and L, represents a length
of the staple fibers (b) after the final cooling step.

4. The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, wherein the meta-type wholly
aromatic polyamide staple fibers (a) comprise 80 to

15 100 molar% of recurring metaphenylene isophthalamide
units and are undrawn or drawn at a draw ratio of 2.8 or
less. '

5. The wholly aromatié polyamide staple fiber
sheet as claimed in claim 1, wherein the para-type wholly

20 aromatic polyamide staple fibers (b) comprise at least
one type of staple fibers selected from the group
consisting of poly(paraphenylene terephthalamide) staple
fibers and copoly(paraphenylene/3, 4’—oxydlphenylene
terephthalamide) staple fibers.

25 6. The wholly aromatic polyamide staple fiber
sheet as claimed in claim 1, wherein the para-type wholly
aromatic polyamide staple fibers are
copoly(paraphenylene/3, 4’ -oxydiphenylene terephthalamide)
staple fibers having solid, cation-exchangeable, non-ion-

30 absorbing inorganic compound particles fixed to the
surfaces of the staple fibers.

7. The wholly aromatic polyamide staple fiber



30di nensi onal stability at a high tenperature and/or a high humdity and an
excellent electric insulation. - 38 - W claim 1. Awholly aromatic
pol yam de staple fiber sheet, conprising: (A 70 to 96
parts by weight of a staple fiber 5web comgprising a blend of:

(a) 5 to 30% by weight of neta-type wholly aromatic pol yam de staple
fibers, and (b) 70 to 95% by wei ght of para-type wholly
aromati ¢ pol yasihg¢etseaptéainger sn ahalin 0 B)wheneg 30 hsacrgasiovgieghtnogf a

bi nder conpri sifage2liaheast oRe P ALt CcofSd NS (B &dndlrisand dingerper at ed
into the staple fiber web %A). 2. The whol aronmati c ollyam de staple fiber
sheet as cl ai m&8'S FPERYEi APIIDWRRY £7% PR Pet™Rr i Par &5t \FE whol |y
aromati ¢ pol yamodecsiiaptretébers (a) and (b) have, independently from each
other, a fiber lengikh in e . ~Fhe 1y
aromatic %)ol yam de tth'apI gkgi‘ﬁ{égpgﬁe% Org%@{(;% gﬁc;r%& |_r§igg}sé‘%%-ﬁ% f:%%%fei n the
net a-t ype whol ISe2Gapenal pémpdl yang beist hpl Fiberidq & HARO S48 nkage of
g. 10 to 1P. 0% @mn@bgogaggs%y@ﬁ )é‘%}@é'%hé’d ﬂ{@éﬂ' (trFEQItSéa'Hﬁald:e asttqaip@rfgitbeés (b)
ave an el ongatio o 1. the shrin and _el.qngatian i ng

det ermi ned by (i) gi8§n8r§?ﬁggtrﬂ3en‘éY%%IJe“f?cbte}} sok‘é(ag:)%eo;lo(nﬁ)lqﬁu%ﬁ\/r\}aatqerangt 25r oom
t enperat ure forcr2aasNeuss dorettiomns he staple fibers to absorb water and

then dryigg the wat g1 - absglbodo o1 Pl fodd ORI Sod Wandllad R ath J GABer

tenperature; (ii) heating the water-abso st'apl e fiber (a). or (b) from
room t enper at uSEees &St ehpérad uke o¥agpoG dtavd k& gk sedsdftyaefo
C/mnute, to doyd4sheowat go-gpbsst.bed staple fibers (a) or (b); (iii)

i medi ately cooling.,the heated staple fibers (a) ar, (b) from300C to room
tenperature at a codPingThatENdFLREITR A é’,OI(Qa\?)ldreergé:zfﬁlﬁg fS‘%’@"‘heati ng
and cooling stepseti ry ahdifedijntoldzin Ny ehavaimy 35 (bensddlec wltateingg ht hé

shri nkaggs of thegs b : ;i hhe St iebers
(b) in a%%ordar?cg %ﬁzhgqﬂﬁét?%ﬁxéﬁ)%gﬁd&?ﬁﬁ&}%é%ﬁ \(geele;: - Sglt% %‘l% -
Li- L2 X 100(1}5afdf ™r erogore. X 100(11) wherein S represents a shrinkage
in %of the staple fiiberTha)whdllyepraseiis polengide eftadle Hiaele fibers

(a) after the ter-imersing,and dyying, st i.) nd _hefore the. first
heating step (;Isvi%)e,etL?sr(é ?é%%%tjsnaci%ﬂb?%’ o‘?efpet’i(ﬁeems'?%ﬁ éne%iaﬁécty?e(g 4¥er
the final cool iargmetép, pElyapidsesitapbm Blikarmt(an due Roodachdostasl e
fibers (d), L3pzeALeS _Qtv'ﬁhé‘li%nﬁ&n&’éié he: st1aple ddher s )( blaafdsk ibhe
wat er - i mrer si ng stﬁp il% and before 10t he flbrst, heating step (ii),.and Ly
represents a | EfgtRSof CRRES sEHPPES f{ Bbra? b)P lar e THRE FiNFal® 3o Pt hG Tat ep.
4. The whol | y aramat tempetyantaeastwlpleh filerstdbet faderisai(mad axe cl ai m 1,

uherein the Mmel-drtyRea iRk | YaplolBLS GOl yaIB e SRS (befmudea) compri se

80 to 15100 nol ar % recurring netaphenyl erte 1 sophthal’'afi de units and are
undrawn or dr a®Ri®8fU&®draw ratio of 2.8 or |ess.



S. The wholly aromatic pol yam de staple fiber sheet as clained in claiml,
wherein the para-type wholly 20dromatic pol yam de staple fibers (b)
conprise at | east one type of staple fibers selected fromthe group

consi sting of poly(paraphenyl ene terephthatamde) staple fibers and

copol y(paraphenyl e_ne/ 3, 4' - oxydi phenyl ene terephthal am de) staple fibers.
256. The wholly aromatic polyanlde staple flber sheet as clalned inclaiml,
wherein the para-type wh®ig BAREMA OAAAANL D & EEE are

copol y( par aphenyl ene/ 3, 4' -oxydlphenylene terephthalanlde) staple fibers
havi ng solid, cation-exchangeabl e, non-ion- 30absorbing i norgani c conpound
particles fixed to the surfaces of the staple fibers. 7.The wholly aromatic
pol yanm de staple fiber - 40 - sheet as clained in claim1, wherein the
organic regsinous material for the binder conponent (B) conprises at |east
one epoxy resin having one or nore epoxy gr oup per nol ecul e thereof. 58. The
whol Iy aromati c pol yam de st aphBEST ) EBHE T PyEE in claim 1,

exhi biting a dinmensional change of 0 3@6or | ess mhen heat treated at a
tenperature of 280C fohfa m nutes i.n both of the Ion%:tudlnal and
transverse directions "'PASYTRECRAGLFYPRASABLAE SERPARI d&PEFapPBTAFber sheet
as clained |n(ﬁanunqlexhauuegtalbehkadenslhndotu@e45otodﬁm865gbﬁﬁﬁ

10. The ol ly | ya r S i n.claim1,
havi ng aw?en5|f§{§¥?en§f8% % gggﬁ §%%p%§a%%?§ra§g?§ka%dhg ’ g? Faﬁyhar
peel strength GWCEQQ@ﬁlgonﬁpoﬁ5nﬁﬁets by weight ¢ﬁeamﬁeﬁpyeafeharlweb

pol yam de staphtadd onSReslicad skasmed khsChb@ elgnwheEehDi{pe {:fﬁbmgype
whol |y aronatlglpol am de sta l.e fibers &E are fl8nded to_t he 20para-

whol |y aromat i 1& PP%¥P§ ) staPlBoftPERE BRdi hE EPapPé PYbE?égbé) and
(b) intersectimg $&¢Up@thﬁbllgtaﬁoh&ﬂmerpbWYEmaﬁembtabléhELBéﬂﬁLEaﬁdberS

(a) are ften p d sure.

WHOLLY ARDVAT %Q)P R%?%E EVB%?&E%EEE?% ﬁsz?kﬁ%ﬁ‘%rp g#@ B e EuRe A
whol |y aronatld”ﬁ@ﬁ?&#ﬁ&éds?aEPethPbetapéﬁrfebﬁavWﬁé excel l ent insulation
and superior dinmensional stability at a high tenperature and/or a high

hum dity, includes 70 to 96 parts by weight of a staple fiber web nade from
a blend of 5 to 30% by wei ght of mtype wholly aromatic pol yam de staple
fibers and 70 to 95% by wei ght of p-type wholly aromatic polyam de staple
fibers, and 4 to 30 parts by weight of an organic resin binder incorporated
into the staple fiber web.




